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Abstract
BACKGROUND
With increasing rates of liver transplantation and a stagnant donor pool, the annual wait list removals have remained high. Living donor liver transplantation (LDLT) is an established modality in expanding the donor pool and is the primary method of liver donation in large parts of the world. Marginal living donors, including those with hepatic steatosis, have been used to expand the donor pool. However, due to negative effects of steatosis on graft and recipient outcomes, current practice excludes overweight or obese donors with more than 10% macro vesicular steatosis. This has limited a potentially important source to help expand the donor pool. Weight loss is known to improve or resolve steatosis and rapid weight loss with short-term interventions have been used to convert marginal donors to low-risk donors in a small series of studies. There is, however, a lack of a consensus driven standardized approach to such interventions. 

AIM
To assess the available data on using weight loss interventions in potential living liver donors with steatotic livers and investigated the feasibility, efficacy, and safety of using such donors on the donor, graft and recipient outcomes. The principal objective was to assess if using such treated donor livers, could help expand the donor pool.

METHODS
We performed a comprehensive literature review and meta-analysis on studies examining the role of short-term weight loss interventions in potential living liver donors with hepatic steatosis with the aim of increasing liver donation rates and improving donor, graft, and recipient outcomes. 

RESULTS
A total of 6 studies with 102 potential donors were included. Most subjects were males (71). All studies showed a significant reduction in body mass index post-intervention with a mean difference of -2.08 (-3.06, 1.10, I2 = 78%). A significant reduction or resolution of hepatic steatosis was seen in 93 of the 102 (91.2%). Comparison of pre- and post-intervention liver biopsies showed a significant reduction in steatosis with a mean difference of -21.22 (-27.02, -15.43, I2 = 56%). The liver donation rates post-intervention was 88.5 (74.5, 95.3, I2 = 42%). All donors who did not undergo LDLT had either recipient reasons or had fibrosis/steatohepatitis on post intervention biopsies. Post-operative biliary complications in the intervention group were not significantly different compared to controls with an odds ratio of 0.96 [(0.14, 6.69), I2 = 0]. The overall post-operative donor, graft, and recipient outcomes in treated donors were not significantly different compared to donors with no steatosis. 

CONCLUSION
Use of appropriate short term weight loss interventions in living liver donors is an effective tool in turning marginal donors to low-risk donors and therefore in expanding the donor pool. It is feasible and safe, with comparable donor, graft, and recipient outcomes, to non-obese donors. Larger future prospective studies are needed. 
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Core Tip: Living donor liver transplantation is an established modality in expanding the donor pool but is limited by donor safety concerns and recipient and graft outcomes due to high prevalence of hepatic steatosis in obese or overweight donors. Weight loss is known to improve or resolve steatosis and help convert marginal donors to low-risk donors in a small series of studies. Our meta-analysis demonstrates that short term weight loss intervention, is feasible and safe in significantly reducing hepatic steatosis in living liver donors undergoing donor evaluation and has the potential to safely expand the donor pool.

