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Abstract

BACKGROUND

Nonalcoholic fatty liver disease (NAFLD) is the most common cause of chronic
liver disease worldwide. Studies have shown a strong association between non-
alcoholic steatohepatitis (NASH) cirrhosis and portal vein thrombosis. Spe-
cifically, there is paucity of data on the association of NASH and venous throm-
boembolism (VTE), with one such study predicting a 2.5-fold increased risk for
VTE compared to other liver diseases in hospitalized patients. The mechanism is
believed to be a hepatocellular injury, which causes a chronic inflammatory state
leading to the unregulated activation of procoagulant factors. There has been no
prior analysis of the degree of steatosis and fibrosis (measured using transient
elastography, commonly known as FibroScan) in NASH and its association with
VTE.
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To examine the association between the degree of hepatic steatosis and fibrosis, quantified by transient
elastography, and the incidence of VTE in patients with NASH.

METHODS

In our case-control study, we included patients with a documented diagnosis of NASH. We excluded patients with
inherited thrombophilia, hemoglobinopathy, malignancy, alcohol use disorder, autoimmune hepatitis, and primary
biliary cirrhosis. The collected data included age, demographics, tobacco use, recreational drug use, medical
history, and vibration controlled transient elastography scores. VIE-specific data included the location, type of
anticoagulant, need for hospital stay, and history of VTE recurrence. Steatosis was categorized as S0-51 (mild) and
S2-S3 (moderate to severe) based on the controlled attenuation parameter score. Fibrosis was classified based on
the kilopascal score and graded as FO-F1 (Metavir stage), F2, F3, and F4 (cirrhosis). ¥2 and Mann-Whitney U tests
were used for the qualitative and quantitative variable analyses, respectively. Furthermore, we performed a logistic
regression using VTE as the dependent variable.

RESULTS

A total of 415 patients were analyzed, and 386 met the inclusion criteria. 51 and 335 patients were included in the
VTE and non-VTE groups, respectively. Patients with VTE had a mean age of 60.63 years compared to 55.22 years
in the non-VTE group (P < 0.014). Patients with VTE had a higher body mass index (31.14 kg/m? vs 29.30 kg/m?)
and a higher prevalence of diabetes mellitus (29.4% vs 13.1%). The history of NASH was significantly higher in the
VTE group (45.1% vs 30.4%, P < 0.037). Furthermore, moderate-to-severe steatosis was significantly higher in the
VTE group (66.7% vs 47.2%, P < 0.009). Similarly, the F2-F4 fibrosis grade had a prevalence of 58.8% in the VTE
group compared to 38.5% in the non-VTE group (P < 0.006). On logistic regression, using VTE as a dependent
variable, diabetes mellitus had an odds ratio (OR) =1.702 (P < 0.015), and F2-F4 fibrosis grade had an OR =1.5 (P <
0.033).

CONCLUSION

Our analysis shows that NASH is an independent risk factor for VTE, especially deep vein thrombosis. There was a
statistically significant association between the incidence of VTE, moderate-to-severe steatosis, and fibrosis. All
hospitalized patients should be considered for medical thromboprophylaxis, particularly those with NASH.

Key Words: Nonalcoholic fatty liver disease; Venous thromboembolism; Non-alcoholic steatohepatitis; Diabetes mellitus; Liver
fibrosis; Steatosis; Deep vein thrombosis; Anticoagulation management

©The Author(s) 2023. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Our study delineates the intricate relationship between nonalcoholic fatty liver disease (NAFLD) and venous
thromboembolism (VTE), highlighting the increased risk and prevalence of VTE in patients with NAFLD-related conditions.
Notably, it demonstrates a significant correlation between advanced steatosis and fibrosis grades and the occurrence of VTE,
suggesting that patients with more severe NAFLD characteristics require vigilant monitoring for potential thrombotic
complications. These insights delineate the necessity for tailored clinical approaches in managing NAFLD patients to
mitigate the risk of VTE, marking a substantial step forward in understanding NAFLD’s systemic impacts.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) has emerged as a global health concern, presenting as a prevalent cause of
chronic liver disease worldwide. The geographical distribution of NAFLD exhibits substantial variation, with the highest
reported rates in South America (31%) and the Middle East (32%), followed by Asia (27%), the United States (24%), and
Europe (23%). Notably, Africa reports a lower incidence, with NAFLD affecting 14% of the population in this continent
[1]. This distribution pattern calls for a tailored understanding of NAFLD across populations and unveils the rising
epidemic in regions with changing lifestyle patterns. NAFLD encompasses a spectrum of liver conditions, ranging from
simple steatosis to non-alcoholic steatohepatitis (NASH), progressive fibrosis, cirrhosis, and even hepatocellular
carcinomal?2].

