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1  |  INTRODUC TION

Approximately 30 years have passed since the first experience of 
living donor liver transplantation (LDLT) in Japan. Due to a severe 

shortage of deceased donors in Japan (i.e. <100 deceased donors per 
year), LDLT is the mainstay for LT. Of note, living donor safety is the 
fundamental principle of LDLT. Although the risk factors for post-
operative complications in living donors have been investigated,1,2 
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Abstract
Aim: Approximately 30 years have passed since the first experience of living donor 
liver transplantation. The time to evaluate the long- term safety of living donors has 
been fulfilled. Meanwhile, nonalcoholic fatty liver disease is increasingly common and 
a critical problem. The aim of this study was to evaluate the safety of living donor, 
focusing on fatty liver postdonation hepatectomy.
Methods: Living donors (n = 212, 1997– 2019) were evaluated by computed tomog-
raphy (CT) at >1- year postdonation. A liver to spleen (L/S) ratio of <1.1 was defined 
as fatty liver.
Results: Among 212 living liver donors, 30 (14.2%) detected fatty liver at 5.3 ± 4.2 years 
postdonation. The cumulative incidence rates of fatty liver were 3.1%, 12.1%, 22.1%, 
and 27.7% at 2, 5, 10, and 15 years postdonation, respectively. Of 30 subjects who de-
veloped fatty liver, 18 (60%) displayed a severe steatosis (L/S ratio <0.9). Five (16.7%) 
had a prior history of excessive alcohol abuse. More than 30% developed metabolic 
syndrome including obesity, hyperlipidemia, and diabetes. Although six (20%) had a 
Fib- 4 index of >1.3, which included a case with a Fib- 4 index of >2.67, no significant 
increased Fib- 4 index was observed in the subjects with fatty liver as compared to 
those without fatty liver (p = 0.66). The independent predictive risk factors for devel-
oping fatty liver were male sex, pediatric recipient, and higher body mass index (>25) 
at donation.
Conclusion: Living donors with risk factors for developing fatty liver should be care-
fully followed- up for the prevention and management of metabolic syndrome.
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there is limited evidence of the long- term outcomes of living donors. 
A recent nationwide survey in Korea showed that 89 of 12 371 do-
nors died during 7.9 ± 4.6 years of follow- up after liver donation.3 
Importantly, the mortality rate of living donors was significantly 
higher than that of a matched healthy group.3 A multicenter study 
in Japan (n = 374), however, demonstrated that long- term favorable 
quality of life in living donors was maintained in comparison to the 
standard population.4

Metabolic syndrome and obesity are regarded as a global ep-
idemic. Consistently, nonalcoholic fatty liver disease (NAFLD) is a 
critical problem.5 It is estimated that NAFLD affects one- third of the 
adult population.6 Furthermore, approximately 10%– 20% of patients 
with NAFLD seem to develop nonalcoholic steatohepatitis (NASH), 
which leads to liver cirrhosis. Additionally, NAFLD is a risk factor for 
the development of hepatocellular carcinoma (HCC).7 Worldwide, 
200 million people suffered from HCC associated with NAFLD.6 
Because of the increasing prevalence of NAFLD, there may be an 
unmet need for the evaluation of living donor safety. Furthermore, 
because liver graft steatosis is one of the risk factors for graft dys-
function, development of fatty liver of living donors postdonation 
may be associated with the recipient status. The genetic risk fac-
tors for NAFLD such as PNPLA3 and TM6SF2 have been detected.6 
Developing fatty liver may be a risk for both recipients and donors, 
in particular, who is a blood- related family member, as usually seen 
in LDLT.

Herein, we evaluated the incidence, risk factors, and clinical 
impact of fatty liver in living donors in a long- term after donation 
hepatectomy.

