
Abstract 
 
Objectives: Sarcopenia is common in chronic kidney 
disease and associated with increased mortality. We 
investigated the prevalence of sarcopenia, defined as 
low muscle mass by the psoas muscle index, in end-
stage renal disease patients on waiting lists for kidney 
transplant and determined its association with 
prognostic nutritional index, C-reactive protein-to-
albumin ratio, cardiovascular events, and mortality. 
Materials and Methods: Our study included 162 
patients with end-stage renal disease and 87 age-
matched healthy controls. We calculated nutritional 
status as follows: prognostic nutritional index = (10 × 
albumin [g/dL]) + (0.005 × total lymphocyte count 
(×103/μL]) and C-reactive protein-to-albumin ratio. We 
gathered demographic and laboratory data from 
medical records. 
Results: Patients with end-stage renal disease had a 
mean age of 44.7 ± 14.2 years; follow-up time was 3.37 
years (range, 0.35-9.60 y). Although patients with end-
stage renal disease versus controls had higher 
prevalence of sarcopenia (16.7% vs 3.4%; P = .002) and 
C-reactive protein-to-albumin ratio (1.47 [range,  
0.12-37.10] vs 0.74 [range, 0.21-10.20]; P < .001), 
prognostic nutritional index was lower (40 [range, 
20.4-52.2] vs 44 [range, 36.1-53.0]; P < .001). In patients 
with end-stage renal disease with and without 
sarcopenia, prognostic nutritional index (P = .005)  
was lower and C-reactive protein-to-albumin ratio  
(P = .041) was higher in those with versus those 
without sarcopenia. Among 67 patients on waiting 
lists who received kidney transplants, those without 
sarcopenia had better 5-year patient survival 

posttransplant than those with sarcopenia (P = .001). 
Multivariate regression analysis showed sarcopenia 
and low prognostic nutritional index were inde-
pendent risk factors for mortality among patients with 
end-stage renal disease. 
Conclusions: Sarcopenia was ~5 times more frequent 
in patients with end-stage renal disease than in 
healthy controls and was positively correlated with the 
prognostic nutritional index. Sarcopenia was an 
independent risk factor for mortality in patients on 
transplant waiting lists. 
 
Key words: C-reactive protein-to-albumin ratio, Prognostic 
nutritional index, Psoas muscle index, Renal transplantation 
 
Introduction 
 
Sarcopenia was first defined in the literature by 
Rosenberg and associates in 1989 as an age-related 
decrease in muscle mass.1 Apart from aging, it can 
also occur during the course of chronic diseases, such 
as cancer, cardiovascular diseases, malnutrition, 
physical inactivity, chronic liver disease, and chronic 
kidney disease (CKD).2 About 10% of the CKD 
patients have sarcopenia; this rate increases to 33.7% 
in patients on hemodialysis.3,4 

Sarcopenia has been defined as a combination of 
low muscle mass, low muscle strength, and low 
physical activity according to a recent consensus.5 
Nevertheless, the presence of low muscle mass is also 
generally referred to as sarcopenia.6 Measurement of 
midarm circumference, bioimpedance analysis (BIA), 
or muscle mass with dual energy X-ray absor-
ptiometry (DEXA) are commonly used methods for 
determining muscle mass. Recently, skeletal muscle 
mass measured by abdominal computed tomography 
(CT) was used for diagnosis of sarcopenia. Psoas 
muscle index (PMI), a total area of the bilateral psoas 
muscle area at the level of L3 vertebrae adjusted by 
patient’s height, is a method for muscle mass 
quantification by CT and is well correlated to whole 
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body skeletal muscle mass.7 Although studies in 
patients with cancer, liver transplant recipients, and 
patients on hemodialysis have been previously 
published, data on the use of PMI to determine 
sarcopenia in end-stage renal disease (ESRD) patients 
on transplant waiting lists, who differ from the 
general hemodialysis population, are scarce. 

Poor nutritional status and inflammation are the 
major determinants of sarcopenia.8 Studies suggest 
that increased inflammatory status inhibits appetite, 
causes increased protein catabolism, and negatively 
affects the nutritional status, physical inactivity, and 
metabolic acidosis, resulting in sarcopenia in ESRD 
patients.9 C-reactive protein (CRP) is an acute-phase 
reactant, which is produced in response to cytokines 
induced by the dialysis procedure itself, comor-
bidities, ischemia, genetic factors, and diet. Studies 
have shown that the CRP-to-albumin ratio (CAR), 
which is the combination of systemic inflammation 
and nutritional status markers, is an independent 
prognostic marker in intensive care and peritoneal 
dialysis patients.10,11 Another inflammation and 
nutritional status marker is the prognostic nutritional 
index (PNI). Relationships between PNI and patient 
survival in patients with malignancy and in liver 
transplant recipients have been previously 
investigated.12,13 A study conducted at our center 
found a significant association between PNI and 
mortality in elderly patients with stage 3/4 CKD.14 
However, limited data are available on the use of 
these indices in ESRD and renal transplant 
candidates and their relationship with sarcopenia. 

