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Articlehistory: Fatty liver disease is increasingly recognized as a significant global health issue, with
. non-alcoholic fatty liver disease (NAFLD) being the most common subtype. As the
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Published: 15 August 2016 such as body mass index, waist circumference, triglycerides, and gamma-glutamyl
transferase levels. Although initially developed to assess the presence of fatty liver,
Keywords: recent studies indicate that the FLI may hold value beyond diagnosing hepatic stea-
Fatty liver index; Non-alcoholic fat- tosis. It has been linked to metabolic syndrome, cardiovascular disease risk, and type
ty liver disease; Hepatic steatosis; 2 diabetes, suggesting its potential role as a broader metabolic health indicator. As
Metabolic syndrome research continues to explore the connections between liver fat accumulation and sys-

temic diseases, FLI may emerge as a useful tool for early detection, risk stratification,
and monitoring of metabolic disorders.

Introduction er, while a score above 60 strongly indicates its presence.Initially
introduced as a practical alternative to liver imaging or biop-
sy in the assessment of hepatic steatosis, the FLI is now being
recognized for its broader clinical applications. Recent investi-
gations have highlighted the utility of FLI beyond liver-related
outcomes, particularly in identifying individuals at risk for met-
abolic complications [5]. Emphasized that elevated FLI scores
are not only associated with liver fat but also correlate with
markers of insulin resistance, systemic inflammation, and cardi-
ovascular risk.The emerging evidence supports the integration
of FLI into routine health assessments, especially for individuals
with obesity or features of metabolic syndrome. It serves as a
valuable screening tool for early detection of NAFLD and as a
predictor of cardiometabolic disorders. Given its simplicity and
cost-effectiveness, FLI can be employed in both clinical and re-
search settings to monitor disease progression or the impact of
therapeutic interventions such as lifestyle modifications, dietary
changes, and pharmacologic treatment [6].

Role of the Fatty Liver Index (FLI) in Detecting Hepatic
Steatosis

Developed by Bedogni and colleagues, the FLI is a composite ~ The Fatty Liver Index (FLI) has become an essential non-inva-
score that uses four easily obtainable clinical and biochemical ~ Sive tool in assessing liver fat accumulation, particularly in the
variables: Body Mass Index (BMI), waist circumference, serum  diagnosis of hepatic steatosis. As a clinically validated surrogate

Fatty liver disease, especially Non-Alcoholic Fatty Liver Disease
(NAFLD), has gained recognition as one of the most common
chronic liver conditions affecting populations globally. This con-
dition arises due to the accumulation of fat within hepatocytes
and is particularly prevalent in individuals with obesity, type
2 diabetes, and metabolic syndrome. NAFLD encompasses a
spectrum of liver abnormalities, beginning with simple steato-
sis and potentially progressing to more severe forms, such as
Non-Alcoholic Steatohepatitis (NASH), fibrosis, cirrhosis, and
even hepatocellular carcinoma if left unmanaged [1,2].Tradi-
tionally, diagnosing hepatic steatosis relied heavily on invasive
procedures, particularly liver biopsy, which, despite its diag-
nostic accuracy, carries risks and is not practical for large-scale
screening or regular monitoring. In response to the need for saf-
er and more accessible diagnostic tools, researchers have devel-
oped a variety of non-invasive indices. Among these, the Fatty
Liver Index (FLI) has emerged as a widely accepted and validat-
ed marker for the presence of fatty liver [3].

triglyceride levels, and gamma-glutamyl transferase (GGT) ac- marker, FLI provides a reliable estimate of the presence of fatty
tivity. These parameters, when combined using a specific algo- liver disease without the need for invasive procedures or costly
rithm, yield a score ranging from 0 to 100, with higher values ~ imaging technologies. This index integrates four key parame-
indicating a greater likelihood of hepatic fat accumulation [4].  tersBody Mass Index (BMI), waist circumference, triglyceride
Generally, an FLI score below 30 suggests a low risk of fatty liv-  levels, and gamma-glutamyl transferase (GGT)—to produce a
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score ranging from 0 to 100. This score reflects the likelihood
of liver steatosis in an individual and can be used effectively in
both clinical and research settings.Clinically, an FLI score of 60
or more is strongly suggestive of the presence of hepatic ste-
atosis, while a score below 30 is typically used to rule out the
condition with high confidence. Scores falling between 30 and
60 may warrant further investigation, depending on the individ-
ual’s risk profile and other clinical indicators. This scoring sys-
tem has been validated across multiple population groups and
is now frequently utilized in large-scale epidemiological studies
aimed at understanding the burden of liver disease.One of the
major advantages of the FLI is its simplicity and accessibility.
Traditional imaging methods such as ultrasound, computed
tomography (CT), and magnetic resonance imaging (MRI) are
effective in detecting liver fat but may be limited by availability,
cost, and variability in interpretation. In contrast, the FLI relies
on commonly available clinical data, making it a cost-effective
and scalable option for widespread screening. This feature has
been particularly valuable in large public health studies and for
initial assessments in primary care settings [7-10].