Steatosis, an early manifestation of NAFLD, has several well-established risk factors, including obesity, diabetes, and
hypertriglyceridemia. Beyond metabolic factors, NAFLD can also be influenced by a myriad of factors such as toxins,
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medications (e.g., amiodarone, diltiazem, highly active antiretroviral therapy, steroids, and tamoxifen), and inborn errors
of metabolism, encompassing disorders of lipid metabolism and total parenteral nutrition[3,4].

NASH represents a severe, more advanced form of NAFLD characterized by the accumulation of fat in the liver,
accompanied by inflammation and progressive fibrosis[5]. The pathogenesis of NASH is intricate and multifaceted,
involving a complex interplay of cellular interactions between liver parenchymal and nonparenchymal cells[6]. This
intricate crosstalk extends to diverse immune cell populations within the liver microenvironment[7]. Among the
prevailing theories, insulin resistance emerges as a central mechanism, with lipotoxicity taking a pivotal role in driving
hepatocellular injury through processes such as oxidative stress and endoplasmic reticulum stress[8].

The clinical presentation of NASH varies widely, ranging from asymptomatic cases to vague complaints of fatigue,
malaise, and vague right upper abdominal discomfort[9]. Notably, hepatomegaly is a common physical finding in NASH
patients[10]. While elevated levels of liver enzymes such as aspartate aminotransferase and alanine aminotransferase are
often observed in patients with NAFLD, it’s essential to recognize that normal aminotransferase levels do not rule out the
presence of NAFLD[11]. NASH not only affects the liver but also has systemic complications, putting patients at risk of
severe complications such as venous thromboembolism (VTE). Our research aims to fill the gap in medical literature by
investigating the link between NASH and VTE.

The diagnosis and assessment of NAFLD severity have evolved to incorporate noninvasive testing methods. These
encompass various imaging techniques such as liver ultrasound, computerized tomography (CT), magnetic resonance
imaging (MRI), and vibration controlled transient elastography (VCTE)[12-14]. VCTE, commonly referred to as
FibroScan®, utilizes shear wave imaging to estimate liver stiffness[15]. This technique involves the application of
mechanical vibrations to liver tissue, with the resulting shear waves measured by an ultrasound detector. Through this
method, at least ten valid measurements are obtained during the imaging examination. VCTE offers precise diagnostic
capabilities, effectively identifying cirrhosis [fibrosis stage 4 (F4)] and distinguishing advanced fibrosis (F2 or higher)
from minimal or no fibrosis (F1 or FO)[4]. Notably, as liver fat content affects ultrasound wave propagation, the controlled
attenuation parameter (CAP), which is integrated with VCTE, provides a numerical value reflective of the histological
severity of liver steatosis[16].

While recent research efforts have increasingly focused on the diagnosis and management of NAFLD, the connection
between NASH and VTE remains an underexplored area in the scientific landscape. A noteworthy study in this regard
suggested a 2.5-fold heightened risk of VTE in patients with NASH in comparison to individuals with other liver
diseases, particularly among those hospitalized[8]. Additionally, multiple epidemiological and case-control investigations
have shed light on an association between NAFLD and elevated vascular thrombotic risk, which appears to be
independent of conventional cardiometabolic risk factors[17]. These findings emphasize the existence of a graded
relationship between the severity of NAFLD and heightened vascular risk[18]. The prevailing hypothesis attributes this
phenomenon to hepatocellular injury, which triggers a chronic inflammatory state, leading to the unregulated activation
of procoagulant factors[19].

Surprisingly, there exists a significant knowledge gap regarding the degree of steatosis and fibrosis, as assessed using
VCTE, in NASH and its potential connection to VTE. This connection between chronic liver inflammation and systemic
vascular events remains a pathophysiological puzzle. By methodically assessing steatosis and fibrosis grades to VTE risk,
our study breaks new ground in the quest to understand NASH not just as a hepatic problem but as a systemic one,
particularly with its propensity to foreshadow VTE, a potentially life-threatening condition. The findings of our study
have significant implications for clinical practice, particularly in relation to the use of medical thromboprophylaxis in
patients with advanced NASH. This recommendation is not currently included in existing guidelines, but our research
suggests that it could be an effective strategy for reducing the risk of VTE. This investigation not only fills a crucial gap in
the literature but also highlights the need for heightened surveillance. This study also spotlights the intersection of
hepatology and hematology, needing a multidisciplinary approach to managing the rising epidemic.

MATERIALS AND METHODS

Protocol and registration

The comprehensive investigation into the potential link between NASH and VTE was conducted in adherence to a well-
defined protocol. This protocol was developed, reviewed, and sanctioned by the joint institutional review board at
MetroWest Medical Center under Approval No. 2020-035. The ethical requirement for individual informed consent was
appropriately waived by the institutional review board due to the retrospective nature of this case-control study.