Sarcopenia is common in CKD and is associated 
with increased mortality. The use of special 
rehabilitation programs, nutritional support, and 
exercise interventions to improve sarcopenia may 
lead to an increase in survival among patients with 
ESRD. 

In the present study, we aimed to investigate the 
frequency of CT-assessed sarcopenia and its rela-
tionship with PNI and CAR in ESRD patients on 
waiting lists for transplant. Associations between  
CT-assessed sarcopenia, major cardiovascular events 
(CVEs), and mortality were also evaluated. 
 
Materials and Methods 
 
Design and study participants 
In this single-center, retrospective study, we included 
162 patients registered on the National Organ 

Transplant Waiting List between January 2012 and 
November 2020. All patients had abdominal CT 
taken 3 months before or 1 month after the date of 
registration. As a healthy control group, we included 
87 kidney donor candidates who had abdominal CT 
before nephrectomy. The ESRD group (n = 162) was 
also divided into 2 groups according to whether they 
had kidney transplant (from first-degree to fourth-
degree living relative or spouse donors) or not 
during follow-up. We obtained demographic data of 
patients, etiology of CKD, type and duration of  
renal replacement therapy, previous CVE history, 
development of major CVE, and survival data from 
medical records. We also obtained complete blood 
count, blood urea nitrogen, creatinine, albumin,  
C-reactive protein, fasting blood glucose, hemoglobin 
A1c, total cholesterol, parathyroid hormone, and 
vitamin D levels at the time of registration from 
patient files and the hospital electronic data recording 
system. 

We used 2 indices for the evaluation of inflam-
mation and nutritional status: PNI and CAR. 
Prognostic nutritional index was calculated as 
follows: 10× albumin (g/dL) + (0.005 × total lymp-
hocyte count [×103/μL]). The PNI value of controls 
at the fifth percentile according to sex was accepted 
as the limit value for ESRD patients (41.31 for men 
and 38.81 for women). 

We also recorded number of deaths and CVEs 
(myocardial infarction, coronary revascularization, 
heart failure, and cerebrovascular events) that 
occurred during follow-up. 

All procedures performed in studies involving 
human participants were in accordance with the 
ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki 
Declaration and its later amendments or comparable 
ethical standards. Our study was approved by the 
local ethics committee (protocol number 09.2021.462). 
Informed consent was obtained from all individual 
participants included in the study. 
 
radiological analysis 
Abdominal CT examinations of patients and healthy 
controls were evaluated through digital archiving 
system (INFINITT PACS System, INFINITT 
Healthcare) by 2 experienced radiologists (MT  
and CC); both were blinded to clinical data and 
outcomes. Sarcopenia on CT images was assessed by 
measuring the right and left psoas muscle areas in 
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the abdominal sections passing through the L3 
vertebra transverse process level (Figure 1). 
Measurements were made by manually plotting the 
region of interest. Images for muscle area measu-
rements were limited to values between -29 and +150 
Hounsfield units (HU) (“thresholding”). After 
measurements, the area and mean HU values for 
each of the muscle tissues were recorded. The PMI 
(in cm2/m2) was calculated by dividing the muscle 
area values by the square of the patients’ heights: 
PMI = total psoas muscle cross-sectional area at the 
third lumbar vertebral level (cm2)/patient height 
squared (m2). The PMI value of controls at the fifth 
percentile according to sex was accepted as the limit 
value for defining sarcopenia (4.74 cm2/m2 for men 
and 3.02 cm2/m2 for women).15 
 

Statistical analyses 
We used the Statistical Package for the Social Science 
for Windows software (version 25; SPSS Inc) for 
statistical analysis. Continuous variables are expressed 
as mean ± SD or as median (with distribution range). 
Categorical variables are expressed as number and 
percentage. For comparison of clinical variables, we 
used the t-test for normally distributed data, the  
chi-square test or the Fisher exact test for categorical 
data, and the Mann-Whitney U test for nonnormally 
distributed data. To determine the conformity of 
continuous variables to normal distribution, we used 
the Kolmogorov-Smirnov and Shapiro-Wilks tests. 
Survival curves were constructed using the Kaplan-
Meier method and compared with the log-rank test. 
We performed univariate and multivariate analyses 
using Cox regression analysis. P < .05 was considered 
significant. 

