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Abstract

Background and Aims—Accumulation of visceral adipose tissue is associated with hepatic 

inflammation and fibrosis, suggestive of its metabolic and inflammatory properties. We aimed to 

examine the histologic findings of visceral and subcutaneous adipose tissue and to associate these 

findings with clinical and radiologic characteristics in patients with cirrhosis.

Methods—Included were 55 adults with cirrhosis who underwent liver transplantation from 

3/2017–12/2018 and had an abdominal computed tomography (CT) scan within 6 months prior 

to transplant. Visceral-to-subcutaneous adipose tissue ratio (VSR) was calculated using visceral 

(VATI) and subcutaneous adipose tissue index (SATI) quantified by CT at the L3-vertebral level 

and normalized for height (cm2/m2). VAT (greater omentum), SAT (abdominal wall), and skeletal 

muscle (rectus abdominis) biopsies were collected at transplant.

Results—Majority of patients had VAT inflammation (71%); only one patient (2%) had SAT 

inflammation. Patients with VAT inflammation had similar median VATI (42 vs 41 cm2/m2), 

lower median SATI (64 vs 97 cm2/m2), and higher median VSR (0.63 vs 0.37, p = 0.002) 

than patients without inflammation. In univariable logistic regression, VSR was associated with 
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VAT inflammation (OR 1.47, 95%CI 1.11–1.96); this association remained significant even after 

adjusting for age, sex, BMI, HCC, or MELD-Na on bivariable analyses.

Conclusion—In patients with cirrhosis undergoing liver transplantation, histologic VAT 

inflammation was common, but SAT inflammation was not. Increased VSR was independently 

associated with VAT inflammation. Given the emerging data demonstrating the prognostic value 

of VSR, our findings support the value of CT-quantified VSR as a prognostic marker for adverse 

outcomes in the liver transplant setting.
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Introduction

Adipose tissue has been recognized as an active endocrine and inflammatory tissue 

that modulates action and metabolism of surrounding organs via abnormal adipokine 

and proinflammatory cytokine production. Accumulation of abdominal adipose tissue, 

particularly the visceral component compared to subcutaneous depots, has been shown to 

be associated with increased overall mortality as well as obesity-associated morbidities, 

including liver/gastrointestinal diseases [1–10], cardiovascular diseases [11–14], endocrine/

metabolic diseases [15–18], and malignancies [19–23].

Among patients with cirrhosis, classification of body composition by radiologic imaging 

remains an important area of investigation and potential target for interventions given its 

objective assessment of patients’ nutritional and metabolic status. Excessive accumulation 

of visceral adipose tissue (VAT) has been linked to chronic systemic inflammation and 

associated with increased liver inflammation and fibrosis [24–27]. Furthermore, increased 

computed tomography (CT)-quantified VAT has been associated with poor pre- and post-

transplant survival [3, 8], including increased hepatocellular carcinoma (HCC) risk and 

recurrence after liver transplantation [1]. Contrary to VAT, an inverse correlation was seen 

between subcutaneous adipose tissue (SAT) and wait-list mortality [2], further highlighting 

the prognostic value of varying body composition observed in this population.

Considering the different metabolic and inflammatory effects of VAT versus SAT on 

clinical outcomes, the relative distribution of body adiposity in the form of visceral-to-

subcutaneous adipose tissue ratio (VSR) rather than the absolute area may serve as an 

important imaging biomarker for prognostication. Among the limited studies evaluating 

VSR in patients with cirrhosis and/or HCC, elevated VSR was associated with an overall 

poor prognosis compared to the individual effects of VAT or SAT [28–30]. Although the 

association between increased VSR and poor outcomes in cirrhosis has not been completely 

established, a commonality as a result of these abnormal body compositions—particularly 

increased VAT and VSR—is inflammation, which was observed in prior studies evaluating 

the histolopathologic relationship between adipose and liver tissue [25, 31–35]. However, 

these studies were mainly in obese patients undergoing bariatric surgery, and none among 

patients with cirrhosis. In this study, we leveraged a unique opportunity to obtain VAT and 

SAT in patients with cirrhosis undergoing liver transplantation to characterize the histologic 
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findings of VAT and SAT and to evaluate their associations with clinical and CT-based 

measurements of adipose tissues.