INTRODUCTION
With the steady increase in liver transplantation (LT) over the last 2 decades, and the donor pool remaining largely stagnant, the shortage of organs for transplantation has become even more pressing. This has led to an increase in median time on the wait list for transplantation, especially in patients with a model for end-stage liver disease (MELD) greater than 15[1]. Consequently, as per United Network for Organ Sharing (UNOS) data, every year more than 1200 patients are being removed from the liver transplant wait list[1].
Living donor LT (LDLT) has the potential of increasing the donor pool and lowering the wait list mortality. LDLT offers recipients the advantage of a high-quality graft and the possibility of avoiding delisting, deconditioning over time, or death due to a change in clinical status. In addition, LDLT has the benefit of scheduling the transplantation as an elective surgery[2]. In parts of the world including South Korea, Japan, India, and Taiwan, LDLT is the primary modality of offering organs to patients in need for LT[3]. 
Although the number of LDLTs has steadily increased in the United States in the last few years, the total number of LDLTs has lagged in comparison to high volume centers in Asia. The number of deceased donor liver transplants in the United States in 2019 was 8372. The number of LDLTs during the same year was 524, a mere 6% of total liver transplants performed[4]. 
Most patients listed for liver transplant struggle to find a suitable living donor[5,6]. One way to address the shortage of donors is to use marginal living donors, including those with hepatic steatosis. The negative effects of such steatotic grafts on liver donation and transplantation are well known, including higher incidence of severe ischemic damage resulting in primary dysfunction or primary non function of graft, biliary strictures, and decreased one-year graft survival[7-9]. In a study by Gabrielli et al[10], recipients who received non-heart beating liver grafts with macrovesicular steatosis had significantly lower 3-year overall survival. 
Compounding the problem of organ shortage is the dramatically rising rate of obesity around the world[11]. In the United States in 2012, 69% of the population was overweight [body mass index (BMI) > 25] and 35% was obese (BMI > 30)[12]. Obesity is a strong risk factor for hepatic steatosis and steatosis is seen on liver biopsy in 76% of potential living liver donors with a BMI of more than 28[13].
The aim of our study was to summarize the current evidence on the role of short-term interventions for weight loss, such as diet and medications, in obese or overweight potential living liver donors with steatotic livers. The objectives were to assess the effectiveness of these interventions in reducing donor BMI and liver steatosis, turning marginal donors to low-risk donors, and examining the impact of steatosis reduction or resolution on short-term donor and recipient morbidity, mortality, and graft outcomes. 

MATERIALS AND METHODS
We used PubMed as our primary electronic search database. Keywords used for search criteria included LDLT, living liver donors, diet therapy, fatty liver, steatosis, and short-term weight loss interventions. Studies were analyzed using the Population, Intervention, Comparison, and Outcomes methodology and all studies that met our eligibility criteria were included (Table 1). 
Studies that investigated weight loss strategies for potential living liver donors were reviewed. Our eligibility criteria included adult (age > 18 years), overweight or obese potential living liver donors with biopsy proven and or radiologically assessed hepatic steatosis who underwent weight loss interventions and who had post intervention assessment of liver steatosis, with liver biopsy with or without radiologic modalities and post intervention assessment of weight loss. Studies should have also analyzed donor, recipient, and graft outcomes, including perioperative complications as graded by Clavien-Dindo classification[14], and donor and recipient morbidity and mortality. Six studies that met our criteria were finally included in our study.
Variables that were examined in each study included exclusion criteria, treatment modality, diagnostic modalities to assess for pre- and post-intervention hepatic steatosis (such as liver biopsies, computed tomography, or magnetic resonance imaging), pre- and post-intervention BMIs, total bilirubin, liver transaminases [aspartate transaminase, alanine amiotransferase (ALT)]. In addition, liver donation rates, donor and recipient perioperative complications (graded according to Clavien’s scale), and donor, graft and recipient outcomes were examined with each study.

Statistical analysis
We used meta-analysis techniques to calculate the pooled estimates following the methods suggested by DerSimonian and Laird using the random-effects model. Mean difference and odds ratio were calculated using random-effects model for continuous and binary variables, respectively. When the incidence of an outcome was zero in a study, a continuity correction of 0.5 was added to the number of incident cases before statistical analysis. Heterogeneity was assessed between study-specific estimates by using Cochran Q statistical test for heterogeneity, and the I2 statistics. I2 values of < 30%, 30%-60%, 61%-75%, and > 75% were suggestive of low, moderate, substantial, and considerable heterogeneity, respectively. A P-value of ≥ 0.05 was used ‘a-priori’ to define statistical significance. The analysis was done using RStudio and RevMan software.