Results 
 
comparison of study patients and healthy controls 
The clinical and demographic characteristics of study 
patients and healthy controls are shown in Table 1. 
The mean age of patients was 44.7 ± 14.2 years, and 
55.6% of patients were male. Median follow-up time 
was 3.37 years (range, 0.35-9.6 y) in study patients 
and 5.52 years (range, 1.01-9.6 y) in healthy controls 
(P = .001). Sarcopenia (assessed by CT) was more 
frequent (16.7% vs 3.4%; P = .002), CAR was higher 
(1.47 [range, 0.12-37.1] vs 0.74 [range, 0.21-10.2];  
P < .001), and the PNI value was lower (40 [range, 
20.4-52.2] vs 44 [range, 36.1-53]; P < .001) in study 
patients compared with healthy controls. 
 

Analysis of baseline characteristics according to 

transplant and sarcopenia status 
The ESRD group (n = 162) was divided into 2 groups 
according to whether they had kidney transplant or 
not during follow-up, with 67 patients who received 
kidney transplant during follow-up. The initial data 
and analysis of patients according to transplant 
status are summarized in Table 2. Transplant patients 
were younger versus those who did not have 
transplant (39.4 ± 13.4 vs 48.3 ± 13.6 y; P < .001). 
Median follow-up time was 4.5 years (range,  
0.5-9.6 y) in transplant patients and 3.1 years  
(range, 0.35-9.3 y) in patients without transplant  
(P = .020). Median follow-up time after transplant 
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Figure 1. Measurement of Psoas Muscle Area on Computed Tomography

Representative computed tomography image showing the measurement of 
bilateral psoas muscle area at the lower body of the L3 vertebra. 

P < .05 was considered significant. 

table 1. Clinical and Laboratory Data of Patients and Healthy Controls
All Patients Healthy Controls P 

(n = 162) (n = 87) 

Age, y 44.7 ± 14.2 45.36 ± 11 .665 
Male, No. (%) 90 (55.6%) 32 (36.8%) .005 
Female, No. (%) 72 (44.4%) 55 (63.2%) .005 
Smoking, No. (%) 63 (38.9%) 35 (40.2%) .836 
Body mass index, kg/m2 25.4 ± 4.7 28.2 ± 4.5 <.001 
Psoas muscle  
   index, cm2/m2 5.24 ± 1.71 5.48 ± 1.87 .302 
Sarcopenia status, No. (%) 27 (16.7%) 3 (3.4%) .002 
Albumin, g/dL 4 (2.04-5.22) 4.41 (3.61-5.3) <.001 
Hemoglobin, g/dL 11.2 ± 1.6 13.8 ± 1.6 <.001 
Neutrophil count, 103/μL 4.3 (0.7-13.9) 3.7 (1.5-6.1) .001 
Lymphocyte count, 103/μL 1.6 (0.3-4) 2 (0.9-4.2) <.001 
Thrombocyte count, 103/μL 212 (63-646) 228 (140-380) .093 
C-reactive protein, mg/L 5.84 (0.5-115) 3.16 (1-46.1) <.001 
C-reactive protein-to- 
   albumin ratio 1.47 (0.12-37.1) 0.74 (0.21-10.2) <.001 
Prognostic nutritional 
    index 40 (20.4-52.2) 44 (36.1-53) <.001 
Total cholesterol, mg/dL 197.4 ± 54.8 202.9 ± 47.9 .434 
Vitamin D, μg/L 11.95 (1.13-49) 12.98 (4-62.61) .278 
Hemoglobin A1c, % 5.2 (3-9.6) 5.4 (4.5-6.4) .069 
Total follow-up, y 3.37 (0.35-9.6) 5.52 (1.01-9.6) .001



was 4.5 years (range, 0.5-9.5 y) Although the 
difference did not reach statistical significance, 
sarcopenia seemed to be less frequent among 
transplant recipients (10.4% vs 21.1%; P = .074). 
Furthermore, in ESRD patients with transplant 
recipients versus ESRD patients without transplant, 
the CAR value was lower (1 [range, 0.2-6.4] vs 3.98 
[range, 0.12-37.1]; P = .003) and the PNI value was 
higher (43 [range, 26-52.2] vs 39.31 [range, 20.4-50]; 
P = .001). 

