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Abstract: Background: While the prevalence of obesity and its negative effects on graft steatosis in 

liver transplantation are well recognized, the impact of obesity in the absence of hepatic steatosis, 

fibrosis, and inflammation in deceased donor livers remains unclear. This knowledge gap may affect 

the decision to adopt a transplant strategy and influence the following outcomes. Methods: A donor 

population-based cohort study was performed on 35,529 donors who received liver biopsy from 

1987 to 2024. Donor BMI was categorized and assessed for its association with liver conditions, 

including macrovesicular steatosis, microvesicular steatosis, liver fibrosis, and portal infiltrates. 

Multivariable logistic regression and restricted cubic spline (RCS) regression models were 

employed to explore both linear and nonlinear relationships between BMI and the specified liver 

conditions. Results: In a cohort of 35,529 donors, donor livers from higher BMI groups exhibited 

higher percentages of macro-steatosis, micro-steatosis,advanced fibrosis and portal 

infiltrate.Logistic regression indicated obesity as an independent predictor of liver histology 

assessment: for higher risk with moderate-servere macro-steatosis (OR 2.29, 95% CI 2.11–2.49, p < 

0.001),moderate-servere micro-steatosis (OR 1.71, 95% CI 1.57–1.87, p < 0.001), portal infiltrate (OR 

1.37, 95% CI 1.3–1.45, p < 0.001) and advanced fibrosis (OR 1.04, 95% CI 0.94–1.14, p < 0.001). 

Restricted cubic spline regression depicted J-shaped with moderate-servere macro-steatosis and 

portal infiltrate,a U-shaped advanced fibrosis, and a upside down U-shaped with moderate-servere 

micro-steatosis,P for for nonlinearity <0.0001),respectively. Subgroup analyses identified 

interactions with factors such as gender, hypertension, and hepatitis C, highlighting BMI’s complex 

influence on liver histology and reinforcing its role in liver donor evaluation. Conclusion: This 

donor population-based cohort study found a different association pattern between donor BMI and 

liver biopsy outcomes,integrating BMI into donor liver assessments could enhance decision-making 

during transplantation, potentially reducing organ discard rates and improving transplant success 

by identifying high-risk organs earlier. 

Keywords: donor BMI; macro-steatosis and micro-steatosis; liver fibrosis; portal infiltrate 

 

Introduction 

Liver transplantation is a life-saving procedure for patients with end-stage liver disease and 

certain acute liver conditions [1]. However, the success of liver transplantation is highly dependent 

on the quality of the donor liver [2]. Various factors, including donor health and lifestyle, can 

significantly impact the condition of the donor’s liver and consequently affect transplant outcomes 
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[3]. One such factor is the donor’s Body Mass Index (BMI), which has been increasingly recognized 

as a crucial determinant of liver quality [4]. 

Higher BMI has been associated with an increased risk of liver steatosis, also known as fatty 

liver disease [5]. Liver steatosis can range from mild to more severe grade based on the percentage of 

lipid drop accumulation in the liver cell, with two main phenotypes, named macrovesicular and 

microvesicular steatosis which were distinguished by the lipid drop size with widespread differences 

in molecular characterization in metabolic pathways [6,7]. Liver fibrosis, which is often accompanied 

by steatosis, is the excessive accumulation of extracellular matrix proteins that can lead to liver 

cirrhosis [8]. Additionally, portal infiltrates, which involve the infiltration of inflammatory cells into 

the portal tracts of the liver, referring to the immune-activated status of the donor’s liver, can further 

the complexity of LT [9]. 

Understanding the relationship between donor BMI and liver status is crucial for improving 

liver transplantation outcomes. Previous studies have suggested that higher BMI is associated with 

an increased risk of liver steatosis and fibrosis [10]. However, the role of deceased donor BMI and 

donor-related factors in modifying these associations remains unclear, especially for different 

features of steatosis and portal inflammation. This study aims to fill this gap by investigating the 

association of donor BMI with the risk of liver steatosis related outcomes before transplantation. 

Additionally, the study explores the potential modifying effects of other donor-related factors on 

these associations. 

