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Abstract
Purpose The association between sarcopenia of kidney transplant recipients and outcome after kidney transplantation 
(KT) has not yet been fully understood and is still considered controversial. The aim of our study was to analyze the impact 
of pre-transplant sarcopenia on graft function, postoperative complication rates, and survival of the patients after renal 
transplantation.
Methods In this retrospective single-center study, all patients who underwent KT (01/2013–12/2017) were included. Demo-
graphic data, rejection rates, delayed graft function, and graft and patient survival rates were analyzed. Sarcopenia was 
measured in computed tomography images by the sex-adjusted Hounsfield unit average calculation (HUAC).
Results During the study period, 111 single KTs (38 women and 73 men) were performed. Living donor kidney transplants 
were performed in 48.6%. In total, 32.4% patients had sarcopenia. Sarcopenic patients were significantly older (59.6 years 
vs. 49.8 years; p < 0.001), had a higher body mass index (BMI = 27.6 kg/m2 vs. 25.0 kg/m2; p = 0.002), and were more likely 
to receive deceased donor kidneys (72.2% vs. 41.3%; p = 0.002). Interestingly, 3 years after KT, the creatinine serum levels 
were significantly higher (2.0 mg/dl vs. 1.5 mg/dl; p = 0.001), whereas eGFR (39.9 ml/min vs. 53.4 ml/min; p = 0.001) and 
graft survival were significantly lower (p = 0.004) in sarcopenic transplant recipients. Sarcopenic patients stayed in hospital 
significantly longer postoperatively than those who were non-sarcopenic.
Conclusions At the time of kidney transplantation, sarcopenia was found to predict reduced long-term graft function and 
diminished graft survival after KT. The early identification of sarcopenic patients can not only enable an optimized selection 
of recipients, but also the initiation of pre-habilitation programs during the waiting period.
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Introduction

Kidney transplantation (KT) improves not only quality of 
life [1–3] but also life expectancy [4, 5] in patients with 
end-stage renal disease (ESRD) in comparison to patients 
on dialysis. Every year, more and more elderly become eli-
gible for KT [6]. The significant discrepancy between the 
number of organ donors and the need for organs underlines 
the necessity for careful selection of transplant candidates.

As early as 2014, Ponticelli et al. stated that there are no 
clear guidelines for the selection of older transplant recipi-
ents and that additional aspects such as comorbidity and 
frailty should be taken into account [7]. In contrast, another 
work showed that the chronological age of elderly patients 
is less important for the selection of a donor kidney than the 
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actual physiological age. This work concluded that elderly 
patients should not be denied a KT solely on the basis of 
their age [8].

In addition to the assessment of comorbidities, sarcope-
nia seems to be a prognostic marker for the estimation of 
peri- and postoperative morbidity. Sarcopenia is the progres-
sive and generalized deterioration of skeletal muscle [9]. In 
addition to the natural aging process, multiple factors play 
a decisive role in the development of sarcopenia in patients 
with terminal renal failure, including lack of exercise, 
chronic subliminal inflammatory processes during dialysis, 
metabolic acidosis, vitamin D deficiency, insulin resistance, 
hyperparathyroidism, and proteinuria [5, 10]. Sarcopenia 
correlates with outcome after gastrointestinal surgery [11, 
12], as well as after liver transplantation [13]. Sarcopenia 
and frailty have been found to be associated with a higher 
risk of surgical complications [14], higher mortality [15], 
delayed graft function [5, 16], and a shorter graft and patient 
survival [5, 17]. However, the long-term effects of sarcope-
nia on estimates of morbidity, mortality, and organ function 
in KT recipients have been explored in very few studies to 
date, and results have been partly contradictory. A study in 
simultaneous pancreas-kidney transplant patients reported a 
non-significant trend associating low psoas muscle thickness 
as a parameter for sarcopenia with pancreas graft survival 
[18]. Druckmann et al. recently showed that the cross-sec-
tional area of the psoas muscle is an independent factor for 
posttransplant mortality after KT [19]. In contrast, another 
study in kidney-only transplant, simultaneous liver-kidney 
transplant, or pancreas-kidney transplant patients showed 
that pre-transplant sarcopenia had no effect on posttransplant 
renal function or re-hospitalization rates [20].

Therefore, the aim of our study was to investigate the 
association between recipient age, sarcopenia, renal func-
tion, morbidity, and mortality after KT. We analyzed the 
impact of pre-transplant sarcopenia on graft function as the 
primary endpoint and its impact on secondary endpoints 
such as postoperative complication rates, length of hospital 
stay, and survival of patients after transplantation.

Methods

This retrospective analysis was approved by the local eth-
ics committee of the Justus-Liebig-University Giessen, 
Germany (institutional review board no. AZ 123/18). A 
total of 116 consecutive patients who had undergone KT 
between 2013 and 2017 were analyzed and were followed 
up to December 31, 2021. The collected data included the 
following demographic characteristics: age, sex, body mass 
index (BMI), underlying kidney disease, duration of dialy-
sis, warm and cold ischemia times, intra- and postoperative 
course, delayed graft function, graft failure, rejection rate, 

surgical complications, and overall patient and graft sur-
vival data. Comorbidities were classified and analyzed by 
the Charlson comorbidity index [21].

Renal function was assessed using serum creatinine levels 
and estimated glomerular filtration rate (eGFR) according 
to the Chronic Kidney Disease Epidemiology Collabora-
tion (CKD-EPI) formula at 1, 2, 3, 4, and 5 years after KT. 
Delayed graft function (DGF) was defined as the need for at 
least one dialysis within the first 7 days following KT [22].

Complications in the first 30 days after KT were classi-
fied according to the Clavien-Dindo classification [23]. The 
Clavien-Dindo ≥ 3a were defined as severe and included in 
the statistical analysis.

Sarcopenia

Sarcopenia was defined by low skeletal muscle mass meas-
ured in computed tomography (CT) images by the sex-
adjusted Hounsfield unit average calculation (HUAC). All 
CT scans were routinely performed during the waiting time 
in the last 6 months before transplantation to assess vascular 
status in the pelvic area.

Using syngo.via software (Siemens Healthineers, 
Munich, Germany), skeletal muscle mass was determined 
by measuring the total psoas area (TPA) at the level of the 
L3 vertebral body where both iliac crests were clearly vis-
ible, as described in previous publications [24, 25]. The 
measurements were done in a semiautomated fashion with 
the density threshold set between − 30 and 110 Hounsfield 
units (HU) to exclude vascular and fatty infiltration areas. 
TPA was normalized for patient’s height:

The TPA was used to calculate the HUAC:

The HUAC cut-offs to define sarcopenia were 15.69 HU 
in females and 16.29 HU in males [25]. The measurements 
were performed by a medical doctoral student (N.T.) who 
had previously been instructed by a radiologist in the syngo.
via software and how to perform the measurements. More 
than one-third of the measurements were randomly selected 
and confirmed in a blind manner by a second investigator, 
an experienced radiologist (A.B.). Both investigators were 
blinded to the outcome parameters.