When the ESRD group was divided into 2 groups 
according to initial sarcopenia status, PNI was lower 
(39 [range, 20.4-51] vs 41 [range, 23-52.2]; P = .005) 
and CAR was higher (2.03 [range, 0.28-34.65] vs  
1.28 [range, 0.12-37.1]; P = .041) in the sarcopenic 
group (n = 27) compared with patients without 
sarcopenia (n = 135). Data of patients according to 
sarcopenia status are summarized in Table 3. 

Comparisons of clinical and laboratory data of the 
patients according to sarcopenia and transplant 
status are shown in Table 4. Total follow-up time was 
2.09 years (range, 1-7.93 y) in the sarcopenic 
transplant group, 2.47 years (range, 0.35-7.7 y) in the 
sarcopenic nontransplant group, 4.62 years (range, 
0.5-9.6 y) in the nonsarcopenic transplant group, and 
3.12 years (range, 0.61-9.29 y) in the nonsarcopenic 
nontransplant group (P = .029). 

correlation between psoas muscle index, 

prognostic nutritional index, and c-reactive 

protein-to-albumin ratio 
In the correlation analysis, we determined a positive 
correlation between PMI and PNI (r = 0.246,  
P = .002) and a negative correlation between PNI and 
CAR (r = -0.356, P < .001) (Figure 2 and Figure 3). We 
found no significant correlation between PMI and 
CAR (r = -0.061, P = .445). 
 

relationship between sarcopenia and mortality 
Patients were divided into 4 groups according to 
their transplant and sarcopenia status as follows: 
nonsarcopenic transplant group (n = 60), sarcopenic 

217Harun Coban et al/Experimental and Clinical Transplantation (2024) 3: 214-222

table 2. Clinical and Laboratory Data of Patients According to Transplant 
Status

Transplant Nontransplanted P 
Patients Patients 
(n = 67) (n = 95) 

Age, y 39.4 ± 13.4 48.3 ± 13.6 <.001 
Male, No. (%) 37 (55.2%) 53 (55.8%) .943 
Female, No. (%) 30 (44.8%) 42 (44.2%) .943 
Duration of RRT, mo 8 (0-284) 6 (0-242) .477 
Smoking, No. (%) 22 (32.8%) 41 (43.2%) .184 
Body mass index, kg/m2 24.8 ± 4.5 25.8 ± 4.9 .176 
Psoas muscle index, cm2/m2 5.42 ± 1.65 5.10 ± 1.75 .247 
Sarcopenia status, No. (%) 7 (10.4%) 20 (21.1%) .074 
Albumin, g/dL 4.3 (2.6-5.22) 3.93 (2.04-5) <.001 
Hemoglobin, g/dL 11.4 ± 1.5 11 ± 1.7 .144 
Lymphocyte, 103/μL 1.6 (0.3-3.5) 1.6 (0.4-4) .794 
CRP, mg/L 3.85 (0.9-27.6) 8.12 (0.5-115) .021 
CAR 1 (0.2-6.4) 3.98 (0.12-37.1) .003 
Prognostic nutritional  
   index 43 (26-52.2) 39.31 (20.4-50) <.001 
Total cholesterol, mg/dL 195.6 ± 53.2 198.7 ± 56.3 .662 
Parathyroid hormone,  
   pg/mL 278.4 (4.4-2119) 254.4 (11.1-1001.1) .248 
Hemoglobin A1c, % 5.1 (4-8.6) 5.3 (3-9.6) .044 
Follow-up, y 4.5 (0.5-9.6) 3.1 (0.35-9.3) .020 
CVE, No. (%) 5/65 (7.7%) 11/79 (13.9%) .236 
Mortality, No. (%) 3 (4.5%) 18 (19%) .003 

Abbreviations: CAR, C-reactive protein-to-albumin ratio; CRP, C-reactive 
protein; CVE, cardiovascular events; RRT, renal replacement therapy 
P < .05 was considered significant.  

Abbreviations: CAR, C-reactive protein-to-albumin ratio; CRP, C-reactive 
protein; CVE, cardiovascular event; RRT, renal replacement therapy 
P < .05 was considered significant. 

table 3. Clinical and Laboratory Data of Patients According to Sarcopenia 
Status

Patients With Patients P 
Sarcopenia Without 

(n = 27) Sarcopenia 
(n = 135)  