To achieve these aims, we analyzed data from the United Network for Organ Sharing (UNOS) 

and Scientific Registry of Transplant Recipients (SRTR) registry, which includes comprehensive 

information on liver transplant recipients and donors. We utilized stepwise multi-model logistic 

regression analysis to investigate the association between different BMI categories and the presence 

of macrovesicular and microvesicular steatosis, liver fibrosis, and portal infiltrates. Furthermore, we 

employed a restricted cubic spline (RCS) regression model to explore potential nonlinear associations 

of cumulative BMI with these liver conditions. Subgroup analyses were conducted to identify 

potential modifying effects and interactions among the covariates. 

In this study, we aim to provide insights into the impact of donor BMI on liver quality， which 

may help in developing better assessment criteria for donor liver selection and precisely matching 

recipients, ultimately improving the success rates of liver transplantation procedures. 

Methods 

Database and Study Cohort 

This study analyzed data from the UNOS-OPTN database, covering the period from 1987 to 

April 1, 2024. All data were anonymized and handled by stringent data use agreements and security 

protocols. The perspectives and conclusions presented in this manuscript reflect the authors’’ views 

and do not represent the official stance of any government. 

Donor Study Population and Exclusion Criteria 

The data for this analysis were released on April 1, 2024. A total of 291,377 deceased donors were 

procured between 1987 and 2024. Exclusion criteria included the absence of data on hepatic micro- 

and macro-steatosis, liver fibrosis, and portal infiltrates (n=229,529), other missing variables 

(n=2,812), and donors under 18 years of age (n=586). This resulted in a final cohort of 35,529 donors, 

stratified by donor BMI as recorded in UNOS. The flow chart illustrates the donor selection process 

for the final cohort(Figure 1). The study protocol was exempted by the Ethics Review Committee of 

The First Affiliated Hospital of Kunming Medical University for the OPTN database is deidentified 

and publicly available. 
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Figure 1. Flow chart of donor selection and exclude process. 

BMI Classification 

We utilized the Criteria of Weight for Adults for BMI classification [11]. Given the large sample 

size, we could investigate the dose-response relationship between BMI and donor liver quality in 

detail. The BMI categories were defined as follows: <18 kg/m² (Lean), 18-25 kg/m² (Normal), 25-30 

kg/m² (Overweight), and >30 kg/m² (Obesity). 

Donor Liver Quality Assessment and Outcomes 

Donor liver quality was assessed by biopsy pre-transplantation after procurement, including 

evaluations for macro- and micro-steatosis, liver fibrosis, and portal infiltrates. UNOS mandates that 

participating institutions stain histopathology slides using standardized protocols with hematoxylin 

and eosin, as well as fat-specific methods (Red-Oil-O or Sudan Red) to identify and quantify fatty 

deposits in the parenchyma [12]. Steatosis grading was based on cross-sectional hepatic histology 

with varying threshold percentages: mild (0-30%) and moderate-to-severe (≥30%) for both macro and 

micro steatosis. Advanced fibrosis was indicated by Fibrosis stages F2-6, and portal infiltrate was 

classified as positive with stages F1-4. We identified ≥30% for both macro and micro steatosis, 

advanced fibrosis and portal infiltrate were a risk factor for LT and as the primary outcome for this 

study. 

Covariates 

Potential confounders included baseline age (continuous), sex (male or female), ethnicity 

(white,non-Hispanic or Hispanic/Latino, others), history of hypertension (yes or no), history of 

coronary artery disease (yes or no), history of myocardial infarction, history of diabetes (yes or no), 

status of hepatitis B virus (HBV) and hepatitis C virus (HCV) infection, alcohol heavy consumption 

(yes or no), smoking status (never, past, or current within 6 months and 20 packs/year), and liver 

function tests at procurement (SGOT, SGPT, and TBILI; continuous). 