Materials and Methods

Study Design and Patient Selection

Our cohort included convenience sampling of adult patients with cirrhosis who underwent 

liver transplantation at a single transplant center between March 1, 2017, and December 31, 

2018, and had available tissue specimens obtained at time of transplant and abdominal CT 

imaging within 6 months prior to transplant (Supplementary Fig. 1).

Demographic data were extracted from the hepatology clinic visit at time of study 

enrollment. Clinical evidence of ascites and hepatic encephalopathy was determined 

based on recorded physical examination or written management plan at time of liver 

transplantation. Ascites was categorized as either absent, mild/moderate if present on exam 

and controlled with diuretics, or severe/refractory if they required large-volume paracentesis. 

Laboratory data were obtained at time of liver transplantation. Patients were considered 

to have comorbidities such as hypertension, diabetes mellitus, hyperlipidemia, or coronary 

artery disease if it was reported in their electronic health records.

Histologic Assessment of Visceral, Adipose, and Skeletal Tissue

Tissue specimens included biopsies taken from abdominal VAT (great omentum), abdominal 

SAT (abdominal wall), and skeletal muscle (rectus abdominis) at the time of liver 

transplantation. All tissue samples were formalin-fixed and embedded in paraffin by trained 

pathology technicians. Serial thin sections were taken and mounted on gelatin-coated glass 

slides and stained with hematoxylin and eosin. Each slide was individually evaluated and 

scored by a single pathologist blinded to all clinical data. Adipose inflammation was 

evaluated qualitatively and graded on a scale of 0 to 3, with score 0 assigned to cases 

with no inflammation or only rare scattered inflammatory cells; score 1 when minimal or 

focal inflammation was present; score 2 when inflammation was mild but diffuse/multifocal; 

and score 3 when moderate to severe, diffuse inflammation was seen (Fig. 1).

Measurement of Adipose Tissues and Skeletal Muscle Mass

Body composition was assessed using secondary analysis of abdominal CT scans as part of 

the liver transplant evaluation. CT-based measures of skeletal muscle (psoas, erector spinae, 

multifidus, quadratus lumborum, rectus abdominis, transverse abdominis, and internal and 

external oblique), VAT, and SAT, were quantified (cm2) at the lumbar (L3) vertebral level 

using a post-processing workstation (General Electric Advanced Workstation 3.2, Volume 

Viewer software, GE Healthcare, Waukesha, WI, USA), which enabled specific tissue 

demarcation using standard Hounsfield Unit thresholds of -150 to -50 for VAT [36], -190 to 

-30 for SAT [37], and -29 to 150 for skeletal muscle [38]. As reported in prior studies using 

these specific Hounsfield Unit thresholds, tissue areas are outlined on an individual CT 

section/slice by individuals trained in musculoskeletal anatomy resulting in a semiautomatic 

computed total cross-sectional area (cm2) by summing tissue pixels and multiplying by 

pixel surface area [39]. All CT images were analyzed by trained personnel in the UCSF 
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3D Lab, Center for Intelligent Imaging, and were blinded to all clinical data. All values 

were normalized by height (m2), resulting in a visceral adipose tissue index (VATI, cm2/m2), 

subcutaneous adipose tissue index (SATI, cm2/m2), and skeletal muscle index (SMI, cm2/

m2). VSR was calculated by dividing VATI and SATI.

Statistical Analysis

Clinical characteristics, laboratory, and radiologic data were reported as numbers and 

percentages (%) for categorical variables or medians and interquartile ranges (IQR) for 

continuous variables. Differences in quantitative variables between groups were compared 

by histologic evidence of VAT inflammation using two-sample t-tests or Wilcoxon 

rank-sum and Pearson’s chi-square (χ2) tests, as appropriate. We used univariable and 

bivariable logistic regression models to assess for clinical and imaging predictors of VAT 

inflammation. Variables of clinical interest or pertinent confounders and variables with a 

p-value of < 0.1 in univariable analysis were included in bivariable regression analysis. 