Age, y 48.1 ± 14.8 44 ± 14 .166 
Male, No. (%) 15 (55.6%) 75 (55.6%) 1.000 
Female, No. (%) 12 (44.4%) 60 (44.4%) 1.000 
Duration of RRT, mo 8 (0-168) 6 (0-284) .258 
Smoking, No. (%) 11 (40.7%) 52 (38.5%) .829 
Body mass index, kg/m2 24.3 ± 4.4 25.6 ± 4.8 .223 
Psoas muscle index, cm2/m2 3.45 ± 0.9 5.59 ± 1.6 <.001 
Albumin, g/dL 3.9 (2.04-5.1) 4.1 (2.3-5.22) .005 
Hemoglobin, g/dL 11.3 ± 1.6 11.1 ± 1.6 .554 
Lymphocyte, 103/μL 1.6 (0.3-3.1) 1.6 (0.4-4) .771 
CRP, mg/L 7.92 (1.1-78.3) 5.15 (0.5-115) .133 
CAR 2.03 (0.28-34.65) 1.28 (0.12-37.1) .041 
Prognostic nutritional  
   index 39 (20.4-51) 41 (23-52.2) .005 
Total cholesterol, mg/dL 194.5 ± 42.7 198 ± 57 .727 
Parathyroid hormone,  
   pg/mL 349.3 (72.8-1640) 262 (4.4-2119) .081 
Hemoglobin A1c, % 5 (3-8.7) 5.2 (4-9.6) .097 
Total follow-up, y 2.25 (0.35-7.93) 4.1 (0.5-9.6) .031 
Transplant, No. (%) 7 (25.9%) 60 (44.4%) .089 
CVE, No. (%) 5/20 (25%) 11/124 (8.9%) .049 
Mortality, No. (%) 13 (48.1%) 8 (5.9%) <.001 

Figure 2. Correlation Analysis Between Psoas Muscle Index and Prognostic 
Nutritional Index

r2 linear = 0.059 

r = 0.246 

p = 0.002
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transplant group (n = 7), nonsarcopenic nontrans-
plant group (n = 75), and sarcopenic nontransplant 
group (n = 20). There were 5 deaths in the transplant 
groups, with 2 who had sarcopenia. There were 19 
deaths in the nontransplant groups, with 11 who had 
sarcopenia. The highest mortality rate was 55% and 
was observed in the sarcopenic nontransplant  
group. 

In the 5-year Kaplan-Meier patient survival 
analysis, the nonsarcopenic transplant group had 
better survival outcomes than the nonsarcopenic 
nontransplant group (P = .005), the sarcopenic 
transplant group (P = .001), and the sarcopenic 
nontransplanted group (P < .001). The nonsarcopenic 
nontransplant group had a significantly better 

survival outcome than the sarcopenic nontransplant 
group (P = .006) (Figure 4). Survival was similar 
between the sarcopenic transplant group and the 
nonsarcopenic nontransplant group (P = .499). 

In multivariate analysis, sarcopenia (hazard ratio 
[HR] = 10.277; 95% CI, 3.912-27.000; P < .001), not 
having a transplant (HR = 3.949; 95% CI, 1.301-11.993; 
P = .015), low PNI (HR = 3.532; 95% CI, 1.303-9.574; 
P = .013), and duration of renal replacement therapy 
(HR = 1.009; 95% CI, 1.002-1.015; P = .008) were 
significantly associated with mortality (Table 5). 
 
relationship between sarcopenia and cardiovascular 

events 
The CVE rate in our ESRD patients was 11.1%, and 
the CVE prevalence in sarcopenic patients was 
higher than in nonsarcopenic patients in follow-up 

table 4. Comparison of Clinical and Laboratory Data of Patients According to Sarcopenia and Transplant Status
Sarcopenia + Sarcopenia + No No Sarcopenia + No Sarcopenia + P 

 Transplant Transplant Transplant No Transplant  
(n = 7) (n = 20) (n = 60) (n = 75) 