Statistical Analysis 

Baseline characteristics were presented as means (standard deviation) or medians (interquartile 

range [IQR]) for continuous variables and as frequencies (percentages) for categorical variables, 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 5 November 2024 doi:10.20944/preprints202411.0128.v1

https://doi.org/10.20944/preprints202411.0128.v1


 4 

 

stratified by BMI category. Differences in these characteristics were assessed using ANOVA or 

Kruskal–Wallis H tests for continuous variables and chi-squared tests for categorical variables. All 

statistical tests were two-tailed, with a significance level set at P<0.05. Statistical analyses were 

performed using Zstats [13] and R Studio (version 4.3) 

Results 

Baseline characteristics of donors in each group based on BMI categories were presented in Table 

1. Liver quality varied significantly across BMI categories. Mean macro-steatosis percentages 

increased with BMI: lean (7.24% ± 13.96%), normal (8.96% ± 14.91%), overweight (11.32% ± 16.19%), 

and obesity (15.09% ± 17.65%) (P < 0.001). Micro-steatosis showed a similar trend: lean (6.67% ± 

12.86%), normal (8.63% ± 15.17%), overweight (10.37% ± 16.62%), and obesity (12.21% ± 17.77%) (P < 

0.001). Advanced fibrosis percentages were slightly different across BMI categories, with advanced 

fibrosis (F2-6) percentages being: lean (9.25%), normal (9.68%), overweight (8.62%), and obesity 

(8.33%) (P = 0.008). Portal infiltrate also increased with BMI: lean (0.60 ± 0.66), normal (0.64 ± 0.70), 

overweight (0.68 ± 0.70), and obesity (0.69 ± 0.68) (P < 0.001). 

Table 1. baseline characteristic of donor. 

Variables 
Total (n = 

35529) 

Lean (n = 

584) 

Normal (n = 

8426) 

Over_W (n = 

9996) 

Obesity (n = 

16523) 
P 

AGE,Mean(SD),y 48.31 ± 14.13 48.08 ± 15.42 47.30 ± 15.36 48.87 ± 14.39 48.50 ± 13.20 <.001

<60y,n,(%) 27133 (76.37%) 423 (72.43%) 6394 (75.88%) 7405 (74.08%) 12911 (78.14%) <.001

≥60y,n,(%) 8396 (23.63%) 161 (27.57%) 2032 (24.12%) 2591 (25.92%) 3612 (21.86%)  

GENDER(M),n,(%) 20027 (56.37%) 261 (44.69%) 4894 (58.08%) 6285 (62.88%) 8587 (51.97%) <.001

ETHNICITY,n,(%)      <.001

White,Non-Hispanic 23237 (65.40%) 399 (68.32%) 5728 (67.98%) 6553 (65.56%) 10557 (63.89%)  

Hispanic/Latino 5406 (15.22%) 59 (10.10%) 1057 (12.54%) 1680 (16.81%) 2610 (15.80%)  

BMI,Mean(SD),kg/m2 30.55 ± 7.77 17.36 ± 0.90 22.47 ± 1.71 27.46 ± 1.43 37.00 ± 6.35 <.001

SGOT,Mean(SD),U/L 98.38 ± 249.05 
78.14 ± 

135.66 
109.16 ± 308.32 98.67 ± 226.28 93.43 ± 230.61 <.001

SGPT,Mean(SD),U/L 106.10 ± 261.36 
74.73 ± 

135.56 
117.35 ± 310.45 111.51 ± 264.21 98.19 ± 233.84 <.001

TBIL, Mean(SD),mg/L 0.89 ± 1.07 0.81 ± 0.78 0.92 ± 1.23 0.92 ± 1.03 0.86 ± 1.01 <.001

HYPERTENSION,n,(%) 17536 (49.36%) 219 (37.50%) 3129 (37.14%) 4518 (45.20%) 9670 (58.52%) <.001

CAD,n,(%) 3675 (10.34%) 49 (8.39%) 677 (8.03%) 984 (9.84%) 1965 (11.89%) <.001

MI,n,(%) 2288 (6.44%) 36 (6.16%) 432 (5.13%) 597 (5.97%) 1223 (7.40%) <.001

DIABETES,n,(%) 7038 (19.81%) 61 (10.45%) 1059 (12.57%) 1674 (16.75%) 4244 (25.69%) <.001

HBV,n,(%) 2704 (7.61%) 64 (10.96%) 840 (9.97%) 874 (8.74%) 926 (5.60%) <.001

HCV,n,(%) 4864 (13.69%) 110 (18.84%) 1689 (20.05%) 1647 (16.48%) 1418 (8.58%) <.001