Beyond its diagnostic role, the FLI has shown promise in pre-
dicting disease progression. It is increasingly recognized as not
only an indicator of current liver fat accumulation but also a
potential marker for future liver-related complications. Studies
have demonstrated associations between elevated FLI scores
and the development of more advanced liver conditions such as
non-alcoholic steatohepatitis (NASH) and fibrosis. Furthermore,
individuals with higher FLI values are more likely to exhibit fea-
tures of metabolic syndrome, insulin resistance, and increased
cardiovascular risk, emphasizing the systemic implications of
liver fat accumulation.As the understanding of NAFLD contin-
ues to evolve, tools like the FLI are proving to be integral to early
detection and long-term disease monitoring. Incorporating the
FLI into routine health evaluations can aid in identifying at-risk
individuals, guiding lifestyle and therapeutic interventions, and
potentially improving patient outcomes. While further studies
may help refine its use and thresholds in different populations,
current evidence strongly supports the utility of the FLI as a
practical and informative marker in the diagnosis and manage-
ment of hepatic steatosis [11].

Advantages of FLI Over Traditional Diagnostic Meth-
ods

The Fatty Liver Index (FLI) offers several notable advantages
over conventional diagnostic methods used for detecting hepat-
ic steatosis. As a non-invasive, cost-effective, and widely acces-
sible tool, FLI provides an efficient alternative to imaging tech-
niques and liver biopsy, particularly in the context of large-scale
screenings and primary care.Traditional imaging modalities
such as ultrasound, Computed Tomography (CT), and Magnet-
ic Resonance Imaging (MRI) are commonly used to detect fat
accumulation in the liver. While effective, these methods are of-
ten expensive, may not be readily available in all healthcare set-
tings, and require specialized equipment and trained personnel.
Moreover, their use for routine or repeated screening is limited
due to cost and logistical constraints, making them less suitable
for broad public health applications.Liver biopsy, although still
considered the gold standard for confirming hepatic steatosis
and assessing inflammation or fibrosis, is invasive and carries
potential risks. These include bleeding, infection, pain, and, in
rare cases, more serious complications [12]. Additionally, biopsy
sampling can be subject to variability due to the heterogeneous
distribution of fat and fibrosis in the liver, potentially leading to
sampling errors.

2

Lefevre C, et al
In contrast, FLI is calculated using easily obtainable clinical pa-
rametersBody Mass Index (BMI), waist circumference, serum
triglycerides, and Gamma-Glutamyl Transferase (GGT) levels.
These variables are routinely measured during standard health
evaluations, making FLI highly accessible and convenient [13].
Its simplicity enables clinicians to screen large populations,
identify individuals at risk of fatty liver disease, and initiate ear-
ly lifestyle or therapeutic interventions without the need for spe-
cialized procedures.Given its practicality and strong predictive
value, FLI represents a powerful tool for the early detection and
monitoring of fatty liver disease, especially in settings where ac-
cess to imaging or biopsy is limited [14].

