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 Background: Living kidney donors face the risk of renal dysfunction, resulting in end-stage renal disease, cardiovascular dis-
ease, or cerebrovascular disease, after donor nephrectomy. Reducing this risk is important to increasing sur-
vival of living donors. In this study, we investigated the effect of preoperative distribution of abdominal adi-
pose tissue and nutritional status on postoperative renal function in living donors.

 Material/Methods: Seventy-five living donors were enrolled in this retrospective study. Preoperative unenhanced computed tomog-
raphy images were used to measure abdominal adipose tissue parameters. Prognostic nutritional index (PNI) 
was used to assess preoperative nutritional status. Donors were divided into 2 groups according to abdom-
inal visceral adipose tissue (VAT) area at the level of the fourth and fifth lumbar vertebrae (<80 or ³80 cm2). 
Postoperative renal function was compared in the 2 groups, and prognostic factors for development of chron-
ic kidney disease (CKD) G3b were identified using multivariate analysis.

 Results: Donors with a VAT area ³80 significantly more often had hypertension preoperatively. Although there was no 
significant difference in preoperative estimated glomerular filtration rate (eGFR) between the 2 groups, post-
operative renal function was significantly decreased in donors with a VAT area ³80 compared to those with a 
VAT area <80. In multivariate analysis, VAT area ³80 and PNI <54 were independent factors predicting the de-
velopment of CKD G3b after 12 months.

 Conclusions: Our findings suggest that preoperative VAT and PNI affect postoperative renal function. Further research is re-
quired to establish appropriate exercise protocols and nutritional interventions during follow-up to improve 
outcomes in living donors.
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 Abbreviations: ESRD – end-stage renal disease; CKD – chronic kidney disease; BMI – body mass index; PNI – prognos-
tic nutritional index; CONUT – controlling nutritional status; CT – computed tomography; VAT – visceral 
adipose tissue; L4–L5 – at the level of the fourth and fifth lumbar vertebra; eGFR – estimated glomeru-
lar filtration rate; KDIGO – the Kidney Disease: Improving Global Outcomes; SAT – subcutaneous adipose 
tissue; TAVAT – total abdominal visceral adipose tissue; TASAT – total abdominal subcutaneous adipose 
tissue; IQR – interquartile range; OR – odds ratio; CI – confidence interval; IL – interleukin; TNF-a – tumor 
necrosis factor alpha
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Background

Kidney transplantation is the most successful treatment for 
end-stage renal disease (ESRD), resulting in improved survival 
and quality of life. The shortage of donor kidneys is a serious 
problem in this field [1]. In Japan, the Organ Transplantation 
Law was revised in 2010. Organ donation is now permitted, 
with family members’ consent, even if an individual’s inten-
tion is unknown, and organ donation by brain-dead donors 
below 15 years of age is also allowed. Despite this revision of 
organ donation constraints, the number of deceased donor kid-
ney transplantations has not increased. Hence, approximately 
85% of donor organs for kidney transplantation are acquired 
from living donors, and conditions for living donor kidney do-
nation have been expanded to include not only human leuko-
cyte antigen matching and ABO blood type compatibility, but 
also donor medical status. The fundamental principle of liv-
ing kidney donation is to ensure donor safety during the peri-
operative and postoperative periods.

Living donor nephrectomy itself is associated with some mor-
tality. Perioperative complications occur in approximately 15% 
of donors. Major complications include bleeding requiring blood 
transfusion, pulmonary thrombosis requiring transient mechan-
ical ventilation, acute kidney injury requiring transient renal re-
placement therapy, pulmonary complications, gastrointestinal 
complications, femoral nerve compression, and wound abnor-
mality. Reportedly, 5-, 10-, 20-, and 30-year survival rates of liv-
ing kidney donors are 98%, 95%, 86%, and 66%, respectively. 
The main causes of death after living donor nephrectomy are 
malignancy, cerebrovascular disease, and cardiovascular dis-
ease. Death caused by chronic renal failure was sometimes 
observed [2–6]. On the other hand, some studies found that 
mortality and the cause of death of living kidney donors were 
similar to those in the age-matched general population [7,8]. 
However, the prevalence of microalbuminuria, resulting in re-
nal impairment, and hypertension was increased after donor 
nephrectomy. In addition, some donors became either over-
weight or obese and sometimes developed diabetes. Thus, 
long-term follow-up of kidney donors is very important [8,9].