ALCOHOL,n,(%) 8503 (23.93%) 172 (29.45%) 2601 (30.87%) 2725 (27.26%) 3005 (18.19%) <.001

SMOKING,n,(%)      <.001

Y 1683 (4.74%) 25 (4.28%) 275 (3.26%) 494 (4.94%) 889 (5.38%)  

current in 6M/20 packs/yr 8246 (23.21%) 188 (32.19%) 2324 (27.58%) 2375 (23.76%) 3359 (20.33%)  

MACRO,Mean(SD),% 12.45 ± 16.78 7.24 ± 13.96 8.96 ± 14.91 11.32 ± 16.19 15.09 ± 17.65 <.001

Mild,n(%) 29715 (83.64%) 538 (92.12%) 7524 (89.30%) 8584 (85.87%) 13069 (79.10%) <.001

Moderate-Severe,n(%) 5814 (16.36%) 46 (7.88%) 902 (10.70%) 1412 (14.13%) 3454 (20.90%)  

MICRO,Mean(SD),% 10.76 ± 16.86 6.67 ± 12.86 8.63 ± 15.17 10.37 ± 16.62 12.21 ± 17.77 <.001

Mild,n(%) 30738 (86.52%) 545 (93.32%) 7575 (89.90%) 8715 (87.18%) 13903 (84.14%) <.001

Moderate-Severe,n(%) 4791 (13.48%) 39 (6.68%) 851 (10.10%) 1281 (12.82%) 2620 (15.86%)  

FIBROSIS, Mean(SD),score 0.45 ± 0.93 0.47 ± 0.91 0.47 ± 0.99 0.43 ± 0.91 0.44 ± 0.91 0.01 

F0-1,n(%) 32402 (91.20) 530 (90.75) 7610 (90.32) 15099 (91.38) 9163 (91.67) 0.008

F2-6,n(%) 3127 (8.80) 54 (9.25) 816 (9.68) 1424 (8.62) 833 (8.33)  

PORTAL INFILTRATE, 

Mean(SD),score 
0.67±0.69 0.60 ±0.66 0.64 ±0.70 0.68 ±0.70 0.69 ±0.68 <.001

F0,n(%) 15485 (43.58%) 282 (48.29%) 3951 (46.89%) 4310 (43.12%) 6942 (42.01%) <.001

F1-4,n(%) 20044 (56.42%) 302 (51.71%) 4475 (53.11%) 5686 (56.88%) 9581 (57.99%)  

SD:standard_deviation,BMI: Body Mass Index, SGOT: Serum Glutamic-Oxaloacetic Transaminase, TBIL: Total 

Bilirubin, CAD: Coronary Artery Disease, MI: Myocardial Infarction, HBV: Hepatitis B Virus, HCV: Hepatitis C 
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Virus, ECD: Extended Criteria Donor.Macro:moderate-severe-macro -steatosis,Micro::moderate-severe-micro-

steatosis. 

Table 2. subgroup analysis of BMI in covariates. 

  Macro-steatosis Micro-steatisis Fibrosis Portal infiltrate 

Variables n (%) OR (95%CI) P Pi OR (95%CI) P Pi OR (95%CI) P Pi OR (95%CI) P Pi 

All patients 
35529 

(100.00) 

1.04 (1.04-

1.05) 
<.001 

1.02 (1.02-

1.03) 
<.001 

1.00 (0.99-

1.00) 
0.076 

1.01 (1.01-

1.01) 
<.001  

GENDER    0.002  0.003  0.119   0.476

F 
15502 

(43.63) 

1.04 (1.03-

1.04) 
<.001 

1.02 (1.01-

1.02) 
<.001 

0.99 (0.99-

1.00) 
0.046 

1.01 (1.01-

1.01) 
<.001  

M 
20027 

(56.37) 

1.05 (1.04-

1.05) 
<.001 

1.03 (1.02-

1.03) 
<.001 

1.00 (0.99-

1.01) 
0.811 

1.01 (1.01-

1.02) 
<.001  

AGE    0.4   0.293  0.022   0.039

<60 
27133 

(76.37) 