Statistical analysis

Clinical and biochemical characteristics are expressed as the 
means ± standard deviations, or as medians and ranges, as 
appropriate. Unless otherwise indicated, all tests were two-
tailed, and p values < 0.05 were considered significant.

TPAnormalised = TPA
(

mm2
)

× 100 ∕ body height (m2)

HUAC = (Right HUAC∕TPA) + (Left HUAC∕TPA)
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Pearson’s correlation or the Spearman test was applied 
as appropriate to calculate the correlations between pairs of 
variables. Fisher’s exact test was used to analyze differences 
in categorical variables. For independent variables, we used 
the Mann–Whitney U and Kruskal–Wallis tests. Associa-
tions of sarcopenia with graft function were estimated using 
the Kaplan–Meier method, and the resulting curves were 
compared using the log-rank test.

To investigate risk factors for, e.g., graft failure, post-
operative complications and patient survival univariate and 
multivariate regression analyses were performed.

Inter-rater reliability between the student’s and radiolo-
gist’s measurements was calculated to determine the extent 
of agreement between the individual measurements of 
the two examiners, along with the intra-class correlation 
coefficient.

All data were analyzed using SPSS, version 29 (IBM, 
Armonk, NY, USA).

Results

After screening all 116 patients with KT, 5 patients were 
excluded because of a missing CT scan. In total, 111 kid-
ney recipients (73 men and 38 women) were included in the 
present study. The patient demographics are summarized 
in Table 1. The mean age was 53.0 years. Among the trans-
plants, 48.6% (n = 54) were living donor KTs, and 51.4% 
were deceased donor KT. The percentage of patients in the 
eurotransplant senior program (ESP) was 11.7%. A pre-emp-
tive transplantation was performed on 12 patients (10.8%).

Most patients (74.8%) had cardiovascular diseases (hyper-
tension, coronary heart disease, chronic cardiac failure, car-
diac dysrhythmia, or valvular heart disease) in their medical 
history, and 17.1% had diabetes mellitus. Over 41% of the 
patients had the Charlson comorbidity index (CCI) ≥ 5.

The main primary renal diagnosis for ESRD was glomer-
ulonephritis (24.3%), followed by polycystic kidney diseases 
(17.1%), and diabetes (13.5%).

All patients received a calcineurin inhibitor (CNI)-based 
immunosuppressive regimen, including tacrolimus or cyclo-
sporine A combined with prednisolone and mycophenolate 
mofetil (MMF). Induction therapy was performed using 
basiliximab or ATG. The choice of induction therapy was 
based on individual patient characteristics (e.g., prior trans-
plantation or preformed HLA-antibodies).

The outcomes after KT are shown in Table 2. Delayed 
graft function was seen in 13.5% of the patients and loss 
of graft function during the follow-up period in 15.3% 
patients. The main reasons for graft loss were rejections 
and the patient’s death. Severe complications, classified as 
the Clavien-Dindo ≥ 3a, were observed in 23.4%. Reasons 
for re-interventions were mainly surgical site infections, 

Table 1  Characteristics of kidney transplant recipients

Data are expressed as means ± standard deviations
BMI, body mass index; COPD, chronic obstructive pulmonary dis-
ease; ET, Eurotransplant; HLA, human leucocyte antigen

Total n = 111

Age, years (range) 53.0 (23–77)
Sex, n (%)
  Female 38 (34.2)
  Male 73 (65.8)
  BMI, kg/m2 (range) 25.9 (17.9–37.6)

Pre-existing conditions, n (%)
  Cardiovascular 83 (74.8)
  Diabetes mellitus 19 (17.1)
  Cerebrovascular 17 (15.3)
  COPD 5 (4.5)

Charlson’s comorbidity index
  0–4 65 (58.6)
   ≥ 5 46 (41.4)

   ≥ 6 20 (18.0)
Primary renal diagnosis
  Glomerulonephritis 27 (24.3)
  Polycystic kidney 19 (17.1)
  Diabetes 15 (13.5)
  Pyelonephritis 14 (12.6)
  Hypertension 13 (11.7)
  Others 17 (15.3)
  Unknown 6 (5.4)
  Dialysis, n (%) 99 (89.2)
  Peritoneal dialysis 12
  Hemofiltration 87
  Pre-emptive transplantation, n (%) 12 (10.8)
  Duration dialysis, years (range) 4.9 (0.2–16)
  Number of patients with previous transplants, n 

(%)
12 (10.8)

Donor organ source, n (%)
  Deceased donor 57 (51.4)
  ET senior program 13 (11.7)
  Living donor 54 (48.6)

Donor characteristics
  Age, years 53.4 (16–79)
  Sex, female:male, n (%) 62:49
  BMI kg/m2 26.3 (19–39)
  Proteinuria, n (%) 18 (16.2)
  Creatinine, mg/dl 0.8 (0.1–4.8)
  ABO incompatibility, n (%) 40 (36.0)
  HLA mismatches > 3, n (%) 40 (36.0)
  Length of hospital stay, days (range) 22.1 (13–71)
  Cold ischemic time, minutes (range) 475.4 (66–1411)
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lymphoceles, and surgical conditions, such as thrombosis 
of the A. or V. renalis.

Sarcopenia assessment

The assessment of sarcopenia was done quickly and eas-
ily by measuring and calculating TPA and HUAC, and the 
results were obtained independently by two different inves-
tigators. Inter-rater reliability and the intra-class correlation 
coefficient were calculated with the two-way mixed model 
and a confidence interval (CI) of 95%. The intra-class cor-
relation coefficient between the measurements was 0.970 
(95% CI 0.942–0.984, p < 0.001).

The mean TPA was 519.0  mm2/m2 (94.2–914.9  mm2/
m2). The mean HUAC was 17.0 HU in females (4.6–22.9 
HU) and 17.9 (5.3–27.0 HU) in males. Using the previ-
ously described cut-offs for defining sarcopenia, 36 patients 
(32.4%) had sarcopenia.