FLI and Metabolic Syndrome

Non-Alcoholic Fatty Liver Disease (NAFLD) is increasingly ac-
knowledged as the hepatic component of metabolic syndrome,
a cluster of metabolic abnormalities that significantly heighten
the risk of cardiovascular disease and type 2 diabetes. The Fatty
Liver Index (FLI), initially developed to identify hepatic steato-
sis, has emerged as a valuable indicator of broader metabolic
dysfunction. Numerous studies have demonstrated a strong as-
sociation between elevated FLI scores and the individual com-
ponents of metabolic syndrome, including insulin resistance,
elevated triglycerides, low HDL cholesterol, central obesity,
and hypertension.The correlation between FLI and metabolic
syndrome is not only cross-sectional but also predictive. Elevat-
ed FLI has been shown to forecast the future development of
metabolic syndrome in individuals who are initially free of the
condition. This predictive capacity positions FLI as a valuable
tool in early disease detection and preventative healthcare. For
example, reported that higher FLI scores are significantly asso-
ciated with incident metabolic syndrome over time, suggesting
that FLI could be used not just for liver health assessment but
also for broader metabolic risk stratification.Furthermore, as
metabolic syndrome is a known precursor to type 2 diabetes
and cardiovascular disease, using FLI as a screening tool in pri-
mary care settings may facilitate early intervention strategies.
The non-invasive nature of FLI makes it particularly suitable
for population-level assessments, allowing clinicians to identify
high-risk individuals efficiently and initiate lifestyle or pharma-
cological interventions. As research continues to evolve, the role
of FLI may expand beyond hepatology into endocrinology and
cardiology, reinforcing its significance as a holistic marker of
metabolic health [15-19].

Insulin Resistance and Diabetes

The Fatty Liver Index (FLI) has emerged as a valuable tool not
only for detecting hepatic steatosis but also for identifying in-
dividuals at risk for insulin resistance and type 2 diabetes mel-
litus (T2DM). Numerous studies have highlighted a significant
association between elevated FLI scores and insulin resistance,
commonly measured using the Homeostatic Model Assessment
for Insulin Resistance (HOMA-IR). As insulin resistance is a
hallmark feature of metabolic syndrome and an early indicator
of T2DM risk, this relationship emphasizes FLI’s clinical rele-
vance beyond liver health.Individuals with higher FLI values
often exhibit impaired glucose metabolism and elevated fasting
insulin levels, suggesting that fatty liver and insulin resistance
may share common pathophysiological pathways. Longitudinal
research further supports this connection, revealing that elevat-
ed FLI can predict the onset of T2DM, even in individuals who
initially present with normal glucose tolerance. These findings
highlight the potential of FLI as a non-invasive and accessible
marker for early diabetes risk assessment. The predictive value
of FLI by demonstrating that individuals with high FLI scores



were more likely to transition from prediabetes to full-blown
diabetes over time. This predictive ability underscores FLI's
utility in primary prevention strategies. Early identification of
individuals with high FLI can prompt timely interventions, in-
cluding lifestyle modifications and metabolic monitoring, aimed
at halting the progression toward diabetes.Given the global rise
in diabetes prevalence, incorporating FLI into routine screening
protocols could enhance risk stratification and support proac-
tive healthcare approaches. As research continues to validate its
utility, FLI may become an integral component of comprehen-
sive metabolic evaluations, bridging hepatology, endocrinolo-
gy, and preventive medicine [20].

FLI and Obesity

Obesity is widely recognized as one of the most significant risk
factors for the development of non-alcoholic fatty liver disease
(NAFLD), with visceral adiposity being particularly impact-
ful. The relationship between obesity and NAFLD is well-doc-
umented, as excess fat accumulation in the abdominal region
is closely associated with the development of hepatic steato-
sis and its progression to more severe liver conditions such as
non-alcoholic steatohepatitis (NASH). In this context, the Fatty
Liver Index (FLI) has proven to be a valuable tool for identi-
fying individuals at higher risk for NAFLD, particularly those
with obesity.FLI has shown a strong correlation with body fat
distribution, especially visceral fat, which is a key determinant
of metabolic dysfunction and liver fat accumulation. Several
studies have demonstrated that an increase in body mass index
(BMI) and waist circumference is directly proportional to high-
er FLI scores. These measurements of central adiposity reflect
the accumulation of fat in the abdominal region, a primary risk
factor for both NAFLD and cardiovascular diseases.The ability
of FLI to reflect obesity-related metabolic dysfunction further
enhances its value as a screening tool. Elevated FLI scores are
indicative of not only increased liver fat but also an underlying
metabolic disturbance often linked to obesity. This makes FLI
a reliable indicator for detecting early-stage NAFLD in obese
individuals, allowing healthcare providers to implement early
intervention strategies. Furthermore, the strong association be-
tween higher FLI and visceral adiposity provides clinicians with
a non-invasive method for identifying individuals who may be
at risk for developing obesity-related liver complications, such
as NASH and liver fibrosis.Given the increasing global preva-
lence of obesity, incorporating FLI into routine clinical practice
could improve early detection and personalized care for pa-
tients at risk of developing NAFLD, particularly in those with
central obesity [21,22].