2  |  METHODS

2.1  |  Patients

We retrospectively evaluated 264 living donors for LT in our insti-
tutes between Sept 1997 and Feb 2019. The eligibility for a living 
donor was based on institutional requirements according to the 
Japanese transplant committee, as follows: (1) blood relative within 
the second degree or spouse of recipient; (2) absence of physical and 
mental illness; (3) ABO- identical or compatible; (4) age, 20– 65 years; 
and (5) volunteered freely with an understanding of the risks and 
benefits. In particular, the eligibility criteria for living donor on liver 
steatosis at our institute required a nonenhanced computed tomog-
raphy (CT) liver (L)- to- spleen (S) ratio (L/S ratio) of greater than 1.1 
within 6 months before donation hepatectomy. This was confirmed 
by intraoperative pathological diagnosis, i.e. macrovesicular steatosis 
less than 5% of hepatocytes. Among these donors, 212 cases who 
underwent follow- up nonenhanced- CT examinations at >1 year after 
donation hepatectomy (mean: 1983 days), were enrolled in the study. 
The follow- up schedule for living donors in our institute consisted 
of laboratory examinations and CT evaluation at 1, 3, and 12 months 
after donation, and annually thereafter until at least 5 years postdo-
nation. To identify the predictive risk factors for the development of 

a fatty liver postdonation hepatectomy, we evaluated the following 
clinical parameters: sex, age, height, weight, body mass index (BMI), 
history of diet- exercise, daily alcohol consumption, donation surgery, 
ratio of graft volume relative to standard liver volume (Gv/Sv), labo-
ratory data (aspartate aminotransferase [AST], alanine aminotrans-
ferase [ALT], gamma- glutamyl transferase [GGT], total cholesterol 
[T- cho], triglyceride [TG]), and relationship to the recipient. We also 
collected the recipients' information, i.e. pediatric or adult, and pri-
mary liver disease (Table 1). Daily alcohol consumption was catego-
rized by quantity of daily ethanol intake, i.e. light: ≤20.0, moderate: 
20.1– 59.9, heavy: ≥608 (Table 1). In addition, to evaluate the status 
of living donors with or without developing fatty liver postdonation, 
we compared the clinical parameters, including the age, years until 
CT evaluation, laboratory data, AST- to- platelet ratio index (APRI), 
Fibrosis- 4 (Fib- 4) index, waist circumference (cm), and the subcuta-
neous and visceral fat area (cm2) at the umbilical level (Table 3). The 
waist circumference and subcutaneous and visceral fat area were 
evaluated using the SYNAPSE VINCENT software program (Fujifilm).9

2.2  |  Evaluation of hepatic steatosis

The ratio of attenuation values in nonenhanced- CT imaging between 
the liver and spleen was evaluated as the L/S ratio. Both the liver and 
spleen attenuation values were evaluated as the mean value meas-
ured by areas of circular regions- of- interest, as shown in Figure 1. 
The L/S ratio was calculated by the average attenuation value of the 
liver (3 points) divided by the attenuation value of the spleen. The 
cutoff value of the L/S ratio to predict steatosis was 1.1, according 
to previous reports.10,11

2.3  |  Statistical analysis

Patient characteristics are reported as the median and range or the 
mean and standard deviation. Continuous variables were evaluated 
by the Mann– Whitney U test. The frequencies of categorical varia-
bles were evaluated by Fisher's exact test. A multivariate regression 
analysis was performed using logistic regression and Cox propor-
tional hazards regression. The highly correlated variables were ex-
cluded from the regression models to avoid multicollinearity. All 
statistical analysis were performed using JMP Pro version 16 (SAS 
Institute). p values of <0.05 were considered statistically significant.

3  |  RESULTS

3.1  |  The incidence of fatty liver in living donors 
after donation hepatectomy

We evaluated 212 living donors in the long term after donation hepa-
tectomy (i.e. average postoperative follow- up period: 5.6 ± 4.3 years). 
The cutoff value of the L/S ratio for fatty liver was <1.1.10 Thirty 



    |  647GOTO et al.

TA B L E  1  Univariate analysis for predictive risk factors of a fatty liver in the long- term postdonation

No fatty liver Fatty liver p

Demographics n = 182 n = 30

Male, n (%) 94 (51.7%) 22 (73.3%) 0.024*

Age at donation 34.0 (18.0– 66.0) 33.5 (21.0– 62.0) 0.90

Height at donation (cm) 163.9 ± 8.4 167.7 ± 7.5 0.027*

Weight at donation (kg) 59.2 ± 11.0 69.3 ± 12.9 <0.0001**

BMI at donation 22.0 ± 3.1 24.6 ± 3.8 0.0003**

LS ratio of first CT exam pre- surgery 1.202 ± 0.14 1.203 ± 0.13 0.82

Diet- exercise Tx at donation, n (%) 18 (10.1%) 9 (30.0%) 0.0066*

Recipient: pediatrics 50 (27.5%) 15 (50.0%) 0.017*

Relationship with recipient, n (%)