Eligibility criteria

In this case-control study, rigorous eligibility criteria were applied to ensure the accuracy, relevance, and validity of the
research findings. Patients who met the following criteria were considered eligible for inclusion in the study: (1) Age
criteria: Patients were eligible if they were over 18 years of age, indicating that the study focused on adult populations; (2)
Diagnosis of NASH: Patients were required to have a well-documented diagnosis of NASH, ensuring that the studied
population had the specific medical condition of interest; (3) VCTE scores: Inclusion necessitated the presence of at least
one FibroScan® report, confirming the use of VCTE parameters. This included CAP and kilopascal (KPA) scores, which
were key indicators in evaluating hepatic steatosis and fibrosis; and (4) Primary care clinic visits: Eligible patients had a
history of at least two or more visits to our primary care clinic, ensuring an adequate medical record history for analysis.
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To maintain research integrity and accuracy, several exclusion criteria were also applied, including: (1) Thrombophilia
or hemoglobinopathy: Patients with a documented history of inherited thrombophilia or hemoglobinopathy were
excluded to minimize confounding factors in the analysis of VTE; (2) Active malignancy: Individuals with an active
malignancy were excluded, as malignancies can increase the risk of thromboembolism; (3) Alcohol use disorder:
Exclusion of patients with alcohol use disorder ensured that the study focused on non-alcoholic factors related to NASH;
(4) Hepatitis B or C infection: Patients with concurrent hepatitis B or C infection were excluded ensuring that the study
focused on non-alcoholic factors related to NASH; (5) Autoimmune hepatitis and primary biliary cirrhosis: To maintain
homogeneity within the study cohort, patients with autoimmune hepatitis or primary biliary cirrhosis were excluded; (6)
Age restriction: To adhere to the adult focus of the study, individuals under the age of 18 years were excluded from the
analysis; and (7) Incomplete outpatient records: Patients with incomplete outpatient medical records were excluded to
maintain data accuracy and completeness.

Information sources

The data employed in this case-control study were drawn from a dedicated source - patients seen at a single-centered
community hospital outpatient clinic. This inclusive dataset covered a substantial time frame, spanning from January 1,
2001, to December 31, 2019. The primary information source for the study consisted of medical records, including crucial
imaging reports that confirmed the presence of VTE diagnoses.

Search
The study was inherently retrospective, primarily reliant on the availability of patient data from the designated time
frame.

Patient selection

The procedure for selecting patients and categorizing them into the VTE and non-VTE groups was executed with the
utmost diligence to eliminate bias. Initial screening for eligibility resulted in the identification of 386 patients who met the
above-specified inclusion criteria. From this initial pool, 51 patients were identified as having VTE, constituting the VTE
group, while the remaining 335 patients were categorized as the non-VTE group. This clear distinction allowed for precise
group comparison, contributing to the robustness of the study findings (Figure 1).

Data collection process

The authors methodically extracted data from a broad array of medical records. The data collection process incorporated
a diverse range of variables, each meticulously documented for analysis. Key data elements collected from each patient
encompassed demographic information, including age, sex, and race, essential for the contextualization of the findings.
Body mass index (BMI), a crucial indicator of patient health, was noted. The presence or absence of diabetes mellitus,
human immunodeficiency virus (HIV) status, and substance use - specifically alcohol and tobacco consumption - were
accurately documented, allowing for the examination of the potential influence of these factors on VTE in patients with
NASH.

Furthermore, the data collection process included the recording of VCTE scores, a pivotal element of the study. The
CAP and KPA scores, reflective of hepatic steatosis and fibrosis, were systematically collected, enriching the dataset with
specific markers of NASH severity. The scope of this case-control study necessitated the acquisition of VTE-specific data,
allowing for a comprehensive analysis of the condition. Variables related to VTE, including the location of VTE events,
the type of anticoagulant administered, the duration of treatment, instances of treatment failure, the need for hospital-
ization, and any history of VTE recurrence, were diligently recorded.

Data items

A wide array of data items was meticulously cataloged and incorporated into the dataset. These variables encompassed:
(1) Demographic information: Parameters including age, sex, and race were logged to provide an understanding of the
patient population’s diversity; (2) Medical history: Crucial medical history elements were documented, such as the
presence of diabetes mellitus, HIV status, and substance use (alcohol and tobacco), shedding light on factors that could
impact VTE risk in NASH patients; (3) VCTE scores: The CAP and KPA scores were pivotal data points, serving as
objective measures of hepatic steatosis and fibrosis, respectively; and (4) VTE specifics: Data on the occurrence of VTE,
including location, anticoagulant therapy, treatment duration, instances of treatment failure, need for hospitalization, and
VTE recurrence history, provided a comprehensive picture of the VTE aspect of the study. The careful selection and
documentation of these data items ensured the robustness and reliability of the dataset.