FLI and Lipid Profile

Dyslipidemia, which is commonly characterized by elevated
triglycerides and low high-density lipoprotein (HDL) choles-
terol levels, plays a central role in both metabolic syndrome
and non-alcoholic fatty liver disease (NAFLD). These lipid ab-
normalities are closely linked to the development and progres-
sion of atherosclerosis, making them significant contributors to
cardiovascular disease (CVD). Since the Fatty Liver Index (FLI)
incorporates triglyceride levels as one of its key components,
it naturally reflects lipid imbalances often seen in individuals
with NAFLD and metabolic dysfunction.Studies have shown
that elevated FLI scores correlate with increased levels of total
cholesterol, low-density lipoprotein (LDL) cholesterol, and tri-
glycerides, highlighting the close connection between hepat-
ic steatosis and lipid abnormalities. The index not only serves
as a marker for liver fat but also reflects broader dyslipidemic
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conditions that contribute to cardiovascular risk. This dual func-
tionality of FLI is particularly valuable as it can offer a more
comprehensive screening tool for assessing both liver health
and lipid metabolism.Given that dyslipidemia is a key risk fac-
tor for atherosclerosis and CVD, FLI could potentially serve as
an effective non-invasive screening tool for lipid imbalances, in
addition to detecting fatty liver. Elevated FLI could help identify
individuals at higher risk of developing both liver diseases and
cardiovascular complications, allowing for early interventions.
By integrating FLI into routine assessments, clinicians could
more effectively identify patients with lipid abnormalities and
at higher risk for cardiovascular events, facilitating timely ther-
apeutic measures to address both hepatic and cardiovascular
health [23].

FLI and Cardiovascular Disease (CVD)

Non-alcoholic fatty liver disease (NAFLD) is not only a signifi-
cant risk factor for liver-related complications but is also closely
linked to an increased risk of cardiovascular events. Cardiovas-
cular disease (CVD) remains the leading cause of mortality in
patients with NAFLD, with individuals often developing arte-
rial stiffness, subclinical atherosclerosis, and a heightened risk
of myocardial infarction and stroke. The predictive value of the
Fatty Liver Index (FLI) in forecasting cardiovascular outcomes,
showecasing its role as an effective tool for early risk assessment.
Elevated FLI scores are consistently associated with adverse
cardiovascular outcomes, with studies suggesting that FLI may
serve as an independent predictor of CVD-related mortality.
The index’s ability to reflect both liver fat accumulation and
metabolic dysfunction means it can offer a comprehensive view
of a patient’s cardiovascular health. Specifically, high FLI values
have been linked to increased arterial stiffness, which is a pre-
cursor to atherosclerosis and a major contributor to CVD risk.
Furthermore, FLI has shown promise in identifying individuals
at risk of developing myocardial infarction and stroke, as elevat-
ed scores are correlated with the presence of subclinical athero-
sclerotic lesions. This highlights the potential of FLI as a non-in-
vasive biomarker for early identification of individuals who
may benefit from cardiovascular interventions.As cardiovascu-
lar diseases continue to represent a major health burden, the use
of FLI in clinical practice could significantly enhance the ability
to identify at-risk patients before overt symptoms emerge. Ear-
ly interventions in individuals with elevated FLI could lead to
better management of both liver and cardiovascular health, ulti-
mately improving long-term patient outcomes [24].