RESULTS
Six studies were included following our literature search. Data and results from these studies are outlined in Table 1. The largest study had a sample size of 42 patients and the smallest study, had a sample size of 8. 
Some inferences can be made based on the data analyzed. Most subjects (71) were males. There were no reported dropouts from the treated group due to adverse events. All studies showed a significant reduction in BMI post-interventions (Figure 1) with a mean difference of -2.08 (-3.06, 1.10, I2 = 78%). All six studies showed a significant reduction (P < 0.05) in steatosis (Table 1). A significant reduction or resolution of hepatic steatosis was seen in 93 of the 102 in the intervention group (91.2%). Three of the 6 included studies had both pre- and post-intervention liver biopsies, and these studies were included in the Forest plot (Figure 2) to allow for a standardized comparison of intervention outcomes; they showed a significant reduction in steatosis with a mean difference of -21.22 (-27.02, -15.43, I2 = 56%). 
Majority of donors who underwent weight loss interventions successfully underwent living liver donation (Figure 3) with the rate being at 88.5% (74.5-95.3%, I2 = 42%). Prospective donors, who did not undergo donor hepatectomy, were either waiting to donate at study conclusion or had either steatohepatitis (2 in Choudhary group, 1 in Doyle group), inadequate Graft weight/recipient weight ratios (GRWR) (1 in Nakamuta group, 1 in Doyle group) or recipient causes for not donating (2 recipient deaths in the Nakamuta group). 
Post-operative biliary complications (Figure 4) in the intervention group were not significantly different compared to control (non-intervention) donors with odds ratio of 0.96 [(0.14, 6.69), I2 = 0]. The overall post-operative donor, graft, and recipient outcomes in the diet treated donors were also not significantly different when compared to non-diet treated donors.  All studies were limited by their small sample size, and some by their retrospective study design.

