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INTRODUCTION

Acute kidney injury (AKI) is common in critically ill patients. 

Approximately one in three patients in the intensive care unit 
(ICU) develop AKI.1 Moreover, its incidence increased from 
35.8% to 50.4% over a decade,2 and patients with AKI exhibit 
high mortality rates of up to 60%.3,4 Furthermore, emerging 
evidence indicates that a substantial percentage of patients 
with AKI do not regain normal renal function.5-9 However, the 
progression rate of chronic kidney disease (CKD) from AKI dif-
fered among studies. Morgera, et al.5 reported that 10% of sur-
vivors still required chronic renal replacement therapy (RRT), 
whereas Chertow, et al.6 reported that 33% of survivors were 
still on RRT after 12 months of follow-up, and Bellomo, et al.7 
showed that only 5.4% of survivors required RRT by day 90.

Sarcopenia is characterised by declines in muscle mass, 
strength, and physical function.10 Owing to several adverse fac-
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tors such as malnutrition, inflammation, coexisting diseases, 
and inactivity, the frequency of sarcopenia is higher in critically 
ill individuals than in other patients (15%–50% in cancer pa-
tients and 30%–45% in patients with liver failure), and it is esti-
mated to be 60%–70%.11-13 Sarcopenia is a predictor of mortality 
in critically ill patients.14-16 Moreover, there have been several 
studies on the association between sarcopenia and renal out-
comes. Yu, et al.17 showed the relationship between CKD and 
sarcopenia, and Bang, et al.18 reported the impact of sarcopenia 
on AKI after infrarenal abdominal aortic aneurysmal surgery.

Although sepsis remains the leading cause of AKI in critical-
ly ill patients,19 most studies on sarcopenia in septic patients 
have focused on mortality.14-16 Therefore, in this study, we aimed 
to evaluate the effect of sarcopenia on renal progression in pa-
tients with septic AKI and to show its impact on mortality.

MATERIALS AND METHODS

Study population
We conducted a retrospective analysis of adult patients with 
septic AKI admitted to the emergency department (ED) of a 
tertiary care teaching hospital with 2400 beds in South Korea 
between July 2008 and March 2019. Our definition of septic 
shock followed the Surviving Sepsis Campaign guidelines; we 
used the guidelines of Dellinger, et al. until 2018 and the Sep-
sis-3 guidelines from 2019 onwards to define new cases of sep-
tic shock.20,21 We included patients with septic shock who un-
derwent abdominal CT within 24 hours of hospitalisation. 
Patients with septic AKI upon admission were included and 
analysed. In this study, the AKI definition and staging fol-
lowed Kidney Disease: Improving Global Outcomes (KDIGO) 
criteria.22 The definition of AKI is as follows: 1) an increase in 
serum creatinine by ≥0.3 mg/dL within 48 hours; or 2) an in-
crease to ≥1.5 times the baseline, known or presumed to have 
occurred within the prior 7 days. We used two methods to cal-
culate the baseline creatinine levels: 1) we determined the 
lowest creatinine value recorded between 7 days and 1 year 
before the patient presented with septic shock; or 2) if no pre-
vious creatinine data were available, we assumed a baseline 
glomerular filtration rate (GFR) of 75 mL/min/1.73 m2, and 
the corresponding serum creatinine was back-calculated us-
ing the Modification of Diet in Renal Disease equation, as de-
scribed by Valette, et al. and the KDIGO clinical practice 
guideline.22-24 

At our institution, we implemented a clinical pathway for 
patients presenting to the ED with suspected septic shock. The 
pathway followed the Surviving Sepsis Campaign guidelines, 
which include early initiation of empiric antibiotic therapy, 
fluid resuscitation, and administration of vasopressors, if nec-
essary. We previously detailed this pathway for sepsis and septic 
shock.25 The Institutional Review Board (IRB) of the Yonsei Uni-
versity Health System Clinical Trial Centre approved this study 

(IRB no. 4-2021-0765). Written consent from the patients was 
not required because of the retrospective nature of the study.