Another factor important for improving donor outcomes af-
ter donor nephrectomy is preoperative management of con-
ditions such as obesity and hypertension. Obesity is an in-
dependent risk factor for the development of chronic kidney 
disease (CKD) and ESRD and is also associated with hyperten-
sion [10,11]. Given the increasing prevalence of obesity, living 
donors are likely to become obese and develop CKD related 
to obesity [12]. This emphasizes the crucial role of preopera-
tive management of living donors, which could help maintain 
the renal function after donor nephrectomy, resulting in good 
prognosis. Although body mass index (BMI) is generally used to 
detect obesity, it does not reflect the distribution of abdominal 

adipose tissue, which has been linked to risk of microalbumin-
uria, renal dysfunction, and cardiovascular disease by some re-
cent reports [13–17]. Although the Japanese living donor guide-
line for kidney transplantation states that a BMI less than 30 
is appropriate for donors, it does not provide any recommen-
dations with respect to the distribution of abdominal adipose 
tissue [18]. Therefore, we evaluated the association between 
living donor postoperative renal function and distribution of 
abdominal adipose tissue. In addition, we evaluated preoper-
ative nutritional status of living donors by using 2 nutrition in-
dices: the PNI and the Controlling Nutritional Status (CONUT) 
score. PNI has been proposed for assessing perioperative nu-
tritional status, postoperative complications, and survival of 
patients with colorectal cancer, whereas CONUT score is also 
an independent prognostic factor for colorectal cancer [19,20].

The aim of the present study was to evaluate the effects of 
preoperative distribution of abdominal adipose tissue and 
nutritional status on renal function of living donors after do-
nor nephrectomy. Realization of the importance of preopera-
tive management in addition to postoperative long-term fol-
low-up could lead to better outcomes in living donors after 
renal transplantation.

Material and Methods

Patient selection and study design

Figure 1 shows a scheme of the present study. We extracted 
data on 94 living donors for renal transplantation. They under-
went donor nephrectomy at our institution between January 
2008 and May 2016. The inclusion criteria were as follows: do-
nor nephrectomy was performed at our institution, preoperative 
abdominal-to-pelvic unenhanced computed tomography (CT) 
was performed at our institution, and the follow-up period was 
at least 12 months. We excluded 19 patients who underwent 
only MRI as a preoperative imaging modality or underwent CT 
at another institution. Finally, 75 patients were enrolled in this 
study, and their clinical information was reviewed retrospec-
tively. These 75 patients were divided into 2 groups according 
to abdominal visceral adipose tissue (VAT) area at the level of 
the fourth and fifth lumbar vertebrae (L4–L5; VAT area <80 cm2: 
n=38 vs. VAT area ³80 cm2: n=37). We compared renal function 
12 months after donor nephrectomy in these 2 groups, and a 
second comparison was performed at 24 months in patients 
who were followed for at least that long. In addition, prognos-
tic factors for development of CKD G3b 12 months after do-
nor nephrectomy were investigated. The protocol for this re-
search project was approved by the Institutional Review Board 
for Clinical Studies (Medical Ethics Committee ID: NMU-1605), 
which waived the requirement for informed patient consent 
because of the retrospective nature of the analysis.
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Calculation of estimated glomerular filtration rate and 
classification of CKD stage

Estimated glomerular filtration rate (eGFR; mL/min/1.73 m2) 
was calculated using the CKD-EPI equation: GFR=144×(serum 
creatinine/0.7)–0.329×(0.993)Age for women with a serum creat-
inine level £0.7 mg/dL; GFR=144×(serum creatinine/0.7)–1.209× 
(0.993)Age for women with a serum creatinine level >0.7 mg/dL; 
GFR=141×(serum creatinine/0.9)–0.411×(0.993)Age for men with 
a serum creatinine level £0.9 mg/dL; GFR=141×(serum creat-
inine/0.9)–1.209×(0.993)Age for men with a serum creatinine lev-
el >0.9 mg/dL [21]. The stage of CKD was classified according 
to the Kidney Disease: Improving Global Outcomes (KDIGO) 
guideline published in 2012: CKD G1, ³90; CKD G2, 60–89.9; 
CKD G3a, 45–59.9; CKD G3b, 30–44.9; CKD G4, 15–29.9; CKD 
G5, <15 mL/min/1.73 m2 [22].

Measurement of abdominal adipose tissue parameters by 
CT

Unenhanced CT images obtained during preoperative screen-
ing or examination of vascular structure were analyzed using 
the Volume Analyzer SYNAPSE VINCENT image analysis system 
(Fujifilm Medical, Tokyo, Japan) to quantify abdominal adipose 
tissue area and volume. The following measurements were ob-
tained for analysis: VAT area at the level of L4–L5 (cm2); subcuta-
neous adipose tissue area at the level of L4–L5 (SAT; cm2); total 
abdominal visceral adipose tissue volume (TAVAT volume; cm3); 
and total abdominal subcutaneous adipose tissue volume (TASAT 
volume; cm3). Representative images used for analyses of ab-
dominal adipose tissue parameters are shown in Figure 2A–2C.