FLI and Hypertension

Hypertension, a central feature of metabolic syndrome, is fre-
quently observed in individuals with high Fatty Liver Index
(FLI) scores. Given that hypertension is a significant contribu-
tor to cardiovascular disease, the association between elevated
FLI and increased blood pressure has garnered considerable
attention. This correlation underscores the utility of FLI as an
important marker for assessing cardiovascular risk, particularly
in individuals who may be predisposed to developing hyperten-
sion and other related complications.Studies have consistently
demonstrated that elevated FLI correlates with increased blood
pressure levels, pointing to the impact of hepatic steatosis on
systemic vascular function. The presence of fatty liver is often
associated with a dysregulated metabolic profile that includes
insulin resistance, dyslipidemia, and central obesity, all of which
are known contributors to hypertension. Elevated FLI, which re-
flects fat accumulation in the liver, is thus an indirect indicator
of these metabolic abnormalities. In fact, research suggests that
individuals with high FLI scores are at a heightened risk for de-
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veloping elevated blood pressure, which may, in turn, increase
the risk for CVD and related mortality [25].

The relationship between FLI and hypertension is particularly
significant given the bidirectional nature of the association. Hy-
pertension not only contributes to the development of fatty liver
but also exacerbates existing liver conditions, creating a vicious
cycle. The link between FLI and blood pressure levels empha-
sizes the need for early detection and intervention. Elevated FLI
could serve as a valuable tool for identifying individuals at risk
of hypertension before clinical manifestations occur, providing
an opportunity for preventative measures to be implemented.
Integrating FLI into routine hypertension screening protocols
could enhance cardiovascular risk stratification in the general
population. By identifying individuals with both high FLI and
elevated blood pressure, clinicians can better tailor interventions
aimed at preventing the progression of CVD. This could in-
clude lifestyle modifications, such as dietary changes, increased
physical activity, and, when necessary, pharmacological inter-
ventions. Moreover, managing both hepatic fat accumulation
and hypertension concurrently may improve overall health
outcomes and reduce the risk of developing severe cardiovas-
cular complications, such as heart failure, stroke, and myocar-
dial infarction. The correlation between FLI and hypertension
highlights the broader implications of fatty liver disease in car-
diovascular health. FLI could serve as a non-invasive, cost-effec-
tive marker for identifying individuals at risk for hypertension
and CVD, ultimately contributing to better early intervention
and long-term health management. By incorporating FLI into
routine screening practices, healthcare providers could proac-
tively address metabolic dysfunctions and reduce the burden of
hypertension and cardiovascular diseases in at-risk populations.

FLI as a Prognostic Tool in Liver Disease Progression

Non-alcoholic fatty liver disease (NAFLD) has become a prom-
inent global health concern, often progressing to more severe
liver conditions such as fibrosis, cirrhosis, and even hepatocel-
lular carcinoma (HCC). The Fatty Liver Index (FLI), a non-inva-
sive biomarker, has been widely used to assess hepatic steatosis
and has gained significant attention for its potential to predict
the progression of liver disease. While primarily designed as a
marker of hepatic fat accumulation, recent evidence suggests
that FLI can also serve as a prognostic tool in evaluating liv-
er disease severity and predicting future outcomes. Emerging
studies, indicate that elevated FLI scores are associated with liv-
er fibrosis, cirrhosis, and an increased risk of mortality, particu-
larly due to metabolic and cardiovascular complications.

FLI and Liver Fibrosis

The progression from NAFLD to liver fibrosis is one of the major
concerns associated with fatty liver disease. Liver fibrosis rep-
resents an intermediate stage of liver damage, and its severity
significantly impacts patient outcomes. Without intervention,
liver fibrosis can progress to cirrhosis, liver failure, and even-
tually hepatocellular carcinoma (HCC), which carries a poor
prognosis. The ability to predict liver fibrosis early in the dis-
ease process is critical for timely intervention and preventing
progression to advanced liver disease.

Several studies have shown that FLI scores are predictive of liver
fibrosis, particularly in individuals with metabolic risk factors
such as obesity, type 2 diabetes, and dyslipidemia. The index
was found to have a high degree of sensitivity and specificity for
identifying individuals with hepatic steatosis, and subsequent
studies have suggested that elevated FLI scores may correlate
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with the presence of liver fibrosis.FLI provides an opportunity
for early detection of liver fibrosis, especially when liver biop-
sy is not feasible due to cost, invasiveness, or patient concerns.
Studies have shown that FLI overlaps with advanced fibrosis
scores like the Fibrosis-4 (FIB-4) index and the NAFLD Fibrosis
Score (NFS), which are commonly used to assess liver disease
severity. The ability of FLI to mirror these more invasive scor-
ing systems makes it an attractive alternative for liver disease
staging. Early identification of individuals with high FLI scores
could lead to lifestyle interventions, including weight loss, di-
etary changes, and exercise, aimed at preventing further liver
damage and halting the progression to fibrosis.