Two-sided p-value < 0.05 was considered statistically significant in all analyses. Analyses 

were performed using STATA statistical software, version 15.1 (Stata-Corp, College Station, 

TX, USA).

The study was approved by the Institutional Review Board at the University of California, 

San Francisco (San Francisco, CA, USA).

Results

Baseline Patient Characteristics

A total of 55 patients were included in this study: 16 (29%) had no histologic evidence 

of VAT inflammation compared to 39 (71%) with inflammation, further subdivided by 

minimal (n = 21 or 54%), mild (n = 9 or 23%), and moderate or severe (n = 9 or 23%). 

One patient (2%) had histologic evidence of SAT inflammation characterized as focal acute 

inflammation.

Baseline characteristics of the cohort are presented in Table 1, categorized by VAT 

inflammation. Patients with and without VAT inflammation had similar median age (59 

vs 60 years) and body mass index (27.8 vs 29.3 kg/m2). A higher proportion of patients with 

VAT inflammation were male (59% vs 38%) and had higher rates of prior tobacco use (54% 

vs 25%) and alcohol use (46% vs 31%), though none were statistically significant. Ethnicity/

race categories were similar between the two groups. Patients with VAT inflammation had 

higher rates of hypertension (46% vs 31%), though they had comparable rates of diabetes 

mellitus (33% vs 31%), hyperlipidemia (28% vs 31%), and coronary artery disease (8% vs 

6%).

There was no significant difference in etiologies among patients with and without VAT 

inflammation. A similar percentage of patients with VAT inflammation had HCC (38% 

vs 38%). Patients with VAT inflammation had higher median model for end-stage liver 

disease-sodium (MELD-Na) (19 vs 14) and similar albumin (3.0 vs 3.1 g/dL). Prevalence 

of ascites was slightly higher in patients with VAT inflammation (69% vs 56%), with the 

majority characterized as severe/refractory (26% vs 6%) and had history of spontaneous 
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bacterial peritonitis (22% vs 11%), but were not statistically significant. Additionally, there 

was no significant association between presence of ascites and/or spontaneous bacterial 

peritonitis with VAT inflammation on univariable analysis.

Association Between Radiographic Abdominal Adipose Tissue Distribution and Histologic 
Visceral Adipose Tissue Inflammation

Radiologic findings are presented in Table 2. Median duration from baseline to CT scan was 

57 (17–138) days, baseline to transplant was 94 (49–154) days, and CT to transplant was 19 

(4–49) days. Patients with VAT inflammation were significantly more likely to have lower 

median SATI (64 vs 97 cm2/m2) and higher median VSR (0.63 vs 0.37), with similar median 

VATI (42 vs 41 cm2/m2) and median SMI (47 vs 47 cm2/m2). Median VSR remained 

significantly higher in patients with VAT inflammation regardless of degree of inflammation: 

minimal (0.71, p = 0.01), mild (0.64, p = 0.02), and moderate or severe (0.50, p = 0.03), 

compared to no inflammation (0.37). Additionally, when accounting for gender differences 

in terms of body composition, median VSR remained significantly higher in male (0.77 vs 

0.46, p = 0.046) and female (0.51 vs 0.32, p = 0.039) with VAT inflammation. Patients with 

HCC had higher median VSR (0.66 vs 0.49, p = 0.09).

Regarding timing of imaging to transplant, sub-analyses including only patients with 

imaging within 90 days prior to transplant (n = 49) had similar results, in which patients 

with VAT inflammation had higher median VSR (0.61 vs 0.35, p = 0.003) and lower median 

SATI (58 vs 96 cm2/m2, p = 0.009), with similar median VATI (39 vs 37 cm2/m2, p = 0.74) 

and median SMI (47 vs 47 cm2/m2, p = 0.49).