Father 20 (11.0%) 11 (36.7%) 0.0009**

Mother 28 (15.4%) 5 (16.7%) 0.86

Husband 19 (10.4%) 3 (10.0%) 0.94

Wife 16 (8.8%) 1 (3.3%) 0.26

Son 38 (20.1%) 6 (20.0%) 0.98

Daughter 26 (14.3%) 2 (6.7%) 0.40

Siblings 19 (10.4%) 2 (6.7%) 0.50

Grandfather or grandmother 6 (3.3%) 0 0.17

Others 8 (4.4%) 0 0.11

Daily alcohol consumption (g) until donation, n (%)8

None 44 (24.2%) 6 (20.0%) 0.69

Light (≤20.0) 80 (44.0%) 11 (36.7%)

Moderate (20.1– 59.9) 40 (22.0%) 8 (26.7%)

Heavy (60≤) 17 (9.3%) 5 (16.7%)

Recipient's primary disease, n (%)

BA 41 (22.5%) 11 (36.7%) 0.11

HBV 27 (14.8%) 1 (3.3%) 0.048*

HCC 23 (12.6%) 1 (3.3%) 0.09

PBC 23 (12.6%) 2 (6.7%) 0.99

Fulminant 15 (8.24%) 3 (10.0%) 0.75

HCV 12 (6.6%) 2 (6.7%) 0.95

EtOH 7 (3.9%) 2 (6.7%) 0.45

NASH 6 (3.3%) 1 (3.3%) 0.99

PSC 4 (2.2%) 0 0.42

ADPKD 4 (2.2%) 1 (3.3%) 0.68

Congenital metabolic disease 4 (2.2%) 1 (3.3%) 0.68

Wilson 3 (1.7%) 0 0.49

Others 13 (7.1%) 5 (17.2%) 0.71

Donor surgery, n (%)

Left lateral lobe 28 (15.4%) 13 (43.3%) 0.0010**

Left hepatic lobe 91 (50.0%) 12 (40.0%) 0.31

Right hepatic lobe 63 (34.6%) 5 (16.7%) 0.040*

Graft volume (Gv, g) 421.3 ± 153.8 375.7 ± 134.8 0.12

Gv/standard liver volume 43.3 (22.0– 133.7) 68.8 (26.9– 139.8) 0.0014*

Remnant volume 773.2 ± 245.7 925.0 ± 263.7 0.0060*

(Continues)
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(14.2%) of 212 living donors developed fatty liver at 5.3 ± 4.2 years 
postdonation hepatectomy (Figure 2A). The 6, 19, 26, and 27 of living 
donors developed fatty liver until 2, 5, 10, and 15 years postdonation 
hepatectomy, respectively. The cumulative incidence rates of fatty 
liver in living donors displayed 3.1%, 12.1%, 22.1%, and 27.7% at 2, 
5, 10, and 15 years postdonation, respectively (Figure 2B). Of the 30 
living donors with fatty liver, 18 (60%) showed an L/S ratio of <0.9, 
indicating severe fatty liver (Figure 2A). The L/S ratio of subjects who 
developed a fatty liver gradually decreased postdonation hepatec-
tomy (Table S1). In addition, six (20%) had a Fib- 4 index of >1.3, which 
included a case with a Fib- 4 index of >2.67 (2.839). Five (16.7%) 
subjects had a prior history of excessive alcohol abuse (daily 60 g or 
higher8) before hepatectomy (Table 1). Further, greater than 30% of 
subjects developed metabolic syndrome, i.e. 10 (33.3%) of obesity 
(BMI 25 or higher), 12 (40%) of hyperlipidemia, and 15 (50.0%) with 
an abnormal range of HbA1c (prediabetes: A1c 5.7%– 6.4%, 11 sub-
jects; diabetes: A1c 6.5% or higher, four subjects) were observed.