DISCUSSION
With increasing rates of LT and a stagnant donor pool, the annual wait list removals have remained high. The use of extended criteria donors including those with steatotic livers to expand the donor pool is a viable option in expanding the donor pool. The data on donor, graft and recipient outcomes in grafts used for potential donors with steatotic livers who have undergone weight loss interventions, is however sparse. Compounding this issue is the increasing rates of obesity has made donor safety and successful recipient outcomes, an even greater challenge. 
We, therefore, analyzed current literature on the role of short-term dietary interventions in preparing potential donors with hepatic steatosis for LDLT with the aim of safely and effectively expanding the donor pool and improving donor and recipient outcomes. Studies included, have been summarized in Table 1.
In study number 1 by Fujii et al[15], 8 potential donors were examined from October 2009 to August 2015. Exclusion criteria were age greater than 65 and steatohepatitis. Steatosis was diagnosed based on a liver to spleen (L/S) ratio of < 1.1 and/or hepatic attenuation of < 55 Hounsfield units (HU) on non-enhanced CT. Donors without fatty liver (n = 21) during the study period, were selected as a control group. Treatment efficacy was serially evaluated and when L/S was ≥ 1.1, and hepatic attenuation was ≥ 55 HU, a liver biopsy was performed. When macrovesicular steatosis of < 10% was confirmed, donors were taken up for partial hepatectomy. A significant reduction in mean BMI (25 ± 2.0 to 23.2 ± 1.9, P = 0.0009) and L/S ratio [0.95 (0.62-1.06) to 1.2 (1.12-1.46), P = 0.003] were seen. All 8 in the study group showed < 10% steatosis on intra-operative biopsy and underwent partial donor hepatectomy. No major complications (Clavien grade IIIa or greater) were seen. No significant difference in graft function were observed between the 2 groups with 100% Graft and patient survival at 3 mo. They concluded that preoperative treatment for fatty liver was effective and treated potential donors can undergo LDLT without jeopardizing donor safety.
Study number 2 from University of Toronto by Doyle et al[16], retrospectively analyzed 16 potential donors from September 2011 to December 2014. Subjects were followed until September 2015. Potential donors with nonalcoholic steatohepatitis (NASH) were excluded and those with steatosis of > 10% who underwent treatment with Optifast, were included. Baseline pre-treatment liver biopsies were performed in the first 8 but after observing promising preliminary results, the authors proceeded directly to dietary intervention in the remaining 8, based on imaging. All underwent liver biopsies at treatment completion. A targeted BMI reduction of 10%, guided treatment duration. The control group (n = 53) included all non-Optifast donors had intraoperative liver biopsy showing < 10% macrovesicular steatosis, as part of the Adult-to-Adult Living Donor Liver Transplantation Cohort Study (A2ALL) consortium. The pre-intervention mean BMI of Optifast donors was 32.7 kg/m2 [95% confidence interval (CI): 30.5-34.9 kg/m2] and was higher than non-Optifast donors at 26.4 kg/m2 (95%CI: 25.4-27.4 kg/m2; P < 0.001). 
Optifast was well tolerated and all 16 completed intervention. The mean BMI decreased to 28.3 kg/m2 (95%CI: 26.3-30.2 kg/m2; P < 0.001). All post-intervention biopsies demonstrated ≤ 10% macrovesicular steatosis with mean steatosis reduction from 29.3% to 4.75% (P < 0.001). Fourteen underwent partial hepatectomy with no reported donor mortality and no significant difference in surgical complications (P = 0.11), Clavien scores (P = 0.28), or mean length of stay (P = 0.82) between recipients of both groups. The authors concluded that Optifast can potentially eliminate or significantly reduce steatosis in donors being evaluated for LDLT, with donor and recipient outcomes equivalent to outcomes in non-steatotic donors.
Study number 3 by Choudhary et al[17], from July 2010 to January 2015, prospectively analyzed 16 potential liver donors. They had pre- and post-intervention liver biopsies and imaging and the study group was selected from a potential donor pool of 188 biopsy proven NAFLD. Exclusion criteria were metabolic syndrome, NASH, or steatosis of > 30%. Liver attenuation index (LAI, defined as liver attenuation minus splenic attenuation), was used for initial screen of steatosis. Prospective donors with LAI of 0 - 5 or liver attenuation < 53 HU (indicating steatosis), and presence of dyslipidemia or BMI > 28 kg/m2, underwent biopsy. Donors with a remnant volume of < 30% also had biopsy and had repeat biopsy prior to hepatectomy. 
The mean weight loss was 7 ± 4.3 kg with a significant post-intervention BMI reduction (P = 0.006) and improvement in LAI (P = 0.008). A median decrease in steatosis from 15% to 5% was seen in fifteen, including normalization in 7. Two donors had steatohepatitis, steatosis > 20% with borderline liver remnant and did not undergo liver donation. Fourteen underwent liver donation with all donors and their recipients having an uneventful post-operative course. The authors concluded that, in motivated younger liver donors with no comorbidities, steatosis is reversible in a short duration by aggressive lifestyle modifications.
Study number 4 by Oshita et al[18] compared outcomes of diet treated (n = 42) to non-diet treated donors (n = 87), from April 2003 to March 2010. Steatosis was assessed by pre-intervention L/S ratio and post-intervention biopsy. Pre-intervention exclusion criteria were diabetes mellitus and L/S ratio of ≥ 1.2. Post-intervention exclusion criteria were macrovesicular steatosis of > 20%. 
BMI was reduced from 23.3 ± 0.6 to 21.9 ± 0.4 kg/m2 (P < 0.0001). ALT, γ-GTP, and total cholesterol showed significant improvements (P = 0.0128, 0.0016, and 0.0004, respectively). Forty in the intervention group had stage 0/1 fibrosis with ≤ 20% steatosis and one had stage 2 fibrosis. One had inflammation and did not undergo liver donation. Forty-one treated donors underwent LDLT with no significant differences in perioperative lab data and complications (Clavien grading), including recipient biliary complications compared to controls. Overall, 1-, 3-, and 5-year recipient survival were not significantly different between the study and control groups (P = 0.455). The authors concluded that with appropriate selection criteria, use of diet-treated donors is feasible and safe with respect to donor and recipient outcomes. 
Study number 5 by Nakamuta et al[19], tested short-term weight loss interventions on 11 potential donors with ≤ 30% combined microvesicular and macrovesicular steatosis. All had pre- and post-intervention liver biopsies. The control group included 37 donors without hepatic steatosis. The study was conducted from May 2003 to July 2004. 