Measurement of muscle area
Abdominal CT was used to measure the total abdominal mus-
cle area (TAMA), including the paraspinal and abdominal wall 
muscles. Cross-sectional TAMA values were calculated at the 
third lumbar vertebral level as previously described.26,27 The 
image analysis software AquariusNET Server (TeraRecon, Fos-
ter City, CA, USA) was used to analyse distinct muscle areas 
with Hounsfield unit (HU) thresholds. The cross-sectional ar-
eas were calculated automatically by summing the muscle tis-
sue pixels and multiplying by the pixel area, with manual check-
ing of the muscle tissue boundaries when necessary. TAMA 
values were assessed and quantified using thresholds of -29 to 
150 HU. Cross-sectional TAMA values were standardised by the 
square of the subject’s height and reported as the muscle index 
in units (cm2/m2).

Outcomes and variables
The primary outcome of this study was to determine whether 
sarcopenia affects the 90-day renal outcomes in patients with 
septic AKI. To achieve this, we investigated cases exhibiting a 
>50% reduction in the estimated GFR (eGFR) compared with 
the initial eGFR, dialysis dependence at 90 days, and the need 
for continuous RRT within 90 days in patients with septic AKI. 
The secondary outcome was whether sarcopenia had an im-
pact on 90-day mortality in patients with septic AKI. We collect-
ed information on mortality using data from the Ministry of the 
Interior and Safety of South Korea, which handles mortality in-
formation for all Korean citizens.

We defined sarcopenia as a muscle index <45.4 cm2/m2 in 
males and <34.4 cm2/m2 in females, based on previous find-
ings.28 To assess the patients’ overall comorbidities at ED visits, 
we utilised the Charlson Comorbidity Index (CCI), while the 
Sequential Organ Failure Assessment (SOFA) scores were ap-
plied to stratify disease severity. In addition, we analysed the 
laboratory test results obtained upon ED admission.

Statistical analysis
We compared the patients with and without sarcopenia using 
an independent t-test or Wilcoxon rank-sum test for continu-
ous variables, and either the chi-square or Fisher’s exact test 
for categorical variables. Logistic regression analysis was used 
to identify the risk factors for 90-day renal outcomes. Multi-
variable regression models were developed to adjust for con-
founding variables selected based on clinical significance af-
ter checking for multicollinearity. Odds ratios (ORs) and 95% 
confidence intervals (CIs) were obtained from this analysis, and 
multicollinearity was defined as a variance inflation factor <5. 
The risk factors for 90-day mortality were identified using a Cox 
proportional hazards model, and Kaplan–Meier survival anal-
yses and log-rank tests were conducted to compare the 90-day 
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mortality between the two groups. Hazard ratios (HRs) and 
95% CIs were obtained using a Cox proportional hazards model. 
Statistical significance was set at p<0.05. The R package, ver-
sion 4.0.3 (R Foundation for Statistical Computing, Vienna, Aus-
tria) was used to perform all statistical analyses.

RESULTS

Baseline characteristics
Of the 608 patients, 273 (44.9%) were diagnosed with sarcopenia 
(Fig. 1), and we divided the patients into sarcopenia and non-
sarcopenia groups. The sarcopenia group was older than the 
non-sarcopenia group, and there were more male patients with 
sarcopenia than those without sarcopenia. Moreover, there were 
more cases of cerebrovascular diseases and dementia in the sar-
copenia group than in the non-sarcopenia group. CCI was sig-
nificantly higher in patients with sarcopenia than in those with-
out sarcopenia.

Serum lactate levels were higher and serum albumin levels 
were lower in patients with sarcopenia than in those without 
sarcopenia. Additionally, there were no significant differences 
in blood urea nitrogen, creatinine, or eGFR between the groups.

Moreover, there were no significant between-group differ-
ences in the SOFA score or the Acute Physiology and Chronic 
Health Evaluation II score; no significant differences in the dis-
tribution of AKI stages were observed at baseline between the 
two groups (Table 1).