Age, y 37 (23-70) 50 (22-78) 38 (19-65) 49 (19-72) .001 
Male, No. (%) 5 (71.4%) 10 (50%) 32 (53.3%) 43 (57.3%) .784 
Female, No. (%) 2 (28.6%) 10 (50%) 28 (46.7%) 32 (42.7%) .784 
Smoking, No. (%) 3 (42.9%) 8 (40%) 19 (31.7%) 33 (44%) .511 
Body mass index, kg/m2 24.5 (18-28) 22.9 (15.5-33.7) 24.9 (17.3-36.1) 26 (16.8-43.3) .289 
RRT duration, mo 4 (0-168) 16 (1-60) 8 (0-284) 5 (0-242) .166 
Previous CVE history, No. (%) 0 (%0) 2 (%10) 7 (%11.7) 11 (%14.7) .873 
Psoas muscle index, cm2/m2 3.95 (2.48-4.61) 2.94 (1.9-4.62) 5.43 (3.02-11.01) 5.43 (3.1-9.36) <.001 
Albumin, g/dL 4 (2.94-5.1) 3.8 (2.04-4.4) 4.33 (2.6-5.22) 4 (2.3-5) <.001 
Hemoglobin, g/dL 11.5 (9.9-13.2) 11.5 (7.9-14.9) 11.4 (7.3-15.1) 11 (6.6-16) .404 
Lymphocyte count, 103/μL 1.4 (0.3-2.5) 1.6 (0.6-3.1) 1.6 (0.7-3.5) 1.6 (0.4-4) .934 
CRP, mg/L 7.53 (3.11-27.6) 8.02 (1.1-78.3) 3.75 (0.9-25) 8.19 (0.5-115) .054 
CAR 1.79 (0.82-5.95) 2.22 (0.28-34.65) 0.9 (0.2-6.44) 2.25 (0.12-37.1) .005 
Prognostic nutritional index 40 (29.4-51) 38 (20.4-44) 43.3 (26-52.2) 40 (23-50) <.001 
Total cholesterol, mg/dL 190 (123-193) 201 (84-310) 187 (95-363) 189 (71-406) .735 
Parathyroid hormone, pg/mL 434.7 (189.9-1640) 264.1 (72.8-1001) 272.1 (4.4-2119) 248.8 (11.1-1001.1) .141 
Hemoglobin A1c, % 5.1 (4.5-5.9) 4.8 (3-8.7) 5.1 (4-8.6) 5.3 (4-9.6) .027 
Total follow-up, y 2.09 (1-7.93) 2.47 (0.35-7.7) 4.62 (0.5-9.6) 3.12 (0.61-9.29) .029 
5-y major CVE, No. (%) 1 (14.3%) 3 (23.1%) 3 (4.7%) 7 (11.9%) .110 
Total major CVE, No. (%) 1 (14.3%) 4 (30.8%) 4 (6.9%) 7 (10.6%) .071 
5-y mortality, No. (%) 2 (28.6%) 11 (55%) 1 (2%) 7 (9.3%) <.001 
Total mortality, No. (%) 2 (28.6%) 11 (55%) 3 (5%) 8 (10.7%) <.001 

Abbreviations: CAR, C-reactive protein-to-albumin ratio; CRP, C-reactive protein; CVE, cardiovascular event; RRT, renal replacement therapy 
P < .05 was considered significant. 

Figure 3. Correlation Between Prognostic Nutritional Index and C-Reactive 
Protein-to-Albumin Ratio

Figure 4. Five-Year Patient Survival
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(25% vs 8.9%; P = .049). A total of 4 CVEs occurred in 
the transplant patient group, including in 1 patient 
with sarcopenia. In the nontransplant group, 11 CVEs 
were recorded, with 4 patients having sarcopenia. In 
the 5-year Kaplan-Meier analysis, the nonsarcopenic 
transplant group had significantly less CVEs than the 
sarcopenic nontransplant group (P = .011). There 
were no differences between the other groups 
regarding CVEs.  

In the univariate Cox regression analysis in  
which we examined all ESRD patients, sarcopenia  
(HR = 3.635; 95% CI, 1.238-10.671; P = 0.019) and age 
(HR = 1.043; 95% CI, 1.003-1.084; P = .033) were 
significantly associated with the development of  
CVE. In multivariate analysis, sarcopenia (HR = 5.057; 
95% CI, 1.560-16.394; P = .007) and male sex (HR = 
5.141; 95% CI, 1.407-18.777; P = .013) were associated 
with the development of CVE (Table 5). 
 

Discussion 
 
We showed that CT-assessed sarcopenia, defined by 
low PMI, was almost 5 times more frequently 
prevalent in ESRD patients on kidney transplant 
waiting lists than in healthy controls (16.7% vs 3.4%; 
P = .002) and was positively correlated with PNI. In 
ESRD patients on waiting list, we observed a 
significant association among sarcopenia, mortality, 
and CVEs. 

In CKD, chronic inflammation, uremic toxins, 
hormonal imbalance (insulin resistance, vitamin D 
deficiency, and hypogonadism), oxidative stress, 
metabolic acidosis, and increased ubiquitination play 
key roles in the increased catabolic process that 
results in sarcopenia.16-18 Loss of amino acids during 
the dialysis process and decreased protein and 
calorie intake can cause negative energy and protein 
balance.19 Decreased physical activity also causes loss 

of muscle mass and contributes to development of 
sarcopenia in dialysis patients.20 In previous studies, 
the incidence of sarcopenia in CKD was reported  
to be between 12.6% and 20%, increasing as the  
CKD stage progresses.21,22 According to a recently 
published meta-analysis, sarcopenia prevalence in 
dialysis patients ranged from 4% to 68%, depending 
on which diagnostic criteria were used, and the 
pooled estimated prevalence of sarcopenia was 
28.5%.6 Rate of sarcopenia also showed a wide range 
in studies that examined the frequency of sarcopenia 
evaluated only by muscle mass with BIA or DEXA 
(6.1%-48%). 