1.04 (1.04-

1.05) 
<.001 

1.02 (1.02-

1.03) 
<.001 

0.99 (0.99-

1.00) 
0.008 

1.01 (1.01-

1.01) 
<.001  

≥60 8396 (23.63) 
1.04 (1.03-

1.05) 
<.001 

1.03 (1.02-

1.04) 
<.001 

1.01 (1.00-

1.02) 
0.21  

1.02 (1.01-

1.02) 
<.001  

HYPERTENSION   0.028  0.127  0.254   0.161

N 
17993 

(50.64) 

1.05 (1.04-

1.05) 
<.001 

1.03 (1.02-

1.03) 
<.001 

0.99 (0.98-

1.00) 
0.012 

1.01 (1.00-

1.01) 
<.001  

Y 
17536 

(49.36) 

1.04 (1.03-

1.04) 
<.001 

1.02 (1.02-

1.03) 
<.001 

1.00 (0.99-

1.00) 
0.206 

1.01 (1.01-

1.02) 
<.001  

CAD    0.242  0.011  0.045   0.013

N 
31854 

(89.66) 

1.04 (1.04-

1.05) 
<.001 

1.02 (1.02-

1.03) 
<.001 

0.99 (0.99-

1.00) 
0.017 

1.01 (1.01-

1.01) 
<.001  

Y 3675 (10.34) 
1.05 (1.04-

1.06) 
<.001 

1.04 (1.03-

1.05) 
<.001 

1.01 (1.00-

1.02) 
0.192 

1.02 (1.01-

1.03) 
<.001  

MI    0.781  0.273  0.207   0.348

N 
33241 

(93.56) 

1.04 (1.04-

1.05) 
<.001 

1.02 (1.02-

1.03) 
<.001 

0.99 (0.99-

1.00) 
0.043 

1.01 (1.01-

1.01) 
<.001  

Y 2288 (6.44) 
1.04 (1.02-

1.06) 
<.001 

1.01 (1.00-

1.03) 
0.121 

1.01 (0.99-

1.03) 
0.431 

1.02 (1.00-

1.03) 
0.006  

HBV    0.909  0.119  0.967   0.277

N 
32825 

(92.39) 

1.04 (1.04-

1.04) 
<.001 

1.02 (1.02-

1.03) 
<.001 

1.00 (0.99-

1.00) 
0.226 

1.01 (1.01-

1.01) 
<.001  

P 2704 (7.61) 
1.04 (1.02-

1.06) 
<.001 

1.03 (1.02-

1.05) 
<.001 

1.00 (0.98-

1.01) 
0.752 

1.00 (0.99-

1.02) 
0.405  

HCV    0.025  0.004  0.937   0.445

N 
30665 

(86.31) 

1.04 (1.03-

1.04) 
<.001 

1.02 (1.02-

1.02) 
<.001 

1.00 (1.00-

1.01) 
0.213 

1.02 (1.01-

1.02) 
<.001  

P 4864 (13.69) 
1.05 (1.04-

1.07) 
<.001 

1.04 (1.03-

1.05) 
<.001 

1.00 (0.99-

1.01) 
0.644 

1.01 (1.00-

1.02) 
0.023  

ALCOHOL    <.001  0.277  0.047   0.124

N 
27026 

(76.07) 

1.05 (1.05-

1.06) 
<.001 

1.02 (1.02-

1.03) 
<.001 

1.00 (1.00-

1.01) 
0.245 

1.01 (1.01-

1.01) 
<.001  

Y 8503 (23.93) 
1.02 (1.01-

1.03) 
<.001 

1.03 (1.02-

1.04) 
<.001 

0.99 (0.98-

1.00) 
0.106 

1.02 (1.01-

1.02) 
<.001  

DIABETES    0.606  0.469  0.01   0.699

N 
28491 

(80.19) 

1.04 (1.04-

1.05) 
<.001 

1.02 (1.02-

1.03) 
<.001 

0.99 (0.98-

1.00) 
<.001 

1.01 (1.01-

1.01) 
<.001  

Y 7038 (19.81) 
1.04 (1.04-

1.05) 
<.001 

1.03 (1.02-

1.04) 
<.001 

1.00 (1.00-

1.01) 
0.366 

1.01 (1.00-

1.02) 
0.001  

SMOKING    0.456  0.243  0.398   0.912

N 
25600 

(72.05) 