Impact of comorbidities and sarcopenia on graft 
function and outcome after kidney transplantation

Characteristics of patients stratified by sarcopenia are shown 
in Table 3. As expected, patients with sarcopenia were sig-
nificantly older than non-sarcopenic patients (59.6 years 
vs. 49.8 years, p < 0.001). A significantly higher BMI was 
observed in sarcopenic patients (BMI = 27.6  kg/m2 vs. 
25.0 kg/m2, p = 0.002). Furthermore, the possibility of sar-
copenic patients receiving a deceased organ (p = 0.002) was 
significantly higher. Hospital stay was significantly longer 
in patients with sarcopenia compared to non-sarcopenic 
patients (22.7 vs. 21.8 days, p = 0.017). There were no sig-
nificant differences between sarcopenic and non-sarcopenic 
patients in primary renal diagnosis, donor characteris-
tics, cold ischemia times, immunosuppression regimen or 
patient survival (Suppl. Figure 1A). As expected, recipients 

of living donor organs were on average more than 10 years 
younger, had fewer pre-existing conditions, were less likely 
to be sarcopenic, and had a significantly shorter length 
of hospital stay than recipients of deceased donor organs 
(Suppl. Table 1). The separate analysis of the living donation 
and the deceased donation cohorts with regard to sarcope-
nia is shown in Suppl. Table 2. In both cohorts, sarcopenic 
patients were significantly older and had a higher BMI.

We also did not observe any differences in complication 
rates between sarcopenic and non-sarcopenic patients. In the 
multivariate regression analysis, only duration of dialysis 
before KT was a predictor for the occurrence of complica-
tions Clavien-Dindo ≥ 3 (HR 1.157, 95% CI 1.034–1.296, 
p = 0.011). Factors such as age, gender, BMI, HUAC, and 
diabetes mellitus, on the other hand, were not significant.

Beyond that, in the first 2 years after KT, no significant 
difference in creatinine levels of the two groups could be 
observed. However, after the third year following organ 
transplantation, sarcopenic patients had significantly higher 
serum creatinine values (Fig. 1A) and significantly decreased 
eGRF values (Fig. 1B) than non-sarcopenic patients.

To identify factors associated with creatinine clearance in 
long-term (at 3 years) after KT, we performed the Pearson 
correlation (Table 4). There was a good correlation (r > 0.3) 
between eGFR and sarcopenia (r = 0.328, p = 0.001), trans-
plantation in the ET senior program (r = 0.311, p = 0.002), 
and transplants of deceased donors (r = 0.406, p < 0.001). 
Donor age showed a strong negative correlation (r =  − 0.447, 

Table 2  Outcome after kidney transplantation

Data are expressed as means ± standard deviations

Total n = 111

Primary non-function, n (%) 2 (1.8)
Acute rejection, n (%) 6 (5.4)
Delayed graft function, n (%) 15 (13.5)
Loss of graft function, n (%)
Acute rejection
Chronic rejection
Patient’s death

17 (15.3)
4
4
9

Malignancies after Tx, n (%) 7 (6.3)
Surgical site infections, n (%) 6 (5.4)
Lymphocele, n (%) 10 (9.0)
Complications of the Clavien-Dindo classification ≥ 3, 

n (%)
26 (23.4)

Table 3  Patient characteristics stratified by sarcopenia

Data are expressed as means ± standard deviations
BMI, body mass index; ET, Eurotransplant; HUAC , Hounsfield unit 
average calculation; n.s., not significant; SD, standard deviation; TPA, 
total psoas area

No sarcopenia
n = 75

Sarcopenia
n = 36

p

Sex, n (%) n.s
Male 49 (65.3) 24 (66.7)
Female 26 (34.7) 12 (33.3)
Age, years (SD) 49.8 (12.5) 59.6 (10.6)  < 0.001
BMI, kg/m2 (SD) 25.0 (3.8) 27.6 (4.7) 0.002
Dialysis, n 63 (84.0) 36 (100.0) 0.008
Duration dialysis, years 

(SD)
4.1 (4.0) 4.8 (3.3) n.s

Donor organ source, n 0.002
Deceased 31 (41.3) 26 (72.2)
Living 44 (58.7) 10 (27.8)
ET senior program, n 4 (5.3) 9 (25.0) 0.004
Length of hospital stay, 

days (SD)
21.8 (10.5) 22.7 (8.8) 0.017

TPA,  mm2/m2 (SD) 539.3 (153.6) 476.6 (186.6) n.s
HUAC, HU (SD) 19.8 (2.5) 13.0 (3.1)  < 0.001
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p < 0.001) with eGFR. Recipients’ age, Charlson’s comor-
bidity index, duration of dialysis, and cold ischemia time 
showed a significant but weak correlation with eGRF. Sig-
nificant parameters were included in the multiple linear 
regression analysis, which identified sarcopenia as an inde-
pendent variable associated with decreased eGFR at 3 years 
posttransplant. Deceased donor transplantation was also 
independently associated with decreased eGFR (p = 0.02) 

than with organs from living donors. Remarkably, sarco-
penic patients also had a 9.5 times higher risk (p = 0.019) of 
decreased eGFR than non-sarcopenic patients (Table 4). For 
each year of donor age, eGFR decreased by 0.63 (p < 0.001).

The association of sarcopenia with graft survival 
after the second year after KT was also seen in the 
Kaplan–Meier analysis for graft survival. From the second 
year after KT onwards, the curves diverge, showing that 
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Fig. 1  Long-term effects of sarcopenia on graft function. Kidney 
graft function was evaluated A using the serum creatinine levels and 
B on estimated glomerular filtration rates (eGFR) by the formula of 
the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) 

at indicated time points after kidney transplantation. Patients with 
graft failure were excluded from this analysis. Significant p values are 
shown

Table 4  Analysis of transplant 
and donor characteristics and 
their association with eGFR 
(CKD-EPI) at the 3 years 
posttransplant time point

BMI, body mass index; CIT, cold ischemia time; COPD, chronic obstructive pulmonary disease; DGF, 
delayed graft function; ET, Eurotransplant; HLA, human leucocyte antigen

Pearson’s correlation Multiple linear regression 
analysis

Correlation coef-
ficient r

p Regression coef-
ficient B

p

Age  − 0.263 0.009 0.033 n.s
Sex 0.035 n.s -
BMI  − 0.192 n.s -
Charlson’s comorbidity index ≥ 5  − 0.210 0.039 3.257 n.s
Dialysis  − 0.155 n.s -
Duration dialysis  − 0.216 0.034  − 0.183 n.s
Donor organ source 0.406  < 0.001 18.876 0.02
Donor age  − 0.447  < 0.001  − 0.630  < 0.001
Donor BMI kg/m2  − 0.184 n.s -
Donor sex  − 0.121 n.s -
Donor creatinine 0.051 n.s -
CIT  − 0.251 0.014 0.010 n.s
HLA  − 0.153 n.s -
ET senior program  − 0.311 0.002 2.657 n.s
Pre-transplant sarcopenia 0.328 0.001 9.478 0.019
Acute rejection 0.169 n.s -
DGF  − 0.099 n.s -
Complications  − 0.158 n.s -