As of yet, no gold standard method is available 
for determining muscle mass. Although BIA and 
DEXA have been extensively used, they are affected 
by the hydration status in dialysis patients. However, 
the use of CT to measure PMI is a novel method  
that may provide more accurate information on 
muscle mass and does not require the use of 
advanced radiologic software systems.23 However, 
few data are available on CT-assessed sarcopenia 
prevalence of dialysis patients. The lack of relevant 
PMI cut-off values for assessing sarcopenia is the 
main reason. In our study, CT-assessed sarcopenia 
was found in 16.7% of ESRD patients using a  
fifth percentile cutoff value of healthy controls. We 
used this method to eliminate differences between 
males and females and geographical differences 
between the patients and to determine the most 
appropriate and ideal cut-off value for our study 
population. 

Increased inflammation and malnutrition are 
strongly associated with the development of 
sarcopenia in ESRD patients.4,24,25 Similarly, we  
also found lower albumin, lower PNI, and higher  
CAR levels in patients with sarcopenia as 
determined by PMI. The positive correlation of  
PMI and PNI and the negative correlation of PNI  
and CAR further confirm these findings. Thus,  
we may conclude that muscle mass can be used  
as an indicator of systemic inflammation and 
malnutrition. 

An increased risk of mortality, morbidity, and 
CVEs has been reported in patients with sarcopenia.5 
The relationship between sarcopenia and mortality 
in ESRD patients has also been increasingly studied 
and reported in recent years.26,27 In a study by Takata 
and colleagues, higher mortality was found in 
dialysis patients with low muscle mass detected  
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table 5. Independent Predictors of Mortality and Cardiovascular Events
Hazard 95%CI P 
Ratio  

Predictor of mortality  
     Sarcopenia 10.277 3.912-27.000 <.001 
     Not having a transplant 3.949 1.301-11.993 .015 
     Low PNI 3.532 1.303-9.574 .013 
     Duration of RRT 1.009 1.002-1.015 .008 
Predictor of CVE  
     Sarcopenia 5.057 1.560-16.394 .007 
     Male sex 5.141 1.407-18.777 .013

Abbreviations: CVE, cardiovascular event; PNI, prognostic nutritional 
index; RRT, renal replacement therapy 
P < .05 was considered significant. 



by PMI, which they determined with a similar 
method to the one used in our study.28 Yajima and 
colleagues showed that CT-measured psoas muscle 
thickness predicts mortality in patients undergoing 
hemodialysis.29 To date and to our knowledge, only 1 
study of patients waiting for kidney transplant has 
used CT-assessed sarcopenia to assess the risk of 
mortality. Locke and colleagues highlighted that 
greater psoas lean muscle mass measured by 
abdomen CT was associated with decreased risk of 
mortality.30 Similarly, in our study, the mortality rate 
in patients with sarcopenia waiting for transplant 
was significantly higher than patients without 
sarcopenia waiting for transplant (48.1% vs 5.9%;  
P < .001). In addition, being sarcopenic was found to 
be the strongest risk factor for mortality, at 5 years, 
in the multivariate analysis (HR = 10.277; 95% CI, 
3.912-27.000; P < .001). 

Studies examining the relationship between 
sarco-penia and CVE in the general population have 
shown that the risk of CVE increases in patients with 
low CT-assessed psoas muscle mass.31 Chronic 
kidney disease is a well-known risk factor for CVE. 
In patients with CKD, low PMI was found to be an 
independent risk factor for major CVEs.32 In a recent 
study of 244 HD patients, patients with sarcopenia 
had significantly higher CVEs than patients without 
sarcopenia.33 In our study, the CVE rate in our  
ESRD patients was 11.1%, and the CVE prevalence in 
patients with sarcopenia was significantly higher 
than in patients without sarcopenia in follow-up 
(25% vs 8.9%; P = .049). Sarcopenia was also found 
to be the most significant risk factor for CVE in our 
ESRD patients (HR = 5.057; 95% CI, 1.560-16.394;  
P = .007). Nevertheless, our study should not be 
generalized since we only examined the patients on 
the waiting list. Patients with ESRD who are on the 
kidney transplant waiting list are in generally better 
condition, do not have serious comorbidities, and 
have a longer life expectancy, in contrast to general 
dialysis patients. The pathophysiology of sarcopenia 
in cardiovascular diseases includes hemodynamic 
and metabolic changes such as inflammation, 
neuroendocrine disorders, oxidative stress, insulin 
resistance, endothelial dysfunction, and low muscle 
blood flow, which result in impaired skeletal muscle. 
However, sarcopenia-related exercise intolerance 
also contributes to cardiovascular diseases.34 