Risk of bias

Unlike prospective studies, where selection and attrition bias can be assessed, this retrospective design leveraged existing
patient data and medical records, minimizing the potential for inherent bias in data collection. The primary focus of the
study was on the accurate extraction and analysis of data, ensuring that the risk of bias was kept to a minimum.

Summary measures

Within this multifaceted study, a diverse array of summary measures and variables were considered. The primary
outcome, which was the presence of VTE, formed the cornerstone of the analysis. In addition to this primary endpoint, a
host of secondary variables were included, encompassing demographics, hepatic steatosis (as assessed through the CAP
score), and hepatic fibrosis (evaluated using the KPA score). The inclusion of these additional variables allowed for a
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415
patients
analyzed

386 met
inclusion
criteria

Control: 335

Case: 51 with VTE without VTE

Mean Age: 60.63
Mean BMI: 31.14 kg/m?
Diabetes: 29.4%
NASH: 45.1%
S2-S3 Steatosis Grade: 66.7%
F2-F4 Fibrosis Grade: 58.8%

Choice of anticoagulation:
DOAC: 64.71%
VKA: 25.5%
Enoxaparin: 5.9%
Anti-platelet: 3.9%

Mean Age: 55.22
Mean BMI: 29.30 kg/m?
Diabetes: 13.1%
NASH: 30.4%

S2-S3 Steatosis Grade: 47.2%
F3-F4 Fibrosis Grade: 38.5%

/

Type of VTE:
DVT: 58.8%
Site:
Lower extremity: 56.9%
Upper Extremity: 19.6%

SVT: 17.6%

PE: 13.7%

Portal Venous Thrombosis:
9%

DOI: 10.12998/wjcc.v11.i34.8126 Copyright ©The Author(s) 2023.

Figure 1 Study design. VTE: Venous thromboembolism; DVT: Deep vein thrombosis; SVT: Superficial venous thrombosis; DOAC: Direct oral anticoagulant; VKA:
Vitamin K antagonist; NASH: Non-alcoholic steatohepatitis; BMI: Body mass index; PE: Pulmonary embolism.

comprehensive examination of the factors influencing the association between NASH and VTE, ensuring a nuanced and
holistic approach to the study’s objectives.

Synthesis of results

A range of statistical methods were instrumental in the assessment of associations and relationships between variables.
These methods included the Mann-Whitney U test, y* analysis, and logistic regression, which were chosen to suit the
nature of the data and the research questions. The Mann-Whitney U test was employed to compare continuous variables
between groups, allowing for the evaluation of differences in patient characteristics, including age, BMI, and VCTE
scores. This non-parametric test was selected due to its suitability for this data that might not follow a normal distri-
bution.

x° analysis was particularly valuable for assessing associations between categorical variables, such as the presence of
diabetes mellitus, HIV status, and substance use, within the study groups. This statistical tool enabled the identification of
statistically significant relationships, allowing for a comprehensive understanding of the patient population and their
characteristics.

Logistic regression, a more complex statistical technique, was applied to analyze the primary outcome variable, the
presence of VTE. This method allowed for the assessment of the influence of NASH, as indicated by hepatic steatosis
(CAP score) and hepatic fibrosis (KPA score), on the likelihood of VTE. The results were presented in a clear and
informative manner, using tables and figures to succinctly communicate significant findings, associations, and potential
risk factors.

The inclusion of these diverse statistical techniques offered a comprehensive approach to data analysis, enabling a
nuanced understanding of the complex relationships within the dataset. The resulting findings, supported by statistical
evidence, allowed for the vigorous testing of the study’s hypotheses.

RESULTS

Patient characteristics

A comprehensive analysis involving 415 patients revealed that 386 of these individuals met the inclusion criteria set for
this study. Among the study participants, 51 patients were classified into the VTE group, whereas the remaining 335
formed the non-VTE group. The demographic profile of these two groups showcased notable differences. Firstly, patients
in the VTE group exhibited a slightly higher mean age, with an average of 60.63 years, in contrast to the non-VTE group,
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which had a mean age of 55.22 years (P < 0.014). Gender distribution, racial background, tobacco use, and HIV status
showed comparable distribution across both groups. However, key disparities came to light regarding specific health
parameters. Patients in the VTE group presented with a higher average BMI (31.14 kg/m?), notably exceeding the 29.30
kg/m? seen in the non-VTE group (P < 0.041). Additionally, the prevalence of diabetes mellitus was significantly more
pronounced among patients with VTE, accounting for 29.4%, in stark contrast to the non-VTE group’s prevalence of
13.1% (P < 0.002) (Tables 1 and 2).