Nutrition index

Preoperative nutritional status was examined, and its effect on 
postoperative renal function was investigated. PNI and CONUT 
scores were used as markers of nutritional status in this study. 
PNI was calculated using the following formula: 10×serum al-
bumin (g/dL)+0.005×total lymphocyte count (per mm3), and 
CONUT score was determined from serum albumin level, pe-
ripheral lymphocyte count, and total cholesterol level (Table 1). 
PNI and CONUT score were calculated using baseline blood 
data obtained preoperatively.

Statistical analysis

Statistical analyses were performed and figures were plotted 
using GraphPad Prism 5.0 (GraphPad Software, San Diego, CA, 
USA). Data are represented using bar charts or box plots, and 
the t test or the Mann–Whitney U-test was applied for statisti-
cal analysis, as appropriate. The interrelationship between VAT 
area at L4–5 and the other parameters of abdominal adipose 
tissue or nutrition indices was examined using Spearman’s cor-
relation. To identify prognostic factors for the development of 
CKD G3b 12 months after donor nephrectomy, univariate and 
multivariate analyses were performed via logistic regression 
analysis using IBM SPSS, version 21 (SPSS Inc., Chicago, IL, 
USA). The cutoff value for development of CKD G3b 12 months 
after donor nephrectomy was determined by receiver operat-
ing characteristics (ROC) curve analysis. Two-sided tests were 

Donor nephrectomy (n=94)

After 12 months (n=75)
Comparison of donors with VAT area <80 (n=38) and donors with VAT area ≥80 (n=37)

After 24 months (n=53)
Comparison of donors with VAT area <80 (n=27) and donors with VAT area ≥80 (n=26)

Inclusion criteria (n=75)
Donor nephrectomy was performed at our institution
Preoperative MRI was performed at our institution
Preoperative unenhanced CT was performed at our institution
Follow-up period was at least 12 months 

Exclusion criteria (n=19)
• Preoperative unenhanced CT was performed at another institutions
• Preoperative MRI was performed instead of unenhanced CT
• Follow-up period was less than 12 months

Evaluation
• Basic clinical information > Age/BMI/eGFR/etc...
• Abdominal adipose tissue > VAT/SAT/TAVAT/TASAT
• Nutritional status                 > PNI/CONUT

Exclusion criteria (n=22)
• Lost follow-up (n=6)
• Follow by another institiutions (n=4)
• Follow-up period less than 24 months (n=12)

Figure 1.  Schematic diagram of the study 
work flow. Between January 2008 
and May 2016, 94 donors underwent 
donor nephrectomy at our institution. 
Nineteen donors were excluded 
because of insufficient radiographic 
and laboratory data, and the data 
from 75 remaining donors were 
included in our retrospective study. We 
evaluated preoperative basic clinical 
information, abdominal adipose tissue 
parameters, and nutritional status, 
and donors were divided into 2 groups 
according to VAT area at L4–5 (VAT 
area <80 and ³80). Renal function 12 
months after donor nephrectomy was 
compared between the 2 groups, and 
prognostic factors for development of 
chronic kidney disease of stage G3b at 
12 months after donor nephrectomy 
were identified by logistic regression 
analysis. Follow-up data 24 months 
after donor nephrectomy were 
available for 53 out of out of the 75 
donors, and thus renal function 24 
months after donor nephrectomy was 
also compared between the 2 groups.
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used in all cases. A P-value <0.05 was considered to indicate 
a statistically significant difference in all analyses.

Results

Patient characteristics

Table 2 shows the baseline clinical characteristics, preopera-
tive renal function values, abdominal adipose tissue status, 
nutritional status, and perioperative data for the cohort of 75 
donors for living renal transplantation and compares these 
variables between donors with a VAT area at L4–5 <80 (n=38) 
and ³80 (n=37). At donor nephrectomy, the median age in 
this cohort was 58 years (interquartile range [IQR], 47–64). 
Twenty-nine men (39%) and 46 women (61%) participated in 
this study, and there were significantly more women among 
donors with a VAT area at L4–5 <80 than among those with 

a VAT area at L4–5 ³80 (P=0.034). The median preoperative 
BMI, SAT area at L4–5, TAVAT volume, and TASAT volume in 
this cohort were 22.5 kg/m2 (IQR, 21.1–24.8), 146.8 cm2 (IQR, 
94.6–201.9), 2041.5 cm3 (IQR, 1055.3–3389.8), and 3227.6 cm3 
(IQR, 1798.4–4817.7), respectively, with significant differences 
between donors with a VAT area at L4–5 <80 and ³80 (P<0.0001, 
P=0.0004, P<0.0001, and P=0.0010, respectively). Although 
preoperative serum creatinine level was significantly higher 
in donors with a VAT area at L4–5 ³80 than in donors with a 
VAT area at L4–5 <80 (P=0.0069), there was no significant dif-
ference between these 2 groups in median preoperative eGFR 
(81.9 mL/min/1.73 m2). Donors with a preoperative urinary pro-
tein level exceeding 30 mg/dL were not present in this cohort. 
There were no donors with CKD G4 and G5 throughout the 
follow-up period. There were significantly more donors with 
hypertension among those with a VAT area at L4–5 ³80 than 
among those with a VAT area at L4–5 <80 (P=0.036). With re-
gard to nutritional status, the median preoperative PNI and 