We analyzed clinical, laboratory, and radiologic factors associated with VAT inflammation 

(Table 3). In univariable logistic regression, only increased CT-quantified VSR (per 0.1 unit) 

was significantly associated with histologic VAT inflammation (OR 1.47, 95% CI 1.11–1.96, 

p = 0.008). In bivariable logistic regression, after adjusting for age, sex, BMI, HCC, or 

MELD-Na, CT-quantified VSR remained independently associated with VAT inflammation. 

Given gender-associated differences in body composition, additional bivariable logistic 

regression analyses were conducted separately in men and women, also adjusting for 

age, BMI, HCC, or MELD-Na. In men, VSR was statistical significantly associated with 

histologic VAT inflammation after adjusting for HCC (OR 2.07, 95% CI 1.03–4.15, p = 

0.04) or MELD-Na (OR 1.68, 95% CI 1.01–2.79, p = 0.045) as shown in Supplementary 

Table 1. In women, VSR was not statistical significantly associated with histologic VAT 

inflammation after adjusting for age, BMI, HCC, or MELD-Na (Supplementary Table 2).

Discussion

CT-based measures of body composition (e.g., skeletal muscle mass, subcutaneous fat, 

visceral fat) have emerged as strong predictors of outcomes in patients with cirrhosis [1, 

2, 4, 8, 9, 40–44]. Although measures of muscle mass (e.g., psoas muscle, total abdominal 

skeletal muscle) are the most well-studied [40–45], abdominal adipose tissue—particularly 

VAT and VSR—are gaining increased recognition for their prognostic value particularly in 

light of rising rates of obesity [1, 3, 8]. However, little is known in the applicability of 

these CT-based biomarkers of adipose tissue to their histologic findings. In this study of 
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patients with cirrhosis who underwent liver transplantation, we observed that nearly three-

quarters of our cohort displayed histologic VAT inflammation characterized by a spectrum of 

lymphoplasmacytic and perivascular lymphocytic aggregates. Furthermore, histologic VAT 

inflammation was independently associated with increased VSR quantified on CT imaging, 

providing clues to the mechanism by which VAT, and its imbalance relative to SAT, might 

lead to or be a biomarker for adverse outcomes in this population.

Our results extend the findings of previous studies evaluating the histologic characteristics of 

adipose tissues though in a population of patients with cirrhosis, in which similar findings 

of increased inflammation within VAT versus SAT were reported [25, 31–33]. The observed 

histologic discrepancy between the two depots is due to differences in their metabolic 

activity, lipolytic activity, and adipocytokine profile [24, 25, 46, 47]. In studies utilizing 

immunohistochemistry, one major difference was the abundance of immune cells including 

macrophages and plasma cells within VAT as compared to SAT [31–33]. The histologic 

findings of VAT inflammation in this study were the presence of lymphoplasmacytic 

aggregates. This was also described in a prior study, suggesting a possible difference in 

plasma cell recruitment by adipocytokines between the two depots in which interactions 

with the adaptive immune system are more pronounced within VAT [48].

In our current study, increased VSR quantified on CT was independently associated 

with VAT inflammation. This observed difference in VSR was predominately driven by 

decreased CT-quantified SAT, rather than an increased in VAT, perhaps due to a limitation 

of the small cohort size. It is well recognized that the accumulation of VAT is mainly 

responsible for the majority of liver- and obesity-related complications in comparison with 

SAT. Although the role of SAT remains to be fully elucidated, limited prior studies have 

shown an inverse association with mortality, further suggesting that perhaps SAT may have 

metabolic protective properties through its different inflammatory and adipocytokine profile 

as previously discussed [2, 9, 24]. Moreover, only 2% of patients had SAT inflammation 

compared to 71% of patients with VAT inflammation. These findings further suggest that 

the distribution of adipose tissue rather than the absolute value of its different depots is 

a major determinant of disease severity. Thus, elevated VSR may serve as an important 

imaging biomarker in inflammation and disease progression, while aiding in understanding 

the relationship between visceral adiposity and liver disease, in addition to obesity-related 

conditions.