Primary outcome: NASH and associated factors

Of particular interest in the primary outcome was the history of NASH, a condition intricately linked to NAFLD. Here, a
notable distinction arose between the VITE group and the non-VTE group. In the VTE group, the history of NASH was
significantly more prevalent, with 45.1% of patients carrying this diagnosis, while the non-VTE group reported a history
of NASH in 30.4% of cases (P < 0.037). Moreover, steatosis, a critical parameter characterizing liver fat accumulation,
exhibited distinct variations between the two groups. The VTE group displayed a notably higher steatosis score,
averaging 279.04, in comparison to the non-VTE group, which had an average score of 249.54 (P < 0.005). An even more
compelling contrast emerged concerning the fibrosis grade, an essential measure of liver health. In this regard, the VTE
group showcased a considerably higher fibrosis grade, quantifying at 15.29, whereas the non-VTE group exhibited a
lower average of 12.67 (P < 0.001). An in-depth exploration of the data revealed that moderate to severe steatosis
(classified as S2-S3) was strikingly more frequent in the VTE group, constituting 66.7% of this patient cohort, compared to
47.2% in the non-VTE group (P < 0.009). A similar trend emerged regarding the fibrosis grade. Within the VTE group,
fibrosis grades F2-F4 were notably more prevalent, accounting for 58.8% of patients, whereas in the non-VTE group, this
grade represented 38.5% of cases (P < 0.006). Utilizing logistic regression as an analytical tool, considering VTE as the
dependent variable, two critical predictors emerged. Patients diagnosed with diabetes mellitus exhibited an odds ratio
(OR) of 1.702 (P < 0.015), highlighting a significant association between diabetes and the presence of VTE. Furthermore, a
robust association was noted between the F2-F4 fibrosis grade and VTE, with an OR of 1.5 (P < 0.033) (Table 3).

VTE analysis

Within the VTE group, a comprehensive analysis of the distribution of VTE types was conducted. Results indicated that
58.8% of these patients presented with deep vein thrombosis (DVT), 17.6% with superficial vein thrombosis, 13.7% with
pulmonary embolism, 5.9% with portal vein thrombosis, and 3.9% with embolic stroke (Table 4).

Lower extremity emerged as the most common location for VTE, observed in 56.9% of cases, followed by the upper
extremity at 19.6%. In terms of laterality, right-sided VTE prevailed, accounting for 66.7% of cases. Regarding the severity
of VTE cases, a significant majority of patients, precisely 74.5%, necessitated hospital admission, with 2% of this cohort
requiring admission to the intensive care unit (Table 5).

The management of VTE involved the administration of anticoagulants, and the distribution of anticoagulant types
revealed that 64.71% of patients were on direct oral anticoagulants (DOAC), while 25.5% were on warfarin (Table 6). The
persistence of indefinite anticoagulation therapy was observed in 84.3% of patients. Furthermore, an impressive 96.1%
required the full therapeutic dose of anticoagulation. However, 5.9% of these individuals experienced treatment failure,
reflecting the complexity and variability in managing VTE in patients with NAFLD. These findings underscore the
multifaceted nature of VTE in the context of NAFLD and the importance of precise diagnosis and tailored therapeutic
strategies to address this medical challenge effectively.

DISCUSSION

NAFLD is the most prevalent cause of chronic liver disease in the United States and globally[20]. Within the context of
NAFLD, a spectrum of liver conditions can be observed, ranging from healthy liver function to the perilous extremes of
cirrhosis and primary liver cancer. This characterization underscores the importance of closely monitoring liver health
and taking proactive steps to mitigate risk factors associated with NAFLD[21]. NAFLD has been intricately tied with
metabolic syndromes like insulin resistance and obesity, but it also affects lean individuals, particularly those with
lipodystrophy[22,23]. African Americans appear to have the lowest prevalence, Hispanics the highest, and Caucasians
occupying the middle ground[24]. The risk of developing cirrhosis is very low in individuals with isolated steatosis
(NAFLD), but the risk increases as steatosis becomes complicated by liver-cell injury and death and the accumulation of
inflammatory cells (NASH)[25]. NASH is also a heterogeneous condition that can improve to steatosis or normal
histology, remain relatively stable for years, or cause progressive accumulation of fibrous scar that eventuates in cirrhosis
(F4). NAFLD-related cirrhosis is the primary predictor of eventual liver-related morbidity and mortality. Once cirrhosis
develops, the annual incidence of primary liver cancer can be as high as per year[26]. Heritable factors play a significant
role in the development of NAFLD, NASH, liver fibrosis, and liver cancer. Genetic variants on or near TM6SF2, MBOAT?7,
and PNPLA3 genes increase the risk of NAFLD and its severity. Recent studies have shown that PNPLA3 has a strong
influence on hepatic fat accumulation, NASH severity, and liver fibrosis. Epigenetic factors may also play a role in
NAFLD pathogenesis and progression[27]. The mechanisms underlying the pathogenesis and progression of NAFLD are
not fully understood. Hepatic steatosis occurs when the mechanisms for triglyceride synthesis is altered, leading to the
accumulation of fat within hepatocytes. Obesity and insulin resistance also stimulate hepatocyte triglyceride accumu-
lation. Triglyceride precursors and metabolic by-products may damage hepatocytes, leading to lipotoxicity. The liver
parenchymal cells then respond with an aim to replace lost hepatocytes, involving the expansion of other cell types and
recruitment of immune cells. NASH is the morphologic manifestation of lipotoxicity and resultant wound healing
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Table 1 Patient characteristics