A significant reduction in steatosis (30%± 4% to 12% ± 2%, P = 0.0028) and BMI (26.4 ± 0.7 kg/m2 to 24.1 ± 0.8 kg/m2, P = 0.0033) was seen. All had post-intervention normalization of liver enzymes, total cholesterol, and triglycerides. Seven underwent LDLT and one at study conclusion was waiting for donation. No adverse postoperative events were observed in study group donors or recipients with no difference in graft function. The authors concluded that short-term interventions are effective in reducing steatosis and can contribute to a safer LDLT. 
In study number 6 by Hwang et al[20], from January 2001 to December 2002, 9 potential liver donors were examined. Exclusion criteria were a combined macro- and microvesicular steatosis of > 30% and or alcohol intake > 40 gm/wk. All underwent pre- and post-intervention liver biopsies and CT assessment of steatosis. In addition, all in the study group had intra-operative liver biopsies. All except one potential donor had pre-intervention elevation in LFTs. All nine in the intervention group showed a significant reduction in BMI (25.3 ± 3.8 to 23.7 ± 3.4, P = 0.0001) and in steatosis (48.9% ± 25.6% to 20.0% ± 16.2%, P = 0.006). All nine underwent donor hepatectomy with an uneventful post-operative course recovered and all recipients survived at 15 mo post-transplantation (study completion). They concluded that short-term weight loss in donors reduces steatosis and can contribute to expanding the donor pool.
Prior research has shown that hepatic steatosis adversely affects donor and recipient outcomes in LT and increases the likelihood of graft damage[21,22]. Marsman et al[23] reported that transplantation of livers with up to 30% steatosis resulted in a decreased 4-mo graft survival and 2-year patient survival rate. These findings, along with several other studies showing adverse outcomes with steatotic grafts[7-9], has led to the current practice of excluding potential overweight or obese donors with more than 10% macro vesicular steatosis[24]. In an analysis of the A2ALL database, only 15% of all living donors had a BMI of 30 or more[25]. As per UNOS database, in 2019, of the 874 donor livers discarded, 650 (74%) were in donor BMIs of 25 or more[1]. 
A few studies have used overweight or obese donors. Knaak et al[26], showed that donors with BMI of > 30 but < 35, had equivalent outcomes to non-obese donors. However, all potential donors with > 10% hepatic steatosis were excluded from their study. Also, certain donor characteristics separated them from other LDLT programs, including the use of Graft with higher GRWR in the obese donor group (mean of 1.42 ± 0.44%), a number much higher than the standard practice of using a GRWR cutoff of ≥ 0.8% and the greater use of male donors who tend to have larger liver volumes. 
To avoid graft size mismatch, preoperative donor liver volumetry is done using the standardized GRWR. The donor graft weight is derived from CT volumetric assessment of the proposed graft to be harvested and the recipient's required standard liver volume (SLV) is calculated from the recipient's body weight[27]. GRWR is then expressed as the ratio of graft volume (expressed in kg) to the recipient's SLV calculated from the recipient's weight. Calculating GRWR is important in preventing overestimation of the donor’s standard liver volume (that can result in excessive hepatic resection and consequent liver failure) and in preventing underestimation of the recipient's standard liver volume that could lead to small-for-size syndrome. The generally accepted GRWR threshold is 0.8%. Some authors have proposed the lowering of threshold to between 0.6 to 0.8% under specific circumstances including donor age < 45 years, MELD score < 20, no graft steatosis and specific anatomic graft requirements. In such highly select cases, using a lower GRWR threshold in combination with grafts with no steatosis could lead to safe expansion of the donor pool with additional decrease in donor morbidity by preferentially selecting left lobe over right lobe grafts.
Calorie restriction, weight loss, and exercise are still recommended as the initial treatment for fatty liver. In a recent randomized control trial using paired biopsies of 261 patients with NASH who underwent dietary and lifestyle changes for a duration of 52 wk, 72 (25%) achieved resolution of steatohepatitis, 138 (47%) had reductions in NAFLD activity score (NAS) and 56 (19%) had regression of fibrosis[28]. The degree of weight loss correlated independently with all NASH histology. In those who achieved 10% or more weight loss, 90% had resolution of NASH and 45% had regression of fibrosis[28].
As our analysis has shown, there is promising data regarding short term interventions in decreasing or eliminating macro-vesicular steatosis, turning marginal steatotic donors to low-risk donors, and in positively impacting donor and recipient outcomes. All six studies included in this review (Table 1), however, are limited by their small sample size. All studies except one[15], used liver biopsy to quantify steatosis pre-donor hepatectomy and used non-invasive modalities for fat estimation, as an adjunct. Only one of the included studies is in Western population[16] making it difficult to extrapolate findings to our patient population. In addition, study inclusion and exclusion criteria were varied and so were the interventions. Despite these variabilities, most in the study groups tolerated the interventions well, and showed no increase in donor, graft or recipient morbidity or mortality as compared to non-diet treated donors. 
Overall, the combination of short-term dietary intervention with low calorie diet (most studies had < 1200 kcal/d) for a duration ranging from 4 to 12 wk with exercise, and/or pharmacotherapy, was safe, well tolerated, and showed good treatment adherence. These interventions were effective in significantly reducing donor BMI with a pooled weighted difference of -1.6 (-4.4 to -1.1, CI of 0.95) and significantly reduced liver steatosis, leading to successful liver donation (88.5%) in the diet treated group. With respect to complications, diet-treated donors did extremely well, with only one donor in the Oshita group having Clavien grade III biliary stenosis. Outcomes of recipients who received grafts from diet-treated donor were not significantly different from recipients of grafts from non-diet treated donor. Grafts from diet treated donors functioned similarly to grafts from donors without obesity. The use of diet-treated donors is feasible with respect to safety of the donor and the outcome of the recipient in LDLT when strict selection criteria are used.