A B C

Figure 2.  Representative images used for analyses of abdominal adipose tissue parameters. The Volume Analyzer SYNAPSE VINCENT 
image analysis system was used to reconstruct three-dimensional (3-D) images as follows: sagittal plane for quantification 
of the visceral adipose tissue area at L4–5 (red line indicated by yellow arrows) (A); coronal plane for detection of abdominal 
adipose tissue (red line indicated by yellow arrows) (B); transverse plane for detection of abdominal adipose tissue including 
visceral adipose tissue (red area indicated by green arrows) and subcutaneous adipose tissue (blue area indicated by yellow 
arrows) (C).

Variables
Degree of malnutrition

None Mild Moderate Sever

Serum albumin (g/dL) ³3.5 3.00–3.49 2.50–2.99 <2.5

Score 0 2 4 6

Total lymphocyte count (/mm3) ³1600 1200–1599 800–1199 <800

Score 0 1 2 3

Total cholesterol (mg/dL) ³180 140–179 100–139 <100

Score 0 1 2 3

Table 1. Scoring system of the CONUT score.

CONUT – controlling nutritional status.
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Variables Number of patients
VAT at L4–5

P value
<80 ³80

Total  75 38 37

Age at operation (years) Median (IQR)  58 (47–64)  58 (46–64)  58 (48–64) 0.51#

Gender 0.034*

Male (%)  29 (39)  10 (26)  19 (51)

Female (%)  46 (61)  28 (74)  18 (49)

Preoperative BMI (kg/m2) Median (IQR)  22.5 (21.1–24.8)  22.5 (21.1–24.8)  22.4 (21.0–24.8) <0.0001#

Preoperative serum creatinin 
(mg/dL)

Median (IQR)  0.64 (0.58–0.78)  0.64 (0.58–0.78)  0.64 (0.58–0.78) 0.0069#

eGFR (mL/min/1.73 m2) Median (IQR)  81.9 (74.4–91.8)  81.9 (74.1–91.9)  81.9 (73.8–91.5) 0.092#

SAT at L4–5 (cm2) Median (IQR)  146.8 (94.6–201.9)  147.9 (95.6–203.1)  146.8 (93.8–199.4) 0.0004#

TAVAT (cm3) Median (IQR)
2041.5 

(1055.3–3389.8)
1989.3 

(1040.0–3337.2)
2041.5 

(1024.7–3431.0)
<0.0001#

TASAT (cm3) Median (IQR)
3227.6 

(1798.4–4817.7)
3245.8 

(1830.9–4830.6)
3135.3 

(1779.7–4646.7)
0.0010#

CCI 1.00*

0 (%)  71 (95)  36 (95)  35 (95)

1 or more (%)  4 (5)  2 (5)  2 (5)

Hypertension 0.036*

No (%)  62 (83)  35 (92)  27 (73)

Yes (%)  13 (17)  3 (8)  10 (27)

Diabetes 1.00*

No (%)  73 (97)  37 (97)  36 (97)

Yes (%)  2 (3)  1 (3)  1 (3)

Hyperlipidemia 0.35*

No (%)  64 (85)  34 (89)  30 (81)

Yes (%)  11 (15)  4 (11)  7 (19)

Hyperuricemia 0.36*

No (%)  71 (95)  37 (97)  34 (92)

Yes (%)  4 (5)  1 (3)  3 (8)

Preoperative nutrition index

PNI Median (IQR)  53 (51–56)  53 (51–56)  53 (51–56) 0.61#

CONUT score Median (IQR)  0 (0–2)  0 (0–2)  0 (0–2) 0.23#

Type of donor nephrectomy 0.82*

Hand assisted (%) 55 (73)  27 (71)  28 (76)

Laparoscopic (%)  3 (4)  2 (5)  1 (3)

Open (%)  17 (23)  9 (24)  8 (21)

Table 2. Patients’ background.
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CONUT scores in this cohort were 53.0 (IQR, 51.0–55.5) and 
0 (IQR, 0–2), respectively, with no significant differences be-
tween the 2 groups. As expected, there were no donors with 
malnutrition preoperatively. The median operative time in this 
cohort was 247 min (IQR, 156–498), and there was a signifi-
cant difference between the 2 groups (P=0.011). Donors with 
a VAT area at L4–5 ³80 needed a longer operation than donors 
with a VAT area at L4–5 <80. There were no cases with blood 
loss requiring transfusion and major perioperative complica-
tions greater than grade 2 of the Clavien classification. During 
the follow-up period, there were no new-onset cases of hyper-
tension or diabetes, and no progression was observed in the 
2 cases with preoperative diabetes.