Renal outcomes and 90-day mortality
As shown in Table 2, there were no significant differences in 
90-day renal outcomes between the two groups. In addition, 
no significant difference was observed in the incidence of con-
tinuous RRT within 30 days between the two groups (21.2% in 
the sarcopenia group vs. 22.4% in the non-sarcopenia group, 
p=0.768). However, the 90-day mortality rate was significantly 
higher in patients with sarcopenia than in those without sarco-
penia (30.0% vs. 17.3%, respectively; p<0.001). A separate anal-
ysis conducted on 420 patients, excluding 188 cancer patients, 
yielded similar findings (Supplementary Table 1, only online). 
Consistent results were also observed in sex-stratified sub-
group analyses (Supplementary Tables 2 and 3, only online).

Univariable and multivariable logistic regression 
analyses of sarcopenia for renal outcomes at 90 days
When we performed logistic regression analysis for renal out-
comes at 90 days, greater renal progression was revealed in 
AKI stage 3 than in AKI stage 1 in the univariable analysis (OR: 
3.030, 95% CI: 1.449–6.335; p=0.003), and renal progression 
was also higher in AKI stage 3 than in AKI stage 1, even after ad-
justing for the presence of sarcopenia, age, sex, CCI, albumin 
level, systolic blood pressure on admission, glucose level, and 
lactate level (OR: 3.495, 95% CI: 1.561–7.822; p=0.002) (Table 3).

In contrast, renal progression did not appear to be affected 
by sarcopenia. Although the ORs for renal outcomes at 90 days 
were 1.252 in univariable analysis and 1.723 in multivariable 
analysis for sarcopenia compared with non-sarcopenia, the re-
sults were not statistically significant. Moreover, this result re-

Patients who have undergone the 
clinical pathway for septic shock 

during the study period 
(n=1517)

Patients with septic shock who 
have an abdominal CT scan conducted 
within 24 hours after hospitalization 

(n=905)

Exclude those who did not have an 
abdominal CT scan conducted within 

24 hours after hospitalization 
(n=612)

Exclude those who did not have AKI on 
admission by KDIGO criteria 

(n=297)

608 patients with septic AKI 
finally included and analyzed

Non-sarcopenia group 
(n=335)

Sarcopenia group 
(n=273)

Fig. 1. Flow diagram of the study population. AKI, acute kidney injury; KDIGO, Kidney Disease: Improving Global Outcomes.
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mained consistent in the cohort excluding cancer patients (ad-
justed OR: 1.572, 95% CI: 0.936–2.641; p=0.087). Additionally, 
when the muscle index was analysed as a continuous variable, 
each 1-unit increase was associated with lower odds of renal 

progression by 90 days (adjusted OR: 0.963, 95% CI: 0.925–
1.002; p=0.064), although this association did not reach statis-
tical significance.

Table 1. Baseline Characteristics of Sarcopenic and Non-Sarcopenic Patients

Variables Non-sarcopenia (n=335) Sarcopenia (n=273) p
Age (yr) 69.0 (57.0, 76.5) 74.0 (62.0, 80.0) <0.001
Male 112 (33.43) 181 (66.30) <0.001
Comorbidities

Hypertension 207 (61.79) 154 (56.41) 0.207
Diabetes mellitus 133 (39.70) 119 (43.59) 0.376
Cerebral vascular disease 55 (16.42) 66 (24.18) 0.023
Chronic liver disease 32 (9.55) 21 (7.69) 0.507
Congestive heart failure 17 (5.07) 14 (5.15) 0.768
Chronic kidney disease 65 (19.40) 45 (16.48) 0.455
Peripheral vascular disease 3 (0.90) 0 (0.0) 0.257
Coronary disease 52 (15.52) 56 (20.51) 0.135
Dementia 18 (5.37) 31 (11.36) 0.011
Chronic pulmonary disease 16 (4.78) 20 (7.33) 0.249
Hemiplegia 22 (6.57) 30 (10.99) 0.073
Cancer 106 (31.64) 82 (30.04) 0.736
Metastatic cancer 23 (6.87) 26 (9.52) 0.295
Solid organ transplantation 2 (0.60) 2 (0.73) >0.999
AIDS 1 (0.30) 0 (0.0) >0.999