FLI and Cirrhosis

As liver fibrosis progresses, cirrhosis becomes a critical concern,
significantly increasing the risk of liver failure and complica-
tions such as ascites, variceal bleeding, and hepatic encephalop-
athy. Cirrhosis is the end-stage result of prolonged liver injury,
and its development is often accompanied by irreversible liver
damage. Therefore, the early detection of cirrhosis is essential
for improving patient outcomes.FLI has shown promise as a
non-invasive marker for identifying individuals at risk for cir-
rhosis, particularly when used in conjunction with other diag-
nostic tools. Although liver biopsy remains the gold standard
for diagnosing cirrhosis, its invasiveness makes it unsuitable for
routine screening. In contrast, FLI provides a quick and cost-ef-
fective alternative for identifying individuals at higher risk of
cirrhosis. Elevated FLI scores have been linked to the presence of
advanced liver fibrosis, which, if left unchecked, can eventually
lead to cirrhosis. As such, FLI may serve as an important tool for
identifying individuals who require more intensive monitoring
for the development of cirrhosis and its complications.

FLI and Hepatocellular Carcinoma (HCC)

Hepatocellular carcinoma (HCC) is one of the most aggressive
and fatal types of liver cancer, often arising in individuals with
chronic liver disease. The development of HCC is closely linked
to liver cirrhosis, and early detection is crucial for improving
survival outcomes. While the role of FLI in predicting HCC is
still under investigation, emerging data suggests that elevated
FLI scores may be associated with an increased risk of HCC.A
potential of FLI to predict the development of HCC in individ-
uals with advanced liver disease. As FLI has been shown to cor-
relate with liver fibrosis and cirrhosis, it is likely that its ability
to identify individuals at risk for these conditions also extends
to predicting HCC development. In individuals with a high FLI
score, particularly those with a history of chronic liver disease or
cirrhosis, the index could serve as an early warning system for
the potential onset of liver cancer.

FLI and Mortality Prediction

Beyond its role in predicting liver disease progression, FLI has
been identified as an independent predictor of all-cause mortal-
ity, particularly due to metabolic and cardiovascular complica-
tions. As fatty liver disease is closely linked to obesity, insulin re-
sistance, dyslipidemia, and hypertension, individuals with high
FLI scores are at an elevated risk for developing cardiovascular
disease (CVD). Studies have shown that FLI is associated with
subclinical atherosclerosis, arterial stiffness, and an increased
risk of myocardial infarction and stroke.The association be-
tween FLI and cardiovascular risk underscores the importance
of using FLI not only to monitor liver health but also to assess
broader metabolic health. Elevated FLI scores can help identi-
fy individuals at risk for both liver disease and cardiovascular



complications, allowing for early interventions aimed at reduc-
ing the overall burden of disease. In fact, some cohort studies
have demonstrated that higher FLI scores are associated with an
increased risk of mortality, particularly due to cardiovascular
events.FLI has emerged as a valuable non-invasive tool for as-
sessing liver disease severity and predicting disease progression
in NAFLD. Its utility extends beyond the diagnosis of hepatic
steatosis, providing important prognostic information about liv-
er fibrosis, cirrhosis, and even hepatocellular carcinoma. As FLI
is closely linked to metabolic dysfunction and cardiovascular
risk, it offers a comprehensive approach to assessing the overall
health of individuals with fatty liver disease. With its simplici-
ty, accessibility, and cost-effectiveness, FLI holds great potential
as a screening tool in both primary care and specialty settings.
However, further research is needed to fully understand its
prognostic value and refine its use in clinical practice. In the fu-
ture, FLI could play a pivotal role in early disease detection, risk
stratification, and personalized interventions, ultimately im-
proving patient outcomes in individuals with fatty liver disease.