Chronological changes of the renal function after donor 
nephrectomy

Preoperative eGFR tended to be lower in donors with a VAT 
area at L4–5 ³80 than in those with a VAT area at L4–5 <80, 
but the difference did not reach the level of statistical signifi-
cance (Figure 3A; P=0.092). In contrast, eGFR of donors with a 
VAT area at L4–5 ³80 preoperatively was significantly lower at 
the time of discharge, as well as at 3 and 12 months after do-
nor nephrectomy, than that of donors with a VAT area at L4–5 
<80 (Figure 3B; P=0.0096, Figure 3C; P=0.046, and Figure 3D; 
P=0.029, respectively). These results suggest that preoperative 
VAT area at L4–5 can predict renal function 12 months after 
donor nephrectomy. We evaluated renal function 24 months 
after donor nephrectomy in 53 donors who were observed for 
24 months (Figure 1; VAT area at L4–5 <80: n=27, VAT area at 
L4–5 ³80: n=26). eGFR of donors with a VAT area at L4–5 ³80 
preoperatively significantly decreased 24 months after do-
nor nephrectomy compared to that of donors with a VAT area 
at L4–5 <80 (Figure 3E; P=0.032). Although postoperative re-
nal function was significantly lower than preoperative renal 
function in both groups, there were no significant differenc-
es in postoperative renal function at any time point in either 

group (Figure 3F, 3G). A slight improvement in postoperative 
renal function from 3 months after donor nephrectomy was 
observed in both groups (VAT area at L4–5 <80; P=0.89, VAT 
area at L4–5 ³80; P=0.32, respectively).

The association of VAT area with other abdominal adipose 
tissue parameters and nutrition indices

We evaluated the correlation between VAT area at L4–5 and 
other abdominal adipose tissue parameters and nutrition in-
dices. VAT area at L4–5 was significantly correlated with SAT 
area at L4–5, TAVAT volume, and TASAT volume (Figure 4A; 
P<0.0001, Figure 4B; P<0.0001, Figure 4C; P<0.0001, respec-
tively). These results suggest that abdominal VAT area is close-
ly related to abdominal SAT area, and VAT area at L4–5 could 
be a surrogate marker for TAVAT volume and TASAT volume. 
VAT area at L4–5 was also significantly correlated with BMI 
(Figure 4D; P<0.0001). Thus, VAT area at L4–5 could also be a 
surrogate marker for BMI. In contrast, VAT area at L4–5 was 
not correlated with PNI and CONUT scores (Figure 4E; P=0.46, 
Figure 4F; P=0.064, respectively).

Sex difference in the distribution of abdominal adipose 
tissue and renal function

We evaluated the difference of the abdominal adipose tissue 
between males and females. VAT area at L4–5 and TAVAT vol-
ume tended to increase in males compared with females but 
the difference did not reach to statistical significance (Figure 5A; 
P=0.068, Figure 5C; P=0.085, respectively). On the other hand, 
SAT area at L4–5 and TASAT volume were significantly increased 
in females compared with males (Figure 5B; P=0.0011, Figure 
5D; P=0.0001, respectively). With regard to renal function, there 
were no significant differences in preoperative renal function 
between donors with a VAT area at L4–5 <80 and those with 
a VAT area at L4–5 ³80 in both males and females. In males, 
postoperative renal function of donors with a VAT area at L4–5 

Table 2 continued. Patients’ background.

VAT at L4–5 – visceral adipose tissue at the level of the fourth and fifth lumbar vertebra; IQR – interquartile range; BMI – body mass 
index; eGFR – estimate glomerular filtration rate; SAT at L4–5 – subcutaneous adipose tissue at the level of the fourth and fifth lumbar 
vertebra; TAVAT – total abdominal visceral adipose tissue; TASAT – total abdominal subcutaneous adipose tissue; CCI – charlson 
comorbidity index; PNI – prognostic nutritional index; CONUT – controlling nutritional status; * Chi-square test or Fisher’s exact test; 
# Mann-Whitney U test.