1.04 (1.04-

1.04) 
<.001 

1.02 (1.02-

1.02) 
<.001 

1.00 (0.99-

1.00) 
0.17  

1.01 (1.01-

1.01) 
<.001  

Y 1683 (4.74) 
1.04 (1.02-

1.06) 
<.001 

1.02 (1.00-

1.04) 
0.052 

1.01 (0.99-

1.03) 
0.339 

1.01 (1.00-

1.02) 
0.074  

current in 6M 
8246 (23.21) 

1.05 (1.04-

1.05) 
<.001 

1.03 (1.02-

1.04) 
<.001 

1.00 (0.99-

1.01) 
0.917 

1.01 (1.01-

1.02) 
<.001  

/20 packs/yr 

In stepwise logistic regression analysis based on BMI grade, types of covariates were 

sequentially enrolled to explore confounding factors. The association between BMI and histology 
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outcomes (macro-steatosis, micro-steatosis, fibrosis, infiltrate)remained significant after adjusting for 

different covariates. Model 1, a crude model, obesity showed an OR of 2.2 (95%CI: 2.04-2.39, p<0.001), 

1.68 (95%CI: 1.55-1.82, p<0.001), and 1.22(95%CI: 1.16-1.28, p<0.001) for macro-steatosis, micro-

steatosis and portal infiltrate, but BMI was a risk factor for fibrosis with no statistical significance. In 

Model 2, we added gender, age, metabolic diseases (e.g., hypertension, coronary heart disease, 

diabetes), viral hepatitis (HBV, HCV), and lifestyle (e.g., alcohol abuse and smoking). After 

adjustment, obesity was still associated with macro-steatosis (OR: 2.29, 95%CI: 2.11-2.49, 

p<0.001),micro-steatosis(OR: 1.71, 95%CI: 1.57-1.87, p<0.001) and portal infiltrate (OR: 1.37, 95%CI: 

1.3-1.45, p<0.001), showing an independent predictor of mild-severe macro-steatosis micro-steatosis, 

and hepatic inflammation. The BMI showed a weakened effect on fibrosis both in the crude model, 

but after adjusted several covariates,obesity was observed a strong impact on advanced fibrosis with 

an OR of 1.04 (95%CI: 0.94-1.14, p<0.001), compared with the overweight group. Additionally, for 

each per SD increase in continuous BMI, the ORs of macro-steatosis, micro-steatosis, fibrosis, portal 

infiltrate were 1.40(95% CI:1.36-1.44,p<0.001), 1.17 (95% CI: 1.14-1.22,p<0.001), 1.22 (95% CI: 1.18-1.24, 

p<0.001) and 1.19 (95% CI: 1.15-1.22,p<0.001), respectively(Figure 2). 

 

Figure 2. Associations of donor BMI with liver quality and donor liver discard probability. OR: Odds 

Ratio, CI: Confidence Interval. Model1: Crude, Model2: Adjust: GENDER, AGE, HYPERTENSION, 

CAD, MI, DIABETES, HBV, HVC, ALCOHOL, SMOKING. 

We also apply a restricted cubic spline (RCS) regression model to explore the potential nonlinear 

association of continuous BMI with liver steatosis and other outcomes. There are distinct associations 

between BMI and primary outcomes depicted in Figure 1. For macro-steatosis (A) and portal infiltrate 

(D), an S-shaped relationship is observed, with reference point at the BMI equal to 29.6kg/m²and a p-

value for nonlinearity < 0.0001, respectively. For micro-steatosis (B), an upside-down U-shaped 

relationship is observed, with the high OR in the 30-60kg/m²and with a p-value for nonlinearity < 
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0.0001. Fibrosis follows a U-shaped relationship (C), with OR peaking at both low and high BMI levels 

and a p-value for nonlinearity <0.0001. 