Limitations of FLI

While the Fatty Liver Index (FLI) has become an invaluable tool
for diagnosing and predicting the progression of non-alcoholic
fatty liver disease (NAFLD), it is not without its limitations. One
significant drawback is its lack of specificity in distinguishing
between different types of liver disorders, such as NAFLD and
alcoholic liver disease (ALD). Both conditions share similar met-
abolic profiles and clinical manifestations, which makes it chal-
lenging to use FLI alone for accurate differentiation. In clinical
practice, the potential overlap between these diseases means that
FLImay not always provide definitive information, especially in
patients with mixed etiologies of liver disease. Therefore, FLI
should be used in conjunction with other diagnostic methods,
such as liver biopsy, imaging techniques, or clinical history,
to achieve a more comprehensive assessment of liver health.
Another limitation of FLI is its inability to specifically identify
liver fibrosis stages or the presence of cirrhosis. Although ele-
vated FLI scores are associated with liver damage and disease
progression, FLI does not offer detailed information about the
degree of fibrosis or liver scarring. This is particularly important
in NAFLD, where the progression to advanced stages, including
cirrhosis and hepatocellular carcinoma (HCC), requires early
and accurate detection. Although recent studies have suggested
a correlation between high FLI scores and the presence of liver
fibrosis, FLI alone cannot reliably assess the severity of liver in-
jury. This limitation necessitates the use of additional biomark-
ers or advanced imaging techniques, such as elastography or
magnetic resonance imaging (MRI), to provide more accurate
information on liver fibrosis and cirrhosis.

Ethnic and genetic variations also play a role in FLI's accura-
cy. Research has shown that FLI may perform differently across
various populations due to genetic and environmental factors
that influence metabolic health. For instance, individuals from
different ethnic backgrounds may have varying risk profiles for
developing NAFLD and may exhibit differences in fat distribu-
tion, insulin resistance, and liver enzyme levels. This can impact
the predictive value of FLI in diverse populations. For example,
FLI may be less accurate in certain ethnic groups, where alterna-
tive diagnostic markers or population-specific adjustments may
be necessary. Therefore, to maximize the effectiveness of FLI, it
may need to be refined or adjusted for specific ethnic groups,
ensuring that it provides reliable predictions for all individuals.
Despite these limitations, FLI remains a valuable tool for identi-
fying individuals at risk for NAFLD and for monitoring disease
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progression. However, to enhance its diagnostic power, there is
a growing consensus that incorporating additional biomarkers
and refining the algorithm may improve its predictive capabil-
ities.

Future Perspectives

The future of liver disease diagnosis and risk stratification lies
in the integration of various advanced technologies and bio-
markers. One promising direction is the use of machine learning
(ML) algorithms that can combine FLI with other genetic, clini-
cal, and metabolomic data to create a more comprehensive risk
assessment tool. Machine learning models have the potential to
identify complex patterns within large datasets, leading to more
accurate predictions of NAFLD progression and liver-related
outcomes. By incorporating genetic markers associated with liv-
er disease, along with metabolomic profiles, machine learning
could refine the accuracy of FLI and help clinicians better predict
disease trajectories and complications.Moreover, the growing
field of personalized medicine offers additional opportunities
to improve NAFLD risk stratification. Advances in genomics
and precision medicine may allow for the development of more
tailored approaches to NAFLD diagnosis and management. By
identifying specific genetic variants or epigenetic changes that
predispose individuals to NAFLD, researchers may be able to
enhance FLI's predictive accuracy by integrating these markers
into the algorithm. Personalized strategies based on genetic risk
factors could enable earlier interventions, improving outcomes
for patients at higher risk for liver disease progression.

Additionally, non-invasive biomarkers, such as serum markers,
and advanced imaging modalities like elastography, MRI, or
even artificial intelligence-based imaging techniques, are becom-
ing increasingly important for the assessment of liver disease.
These tools could complement FLI, allowing for a multimodal
approach to NAFLD diagnosis and management. By integrating
FLI with other emerging biomarkers and imaging technologies,
clinicians will be better equipped to monitor liver disease in a
more accurate and efficient manner, ultimately improving pa-
tient care.Furthermore, longitudinal studies are needed to better
understand the predictive value of FLI in relation to long-term
outcomes such as the development of cirrhosis or hepatocellu-
lar carcinoma. This will help in refining the thresholds of FLI
for different stages of liver disease and in understanding how it
can be integrated into broader clinical management strategies.
For example, FLI could be used alongside other biomarkers to
track disease progression over time and adjust treatment plans
accordingly. While FLI is a valuable tool in the diagnosis and
prediction of NAFLD, it has its limitations, including issues
with specificity, variability across ethnic groups, and a lack of
detailed information on liver fibrosis and cirrhosis. Howev-
er, the future of liver disease diagnosis lies in the integration
of FLI with other biomarkers, advanced imaging technologies,
and machine learning algorithms, which will allow for more
accurate risk stratification and personalized treatment plans.
A multimodal approach incorporating FLI alongside emerging
biomarkers and technologies could revolutionize the way liv-
er diseases, including NAFLD, are diagnosed, monitored, and
managed. This comprehensive approach holds great prom-
ise for improving patient outcomes and advancing the field of
hepatology.