 Langenbeck's Archives of Surgery (2023) 408:103

1 3

103 Page 6 of 10

sarcopenic patients had a significantly poorer graft sur-
vival than non-sarcopenic patients in long-term follow-up 
(p = 0.004, Fig. 2). Table 5 shows factors associated with 
patient and graft survival in univariate Cox’s regression 
analysis. For both outcome parameters, receipt of a kidney 
from a deceased donor, cold ischemia time, and delayed 
graft function are significant risk factors. Other significant 
factors for graft survival are also the occurrence of acute 
rejection with a hazard ratio of 2.6 (95% CI 1.36–4.8, p 
0.004), but also the Charlson comorbidity index > 5 with 

a hazard ratio of 1.9 (1.13–3.22, p = 0.015). While sarco-
penia is not significantly associated with patient survival, 
it is a risk factor for graft failure with a hazard ration of 
2.6 (95% CI 1.82–5.69, p = 0.017). Interestingly, age is not 
significant here.

Nine patients, who all received a deceased donor graft, 
died during the follow-up time (range 16–42 months after 
KT) with a functioning graft. Five patients were sarco-
penic before KT. Detailed patient characteristics are shown 
in Table 6.

Fig. 2  Graft survival after 
kidney transplantation stratified 
by sarcopenia. Graft survival 
is shown by the Kaplan–Meier 
analysis at indicated time points 
after kidney transplantation for 
sarcopenic and non-sarcopenic 
patients
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Table 5  Analysis of different 
transplant and donor 
characteristics and their 
association with patient and 
graft survival in the univariate 
Cox’s regression analysis

BMI, body mass index; CIT, cold ischemia time; DGF, delayed graft function; ET, Eurotransplant; n.s., not 
significant

Patient survival Graft survival

Hazard ratio
(95% CI)

p Hazard ratio
(95% CI)

p

Age, years 1.050 (0.999–1.104) n.s 1.044 (0.999–1.092) n.s
Male 1.165 (0.686–1.978) n.s 0.903 (0.536–1.521) n.s
BMI 1.011 (0.896–1.141) n.s 1.010 (0.902–1.131) n.s
Charlson’s comorbidity index ≥ 5 1.390 (0.821–2.367) n.s 1.912 (1.134–3.221) 0.015
Dialysis 4.900 (0.125–192.028) n.s 1.404 (0.511–3.855) n.s
Duration dialysis 1.049 (0.930–1.183) n.s 1.049 (0.930–1.183) n.s
Deceased donor graft 1.923 (1.015–3.641) 0.045 1.813 (1.035–3.176 0.037
Donor age 0.992 (0.950–1.036) n.s 1.020 (0.980–1.062) n.s
CIT 1.001 (1.000–1.003) 0.028 1.001 (1.000–1.002) 0.037
ET senior program 1.489 (0.786–2.820) n.s 1.266 (0.678–2.362) n.s
Pre-transplant sarcopenia 1.427 (0.844–2.411) n.s 2.594 (1.182–5.692) 0.017
Acute rejection 1.198 (0.433–3.318) n.s 2.556 (1.361–4.801) 0.004
DGF 1.933 (1.152–3.447) 0.014 1.773 (1.052–2.990) 0.032
Complications 1.084 (0.339–3.464) n.s 1.563 (0.964–2.534) n.s
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Discussion

The increasing number of patients with ESRD is challenging 
in transplant settings, especially as sarcopenia and frailty 
were found to be associated with a higher risk of surgical 
complications [14], higher mortality [15, 19], delayed graft 
function [5, 16], and shorter graft and patient survival [5, 
17]. In this study, we analyzed the impact of pre-transplant 
sarcopenia on graft function, postoperative complication 
rates, and survival. Firstly, the proportion of patients with 
sarcopenia in our study was high—32.4%. Previously, other 
studies have shown sarcopenia rates between 20 and 25% 
[26, 27]. However, these results were obtained in KT recipi-
ents who were on average over 10 years younger than our 
patients. In recipients of simultaneous liver-kidney trans-
plantation, rates as high as 72% have been reported [28].

Secondly, we confirmed that sarcopenia was associ-
ated with reduced graft function and graft survival from 
the third year after KT. Our work showed a strong associa-
tion of sarcopenia with serum creatinine levels, eGFR, and 
graft survival in long-term after KT. Streja et al. used low 
serum creatinine as a surrogate for low muscle mass in a 
large registry data analysis and concluded that low muscle 
mass tends to result in poorer graft survival [29]. Interest-
ingly, in a study of a patient collective that had received 
simultaneous pancreas-kidney transplantation, significantly 
lower pancreas survival, but not kidney survival, was seen 
in sarcopenic patients [30]. In our work, we showed that, in 
addition to sarcopenia, donor age and use of organs from 
deceased donors were associated with poorer transplant 
function in the long term. 

Thirdly, sarcopenic patients had a significantly longer 
hospital stay after KT. Our findings are supported by the 
work of Druckmann et al., who showed that pre-transplant 
sarcopenia is not only associated with increased postop-
erative morbidity but also with longer hospital stay [19]. 
In another recent study, a higher re-admission rate was 
observed in sarcopenic patients after a deceased organ 

transplant in the first 30 days after the KT [31]. The associa-
tion between sarcopenia and length of hospital stay has been 
also reported in patients who have received liver transplants 
[32, 33]. The long length of hospital stay in our cohort is 
explained by the high rate of ABO-incompatible transplants 
(36%) and the associated special treatment protocols. The 
number of ABO-incompatible transplant patients in our 
study did not differ significantly between the sarcopenic and 
non-sarcopenic cohorts, nor between KT recipients after liv-
ing donation or after deceased kidney donation.

However, the significance of the KT recipient’s sarcope-
nia before KT for the outcome after KT remains unclear, and 
the data are partly contradictory. A recently published retro-
spective, single-center study in 573 KT recipients (including 
simultaneous liver-kidney and pancreas-kidney transplants) 
found no significant impact of pre-transplant sarcopenia on 
eGFR, graft loss, posttransplant mortality, and hospitaliza-
tion rates [20].