In the subgroup and sensitivity analyses, continuous BMI generally showed a stable effect across 

most subgroups for macro-steatosis, micro-steatosis, and portal infiltrates, with significant 

interactions observed between BMI and certain covariates. Specifically, for macro-steatosis, notable 

interactions were identified with gender (p for interaction = 0.002), hypertension (p = 0.028), heavy 

alcohol consumption (p for interaction= 0.025), and HCV (p < 0.001). Similarly, for micro-steatosis, 

significant interactions with gender (p for interaction= 0.003), coronary artery disease (CAD) (p for 

interaction = 0.011), and HCV (p for interaction = 0.004) were observed. In the context of portal 

infiltrates, gender (p for interaction = 0.013) and CAD (p for interaction = 0.039) showed significant 

interactions with BMI. While assessing liver fibrosis, no significant association was found with 

continuous BMI. However, lower odds ratios were observed in females (OR = 0.99, 95% CI: 0.99–1.00, 

p = 0.046), age <60 (OR = 0.99, 95% CI: 0.99–1.00, p = 0.008), individuals without hypertension (OR = 

0.99, 95% CI: 0.98–1.00, p = 0.012), without CAD (OR = 0.99, 95% CI: 0.99–1.00, p = 0.017), without 

myocardial infarction (OR = 0.99, 95% CI: 0.99–1.00, p = 0.017), and without diabetes (OR = 0.99, 95% 

CI: 0.98–1.00, p < 0.001). Significant interactions with age (p = 0.022), CAD (p = 0.045), and diabetes (p 

= 0.01) further underscore the importance of these covariates, suggesting that these factors modify 

the association between BMI and liver fibrosis. 

Discussion 

In this study, we examined the association between donor BMI and liver steatosis, fibrosis, and 

portal infiltrates in the largest cohort of liver transplant donors to date, with high accuracy through 

histological assessment. Our findings highlight a significant association between BMI and hepatic 

steatosis, fibrosis, and inflammation, aligning with existing literature on the adverse impact of obesity 

on donor liver health [14–17]. Our study provides more detailed insights into specific liver conditions, 

offering implications not only for deceased donor liver transplantation(DDLT) but also for living 

donor liver transplantation(LDLT) and public health strategies. 

Our results are consistent with previous studies indicating that elevated BMI is a risk factor for 

moderate to severe liver steatosis. In addition to confirming this relationship, we examined different 

types of liver steatosis and observed distinct patterns between macrovesicular and microvesicular 

steatosis. Restricted cubic spline (RCS) analysis (Figure 3) shows that macrovesicular steatosis 

increases with BMI, while microvesicular steatosis remains stable once BMI exceeds a certain 

threshold. Non-alcoholic fatty liver disease (NAFLD), often found in obese individuals, was 

associated with both macrovesicular and microvesicular steatosis [18–20]. A 2019 meta-analysis 

demonstrated that steatosis greater than 30% significantly increases the risk of graft dysfunction, 

primary nonfunction, and reduced survival outcomes [21], supporting our finding that elevated BMI 

is a key factor in determining liver graft quality and transplant outcomes. Specifically, increased BMI 

has been linked to higher donor organ discard rates due to moderate to severe macrovesicular 

steatosis, a primary factor in organ non-utilization [22]. 
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Figure 3. Association of early adulthood BMI with liver steatosis, fibrosis, infiltrate and discard 

probability. Graphs show associations of BMI with macro steatosis generally (A), with micro steatosis 

(B), with liver fibrosis (C), with portal infiltrate (D). Estimates were adjusted for donor gender, age, 

history of hypertension, CAD, MI, DM, status of HBV and HCV ,Alcohol heavy consumption and 

status of smoking. Solid lines are multi-variable adjusted ORs, with the area showing 95% CIs derived 

from restricted cubic spline regressions with four knots. The dashed line indicates a reference for no 

association at a hazard ratio of 1.0. The reference point is the median BMI (29·6 kg/m²). OR=odds ratio. 

The relationship between obesity and liver fibrosis in our cohort differed from findings by Liu 

et al., who reported a J-shaped correlation between BMI and increased liver stiffness, an alternate 

measure of fibrosis [23]. Evidence from our restricted cubic spline analysis indicated a U-shaped 

relationship, with both very low and very high BMI levels associated with advanced fibrosis. This 

finding contrasts with Chan et al., who observed a linear relationship between BMI and fibrosis in 

metabolic-associated fatty liver disease (MAFLD). Differences in donor populations may explain this 

discrepancy, as a substantial portion of Chan et al.’s cohort was affected by alcoholic liver disease 

and viral hepatitis [24]. Prior studies suggest that grafts with portal fibrosis beyond stage 3 increasing 

the risk of post-transplant complications [25], and our findings further emphasize that both 

undernutrition and overnutrition detrimentally affect liver health, underscoring the importance of 

BMI in donor selection criteria for liver transplantation. 