Variables Thromboembolism Total (N) mean * SD Median IQR P value'

Age No 335 55.22 +14.377 58.00 20 0.014°
Yes 51 60.63 £11.421 61.00 17

BMI No 335 29.30 + 5.950 28 8 0.041°
Yes 51 31.14 £ 6.340 31 10

1)(2 test.

ap < 0.05.

IQR: Interquartile range; BMI: Body mass index.

responses. Cirrhosis and liver cancer are potential outcomes of futile repair, i.e., progressive accumulation of wound
healing cells, fibrous matrix, and abnormal vasculature (scarring), rather than efficient reconstruction/regeneration of
healthy hepatic parenchyma[28-30]. NAFLD diagnosis requires the detection of steatosis in the absence of alternate
causes. The determination of NAFLD-related liver injury severity and scarring is crucial for treatment recommendations.
Noninvasive and invasive staging approaches are available, with liver biopsy being the gold standard for establishing
liver injury and fibrosis severity. Noninvasive approaches, such as long-fiber thermoplastic and imaging (CT, MRI,
ultrasonography and FibroScan), are being developed to stage NAFLD and monitor fibrosis progression and regression.
Combining these tests enhances their predictive power, and they are being used serially or in combination to monitor
fibrosis progression and regression in NAFLD patients[31-33]. Most individuals with NAFLD do not exhibit any
symptoms. Typically, the diagnosis is made when a patient undergoes an evaluation for other reasons and abnormal liver
aminotransferases or features of fatty liver are detected. In some cases, NAFLD may be diagnosed when a patient
experiences vague right upper quadrant abdominal pain, hepatomegaly, or an abnormal-appearing liver during
abdominal surgery[9]. Some patients may show subtle symptoms of chronic liver disease, such as spider angiomata,
palmer erythema, or splenomegaly. In rare cases, individuals with advanced NAFLD may experience complications of
end-stage liver disease, such as jaundice, features of portal hypertension (ascites or variceal hemorrhage)[34]. Currently,
there are no United States Food and Drug Administration-approved therapies for the treatment of NAFLD. Hence, the
current approach to NAFLD management focuses on treating risk factors for NASH, such as obesity, insulin resistance,
metabolic syndrome, and dyslipidemia. Lifestyle changes and dietary modifications that result in weight loss and/or
improve insulin sensitivity are the primary treatments for NAFLD. Studies show that loss of body weight improves
steatosis, and greater weight loss improves steatohepatitis and hepatic fibrosis[35]. Modifying dietary macronutrient
contents, such as low-carbohydrate low-fat diets or saturated unsaturated fat diets, is mainly beneficial since they reduce
energy intake and improve obesity[36]. A Mediterranean-type diet has been reported to improve NASH and liver fibrosis
independently of weight loss[37]. Excluding foods and beverages high in added fructose and increasing coffee
consumption are also recommended[38]. High-fructose diets exacerbate hepatic steatosis, steatohepatitis, and fibrosis,
while consuming two or more cups of coffee per day is associated with reduced risk of liver fibrosis[39]. Modifying
lifestyle to increase physical activity complements dietary caloric restriction and expedites weight loss. Exercise also
improves muscle insulin sensitivity, which improves the metabolic syndrome independent of weight loss. Several large
clinical trials designed to identify effective and safe treatments for these conditions are in progress. Statins are an
important class of agents to treat dyslipidemia and decrease cardiovascular risk. Although interest in bariatric surgery as
a treatment for NAFLD exists, there is a lack of randomized clinical trials or adequate clinical studies to assess the
benefits and harms of bariatric surgery as a treatment for NASH[40]. Most studies of bariatric surgery have shown that it
is generally safe in individuals with well-compensated chronic liver disease and improves hepatic steatosis and necroin-
flammation[41]. However, the effects on hepatic fibrosis have been variable. NAFLD-related cirrhosis and, particularly,
those with portal hypertension should be excluded as candidates for bariatric surgery[42]. Patients with NAFLD in whom
end-stage liver disease develops should be evaluated for liver transplantation. The outcomes of liver transplantation in
well-selected patients with NAFLD are generally good, but comorbid medical conditions associated with NAFLD, such as
diabetes mellitus, obesity, and cardiovascular disease, often limit transplant candidacy. Our analysis sheds light on
NASH as an independent risk factor for VTE, particularly DVT. Furthermore, it underscores a positive association
between the degree of steatosis/fibrosis and an increased incidence of VTE. While this finding is significant, the
underlying mechanisms connecting NASH and the heightened risk of VTE remain enigmatic. It's well-documented that
NASH contributes to a pro-inflammatory state, evident through elevated levels of biomarkers like high-sensitivity C-
reactive protein, plasminogen activator inhibitor-1, and fibrinogen concentrations[43]. Recent studies suggest that NASH
patients exhibit elevated factor VIII, a potent pro-coagulant, as well as reduced protein C and anticoagulant levels, which
creates a procoagulant imbalance and heightens the risk of cardiovascular events[11]. This imbalance might also explain
the increased incidence of VTE. Additionally, increased levels of von Willebrand factor, mean platelet volume, and
decreased antithrombin III levels have been suggested as potential contributors to the pro-coagulative state in NASH[4].
The intrahepatic thrombi generated by these changes can induce tissue ischemia, exacerbate the disease by activating
stellate cells and fibrogenesis, and further aggravate hemostatic alterations favoring pro-coagulation. This theory
provides a plausible explanation for the observed linear association between the degree of steatosis/fibrosis and the
increased incidence of VTE[8]. The retrospective design used in our study has certain limitations that can affect the
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Thromboembolism