Charlson Comorbidity Index 4.0 (3.0, 7.0) 5.0 (4.0, 7.0) 0.001
Laboratory findings

WBC (/mm3) 12450.0 (6625.0, 18805.0) 13575.0 (7310.0, 20480.0) 0.139
Hemoglobin (g/dL) 11.7 (10.0, 13.0) 11.9 (10.1, 13.5) 0.246
BUN (mg/dL) 32.5 (21.2, 48.0) 33.6 (23.7, 52.9) 0.068
Creatinine (mg/dL) 1.8 (1.3, 2.9) 1.8 (1.3, 2.8) 0.895
eGFR (mL/min/1.73 m2) 35.0 (19.0, 48.0) 36.0 (21.0, 52.0) 0.184
AST (unit/L) 39.0 (23.5, 100.0) 34.5 (21.0, 86.5) 0.084
ALT (unit/L) 26.0 (15.0, 53.0) 22.0 (14.0, 48.0) 0.089
Total bilirubin (mg/dL) 0.8 (0.5, 1.5) 0.8 (0.5, 1.4) 0.168
Albumin (g/dL) 3.15±0.69 3.00±0.65 0.007
Bicarbonate (mEq/L) 17.0 (14.0, 19.0) 16.0 (13.0, 19.0) 0.584
CRP (mg/L) 132.1 (55.5, 231.2) 160.7 (74.0, 242.8) 0.139
Lactate (mg/dL) 3.3 (1.6, 5.3) 3.8 (2.1, 5.8) 0.018

SOFA score                8.0 (6.0, 10.0) 8.0 (7.0, 11.0) 0.133
APACHE II score       16.0 (12.0, 20.0) 17.0 (12.0, 23.0) 0.074
Use of nephrotoxic agents

Aminoglycoside 5 (1.49) 3 (1.10) 0.736
Vancomycin 19 (5.67) 24 (8.79) 0.182
NSAIDs 34 (10.15) 16 (5.86) 0.077

AKI stage 0.584
Stage 1 134 (40.00) 98 (35.90)
Stage 2 90 (26.87) 78 (28.57)
Stage 3 111 (33.13) 97 (35.53)

Muscle index (cm2/m2)    44.1 (38.8, 50.4) 34.0 (29.6, 40.2) <0.001
AIDS, acquired immunodeficiency syndrome; WBC, white blood cell; BUN, blood urea nitrogen; eGFR, estimated glomerular filtration rate; AST, aspartate amino-
transferase; ALT, alanine aminotransferase; CRP, C-reactive protein; SOFA, Sequential Organ Failure Assessment; APACHE, Acute Physiology and Chronic Health 
Evaluation; NSAID, non-steroidal anti-inflammatory drug; AKI, acute kidney injury.
Data are presented as median range or n (%).
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Univariable and multivariable Cox regression 
analyses of sarcopenia for 90-day mortality
In the univariable Cox regression analysis, sarcopenia (vs. non-
sarcopenia), age, male sex, CCI, serum lactate level, and SOFA 
score were risk factors for 90-day mortality. The 90-day mortal-
ity rate was 1.337 times higher in AKI stage 3 than in AKI stage 
1. However, the serum albumin level was a protective factor 
against 90-day mortality. After adjusting for age, sex, CCI, se-
rum albumin, lactate, SOFA score, and AKI stage, the 90-day 
mortality increased by 1.708 (95% CI: 1.343–2.172, p<0.001) in 
the sarcopenia group compared to the non-sarcopenia group 
(Supplementary Table 4, only online). The Kaplan–Meier curve 
also revealed that the 90-day mortality rate was significantly 
higher in the sarcopenia group than in the non-sarcopenia group 
(Fig. 2). A similar trend was observed in the cohort excluding 
patients with cancer (adjusted HR: 1.650, 95% CI: 1.233–2.085; 
p=0.004). When the muscle index was analysed as a continu-
ous variable, each 1-unit increase was associated with a lower 
hazard of 90-day mortality (adjusted HR: 0.974, 95% CI: 0.960–
0.988; p<0.001).