Variables Number of patients
VAT at L4–5

P value
<80 ³80

Operative time (min) Median (IQR)  247 (156–498)  250 (222–311)  244 (218–311) 0.011#

Perioperative complications 1.00*

No (%)  71 (95)  36 (95)  35 (95)

Yes (%)  4 (5)  2 (5)  2 (5)
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³80 significantly decreased compared with that of donors with 
a VAT area at L4–5 <80 at 24 months after donor nephrectomy 
(Figure 5E; P=0.045). In females, postoperative renal function 
of donors with a VAT area at L4–5 ³80 also significantly de-
creased compared with that of donors with a VAT area at L4–5 

<80 at discharge, 3, 12, and 24 months after donor nephrec-
tomy (Figure 5F; P=0.043, P=0.046, P=0.037, and P=0.048, re-
spectively). Although postoperative renal function was affected 
by preoperative VAT area at L4–5 in both males and females, 
postrenal function in females was strongly affected by VAT.
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Figure 3.  Comparison of renal function of living donors according to VAT area at L4–5 using estimated glomerular filtration rate. 
There was no significant difference in preoperative renal function between donors with a VAT area at L4–5 ³80 and <80 (A). 
Postoperative renal function was significantly lower in donors with a VAT area at L4–5 ³80 than in those with a VAT area 
<80 at discharge (B) and 3 months (C), 12 months (D), and 24 months (E) after donor nephrectomy. Chronological changes 
in renal function were evaluated in donors with a VAT area at L4–5 <80 (F) and ³80 (G). Neither group showed a significant 
improvement of renal function.
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Univariate and multivariate analysis of prognostic factors 
for the development of CKD G3b 12 months after donor 
nephrectomy

To explore the prognostic impact of preoperative VAT area at 
L4–5 on renal function, we performed univariate analysis fol-
lowed by multivariate analysis (Table 3). An event was defined 
as development of CKD G3b 12 months after donor nephrecto-
my, and TAVAT volume and TASAT volume were omitted from 
the candidate factors because these 2 factors were closely 

correlated with VAT area at L4–5, as described above. The uni-
variate analysis revealed that age greater than 60 years and 
VAT area at L4–5 ³80 predicted poor prognosis in terms of de-
velopment of CKD G3b (odds ratio [OR]=3.2, 95% confidence in-
terval [CI]=1.2–8.5; P=0.028; OR=3.1, 95%CI=1.1–8.2; P=0.032, 
respectively). BMI ³22 and SAT area at L4–5 ³170 were not 
statistically significant prognostic factors, but tended to pre-
dict poor prognosis. Hypertension was not a significant prog-
nostic factor. In contrast, preoperative eGFR ³80 and PNI ³54 
were positive prognostic factors (OR=0.2, 95%CI=0.08–0.6; 

VAT at L4–5 (cm2)

Speaman r=0.60

0 100 200 300

SA
T a

t L
4–

5 (
cm

2 )

400

300

200

100

0

P<0.0001

VAT at L4–5 (cm2)

Speaman r=0.91

0 100 200 300

TA
VA

T (
cm

3 )

8000

6000

4000

2000

0

P<0.0001

VAT at L4–5 (cm2)

Speaman r=0.087

0 100 200 300

PN
I

80

60

40

20

0

P=0.46

CONUT score

Speaman r=–0.22

0 1 2

VA
T a

t L
4–

5 (
cm

2 )

300

200

100

0

P=0.064

VAT at L4–5 (cm2)

Speaman r=0.49

0 100 200 300

TA
SA

T (
cm

3 )

8000

6000

4000

2000

0

P<0.0001

VAT at L4–5 (cm2)

Speaman r=0.69

0 100 200 300

BM
I (

kg
/m

2 )

40

30

20

10

0

P<0.0001

A

C

E

B

D

F

Figure 4.  The correlation between preoperative VAT area at L4–5 and other abdominal adipose tissue parameters, including BMI and 
nutrition indices. VAT area at L4–5 was significantly correlated with SAT area at L4–5 (A), TAVAT volume (B), TASAT volume 
(C), and BMI (D). In contrast, there was no significant correlation between VAT area at L4–5 and nutrition indices (E, PNI; F, 
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Figure 5.  Comparison of abdominal adipose tissue distribution and renal function between males and females. Male donors were 
tended to increase in a VAT area at L4–5 (A), but female donors significantly increased in a SAT area at L4–5 (B). Similar 
to the relationship between VAT and SAT area, male donors tended to increase in TAVAT volume (C) and female donors 
significantly increased in TASAT volume (D). With regard to renal function, postrenal function in male donors with a VAT 
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months compared with female donors with a VAT area at L4–5 <80 (F).
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Variables
Univariate analysis Multivariate analysis

OR 95% CI P value OR 95% CI P value

Age <60 1 1

³60 3.2 1.2–8.5 0.028 2.1 0.6–6.6 0.22

Gender Male 1

Female 0.4 0.2–1.1 0.09

BMI <22 1

³22 2.6 0.9–7.4 0.086

VAT at L4–5 <80 1 1

³80 3.1 1.1–8.2 0.032 3.8 1.2–11.6 0.021

SAT at L4–5 <170 1

³170 2.8 1.0–7.3 0.051

Hypertension No 1

Yes 2.5 0.7–8.2 0.2

Preoperative eGFR <80 1 1

³80 0.2 0.08–0.6 0.0033 0.2 0.08–0.7 0.011

PNI <54 1 1

³54 0.3 0.09–0.8 0.015 0.3 0.08–0.8 0.025

CONUT 0 1

 ³1 1.2 0.5–3.1 0.81    

Table 3. Logistic regression analysis of prognostic factors for the development of CKD G3b 12 months after donor nephrectomy.