CONCLUSION
Short term dietary interventions, in conjunction with exercise and pharmacotherapy, is feasible and safe with good donor adherence. Our study has shown that such interventions significantly reduce and, in some help resolve hepatic steatosis in potential donors undergoing evaluation for LDLT. We conclude that, carefully selected steatotic diet treated living liver donors have equivalent donor, graft and recipient outcomes compared to those receiving grafts from non steatotic donors. It therefore has the potential to safely expand the donor pool and consequently, decrease the number of wait list removals.

ARTICLE HIGHLIGHTS
Research background
The rates of liver transplantation having increasing but the donor pool has largely remained stagnant leading to high removals from liver transplant waitlists. Living donor liver transplantation (LDLT) using fatty liver could potentially be used to expand the donor pool. However, due to negative effects of steatosis on Graft and recipient outcomes, current practice is to exclude overweight or obese donors with steatosis livers. Data on feasibility, efficacy, and safety of using weight loss interventions marginal donors to low-risk donors is lacking. The aim of the study was to evaluate the feasibility safety and efficacy of short-term weight loss interventions in converting marginal living liver donors to low-risk donors.

Research motivation
Data on safety, efficacy and donor, graft and recipient outcomes when using short term weight loss interventions to convert marginal steatotic liver grafts in LDLT, to low-risk grafts, is lacking. With continuing shortage of organs for transplantation, we looked into the safety and efficacy of using treated steatotic donors, for LDLT.

Research objectives
We did a meta-analysis on the feasibility, safety, and efficacy of weight loss interventions in converting marginal living liver donors to low-risk donors and analyzed the perioperative donor, graft and recipient outcomes.