3.2  |  The risk factors for fatty liver in living donors 
after donation hepatectomy

To evaluate predictive risk factors for the development of fatty 
liver in living donors after donation hepatectomy, we evaluated 

the clinical parameters at donation hepatectomy between the 
living donors with (n = 30) and without (n = 182) fatty liver post-
donation hepatectomy (Table 1). Univariate analyses revealed 
significant differences in the following factors (Table 1): male sex 
(fatty liver vs. no fatty liver: 73.3% vs. 51.7%, *p = 0.024), height 
(167.7 ± 7.5 cm vs. 163.9 ± 8.4, *p = 0.033), weight (68.9 ± 12.9 kg 
vs. 59.2 ± 11.0, **p < 0.0001), BMI (24.6 ± 3.8 vs. 22.0 ± 3.1, 
**p = 0.0003), history of diet- exercise treatment for dona-
tion (30.0% vs. 10.1%, *p = 0.0066), pediatric recipient (50.0% 
vs. 27.5%, *p = 0.017), father of recipient (36.7% vs. 11.0%, 
**p = 0.0009), left lateral graft (43.3% vs. 15.4%, **p = 0.0010), 
Gv/Sv (68.8% [26.9– 139.8] vs. 43.3 [22.0– 133.7], *p = 0.0014), 
remnant liver volume (925.0 ± 263.7 mL vs. 773.2 ± 245.7, 
*p = 0.006), and ALT (24.9 ± 12.7 U/L vs. 19.7 ± 11.9, *p = 0.013). 
A multivariate logistic regression analysis showed that male 
sex (*p = 0.011), pediatric recipient (**p = 0.0010), and higher 
BMI at liver donation (>25, *p = 0.0033) were significant risk 
factors for fatty liver during long- term follow- up after dona-
tion (Table 2). Furthermore, the multivariate analysis using 
Cox proportional hazards model confirmed that male sex (haz-
ard ratio [HR], 2.42, *P = 0.040), pediatric recipient (HR, 3.62, 
*p = 0.0014), and BMI > 25 at donation (HR, 2.94, *p = 0.0083) 
were significant risk factors for developing fatty liver of living 
donor after donation.

No fatty liver Fatty liver p

Laboratory data at donation

AST (U/L) 19.8 ± 6.0 22.0 ± 7.3 0.10

ALT (U/L) 19.7 ± 11.9 24.9 ± 12.7 0.013*

GGT (U/L) 25.8 ± 23.6 31.3 ± 20.4 0.061

T- cho (mg/dL) 184.2 ± 33.7 195.1 ± 31.0 0.13

TG (mg/dL) 86.7 ± 51.5 100.2 ± 46.2 0.071

Note: Data are shown as mean ± standard deviation or median and interquartile range.
Abbreviations: ADPKD, autosomal dominant polycystic kidney disease; ALT, alanine aminotransferase; AST, aspartate aminotransferase; APRI, AST 
to platelet ratio index; BMI, body mass index; EtOH, alcoholic cirrhosis; Fib4, fibrosis 4; GGT, gamma- glutamyl transferase; Gv, graft volume; HBV, 
hepatitis B virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; NASH, nonalcoholic steatohepatitis; PBC, primary biliary cholangitis; PSC, 
primary sclerosing cholangitis; T- cho, total cholesterol; TG, triglyceride; Tx, treatment.
*p < 0.05, **p < 0.005; Mann– Whitney U test or Fisher's exact test.

TA B L E  1  (Continued)

F I G U R E  1  The ratio of attenuation values on nonenhanced- CT between the liver (L) and spleen (S) was evaluated as the L/S ratio. 
The mean liver and spleen attenuation values were measured in circular regions- of- interest. The L/S ratio was calculated as the average 
attenuation value of the liver (3 points) divided by the attenuation value of the spleen. The cutoff value of the L/S ratio for the prediction of 
steatosis was 1.1 according to a previous report.10
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3.3  |  Differences in clinical parameters in the 
long- term postdonation between subjects with and 
without a fatty liver