Variables Total P value'
No Yes
Gender Male 194 33 227 0.358
57.9% 64.7% 58.8%
NASH Yes 102 23 125 0.037
30.4% 45.1% 32.4%
Smoking No 228 26 254
68.1% 51.0% 65.8%
Yes 76 17 93
22.7% 33.3% 24.1%
Former 31 8 39
9.3% 15.7% 10.1%
Alcohol consumption Yes 55 6 61 0.396
16.4% 11.8% 15.8%
Ethnicity Caucasian 268 39 307 NA
80.0% 76.5% 79.5%
Hispanic 39 10 49
11.6% 19.6% 12.7%
Asian 11 1 12
3.3% 2.0% 3.1%
African American 15 1 16
4.5% 2.0% 4.1%
Others 2 0 2
0.6% 0.0% 0.5%
Diabetic status Non DM 281 32 313 0.002"
83.9% 62.7% 81.1%
Type 1 DM 10 4 14
3.0% 7.8% 3.6%
Type 2 DM 44 15 59
13.1% 29.4% 15.3%
HIV status Reactive 9 1 10 0.761
2.7% 2.0% 2.6%
CAP (steatosis) grade SO 145 14 159 0.031"
43.3% 27.5% 41.2%
S1 32 3 35
9.6% 5.9% 9.1%
S2 34 4 38
10.1% 7.8% 9.8%
S3 124 30 154
37.0% 58.8% 39.9%
KPA (fibrosis) grade FO 87 6 93 0.03"
26.0% 11.8% 24.1%

JBaishideng®
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FO-F1 116 14 130
34.6% 27.5% 33.7%
F1 3 1 4
0.9% 2.0% 1.0%
F2 32 2 34
9.6% 3.9% 8.8%
F3 25 7 32
7.5% 13.7% 8.3%
F4 72 21 93
21.5% 41.2% 24.1%

lxz test.
P <0.05.
NASH: Non-alcoholic steatohepatitis; CAP: Controlled attenuation parameter; KPA: Kilopascal; DM: Diabetes millitus; HIV: Human immunodeficiency

virus; NA: Not available.

Table 3 Primary outcome: Non-alcoholic steatohepatitis and associated factors

Venous thromboembolism Venous thromboembolism
Variable P value
Yes No
NASH 451% 30.4% 0.037°
CAP (steatosis) grade
S0 27.5% 43.3% 0.031°
S1 5.9% 9.6%
S2 7.8% 10.1%
S3 58.8% 37.0%
KPA (fibrosis) grade
FO 11.8% 26% 0.030°
F1 29.5% 35.5%
F2 3.9% 9.6%
F3 13.7% 7.5%
F4 41.2% 21.5%
Diabetes mellitus 0.002"
Typel 7.8% 3%
Type IT 29.4% 13.1%
P < 0.05.