Research methods
We performed a systematic review and meta-analysis on studies examining the role of short-term weight loss interventions in potential living liver donors with hepatic steatosis with the aim of increasing liver donation rates and improving donor, graft, and recipient outcomes.

Research results
A total of 6 studies with 102 potential donors were included. Most subjects were males (n = 71). All studies showed a significant reduction in body mass index post-intervention with a mean difference of -2.08 (-3.06, 1.10, I2 = 78%). A significant reduction or resolution of hepatic steatosis was seen in 93 of the 102 (91.2%). Comparison of pre- and post-intervention liver biopsies showed a significant reduction in steatosis with a mean difference of -21.22 (-27.02, -15.43, I2 = 56%). The liver donation rates post-intervention was 88.5 (74.5, 95.3, I2 = 42%). All donors who did not undergo LDLT had either recipient reasons or had fibrosis/steatohepatitis on post intervention biopsies. Post-operative biliary complications in the intervention group were not significantly different compared to controls with an odds ratio of 0.96 [(0.14, 6.69), I2 = 0]. The overall post-operative donor, graft, and recipient outcomes in treated donors were not significantly different compared to donors with no steatosis.

Research conclusions
Our study has shown that using liver grafts from potential living liver donors with hepatic steatosis undergoing short term weight loss interventions, have comparable donor, graft, and recipient outcomes, to donors with no hepatic steatosis.

Research perspectives
Use of appropriate short term weight loss interventions in living liver donors is a feasible, safe, and effective tool in turning marginal donors with liver steatosis to low-risk donors and therefore can help in expanding the donor pool.
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Figure 1 Forest plot showing mean difference in body mass index post-pre intervention in the intervention groups. Mean difference = -2.08 (-3.06, 1.10, I2 = 78%), with a significantly lower post-intervention body mass index as compared to the pre-intervention body mass index. CI: Confidence interval; SD: Standard deviation.
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Figure 2 Forest plot showing mean difference in steatosis post-pre intervention. Mean difference = -21.22 (-27.02, -15.43, I2 = 56%), with significantly lower post intervention steatosis as compared to pre intervention steatosis. CI: Confidence interval; SD: Standard deviation.
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Figure 3 Living liver donation rates after weight loss interventions. Rate = 88.5% (74.5%-95.3%, I2 = 42%). CI: Confidence interval.
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Figure 4 Odds ratio comparing rate of donor post-operative biliary complications in intervention group compared to control donors - odds ratio 0.96 (0.14, 6.69), I2 = 0.
CI: Confidence interval.

Table 1 Overview of interventions used for body mass index and steatosis reduction, and donor, recipient and graft outcomes following liver transplantation
	Study number
	Ref.
	n
	Type of intervention
	Treatment duration
	BMI reduction
	Steatosis reduction
	Liver donation
	Donor, graft, recipient outcomes

	1
	Fujii et al[15], 2020
	8
	< 1600 Kcal/d + exercise 20 min x 3/wk ± statins
	Median of 58 d
	Yes (P = 0.0009)
	Yes (P = 0.0006)
	8
	No significant difference from controls

	2
	Doyle et al[16], 2016
	16
	Optifast VLCD: 1000 kcal/ d
	Median of 7.3 wk
	Yes (P < 0.001)
	Yes (P < 0.001)
	14 (1 inadequate volume, 1 fibrosis)
	No significant difference from controls

	3
	Choudhary et al[17], 2015
	16
	1200 kcal/d + 200 to 400 kcal/d exercise ± statins
	Mean 28 ± 10 d
	Yes (P = 0.006)
	Yes (P = 0.008)
	14 (2 had NASH/fibrosis)
	No reported complication in perioperative period

	4
	Oshita et al[18], 2012
	42
	800 to 1400 kcal/d diet + 100 to 400 kcal/d exercise
	Median 2.9 mo
	Yes (P < 0.0001)
	Yes, to < 20 %
	41 (1 had stage 2 fibrosis)
	No different from control group