To evaluate the liver function and metabolic syndrome involv-
ing a fatty liver, we compared the data postdonation between 
subjects with and without a fatty liver. As expected, the AST 
(30.9 ± 14.9 vs. 21.1 ± 5.9, **p < 0.0001), ALT (48.4 ± 41.8 vs. 
18.9 ± 12.8, **p < 0.0001), GGT (84.9 ± 166.6 vs. 30.7 ± 29.5, 
**p < 0.0001), TG (163.4 ± 132.5 vs. 103.0 ± 75.9, **p = 0.0004), 
APRI (0.49 ± 0.28 vs. 0.34 ± 0.13, **p = 0.0009), waist circumfer-
ence (93.10 ± 10.89 vs. 80.36 ± 9.48, **p < 0.0001), subcutaneous 
fat area (199.47 ± 110.95 vs. 125.69 ± 74.10, **p = 0.0002), and vis-
ceral fat area (132.03 ± 67.94 vs. 63.15 ± 45.50, **p < 0.0001) were 
significantly higher in the donors who developed a fatty liver than 
in those who did not (Table 3). Of note, the visceral fat area in the 
subjects who developed a fatty liver was nearly twice that in the 
subjects who did not develop a fatty liver. However, no signifi-
cant increase in the Fib4- index was observed in living donors who 
developed a fatty liver during long- term follow- up compared to 
those without a fatty liver.

3.4  |  Relationship between recipients and living 
donors in the development of steatosis

To clarify whether fatty liver in living donors eventually influenced 
graft steatosis in LT recipients during long- term follow- up, we evalu-
ated the correlation of the L/S ratio between recipients and living 
donors. An L/S ratio of <1.1 was found after LT in 40 recipients 
(18.9%, filled squares and empty circles, Figure 3A). Of the 40 LT 
recipients with fatty liver, seven cases had related living donors who 
developed fatty liver (empty circles, 17.5%, Figure 3A). In addition, 
on evaluating the L/S ratio of recipients at the same time of donor 
CT examination, 27 (12.7%) recipients displayed an L/S ratio of <1.1 
(Figure 3B). Consistently, both fatty liver in recipient and donor 
(empty circles, Figure 3B) was observed in only five cases. Both data 
in Figure 3A,B revealed that fatty liver did not necessarily coincide 
in both the recipient and donor (R squares were 0.00358 and 0.014 
in Figure 3A,B, respectively). Moreover, the graft survival rates after 
LT did not differ according to the development of fatty liver in the 
living donor (Figure 3C) as well as diet- exercise treatment predona-
tion (Figure 3D).

4  |  DISCUSSION

In this study, we demonstrated that 14.2% of living donors developed 
fatty liver after donation hepatectomy. Consistently, recent single- 
institution studies in Japan revealed that the incidence of fatty liver 
in the living donor after donation hepatectomy was 3.8%– 14.5%.12,13 
In the general population, a cross- sectional study of Japanese adults 
(n = 11 714) revealed NAFLD in 20.4% of subjects.14 Another study 
of 8352 adult subjects who received a health checkup revealed that 
the prevalence of NAFLD was 29.7%.15 Worldwide, the increasing 
incidence of NAFLD is affecting the suitability of potential living 

F I G U R E  2  The occurrence of a fatty liver postdonation hepatectomy. (A) The relationship between the L/S ratio of living donors and 
the time posttransplantation. Each dot represents the lowest L/S ratio among subjects who developed a fatty liver during the postdonation 
course or the most recent data for the subjects who did not develop a fatty liver. In the dot plots, filled squares, triangles, and circles indicate 
an L/S ratio <1.1, <0.9 and otherwise, respectively. (B) The cumulative incidence rate of fatty liver postdonation hepatectomy is shown.

TA B L E  2  Multivariate analysis of predictive risk factors for fatty 
liver after surgery