In addition to age-related processes, sarcopenia in poten-
tial KT recipients is also worsened by various factors, 
including malnutrition, metabolic acidosis, accumulation 
of uremic toxins, and amino acid loss during dialysis, as 
well as typical low-threshold inflammation [34]. Malnutri-
tion is very common in patients requiring dialysis and leads 
to sarcopenia in these patients by reducing muscle mass and 
strength as well as physical performance [35]. Furthermore, 
dialysis patients have a lower physical activity compared 
to healthy people of the same age, which in turn increases 
muscle wasting [36]. Malnutrition and lack of physical activ-
ity can be important targets for the prevention of sarcopenia 
and its associated morbidity and mortality in patients with 
ESRD.

While there are only a few publications dealing with sar-
copenia as a predictor of kidney graft outcome [5, 16, 19, 
20, 30, 31], a large number of studies published in the last 
years show an increased postoperative morbidity and mortal-
ity after visceral surgery and in oncologic patients [37–43]. 
A meta-analysis explored independent risk factors for 

Table 6  Characteristics of 
deceased patients, n = 9

KT, kidney transplantation

ID Age at KT,
years

Sarcopenia Graft failure Survival 
(month)

Cause of death

17 47 No No 37 Cardiovascular diseases
22 59 No No 19 Cancer
26 67 Yes No 10 Infection/sepsis
28 70 Yes No 40 Infection/sepsis
35 68 No No 37 Cardiovascular diseases
36 69 Yes No 13 Infection/sepsis
55 62 Yes No 23 Cancer
72 66 Yes No 19 Infection/sepsis
103 62 No No 39 Cancer
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postoperative complications and patient’s death in patients 
with resected lung cancer [44]. A study by Ishida et al. 
observed a significantly worse response rate to neoadjuvant 
chemotherapy, higher rate of postoperative complications, 
and an unfavorable survival rate in sarcopenic patients with 
curative intended esophageal cancer [45]. Interestingly, low 
skeletal muscle areas combined with high visceral fat were 
associated with a worse outcome in colon cancer patients, 
together with an increased expression of proinflammatory 
and inhibition of anti-inflammatory cytokines [46]. 

However, despite the high number of publications show-
ing sarcopenia to be a predictive marker of outcome, the 
methods used to determine sarcopenia varied widely: 
questionnaire (SARC-F), hand grip strength, muscle mass 
measured using bioelectrical impedance, dual-energy X-ray 
absorptiometry, or CT or magnetic resonance imaging (MRI) 
[47, 48]. A preferred method when using CT or MRI scans is 
to estimate skeletal muscle mass and density [49]. The psoas 
muscle is very well suited to diagnosing sarcopenia, as it 
does not change in chronic illnesses but not in acute illnesses 
but in chronic ones [19, 49]. We showed that the assessment 
of sarcopenia with the measurement and calculation of TPA 
and HUAC of the psoas muscle was simple, fast, easy, and 
valid when performed by non-radiology employees. In par-
ticular, since most KT recipients receive a CT scan during 
their waiting time, for example to assess the vascular status 
in the pelvic area, these patients therefore do not require an 
additional CT examination to assess sarcopenia.

With this simple but effective method for the classifica-
tion of sarcopenic and non-sarcopenic patients, an optimized 
selection of recipients can be made, and the appropriate 
patient cohort for pre-habilitation can already be identified 
during the waiting period. Sarcopenia can be avoided or 
improved by exercise therapy and nutritional measures.

This study has limitations due to the retrospective nature 
of the data collection. Not all possible risk factors for kidney 
recipients were available, especially environmental, behav-
ioral, and psychological factors. Due to the low number of 
patients, multivariate analyses for risk factors for, e.g., graft 
failure and loss of graft function, were not possible. Never-
theless, we observed a distinct negative effect on graft func-
tion in the sarcopenic subgroup.

Conclusions

Sarcopenia in KT recipients was very common and was a 
negative predictor of long-term graft function and graft sur-
vival. Furthermore, sarcopenic patients have a significantly 
longer stay in hospital after transplantation. The method we 
have presented for assessing sarcopenia using CT scans is 
quick, easy, and suitable for non-radiology professionals.

Early identification of sarcopenic patients is important 
as it would allow pre-habilitation programs to be initiated 
while patients are on the waiting list for a donor organ. In 
addition to reducing sarcopenia, patients at risk of devel-
oping sarcopenia could also be identified and treated in an 
interdisciplinary manner, including nutritional and exercise 
therapy. Therapy or avoidance of sarcopenia could not only 
improve the outcome after KT, but also reduce the length of 
hospital stay. However, prospective randomized studies are 
required for this.

The authors declare that the results presented in this paper 
have not been published previously in whole or part, except 
in abstract format.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s00423- 023- 02836-1.

Author’s contributions Study concept and design: HK, RW, GAK, 
WP, and JL. Literature research and clinical advice: HK, NT, AB, AR, 
MR, AH, FB, IA, RW, GAK, WP, and JL. Acquisition, analysis, or 
interpretation of data: HK, NT, AB, AR, MR, AH, FB, IA, RW, GAK, 
WP, and JL. Drafting of the manuscript: HK and JL. Critical revision 
of the manuscript: HK, AR, MR, AH, FB, IA, RW, GAK, WP, and JL. 
Preparation of figures: JL and HK. Statistical analysis: JL, HK, and AR. 
Study supervision: JL and HK. The authors shared study design, data 
collection, data analyses, and data interpretation, as well as preparation, 
review, and approval of the manuscript.

Funding Open Access funding enabled and organized by Projekt 
DEAL.

Declarations 

Ethical approval Approval by the local ethics committee (Ethikkom-
mission des Fachbereich Medizin, Justus-Liebig-Universität Giessen) 
was granted before initiating enrolment (institutional review board no. 
AZ 123/18).

Competing interests The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Gentile S, Beauger D, Speyer E, Jouve E, Dussol B, Jacqueli-
net C et al (2013) Factors associated with health-related quality 
of life in renal transplant recipients: results of a national survey 

https://doi.org/10.1007/s00423-023-02836-1
http://creativecommons.org/licenses/by/4.0/


Langenbeck's Archives of Surgery (2023) 408:103 

1 3

Page 9 of 10 103

in France. Health Qual Life Outcomes 11:88. https:// doi. org/ 10. 
1186/ 1477- 7525- 11- 88

 2. Tonelli M, Wiebe N, Knoll G, Bello A, Browne S, Jadhav D 
et al (2011) Systematic review: kidney transplantation compared 
with dialysis in clinically relevant outcomes. Am J Transplant 
11(10):2093–2109. https:// doi. org/ 10. 1111/j. 1600- 6143. 2011. 
03686.x

 3. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE, Agodoa 
LY et al (1999) Comparison of mortality in all patients on dialy-
sis, patients on dialysis awaiting transplantation, and recipients 
of a first cadaveric transplant. N Engl J Med 341(23):1725–1730. 
https:// doi. org/ 10. 1056/ NEJM1 99912 02341 2303