	5
	Nakamuta et al[19], 2005
	11
	1000 kcal/d diet + exercise (600 kcal/d) + Bezafibrate
	Mean 37.8 ± 4.6 d
	Yes
(P = 0.0033)
	Yes
(P=0.0028)
	7 (2 recipient deaths, 1 inadequate GRWR)
	No different from control group

	6
	Hwang et al[20], 2004
	9
	Diet (25-30 calories x ideal body weight) + exercise
	Median of 3 mo
	Yes (P = 0.0001)
	Yes (P = 0.006)
	9
	No different from control group


BMI: Body mass index; GRWR: Graft weight/recipient weight ratios; NASH: Nonalcoholic steatohepatitis; VLCD: Very low calorie diet.
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Control Intervention 0Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight 1V, Random, 95% Cl Year 1V, Random, 95% CI
Nakamuta et al 0 37 0 11 Not estimable 2005
Oshita et al 2 87 1 42 64.1% 0.96[0.08, 10.95] 2012
Doyle et al 1 53 0 16 35.9% 0.94[0.04, 24.27] 2016
Fujii et al 0 22 0 8 Not estimable 2020
Total (95% CI) 199 77 100.0% 0.96 [0.14, 6.69]
Total events 3 1

Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.99); I> = 0%

Test for overall effect: Z = 0.04 (P = 0.96)
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Post-Intervention

Pre-Intervention

Mean Difference

Mean Difference

Study or Subgroup  Mean SD Total Mean  SD Total Weight IV, Random, 95% CI Year 1V, Random, 95% CI

Hwang et al 23.7 3.4 9 263 3.8 9 6.8% -2.60[-5.93,0.73] 2004 ™

Nakamuta et al 24.1 0.8 11 264 0.7 11 28.0% -2.30[-2.93,-1.67] 2005 -

Oshita et al 21.9 0.4 42 23 06 42 31.2% -1.10(-1.32,-0.88] 2012 L]

Choudhary et al 27.5 6.5 16 28.4 2.1 16 6.7% -0.90 [-4.25, 2.45] 2015 . E—

Doyle et al 28.3 0.9 16 327 42 16 12.9% -4.40[-6.50,-2.30] 2016 —

Fujii et al 23.2 19 8 252 2 8 14.4% -2.00[-3.91,-0.09] 2020 ]

Total (95% CI) 102 102 100.0% -2.08 [-3.06, -1.10] <

Heterogeneity: Tau? = 0.79; Chi® = 22.38, df = 5 (P = 0.0004); I* = 78% I % t I

Test for overall effect: Z

4.16 (P < 0.0001)
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Post-Intervention Pre-Intervention Mean Difference Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI

Hwang et al 20 162 9 489 256 9 7.5% -28.90(-48.69,-9.11] 2004

Nakamuta et al 12 2 11 30 4 11 55.8% -18.00[-20.64,-15.36] 2005 L

Doyle et al 475 57 16 293 113 16 36.6% -24.55[-30.75,-18.35] 2016 —-

Total (95% CI) 36 36 100.0% -21.22 [-27.02, -15.43] L 2

Heterogeneity: Tau? = 13.84; Chi? = 4.57, df = 2 (P = 0.10); I* = 56% k t J

-50 -25 25 50

Test for overall effect: Z = 7.18 (P < 0.00001) Post-Intervention Pre-Intervention
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Study

Cases Total Rate 95% C.I.

Hwang et al, 2004 9 9 1.000 [0.525; 0.997] —
Nakamuta et al, 2005 7 11 0.636 [0.339; 0.857] —
Oshita et al, 2012 41 42 0.976 [0.849; 0.997] -—
Choudhary et al, 2015 14 16 0.875 [0.614; 0.969] —
Doyle et al, 2016 14 16 0.875 [0.614; 0.969] —
Fujii et al, 2020 8 8 1.000 [0.495; 0.997] —_—
Random effects model . 0.885 [0.745; 0.953] ———
Heterogeneity: I = 42%, t* = 0.5931, % = 8.68 (p = 0.12)
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