DISCUSSION

Sarcopenia was a significant risk factor for 90-day mortality 

compared to non-sarcopenia among patients with septic AKI. 
However, it did not affect renal progression after 90 days.

There are two types of sarcopenia, primary and second-
ary.10,29,30 Secondary sarcopenia is related to disease, nutrition, 
and activity, whereas primary sarcopenia is associated with 
the physiological aging process. Several studies have attempt-
ed to demonstrate the association between secondary sarco-
penia and renal outcomes. Moreover, they found that sarco-
penia was more prevalent in patients with CKD than in those 
with healthy kidneys and suggested that gradually decreased 
protein intake, increased metabolic acidosis, increased pro-in-
flammatory factors, and protein-energy wasting in CKD might 
lead to sarcopenia.17,18,31,32 Yu, et al.17 showed that CKD progres-
sion was independently associated with an increased risk of 
sarcopenia. Bang, et al.18 revealed that the incidence of postop-
erative AKI was higher in the sarcopenia group than in the non-

Table 2. Outcomes at 90 Days

Variables
Non-sarcopenia 

(n=335)
Sarcopenia 

(n=273)
p

Renal outcomes at 90 days
>50% decreased eGFR 28 (8.36) 25 (9.16)   0.452
Dialysis dependence   2 (0.60)  1 (0.37) >0.999
CRRT episode within 90 days   79 (23.58)   60 (21.98)   0.710

Mortality at 90 days   58 (17.31)   82 (30.04) <0.001
eGFR, estimated glomerular filtration rate; CRRT, continuous renal replace-
ment therapy.
Data are presented as n (%). 

Table 3. Univariable and Multivariable Logistic Analyses of Sarcopenia for 90-Day Renal Outcomes

Variables
Univariable Multivariable

OR (95% CI) p OR (95% CI) p
Sarcopenia vs. none 1.252 (0.696–2.252) 0.453 1.723 (0.871–3.408) 0.118
Age (per 1 year increase) 0.980 (0.960–1.000) 0.050 0.982 (0.956–1.009) 0.190
Male vs. female 1.442 (0.798–2.606) 0.225 1.364 (0.699–2.664) 0.363
CCI (per 1 unit increase) 0.950 (0.826–1.092) 0.470 0.935 (0.816–1.071) 0.333
SBP on admission (per 1 mm Hg increase) 1.001 (0.990–1.013) 0.842 1.008 (0.995–1.022) 0.240
Albumin (per 1 g/dL increase) 0.768 (0.467–1.263) 0.298 0.850 (0.521–1.387) 0.514
Lactate (per 1 mg/dL increase) 0.949 (0.852–1.057) 0.340 0.913 (0.815–1.023) 0.117
Glucose (per 1 mg/dL increase) 0.998 (0.994–1.001) 0.152 0.997 (0.994–1.001) 0.106
AKI stage 1 Reference Reference
AKI stage 2 1.973 (0.892–4.362) 0.093 2.033 (0.870–4.751) 0.102
AKI stage 3 3.030 (1.449–6.335) 0.003 3.495 (1.561–7.822) 0.002
OR, odds ratio; CI, confidence interval; CCI, Charlson Comorbidity Index; SBP, systolic blood pressure; AKI, acute kidney injury.

Fig. 2. Kaplan–Meier curves of the 90-day survival rates of patients with 
septic acute kidney injury with and without sarcopenia. The p-value was 
obtained through the log-rank test.
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sarcopenia group; however, they did not clarify the association 
between the development of AKI and sarcopenia. Nevertheless, 
they surmised that postoperative activation of inflammation 
following chronic inflammation in sarcopenia may influence 
the incidence of AKI. 

The incidence of AKI has been increasing in critically ill pa-
tients, and over 40% of these AKI cases are associated with sep-
sis, which largely increases medical costs and mortality.1-4 Re-
cently, it has been recognised that AKI itself may be a major risk 
factor for CKD progression, even after complete recovery. An-
other issue with AKI is that a substantial percentage of patients 
do not return to normal renal function, but the progression rate 
from AKI to CKD differed among studies.5-9 In the current study, 
we hypothesised that sarcopenia might affect renal progression 
in patients with septic AKI and attempted to evaluate the asso-
ciation between sarcopenia and renal outcomes at 90 days. 
However, we did not observe a significant association between 
these two factors.