Kidney transplant is the best method for treat-
ment of ESRD, with patient survival expected to be 

significantly improved posttransplant.35,36 Indeed, in 
our study, better survival rates were found in those 
who received transplants than in those who did not 
have transplants. Moreover, the most important 
finding of our study is that transplant patients  
with sarcopenia had survival rates similar to  
patients without sarcopenia and who did not have 
transplants. This important finding shows that the 
presence of sarcopenia is critical for prediction of 
mortality even in transplant patients. Although  
many studies have reported the relationship  
between pretransplant sarcopenia and posttransplant 
morbidity and mortality in liver transplant recipients, 
the number of studies on kidney transplant recipients 
is limited.12,37,38 Deliege and colleagues showed an 
association between pretransplant low muscle  
mass and increased posttransplant mortality in only 
older male kidney transplant recipients.39 In a recent 
study, CT-assessed sarcopenia was used to show  
the pret-ransplant physical frailty phenotype, with 
the study demonstrating that frail recipients  
had higher risks of mortality and graft loss.40 
Furthermore, in a recent study of 484 kidney 
transplant patients, pretransplant sarcopenia influ-
enced posttransplant wound healing, collection 
(hematoma and lymphocele), and acute rejection.  
For patients waiting for transplant, deter-mining 
whether patients have sarcopenia and providing 
necessary improvements (exercise and nutrition) will 
positively affect patient survival.41 

We observed a significant relationship between 
low PNI value and mortality. The presence of 
sarcopenia has been previously shown to be 
associated with the risk of mortality and worse 
prognosis in patients on peritoneal dialysis.42 Hori  
and colleagues also reported that low PNI levels 
pretransplant were an independent predictor of 
mortality in kidney transplant recipients.43  
Thus, we can conclude that the common indexes  
for inflammation and malnutrition can also be  
used as prognostic markers in wait-listed ESRD 
patients. 

Sarcopenia is known to be increased in patients 
with ESRD and to be associated with mortality. Major 
causes of sarcopenia in CKD are CKD itself, aging, 
CKD-related dietary restrictions, physical inactivity, 
and chronic inflammation. Screening ESRD patients 
who are at risk for sarcopenia and early and  
timely identification may improve patient survival. 
Treatment with physical therapy, in particular resis-
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tance training, nutritional support, and patient 
education are essential in the management of 
sarcopenia.44 

Our study had some limitations. First, abdominal 
CT was used to measure muscle mass. The use of CT 
imaging is not currently recommended in kidney 
transplant candidates for pretransplant evaluation. 
Second, in line with retrospective nature of our study 
design, only patients who had previous abdominal 
CT for any reason were included the analysis. 
Therefore, the small number of patients and radiog-
raphy exposure are major limitations of the  
study. Third, in our study, we were unable to  
use the full definition of sarcopenia according  
to the European Working Group on Sarcopenia  
in Older People.40 In this definition, in addition  
to the presence of low muscle mass, muscle  
strength should also be considered for sarcopenia. 
However, it is well-known that muscle function, 
muscle strength, and physical performance are 
generally low in ESRD patients. Thus, we can 
conclude that low muscle mass is the most important 
criterion in the diagnosis of sarcopenia. Furthermore, 
it is well known that physical inactivation,  
obesity, diabetes, CKD, and all other chronic  
diseases can also contribute to sarcopenia. Sarcopenia 
itself can negatively affect these diseases. Thus,  
it is difficult to assess the contribution of each 
comorbidity to sarcopenia in this particular patient 
group. 
 
Conclusions 
 
Computed tomography-assessed sarcopenia is 
approximately 5 times more frequent in kidney 
transplant candidates than in our healthy controls. 
The PNI in patients, used as a common marker of 
inflammation and nutrition, correlated with low 
muscle mass. Having low muscle mass increases the 
risk of mortality in both transplant patients and 
patients without transplant. For this reason, it is 
necessary to detect sarcopenia with low muscle  
mass in a timely manner, to consequently increase 
physical activity, and to try to correct it appropriately 
with exercise programs. Further large studies are  
needed to investigate the relationship of low muscle 
mass assessed by CT with inflammation and 
mortality, both in ESRD patients on the kidney 
transplant waiting list and in kidney transplant 
recipients. 
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