Discussion

The Fatty Liver Index (FLI) has emerged as a widely utilized
non-invasive tool for the early diagnosis and monitoring of
non-alcoholic fatty liver disease (NAFLD). Its primary strength
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lies in its simplicity, combining body mass index (BMI), waist
circumference, triglyceride levels, and gamma-glutamyl trans-
ferase (GGT) to provide a reliable estimate of hepatic steatosis.
However, as with any diagnostic marker, FLI has certain limi-
tations, including its inability to differentiate between NAFLD
and other liver disorders, such as alcoholic liver disease (ALD),
and its lack of specificity in assessing liver fibrosis stages or the
presence of cirrhosis. These limitations underscore the need for
integrating FLI with other diagnostic methods, such as liver
biopsy, elastography, or advanced imaging techniques, to pro-
vide a more comprehensive assessment of liver health.In recent
years, the scope of FLI has expanded beyond hepatic steatosis
detection, revealing its potential utility in predicting the pro-
gression of metabolic syndrome, cardiovascular disease (CVD),
and other related conditions. Numerous studies, including
those by Kaneva and Bojko (2024), have established correlations
between elevated FLI and components of metabolic syndrome,
such as insulin resistance, dyslipidemia, hypertension, and cen-
tral obesity. This positions FLI as not only a tool for identify-
ing liver disease but also as a valuable marker for identifying
individuals at risk for developing broader metabolic disorders,
including type 2 diabetes mellitus (T2DM) and cardiovascular
events. This highlights the interconnectedness between liver
dysfunction and systemic metabolic disturbances, reinforcing
the importance of early detection and intervention.

FLI's association with cardiovascular outcomes is particular-
ly noteworthy, as cardiovascular disease remains the leading
cause of mortality among individuals with NAFLD. High FLI
scores correlate with increased risks of arterial stiffness, subclin-
ical atherosclerosis, and myocardial infarction, offering a pre-
dictive value beyond hepatic steatosis. This ability to serve as
an independent predictor of cardiovascular mortality makes FLI
a promising tool for risk stratification in individuals with met-
abolic risk factors, particularly in primary care settings where
early identification of at-risk patients is crucial for preventing
long-term complications.While FLI holds promise in assessing
liver disease progression, it is important to note its limitations
in accurately assessing liver fibrosis, a key factor in determining
the severity of NAFLD. Although elevated FLI correlates with
the presence of liver fibrosis, it cannot replace advanced scoring
systems such as the NAFLD Fibrosis Score (NFS) or the Fibro-
sis-4 (FIB-4) index. Therefore, FLI should be viewed as part of
a comprehensive diagnostic approach that includes other bio-
markers and clinical evaluations.Emerging advancements in
personalized medicine and machine learning algorithms may
enhance FLI's predictive power by integrating additional bio-
markers, genetic data, and metabolomic profiles. This approach
holds the potential for refining FLI's accuracy, enabling more
precise risk stratification for patients at various stages of liver
disease. Moreover, combining FLI with new non-invasive bio-
markers and imaging techniques will help clinicians monitor
liver disease progression, improve treatment outcomes, and tai-
lor interventions to individual patients.

Conclusion

The role of FLI provides significant utility in the diagnosis and
monitoring of NAFLD, along with broader applications in as-
sessing metabolic syndrome and cardiovascular risk. However,
its limitations in fibrosis assessment and disease specificity ne-
cessitate its use in conjunction with other diagnostic methods.
With the continued development of advanced technologies and
multi-omic approaches, FLI may evolve into an even more pow-
erful tool for the management of NAFLD and its associated co-
morbidities, ultimately leading to improved patient outcomes.

Lefevre C, et al
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