 4. Port FK, Wolfe RA, Mauger EA, Berling DP, Jiang K (1993) 
Comparison of survival probabilities for dialysis patients vs 
cadaveric renal transplant recipients. JAMA 270(11):1339–1343

 5. Gandolfini I, Regolisti G, Bazzocchi A, Maggiore U, Palmisano 
A, Piotti G et al (2019) Frailty and sarcopenia in older patients 
receiving kidney transplantation. Front Nutr 6:169. https:// doi. org/ 
10. 3389/ fnut. 2019. 00169

 6. Saran R, Robinson B, Abbott KC, Agodoa LYC, Bragg-Gresham 
J, Balkrishnan R et al (2019) US renal data system 2018 annual 
data report: epidemiology of kidney disease in the United States. 
Am J Kidney Dis 73(3 Suppl 1):A7–A8. https:// doi. org/ 10. 1053/j. 
ajkd. 2019. 01. 001

 7. Ponticelli C, Podesta MA, Graziani G (2014) Renal transplanta-
tion in elderly patients How to select the candidates to the waiting 
list? Transplant Rev (Orlando) 28(4):188–92. https:// doi. org/ 10. 
1016/j. trre. 2014. 07. 001

 8. Hod T, Goldfarb-Rumyantzev AS (2015) Clinical issues in renal 
transplantation in the elderly. Clin Transplant 29(2):167–175. 
https:// doi. org/ 10. 1111/ ctr. 12481

 9. Wagner D, DeMarco MM, Amini N, Buttner S, Segev D, Gani F 
et al (2016) Role of frailty and sarcopenia in predicting outcomes 
among patients undergoing gastrointestinal surgery. World J Gas-
trointest Surg 8(1):27–40. https:// doi. org/ 10. 4240/ wjgs. v8. i1. 27

 10. Sabatino A, Regolisti G, Karupaiah T, Sahathevan S, Sadu Singh 
BK, Khor BH et al (2017) Protein-energy wasting and nutritional 
supplementation in patients with end-stage renal disease on hemo-
dialysis. Clin Nutr 36(3):663–671. https:// doi. org/ 10. 1016/j. clnu. 
2016. 06. 007

 11. Yip C, Goh V, Davies A, Gossage J, Mitchell-Hay R, Hynes O 
et al (2014) Assessment of sarcopenia and changes in body com-
position after neoadjuvant chemotherapy and associations with 
clinical outcomes in oesophageal cancer. Eur Radiol 24(5):998–
1005. https:// doi. org/ 10. 1007/ s00330- 014- 3110-4

 12. Huang DD, Wang SL, Zhuang CL, Zheng BS, Lu JX, Chen FF 
et al (2015) Sarcopenia, as defined by low muscle mass, strength 
and physical performance, predicts complications after surgery 
for colorectal cancer. Colorectal Dis 17(11):O256–O264. https:// 
doi. org/ 10. 1111/ codi. 13067

 13. Kaido T, Ogawa K, Fujimoto Y, Ogura Y, Hata K, Ito T et al 
(2013) Impact of sarcopenia on survival in patients undergoing 
living donor liver transplantation. Am J Transplant 13(6):1549–
1556. https:// doi. org/ 10. 1111/ ajt. 12221

 14. Pinar U, Rod X, Mageau A, Renard Y, Lebacle C, Barrou B et al 
(2021) Surgical complications risk in obese and overweight recipi-
ents for kidney transplantation: a predictive morphometric model 
based on sarcopenia and vessel-to-skin distance. World J Urol 
39(6):2223–2230. https:// doi. org/ 10. 1007/ s00345- 020- 03407-5

 15. Locke JE, Carr JJ, Nair S, Terry JG, Reed RD, Smith GD, et al. 
Abdominal lean muscle is associated with lower mortality among 
kidney waitlist candidates. Clinical transplantation. 2017;31(3). 
https:// doi. org/ 10. 1111/ ctr. 12911

 16. McAdams-DeMarco MA, Law A, Salter ML, Chow E, Grams M, 
Walston J et al (2013) Frailty and early hospital readmission after 

kidney transplantation. Am J Transplant 13(8):2091–2095. https:// 
doi. org/ 10. 1111/ ajt. 12300

 17. Oterdoom LH, van Ree RM, de Vries AP, Gansevoort RT, 
Schouten JP, van Son WJ et al (2008) Urinary creatinine excre-
tion reflecting muscle mass is a predictor of mortality and graft 
loss in renal transplant recipients. Transplantation 86(3):391–398. 
https:// doi. org/ 10. 1097/ TP. 0b013 e3181 788aea

 18. Fukuda Y, Asaoka T, Eguchi H, Sasaki K, Iwagami Y, Yamada D 
et al (2018) Clinical impact of preoperative sarcopenia on the post-
operative outcomes after pancreas transplantation. World J Surg 
42(10):3364–3371. https:// doi. org/ 10. 1007/ s00268- 018- 4639-1

 19. Druckmann I, Yashar H, Schwartz D, Schwartz IF, Goykhman Y, 
Kliuk Ben-Bassat O et al (2022) Presence of sarcopenia before 
kidney transplantation is associated with poor outcomes. Am J 
Nephrol 53(6):427–434. https:// doi. org/ 10. 1159/ 00052 4774

 20. Norris T, Montgomery R, Cibrik D, Reintjes M, Chakraborty 
S, Fishback S et al (2022) Pretransplant psoas muscle cross-
sectional area and postkidney transplant outcomes. Transplant 
Proc 54(7):1816–1821. https:// doi. org/ 10. 1016/j. trans proce ed. 
2022. 05. 035

 21. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new 
method of classifying prognostic comorbidity in longitudinal 
studies: development and validation. J Chronic Dis 40(5):373–
383. https:// doi. org/ 10. 1016/ 0021- 9681(87) 90171-8

 22. Yarlagadda SG, Coca SG, Garg AX, Doshi M, Poggio E, Marcus 
RJ et al (2008) Marked variation in the definition and diag-
nosis of delayed graft function: a systematic review. Nephrol 
Dial Transplant 23(9):2995–3003. https:// doi. org/ 10. 1093/ ndt/ 
gfn158

 23. Dindo D, Demartines N, Clavien PA (2004) Classification of sur-
gical complications: a new proposal with evaluation in a cohort of 
6336 patients and results of a survey. Ann Surg 240(2):205–213