NASH: Non-alcoholic steatohepatitis; CAP: Controlled attenuation parameter; KPA: Kilopascal.

accuracy of our results. Errors in data collection can occur despite our efforts to carefully review the patient records.
There is a possibility that some important factors have not been documented. Our study was conducted at a single center,
that may affect the generalizability of our findings to the broader population. Socioeconomic differences, healthcare
practices, and location can impact the prevalence of NASH and related complications such as VTE. To get a more compre-
hensive understanding of this issue, studies from various locations and patient groups are needed. The sample size of our
study, particularly those with VTE, was relatively small. A larger study with more participants would provide more
reliable results and could reveal more detailed connections between NASH, steatosis, fibrosis, and VTE risk. Incomplete
data is another limitation that can lead to less precise results, which could influence the strength of our conclusions. Our
study found links between VTE and factors such as age, BMI, and diabetes mellitus. However, these factors can
independently increase the risk of VTE, which could complicate our analysis. Further research is needed to better
understand how these factors relate to VTE in people with NASH. Finally, while our study highlighted a strong
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Table 4 Distribution of type of thrombosis in study population

Type of thromboembolism Number Percentage
Deep vein thrombosis 30 58.8%
Superficial venous thrombosis 9 17.6%
Pulmonary embolism 7 13.7%

Portal vein 3 5.9%

Stroke (embolic) 2 3.9%

Total 51 100.0%

Table 5 Distribution of thromboembolism in study population by location

Location Frequency Percentage
Lower limb 29 56.9%

Upper limb 10 19.6%

Upper lobe B 5.9%

Middle lobe 2 3.9%

Lower lobe 2 3.9%

Others 5 9.8%

Total 51 100.0%

Table 6 Distribution of choice of anticoagulation in study population

Type of anticoagulant used Frequency Percentage
Direct oral anticoagulants 33 64.7%
Vitamin K antagonists 13 25.5%
Enoxaparin sodium 3 5.9%
Antiplatelet 2 3.9%

Total 51 100.0%

connection between NASH and VTE, it does not prove that one causes the other. More research, particularly prospective
studies, is necessary to uncover the exact mechanisms underlying this relationship.

CONCLUSION

In summary, our study reveals that NASH is an independent risk factor for VTE, thereby providing further evidence that
NASH is associated with a hypercoagulable state. This risk is particularly pronounced in NASH patients with moderate-
to-severe steatosis and F2-F4 fibrosis, with DVT being the predominant manifestation. While our study found a positive
association between VTE and age, higher BMI, and diabetes mellitus, this could potentially be attributed to confounding
factors. As such, more extensive studies are necessary to validate these findings. The role of VTE prophylaxis for primary
prevention in this specific population remains unclear. In our study, we observed that 64.71% of patients were on DOAC,
25.5% were on warfarin, 5.9% were on low molecular weight heparin, and 3.9% were on antiplatelet agents. However, we
noted treatment failure in 5.9% of patients during follow-up, indicating that recurrence is a possibility despite treatment.
Our study underscores the crucial importance of promptly recognizing and managing individuals at risk of NASH to
prevent devastating complications, especially the increased risk of VTE. Further research is warranted to better
understand the underlying mechanisms, prevention strategies, and management options for this vulnerable patient
population.
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ARTICLE HIGHLIGHTS

Research background
To investigate the relationship between nonalcoholic fatty liver disease (NAFLD) and the risk of venous thromboem-

bolism (VTE). The study underscores the need for greater awareness of the risk factors contributing to VTE in the context
of NAFLD.

Research motivation

The motivation behind this research is to identify the connection between NAFLD, particularly non-alcoholic steatohep-
atitis (NASH), and the development of VTE. There is a knowledge gap and a compelling need to understand this
association to enhance clinical outcomes and tailor management strategies for patients with NAFLD.

Research objectives

The primary objective was to evaluate the incidence and characteristics of VTE in patients with NAFLD and identify
associated risk factors. Achieving this goal is significant for improving the prognosis and management of NAFLD
patients by enabling the early detection and treatment of VTE.

Research methods

The case-control study employed comprehensive patient data analysis, logistic regression, and comparative assessments
between patient groups with and without VTE. These methods facilitated a detailed examination of the clinical
parameters and outcomes, highlighting the robustness and replicability of the study.

Research results

Key findings include the higher prevalence of diabetes mellitus and more severe liver pathology (steatosis and fibrosis) in
the VTE group. The study revealed that these patients often required hospitalization and intensive management,
including anticoagulation therapy. The results contribute significantly to the current understanding of the relationship
between NASH and VTE, emphasizing the importance of monitoring at-risk patients.

Research conclusions
The study proposes that NAFLD, particularly with advanced liver pathology from NAFLD, is a significant factor in the
development of VTE.

Research perspectives

Future research should focus on longitudinal studies to further define the causal relationships and investigate the
underlying mechanisms that link advanced NAFLD with VTE. Additionally, there is a need for clinical trials to test
targeted interventions aimed at reducing the risk of thrombosis in this patient population.
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