The findings of this study should be considered in light of several limitations. Our 

cohort was relatively small, reducing our power to adjust for multiple confounders. 

However, we believe that this limitation is balanced by the novelty of our findings in a 

unique cohort given the difficulty of procuring visceral and subcutaneous adipose tissue 

from patients undergoing liver transplantation, which are generally obtained among those 

undergoing abdominal surgery for other clinical reasons. Our cohort was assembled as 

a convenience sampling of patients undergoing liver transplantation at our center which 

may have introduced selection bias. However, inclusion into this cohort was based on 

availability of the tissue procurement team, which was independent of clinically relevant 

patient characteristics. Additionally, adipose tissue inflammation was evaluated by a 

single pathologist blinded to all clinical data. Adipose tissue inflammation was evaluated 
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qualitatively based on the degree of inflammatory cell aggregates given no available 

standardized scale. This was similar to the histologic method done on a previous article 

assessing visceral adipose tissue inflammation in mice, in which the same pathologist 

had to also derive a histologic inflammation scale [49]. Furthermore, we were unable to 

evaluate the metabolic and adipocytokine profile of adipose tissues due to the retrospective 

nature of the study. Moreover, we did not conduct immunohistochemistry analysis which 

could help differentiate the type of inflammatory cells; however, this has been evaluated 

in the several aforementioned studies [31–33]. Unfortunately, the only anthropometric 

measurement available was BMI, and not waist circumference or waist-to-hip ratio. Given 

that the majority of our patients had ascites (65%), anthropometric measurements such as 

BMI and waist-to-hip ratio are limited in their ability to adjust for fluid retention (e.g., 

ascites and/or systemic edema) and inability to discriminate between different components 

of body composition. Another limitation was the timing and availability of CT-quantified 

adipose tissue and skeletal muscle mass, which was done at a single time point. Although 

the median (IQR) time from body composition imaging to transplant was 19 (4–49) days, 

there were 18 patients with imaging completed within 7 days from transplant, in which both 

skeletal muscle wasting and loss of VAT have the potential to occur in the setting of critical 

illness; however, there was no statistically significant differences in timing of imaging on 

VAT inflammation (p = 0.88) or VSR (p = 0.96). Lastly, the small cohort size limited our 

ability to evaluate the association between adipose tissue inflammation and post-transplant 

clinical outcomes, such as acute rejection, infections, or mortality (which are relatively rare 

events), but our findings lay the groundwork for future studies to evaluate these outcomes.

In conclusion, we have demonstrated that the majority of patients with cirrhosis displayed 

histologic VAT inflammation across a spectrum characterized as lymphoplasmacytic and 

perivascular lymphocytic aggregates, compared to minimal inflammation seen on SAT. 

Importantly, VAT inflammation was shown to be associated with increased VSR, which 

is emerging as an important imaging biomarker and predictor of adverse outcomes in 

both patients with cirrhosis and the general population. Our data offers further evidence 

in the clinical relevance of visceral adiposity and provides a rational basis for future 

studies evaluating the association between adipose tissue inflammation and outcomes in 

patients with cirrhosis, with visceral obesity as an important target for future interventions to 

improve clinical outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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CT Computed tomography

HCC Hepatocellular carcinoma

SAT Subcutaneous adipose tissue

VSR Visceral-to-subcutaneous adipose tissue ratio

VATI Visceral adipose tissue index

SATI Subcutaneous adipose tissue index

SMI Skeletal muscle index

MELD-Na Model for end-stage liver disease-sodium

BMI Body mass index
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Fig. 1. 
Histologic characteristics of visceral adipose tissue. Representative areas of hematoxylin 

and eosin-stained visceral adipose tissue inflammation grade (× 200). a Score 0, no 

inflammation or only rare scattered inflammatory cells. b Score 1, minimal or focal 

inflammation. c Score 2, diffused or multifocal mild inflammation. d Score 3, diffused 

moderate or severe inflammation. Higher magnification (× 600) showing numerous plasma 

cells (e, f) admixed with some lymphocytes (f)
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