OR – odds ratio; CI – confidence interval; BMI – body mass index; VAT – visceral adipose tissue; SAT – subcutaneous adipose tissue; 
eGFR – estimate glomerular filtration rate; PNI – prognostic nutritional index; CONUT – controlling nutritional status; Logistic 
regression analysis.

Figure 6.  Comparison of renal function at 12 months according to risk classification. Postoperative renal function of donors with a VAT 
area at L4–5 ³80 and a PNI <54 was significantly lower than that of donors with a VAT area at L4–5 <80 and a PNI ³54, a 
VAT area at L4–5 ³80 and a PNI ³54, and a VAT area at L4–5 <80 and a PNI ³54 (A). In donors with a preoperative eGFR ³80, 
postoperative renal function of those with a VAT area at L4–5 ³80 and a PNI <54 was significantly lower than postoperative 
renal function of those with a VAT area at L4–5 <80 and a PNI ³54 (B). The same result was observed in donors with a 
preoperative eGFR <80 (C).
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P=0.0033; OR=0.3, 95%CI=0.09–0.8; P=0.015, respectively). 
The multivariate analysis also revealed that a VAT area at L4–5 
³80 was an independent negative prognostic factor (OR=3.8, 
95%CI=1.2–11.6; P=0.021). In addition, a preoperative eGFR 
³80 and PNI ³54 were independent positive prognostic factors 
(OR=0.2, 95%CI=0.08–0.7; P=0.011; OR=0.3, 95%CI=0.08–0.8; 
P=0.025, respectively). The postoperative eGFR of donors with 
a VAT area at L4–5 ³80 and PNI <54 was significantly lower 
than those of donors with a VAT area at L4–5 <80 and/or PNI 
³54, suggesting that it is important to achieve at least a VAT 
area at L4–5 <80 or a PNI ³54 preoperatively (Figure 6A). In 
subgroup analysis, postoperative eGFR of donors with a VAT 
area at L4–5 ³80 and a PNI <54 was also significantly lower 
than that of donors with a VAT area at L4–5 <80 and/or a PNI 
≥54 in subgroups with both preoperative eGFR ³80 and <80 
(Figure 6B, 6C).

Discussion

The present study shows that preoperative VAT area at L4–5 
and PNI can predict postoperative renal function and may be 
prognostic factors for CKD G3b at 12 months after donor ne-
phrectomy. Preoperative VAT area at L4–5 correlates with oth-
er abdominal adipose tissue parameters, such as SAT area at 
L4–5, TAVAT volume, and TASAT volume. Preoperative VAT area 
at L4–5 also correlates with BMI, and donors with a preoper-
ative VAT area at L4–5 ³80 tend to have a high BMI. Although 
BMI is generally recognized as the marker for obesity, VAT area 
at L4–5 can also be a surrogate marker for obesity. In the pres-
ent study, VAT area at L4–5 was a stronger prognostic marker 
for postoperative renal function than BMI. In addition, donors 
with preoperative hypertension tended to have a VAT area at 
L4–5 ≥80, suggesting that obesity is a risk factor for hyperten-
sion. Excessive abdominal adipose tissue makes it difficult to 
perform donor nephrectomy, resulting in a long operative time.

Calculating from the approximate curve of the association be-
tween VAT area at L4–5 and BMI, VAT >80 means BMI >23. 
Body mass is composed of various elements, including fat, 
muscle, bone, visceral tissues, and water. We speculate that 
visceral adipose tissue itself has a role in damaging residual 
kidney function. Therefore, we should pay attention not only 
to BMI, but also to visceral adipose tissue when performing 
donor selection.

It is well known that obesity, which is a factor of metabolic 
syndrome, is closely correlated with hypertension, diabetes, 
and glomerular hyperfiltration, resulting in the development 
of CKD. VAT plays a key role in the development of these dis-
eases [10–12,23]. Although BMI is commonly used to assess 
the degree of obesity, Rankinen et al. provided evidence in-
dicating that prediction of distribution of abdominal adipose 