 24. Amini N, Spolverato G, Gupta R, Margonis GA, Kim Y, Wagner 
D et al (2015) Impact total psoas volume on short- and long-
term outcomes in patients undergoing curative resection for 
pancreatic adenocarcinoma: a new tool to assess sarcopenia. J 
Gastrointest Surg 19(9):1593–1602. https:// doi. org/ 10. 1007/ 
s11605- 015- 2835-y

 25. Wagner D, Marsoner K, Tomberger A, Haybaeck J, Haas J, Werk-
gartner G et al (2018) Low skeletal muscle mass outperforms the 
Charlson Comorbidity Index in risk prediction in patients under-
going pancreatic resections. Eur J Surg Oncol 44(5):658–663. 
https:// doi. org/ 10. 1016/j. ejso. 2018. 01. 095

 26. Ozkayar N, Altun B, Halil M, Kuyumcu ME, Arik G, Yesil Y 
et al (2014) Evaluation of sarcopenia in renal transplant recipients. 
Nephrourol Mon 6(4):20055. https:// doi. org/ 10. 5812/ numon thly. 
20055

 27. Nanmoku K, Kawabata N, Kinoshita Y, Shinzato T, Kubo T, 
Shimizu T et al (2020) Deterioration of presarcopenia and its 
risk factors following kidney transplantation. Clin Exp Nephrol 
24(4):379–383. https:// doi. org/ 10. 1007/ s10157- 019- 01835-1

 28. Mazzola A, Brustia R, Magro B, Atif M, Ouali N, Tourret J et al 
(2021) Impact of sarcopenia on clinical outcomes of patients 
undergoing simultaneous liver and kidney transplantation: a 
cohort study. Clin Res Hepatol Gastroenterol 45(4):101692. 
https:// doi. org/ 10. 1016/j. clinre. 2021. 101692

 29. Streja E, Molnar MZ, Kovesdy CP, Bunnapradist S, Jing J, Nis-
senson AR et al (2011) Associations of pretransplant weight and 
muscle mass with mortality in renal transplant recipients. Clin J 
Am Soc Nephrol 6(6):1463–1473. https:// doi. org/ 10. 2215/ CJN. 
09131 010

 30. Meier RPH, Noguchi H, Kelly YM, Sarwal M, Conti G, Ward C 
et al (2020) Impact of sarcopenia on simultaneous pancreas and 
kidney transplantation outcomes: a retrospective observational 
cohort study. Transplant Direct 6(10):610. https:// doi. org/ 10. 1097/ 
TXD. 00000 00000 001053

https://doi.org/10.1186/1477-7525-11-88
https://doi.org/10.1186/1477-7525-11-88
https://doi.org/10.1111/j.1600-6143.2011.03686.x
https://doi.org/10.1111/j.1600-6143.2011.03686.x
https://doi.org/10.1056/NEJM199912023412303
https://doi.org/10.3389/fnut.2019.00169
https://doi.org/10.3389/fnut.2019.00169
https://doi.org/10.1053/j.ajkd.2019.01.001
https://doi.org/10.1053/j.ajkd.2019.01.001
https://doi.org/10.1016/j.trre.2014.07.001
https://doi.org/10.1016/j.trre.2014.07.001
https://doi.org/10.1111/ctr.12481
https://doi.org/10.4240/wjgs.v8.i1.27
https://doi.org/10.1016/j.clnu.2016.06.007
https://doi.org/10.1016/j.clnu.2016.06.007
https://doi.org/10.1007/s00330-014-3110-4
https://doi.org/10.1111/codi.13067
https://doi.org/10.1111/codi.13067
https://doi.org/10.1111/ajt.12221
https://doi.org/10.1007/s00345-020-03407-5
https://doi.org/10.1111/ctr.12911
https://doi.org/10.1111/ajt.12300
https://doi.org/10.1111/ajt.12300
https://doi.org/10.1097/TP.0b013e3181788aea
https://doi.org/10.1007/s00268-018-4639-1
https://doi.org/10.1159/000524774
https://doi.org/10.1016/j.transproceed.2022.05.035
https://doi.org/10.1016/j.transproceed.2022.05.035
https://doi.org/10.1016/0021-9681(87)90171-8
https://doi.org/10.1093/ndt/gfn158
https://doi.org/10.1093/ndt/gfn158
https://doi.org/10.1007/s11605-015-2835-y
https://doi.org/10.1007/s11605-015-2835-y
https://doi.org/10.1016/j.ejso.2018.01.095
https://doi.org/10.5812/numonthly.20055
https://doi.org/10.5812/numonthly.20055
https://doi.org/10.1007/s10157-019-01835-1
https://doi.org/10.1016/j.clinre.2021.101692
https://doi.org/10.2215/CJN.09131010
https://doi.org/10.2215/CJN.09131010
https://doi.org/10.1097/TXD.0000000000001053
https://doi.org/10.1097/TXD.0000000000001053


 Langenbeck's Archives of Surgery (2023) 408:103

1 3

103 Page 10 of 10

 31. Wong L, Kent AB, Lee D, Roberts MA, McMahon LP (2022) 
Low muscle mass and early hospital readmission post-kidney 
transplantation. Int Urol Nephrol 54(8):1977–1986. https:// doi. 
org/ 10. 1007/ s11255- 021- 03085-1

 32. Meeks AC, Madill J (2017) Sarcopenia in liver transplantation: 
a review. Clin Nutr ESPEN 22:76–80. https:// doi. org/ 10. 1016/j. 
clnesp. 2017. 08. 005

 33. DiMartini A, Cruz RJ Jr, Dew MA, Myaskovsky L, Goodpaster 
B, Fox K et al (2013) Muscle mass predicts outcomes following 
liver transplantation. Liver Transpl 19(11):1172–1180. https:// doi. 
org/ 10. 1002/ lt. 23724

 34. Sanchez-Tocino ML, Miranda-Serrano B, Lopez-Gonzalez A, 
Villoria-Gonzalez S, Pereira-Garcia M, Gracia-Iguacel C et al 
(2022) Sarcopenia and mortality in older hemodialysis patients. 
Nutrients 14(11). https:// doi. org/ 10. 3390/ nu141 12354.