Risk factors
Odds 
ratio

95% CI

p- valueLower Upper

Male 3.162 1.24 8.03 0.011*

Pediatric 
recipient

4.340 1.78 10.56 0.0010**

BMI > 25 3.823 1.58 9.27 0.0033*

Abbreviation: BMI, body mass index.
*p < 0.05, **p < 0.005.
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donor candidates. A recent study reported that 68.3% of potential 
LDLT donors were not suitable due to NAFLD.16 Thus, fatty liver is 
a considerable problem in the LDLT setting. With diet- exercise or 
pharmacological treatment, the problems associated with fatty liver 
in living donor candidates can be substantially improved in order to 
eventually meet the selection criteria for donors (e.g. less than 5% 
steatosis).11 In this study, we thought to examine the risk of devel-
oping fatty liver after donation hepatectomy in order to guarantee 
the safety of living donors. Our data demonstrated that more than 
half of patients who developed fatty liver progressed to severe fatty 
liver (L/S ratio < 0.9; Figure 2), and the visceral fat area in donors 
with a fatty liver was nearly twice that in donors without a fatty 
liver. Previous studies have demonstrated that obesity is negatively 
associated with the physical quality of life of living donors.17,18 Of 
note, these patients may be at risk for the development of NASH, 
leading to cirrhotic liver failure as well as HCC. We demonstrated liv-
ing donors who developed fatty liver during long- term follow- up sel-
dom showed an increased Fib- 4 index. One case in which the Fib- 4 
index increased to >2.67, did not demonstrate any macroscopically 
morphological change (e.g. liver cirrhosis). A previous study showed 
that steatotic liver progresses to NASH in ~40% of cases.5,19 Further, 
NAFLD has been reported to be associated with ischemic heart dis-
ease and stroke.20 Careful follow- up and treatment are required for 
living donors, in particular those who have severe fatty liver and an 
increased Fib- 4 index.

We showed that male sex was a significant risk factor for the 
development of fatty liver after donation hepatectomy. Although 
an international study and meta- analysis showed no sex differences 

in the global prevalence of NAFLD,5 a study in Japan revealed that 
the prevalence of NAFLD was 32.2% in men (n = 5811) and 8.7% in 
women (n = 5903).14 Another study of Japanese adults who received 
a health checkup showed that the prevalence of NAFLD was 41.0% 
in men (n = 2627) and 17.7% in women (n = 2448).15 These studies in 
Japan support our Japanese data showing that male sex was a signif-
icant risk factor for fatty liver after donation- hepatectomy.

However, the possibility was raised that male sex was the only 
risk factor for fatty liver, regardless of the involvement of a living 
donor; we therefore conducted a subanalysis of male living donors 
(n = 116, Figure S1). The occurrence of fatty liver and abnormal liver 
functional test results after donation hepatectomy was significantly 
associated with being a male living donor for a pediatric recipient 
(n = 26, Figure S1). In addition, all 10 male donors for pediatric re-
cipients were the recipient's father. This result suggests that not 
only male sex but donation for a pediatric recipient (i.e. being the 
recipient's father) is a risk factor for the development of fatty liver 
postdonation hepatectomy.

We demonstrated that donation for a pediatric recipient was a 
risk factor for the development of fatty liver (Table 2). Reportedly, 
high levels of stress and the burden on most parents of pediatric 
organ transplant recipients continues after transplantation.21 It 
assumed that this stressful situation may affect nutrition or alco-
holic intake and suggests that, in addition to consideration of the 
liver function, we should consider family, social, and psychological 
aspects in follow- up care for living donors.18 On the other hand, in 
living donors for adult recipients, future health risks may be a mat-
ter of concern, in particular, life- threatening disease similar to the 

No fatty liver Fatty liver p

Demographics n = 182 n = 30

Age at CT evaluation 40.1 (22.1– 80.8) 41.4 (25.5– 74.6) 0.64

Years postdonation until CT 5.27 ± 3.97 7.48 ± 5.66 0.033*

Laboratory data at CT evaluation

Platelet (×104/μL) 21.9 ± 5.6 22.7 ± 5.9 0.45

AST (U/L) 21.1 ± 5.9 30.9 ± 14.9 <0.0001**

ALT (U/L) 18.9 ± 12.8 48.4 ± 41.8 <0.0001**

GGT (U/L) 30.7 ± 29.5 84.9 ± 166.6 <0.0001**

T- cho (mg/dL) 185.5 ± 34.4 194.5 ± 27.2 0.12

TG (mg/dL) 103.0 ± 75.9 163.4 ± 132.5 0.0004**

APRI 0.34 ± 0.13 0.49 ± 0.28 0.0009**

Fib4- index 1.06 ± 0.56 1.01 ± 0.56 0.66

Waist circumference (cm) 80.36 ± 9.48 93.10 ± 10.89 <0.0001**

Subcutaneous fat area 
(cm2)

125.69 ± 74.10 199.47 ± 110.95 0.0002**

Visceral fat area (cm2) 63.15 ± 45.50 132.03 ± 67.94 <0.0001**

Note: Data are shown as mean ± standard deviation.
Abbreviations: ALT, alanine aminotransferase; AST, aspartate aminotransferase; APRI, AST to 
platelet ratio index; Fib4, fibrosis 4; GGT, gamma- glutamyl transferase; T- cho, total cholesterol; TG, 
triglyceride.
*p < 0.05, **p < 0.005; Mann– Whitney U test.