Our study’s analysis of BMI and portal infiltrates adds a novel dimension to the literature, as 

few studies have examined this specific feature in donor livers. Portal infiltrates, characterized by 

inflammatory cells in the liver’s portal tracts, are increasingly recognized as markers of immune 

activation and liver injury. Common in alcoholic and metabolic-associated liver diseases, portal 

infiltrates are associated with advanced disease stages [24]. This is particularly relevant to 

transplantation, where inflammation in the donor liver could amplify post-transplant immune 

responses, increasing the risk of graft rejection or dysfunction and negatively impacting graft survival 

[27]. Our findings underscore the importance of considering BMI as a marker for immune-related 

alterations affecting liver quality. 
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A recent study reported that 68.3% of potential living donor liver transplantation (LDLT) 

candidates were deemed unsuitable due to metabolic-associated fatty liver disease (MAFLD), 

illustrating the increasing impact of fatty liver disease on LDLT [26]. As MAFLD prevalence rises in 

the general population, the challenge of identifying suitable donors grows. In agreement with these 

findings, our analysis of organ discard rates reveals that livers from obese donors are more likely to 

be rejected due to concerns over steatosis, fibrosis, and portal infiltrates. Supporting evidence from 

Orman et al. further suggests that donor obesity is a key predictor of organ discard, especially in 

cases involving severe steatosis [29]. The higher discard rates with increasing BMI observed in our 

study indicate that transplant centers may hesitate to use livers from obese donors due to a higher 

risk of graft failure, consistent with prior research [30,31]. 

This study highlights the complex, multifaceted relationship between BMI and donor liver 

quality, influenced by several confounding factors. We included various donor-related factors, such 

as age, sex, and metabolic comorbidities, to better understand interactions between BMI and liver 

outcomes. Our findings suggest that male donors, older age groups, and individuals with histories 

of hypertension or diabetes are particularly vulnerable to the negative impact of elevated BMI on 

liver quality. These interactions align with literature showing that components of metabolic 

syndrome, such as hypertension and diabetes, exacerbate liver steatosis and fibrosis [32–34]. Such 

donor characteristics should inform liver transplantation decision-making. 

Given these challenges, our study delved deeper into the relationship between BMI and liver 

conditions, specifically steatosis, fibrosis, and inflammation. By identifying risk factors associated 

with these conditions, we aim to improve donor liver selection criteria and enhance overall donor 

organ quality. Our findings may also guide living donor candidates in managing modifiable risk 

factors, such as BMI, before donor evaluation. 

Strengths and Limitations 

This study’s strengths include its large sample size and use of the well-established UNOS-SRTR 

national database, which provides comprehensive data on donor characteristics and liver biopsy 

results. The application of advanced statistical techniques, such as restricted cubic spline regression, 

allowed us to uncover nonlinear relationships between BMI and liver outcomes, offering a nuanced 

understanding of BMI’s impact on liver health. 

However, our study also has limitations. First, its observational design limits our ability to 

establish causation between BMI and liver steatosis, fibrosis, and portal infiltrate. Second, despite 

adjustments for multiple confounders, residual confounding by unmeasured variables (e.g., diet and 

physical activity) may still be present. Third, variability in liver biopsy interpretation between 

pathologists and centers could introduce bias. Lastly, our findings may be limited in generalizability 

due to the demographic composition of donors in the UNOS database, which may not fully represent 

donors’ characteristics. 

Conclusion 

Our study provides valuable insights into the association between donor BMI and hepatic 

macrosteatosis, microsteatosis, fibrosis, and inflammation, with significant implications for liver 

transplantation practices. These findings strongly support the use of BMI as a noninvasive screening 

tool for assessing liver histology and identifying high-risk donors. Future research should focus on 

refining donor selection criteria to optimize transplantation outcomes and explore interventions that 

improve liver health among obese individuals. 
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