 35. Kurajoh M, Mori K, Miyabe M, Matsufuji S, Ichii M, Morioka 
T et al (2022) Nutritional status association with sarcopenia in 
patients undergoing maintenance hemodialysis assessed by nutri-
tional risk index. Front Nutr 9:896427. https:// doi. org/ 10. 3389/ 
fnut. 2022. 896427

 36. Eldehni MT (2022) Frailty, multimorbidity and sarcopaenia in 
haemodialysis patients. Curr Opin Nephrol Hypertens 31(6):560–
565. https:// doi. org/ 10. 1097/ MNH. 00000 00000 000834

 37. Kuwada K, Kuroda S, Kikuchi S, Yoshida R, Nishizaki M, 
Kagawa S et al (2018) Sarcopenia and comorbidity in gastric can-
cer surgery as a useful combined factor to predict eventual death 
from other causes. Ann Surg Oncol 25(5):1160–1166. https:// doi. 
org/ 10. 1245/ s10434- 018- 6354-4

 38. Simonsen C, Kristensen TS, Sundberg A, Wielsoe S, Christensen 
J, Hansen CP et al (2021) Assessment of sarcopenia in patients 
with upper gastrointestinal tumors: prevalence and agreement 
between computed tomography and dual-energy x-ray absorp-
tiometry. Clin Nutr 40(5):2809–2816. https:// doi. org/ 10. 1016/j. 
clnu. 2021. 03. 022

 39. Dolan DR, Knight KA, Maguire S, Moug SJ (2019) The relation-
ship between sarcopenia and survival at 1 year in patients having 
elective colorectal cancer surgery. Tech Coloproctol 23(9):877–
885. https:// doi. org/ 10. 1007/ s10151- 019- 02072-0

 40. Wang J, Xu L, Huang S, Hui Q, Shi X, Zhang Q (2021) Low 
muscle mass and Charlson comorbidity index are risk factors for 
short-term postoperative prognosis of elderly patients with gastro-
intestinal tumor: a cross-sectional study. BMC Geriatr 21(1):730. 
https:// doi. org/ 10. 1186/ s12877- 021- 02683-z

 41. Runkel M, Diallo TD, Lang SA, Bamberg F, Benndorf M, 
Fichtner-Feigl S (2021) The role of visceral obesity, sarcopenia 
and sarcopenic obesity on surgical outcomes after liver resections 
for colorectal metastases. World J Surg 45(7):2218–2226. https:// 
doi. org/ 10. 1007/ s00268- 021- 06073-9

 42. Rom H, Tamir S, Van Vugt JLA, Berger Y, Perl G, Morgenstern S 
et al (2022) Sarcopenia as a predictor of survival in patients with 
pancreatic adenocarcinoma after pancreatectomy. Ann Surg Oncol 
29(3):1553–1563. https:// doi. org/ 10. 1245/ s10434- 021- 10995-y

 43. Martin D, Maeder Y, Kobayashi K, Schneider M, Koerfer J, Mel-
loul E et al (2022) Association between CT-based preoperative 
sarcopenia and outcomes in patients that underwent liver resec-
tions. Cancers (Basel) 14(1). https:// doi. org/ 10. 3390/ cance rs140 
10261

 44. Kawaguchi Y, Hanaoka J, Ohshio Y, Okamoto K, Kaku R, Hayashi 
K et al (2021) Does sarcopenia affect postoperative short- and 
long-term outcomes in patients with lung cancer?-a systematic 
review and meta-analysis. J Thorac Dis 13(3):1358–69. https:// 
doi. org/ 10. 21037/ jtd- 20- 3072

 45. Ishida T, Makino T, Yamasaki M, Yamashita K, Tanaka K, Saito 
T et al (2021) Quantity and quality of skeletal muscle as an impor-
tant predictor of clinical outcomes in patients with esophageal 
cancer undergoing esophagectomy after neoadjuvant chemother-
apy. Ann Surg Oncol 28(12):7185–7195. https:// doi. org/ 10. 1245/ 
s10434- 021- 10025-x

 46. Fleming CA, O’Connell EP, Kavanagh RG, O’Leary DP, Twomey 
M, Corrigan MA et al (2021) Body composition, inflamma-
tion, and 5-year outcomes in colon cancer. JAMA Netw Open 
4(8):2115274. https:// doi. org/ 10. 1001/ jaman etwor kopen. 2021. 
15274

 47. Petermann-Rocha F, Balntzi V, Gray SR, Lara J, Ho FK, Pell JP 
et al (2022) Global prevalence of sarcopenia and severe sarcope-
nia: a systematic review and meta-analysis. J Cachexia Sarcopenia 
Muscle 13(1):86–99. https:// doi. org/ 10. 1002/ jcsm. 12783

 48. Cho MR, Lee S, Song SK (2022) A review of sarcopenia patho-
physiology, diagnosis, treatment and future direction. J Korean 
Med Sci. 37(18):146. https:// doi. org/ 10. 3346/ jkms. 2022. 37. e146

 49. Pahor M, Manini T, Cesari M (2009) Sarcopenia: clinical evalua-
tion, biological markers and other evaluation tools. J Nutr Health 
Aging 13(8):724–728. https:// doi. org/ 10. 1007/ s12603- 009- 0204-9

Publisher's note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1007/s11255-021-03085-1
https://doi.org/10.1007/s11255-021-03085-1
https://doi.org/10.1016/j.clnesp.2017.08.005
https://doi.org/10.1016/j.clnesp.2017.08.005
https://doi.org/10.1002/lt.23724
https://doi.org/10.1002/lt.23724
https://doi.org/10.3390/nu14112354
https://doi.org/10.3389/fnut.2022.896427
https://doi.org/10.3389/fnut.2022.896427
https://doi.org/10.1097/MNH.0000000000000834
https://doi.org/10.1245/s10434-018-6354-4
https://doi.org/10.1245/s10434-018-6354-4
https://doi.org/10.1016/j.clnu.2021.03.022
https://doi.org/10.1016/j.clnu.2021.03.022
https://doi.org/10.1007/s10151-019-02072-0
https://doi.org/10.1186/s12877-021-02683-z
https://doi.org/10.1007/s00268-021-06073-9
https://doi.org/10.1007/s00268-021-06073-9
https://doi.org/10.1245/s10434-021-10995-y
https://doi.org/10.3390/cancers14010261
https://doi.org/10.3390/cancers14010261
https://doi.org/10.21037/jtd-20-3072
https://doi.org/10.21037/jtd-20-3072
https://doi.org/10.1245/s10434-021-10025-x
https://doi.org/10.1245/s10434-021-10025-x
https://doi.org/10.1001/jamanetworkopen.2021.15274
https://doi.org/10.1001/jamanetworkopen.2021.15274
https://doi.org/10.1002/jcsm.12783
https://doi.org/10.3346/jkms.2022.37.e146
https://doi.org/10.1007/s12603-009-0204-9

	Sarcopenia of kidney transplant recipients as a predictive marker for reduced graft function and graft survival after kidney transplantation
	Abstract
	Purpose 
	Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Sarcopenia
	Statistical analysis

	Results
	Sarcopenia assessment
	Impact of comorbidities and sarcopenia on graft function and outcome after kidney transplantation

	Discussion
	Conclusions
	Anchor 16
	References