TA B L E  3  Differences in clinical 
parameters between living donors who 
did and did not develop a fatty liver in the 
long- term postdonation
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recipients. Further studies are required to elucidate the precise rea-
sons for the differences of the relationship to LT recipients in the 
occurrence of fatty liver.

With respect to the development of fatty liver in a living donor, 
careful attention has been paid to the liver graft status of the re-
cipient. The risks for the development of NAFLD were identified 
genomic variants (e.g. PNPLA3 and TM6SF2).22 Because most liv-
ing donors were blood- related, the development of fatty liver in 
the living donor may predict steatosis in the recipient. Our data 
fortunately showed no correlation between fatty liver in the liv-
ing donor and the recipient's liver status (Figure 3). Because the 
liver of recipients was a strictly controlled function and they com-
pletely discontinued alcoholic consumption, the development of 

fatty liver in living donors may depend on environmental factors, 
including lifestyle factors such as diet and exercise behavior after 
donation hepatectomy.

The present study was associated with some limitations. First, 
the study population was relatively small, as it was conducted at 
a single institute. Second, data were not collected from all living 
donors over longer observation periods (e.g. 5 years after dona-
tion hepatectomy). In our institute, living donors have basically 
been followed for at least 5 years. We recently recommend for 
living donors to be followed for as long as possible. Most living 
donors, however, discontinued hospital visits beyond 5 years 
after donation hepatectomy. To guarantee the safety of LDLT, an 
analysis based on data collecting over a longer follow- up period 

F I G U R E  3  The relationship between the recipient's status and fatty liver of living donor during long- term follow- up after donation 
hepatectomy. (A) The correlation between the L/S ratio of the graft liver of recipients and those of living donors during long- term follow- 
up after transplantation. Each dot for donors represents the lowest L/S ratio among subjects who developed a fatty liver during the 
postdonation course or the most recent data for the subjects who did not develop a fatty liver. Each dot for recipients represents the 
most recent L/S ratio. CT examinations of recipients were conducted at 10.55 ± 5.91 years post- LDLT. Empty circles (n = 7) indicate cases 
in which the L/S ratio was <1.1 in both the recipient and living donor. Filled triangles (n = 23) and filled squares (n = 33) indicate donors 
and recipients, respectively, with an L/S ratio of <1.1. Filled circles indicate cases in which neither the living donor nor the recipient 
developed fatty liver. (B) The correlation between the L/S ratio of the recipient and donor by evaluating at the same time (i.e. the timing of 
CT examination in donors). Empty circles (n = 5) indicate cases in which the L/S ratio was <1.1 in both the recipient and living donor. Filled 
triangles (n = 23) and filled squares (n = 22) indicate donors and recipients, respectively, with an L/S ratio of <1.1. Filled circles indicate 
cases in which neither the living donor nor the recipient developed fatty liver. (C) The graft survival rates of LDLT recipients showed no 
differences between the groups discriminated by the fatty liver of living donor long- term after donation hepatectomy. (D) There was no 
significant difference in the graft survival rate between the recipients who received a liver graft from living donors who underwent diet- 
exercise treatments (n = 27, empty squares) and those who received a graft from untreated donors (n = 185, solid squares).
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is required. Furthermore, as mentioned above, our comparison 
between donors and recipients was limited because the liver 
condition under a different circumstance, such as alcohol abuse. 
Finally, we collected the data from CT findings to define fatty liver 
according to the L/S ratio. The recent development of abdominal 
echography23 may provide more accurate and meaningful data on 
the development of fatty liver and the evaluation of the risk of 
advanced fibrosis.

In conclusion, we demonstrated the prevalence of fatty liver in 
living donors during long- term follow- up after donation hepatec-
tomy. The data revealed that living donors with fatty liver did not 
have a significant risk of developing advanced fibrosis. To provide a 
healthy, long life for living donors according to their relatively young 
age, transplant teams should maintain careful multidisciplinary 
follow- up.
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