Although the reason for the insignificant association between 
the two is not clearly understood, we make certain assumptions. 
First, acute sarcopenia in patients with sepsis may affect dis-
ease progression. Welch, et al.33 used the term “acute sarcope-
nia” to refer to the acute loss of muscle mass and function asso-
ciated with hospitalisation.34,35 They described that systemic 
inflammatory markers due to acute illness and stressor events 
may potentiate the acute loss of muscle mass and function via 
an endocrinological mechanism: hypercortisolaemia, which 
usually occurs in sepsis, may exacerbate the loss of muscle 
mass and strength during acute illness.36 Moreover, sepsis is a 
known risk factor for ICU-acquired weakness, including critical 
illness myopathy, critical illness polyneuropathy, and critical 
illness neuromyopathy.37,38 Therefore, the loss of muscle mass 
and function might have progressed in the non-sarcopenia 
group during the follow-up period, suggesting that sarcopenia 
at baseline may be insufficient to reflect renal outcomes at 90 
days. We surmise that serial measurements of sarcopenia may 
be useful for exploring the impact of sarcopenia on 90-day re-
nal outcomes in these patients. Second, there were more cases 
of mortality in the sarcopenia group than in the non-sarcopenia 
group, which may have affected the investigation of the im-
pact of sarcopenia on 90-day renal outcomes. Therefore, we ex-
plored 90-day renal outcomes in the same way using 90-day 
survivors who still had data at that point. However, there were 
still no significant differences in the 90-day renal outcomes be-
tween the two groups. Third, initial renal injury may be more 
strongly associated with 90-day renal progression than base-
line sarcopenia. As shown in Table 3, AKI stage 3 was indepen-
dently associated with increased 90-day renal progression (OR: 
3.190, 95% CI: 1.449–7.019; p=0.004) compared to AKI stage 1, 
even after adjusting for confounding factors. However, sarco-
penia was not significantly associated with the 90-day renal 
progression, even in patients with AKI stage 3.

In contrast, sarcopenia was independently associated with 

increased 90-day mortality even after adjusting for several con-
founding factors, which is consistent with other studies.14-16 Tak-
en together, we surmise that the significant association between 
sarcopenia and 90-day mortality may not be related to renal dis-
ease progression in patients with septic AKI.

This study has several limitations. First, this was a retrospec-
tive cohort study, which means that selection bias was inevita-
ble. Second, we conducted the study using data from a single 
centre in Korea, suggesting that generalizability to other eth-
nicities should be interpreted cautiously. Third, we used TAMA 
to define sarcopenia,26,27 although there are different methods to 
measure it. Therefore, new studies with various methods of mea-
suring sarcopenia are required. Despite these limitations, a key 
strength of our study is its investigation of the association be-
tween sarcopenia and 90-day renal outcomes in patients with 
septic AKI. While a previous study demonstrated that sarcope-
nia negatively affects 28-day mortality and the absence of RRT 
in patients with septic AKI,39 there is a paucity of research ex-
amining 90-day mortality or renal outcomes. By addressing 
this gap, our study provides a meaningful contribution to the 
existing literature.

In conclusion, sarcopenia was significantly associated with 
an increase in the 90-day mortality rate; however, no significant 
association with 90-day renal progression was observed among 
patients with septic AKI in this study. Since sepsis is the leading 
cause of AKI, and whether AKI progresses to CKD has clinical 
significance for patient prognosis, the results of this study are 
worth considering. Although sarcopenia was not shown to im-
pact 90-day renal outcomes in patients with AKI, more studies 
are required to explore the impact of sarcopenia on renal pro-
gression in patients with sepsis without renal injury.

AVAILABILITY OF DATA AND MATERIALS

The datasets used and/or analysed during the current study 
are available from the corresponding author on reasonable re-
quest.