tissue based on BMI is inaccurate [13]. In the present study, 
we measured various adipose tissue parameters using the 
Volume Analyzer SYNAPSE VINCENT image analysis system 
and investigated their associations with postoperative renal 
function. The adipose tissue parameters were obtained from 
preoperative CT scans acquired during screening or examina-
tion of vascular structure, without additional inconvenience to 
the patient. Preoperative renal function tended to be lower in 
donors with a VAT area at L4–5 ³80, but the difference did not 
reach the level of statistical significance. After donor nephrec-
tomy, renal function of donors with a VAT area at L4–5 ³80 
was significantly lower than that of donors with a VAT area at 
L4–5 <80, and this difference remained significant for at least 
2 years. In addition, although postrenal function of female do-
nors with a VAT area at L4–5 ³80 was significantly lower than 
that of female donors with a VAT area at L4–5 <80, the differ-
ence did not persist over time. On the other hand, renal func-
tion of male donors with a VAT area at L4–5 ³80 was grad-
ually decreased and a significant difference was observed at 
24 months after donor nephrectomy. This result suggests that 
preoperative VAT area could be a prognostic factor for post-
operative renal function. This association may reflect a direct 
effect, since VAT, which is not resected, with an exception of 
the flank pad, during donor nephrectomy, may influence the 
remaining contralateral residual kidney via inflammatory cyto-
kines and adipokines such as interleukin (IL)-6, tumor necro-
sis factor alpha (TNF-a), leptin, and adiponectin or via insulin 
resistance [24,25]. Males tended to increase in abdominal vis-
ceral adipose tissue and this may strongly affect the long-term 
difference in renal function. Importantly, our results revealed 
that VAT area could potentially be a better prognostic factor 
for CKD than BMI. Thus, medical personnel involved in renal 
transplantation should educate donors regarding the impor-
tance of preoperative diet or exercise aimed at reducing VAT in 
addition to BMI. This could lead to an improvement in donor’s 
renal function postoperatively, resulting in a better prognosis.

With regard to nutritional status, this study suggests that PNI 
could be a predictor of postoperative renal function. Originally, 
PNI was proposed as an index to determine the feasibility of 
resection and anastomosis of the gastrointestinal tract. This 
procedure is considered safe in patients with a PNI of 45 or 
more, can be risky in patients with a PNI of 40–45, and is 
contraindicated to patients with a PNI <40. In addition, PNI 
could be a prognostic factor of survival in cancer [19,24,26]. 
Generally, living donors are healthy and have good nutritional 
status. The lowest PNI of 45 and the highest CONUT score of 
2 in this study reflect this fact. Our results suggest that a bet-
ter nutritional status, which corresponds to a higher PNI, has a 
positive effect on postoperative renal function. Since PNI was 
calculated based on serum albumin concentration and periph-
eral blood lymphocyte count, it also reflects the immune sta-
tus [19]. Although the current study does not provide an exact 
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mechanism, a high concentration of serum albumin could sup-
press the action of cytokines or adipokines, allowing the im-
mune systems to maintain healthy homeostasis. There was no 
correlation between PNI and abdominal adipose tissue param-
eters in this study. It is therefore likely that a good preopera-
tive immune status leads to an acceptable renal function after 
donor nephrectomy. A good immune status might play an im-
portant role in protecting residual renal function through sup-
pression of adipocytes or other immune-related cells, which 
negatively impact renal function at high concentrations.

This study identified VAT area at L4–5 and PNI as new predic-
tors of postoperative renal function in living donors. Although 
these 2 factors are not correlated with each other, postopera-
tive renal function of donors with a VAT area at L4–5 <80 and 
PNI ³54 tended to be better than that of donors with a VAT 
area at L4–5 <80 alone or PNI ³54 alone. Obesity in living do-
nors results in a high risk of hypertension development and 
reduction of eGFR after donor nephrectomy [27]. Generally, 
individuals with a BMI >30 are rare in Japan. Thus, VAT area 
could be a new surrogate marker of obesity in Japan, and, more 
broadly, in Asia. Obesity and poor nutritional status could be 
a consequence of eating habits, and donors tend to maintain 
their eating habits after the surgery [28]. This emphasizes the 
need to establish and promote population-specific nutrition-
al regimens after donor nephrectomy to improve renal pro-
tection in living donors. Moreover, a specific physical activi-
ty regimen consisting of moderate-intensity exercise, which 
is easy to use both preoperatively and postoperatively, should 
also be established for living donors. These recommendations, 
if implemented, could improve prognosis through protection 

of renal function and suppression of cardiovascular and cere-
brovascular diseases in living donors.

This study has some limitations. The patient data were obtained 
from a single institution, and the sample size was small. The 
study had a retrospective design, resulting in potential selec-
tion bias, and the follow-up period was relatively short. The 
optimal cutoffs need to be validated using an independent 
multiinstitutional sample to establish a novel risk assessment 
tool specific to living donors. In addition, some experiments, 
including evaluation of cytokines/adipokines levels, are need-
ed in order to elucidate the scientific basis of these results.

Conclusions

We reveal that preoperative distribution of abdominal adipose 
tissue and nutritional status could be predictors of postoper-
ative renal function in living donors. Therefore, management 
of preoperative VAT and nutritional status could lead to better 
outcomes in living donors. Further research is needed to devel-
op appropriate exercise protocols and nutritional interventions 
to improve the prognosis of living, originally healthy donors.
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