ACKNOWLEDGEMENTS

We would like to thank Editage (www.editage.co.kr) for English 
language editing, as well as MID (Medical Illustration & De-
sign), as a member of the Medical Research Support Services 
of Yonsei University College of Medicine, for providing excel-
lent support with medical illustration.

This study was supported by the National Research Founda-
tion of Korea (NRF) grant funded by the Korean government 
(MSIT) (No. 2022R1C1C1010012) and the SNUH Research 
Fund (No. 0420235010).

AUTHOR CONTRIBUTIONS

Conceptualization: Nam Su Ku. Data curation: Jung Ho Kim, Jin 

http://www.editage.co.kr


204

Sarcopenia Renal Outcomes in Septic AKI

https://doi.org/10.3349/ymj.2024.0495

Young Ahn, Su Jin Jeong, Jun Yong Choi, Joon-Sup Yeom, and Nam 
Su Ku. Formal analysis: Hyung Jung Oh, Jung Ho Kim, and Yun Ho 
Roh. Funding acquisition: Hyung Jung Oh and Nam Su Ku. Investiga-
tion: Hyung Jung Oh and Jung Ho Kim. Methodology: Jung Ho Kim 
and Yun Ho Roh. Project administration: Nam Su Ku. Resources: 
Jung Ho Kim, Jin Young Ahn, Su Jin Jeong, Jun Yong Choi, Joon-Sup 
Yeom, and Nam Su Ku. Software: Jung Ho Kim and Yun Ho Roh. Su-
pervision: Hyung Jung Oh and Nam Su Ku. Validation: Hyung Jung 
Oh, Jung Ho Kim, Jin Young Ahn, Su Jin Jeong, Jun Yong Choi, Joon-
Sup Yeom, and Nam Su Ku. Visualization: Hyung Jung Oh and Jung 
Ho Kim. Writing—original draft: Hyung Jung Oh and Jung Ho Kim. 
Writing—review & editing: all authors. Approval of final manuscript: 
all authors. 

ORCID iDs

Hyung Jung Oh	 https://orcid.org/0000-0002-4281-696X 
Jung Ho Kim	 https://orcid.org/0000-0002-5033-3482 
Yun Ho Roh	 https://orcid.org/0000-0003-0841-7161 
Jin Young Ahn	 https://orcid.org/0000-0002-3740-2826 
Su Jin Jeong	 https://orcid.org/0000-0003-4025-4542 
Jun Yong Choi	 https://orcid.org/0000-0002-2775-3315 
Joon-Sup Yeom	 https://orcid.org/0000-0001-8940-7170 
Nam Su Ku	 https://orcid.org/0000-0002-9717-4327 

REFERENCES

1.	 Hoste EAJ, Kellum JA, Selby NM, Zarbock A, Palevsky PM, Bagshaw 
SM, et al. Global epidemiology and outcomes of acute kidney inju-
ry. Nat Rev Nephrol 2018;14:607-25.

2.	 Case J, Khan S, Khalid R, Khan A. Epidemiology of acute kidney in-
jury in the intensive care unit. Crit Care Res Pract 2013;2013:479730.

3.	 Susantitaphong P, Cruz DN, Cerda J, Abulfaraj M, Alqahtani F, 
Koulouridis I, et al. World incidence of AKI: a meta-analysis. Clin 
J Am Soc Nephrol 2013;8:1482-93.

4.	 Olowu WA, Niang A, Osafo C, Ashuntantang G, Arogundade FA, 
Porter J, et al. Outcomes of acute kidney injury in children and 
adults in sub-Saharan Africa: a systematic review. Lancet Glob 
Health 2016;4:e242-50. 

5.	 Morgera S, Kraft AK, Siebert G, Luft FC, Neumayer HH. Long-term 
outcomes in acute renal failure patients treated with continuous 
renal replacement therapies. Am J Kidney Dis 2002;40:275-9.

6.	 Chertow GM, Christiansen CL, Cleary PD, Munro C, Lazarus JM. 
Prognostic stratification in critically ill patients with acute renal 
failure requiring dialysis. Arch Intern Med 1995;155:1505-11.

7.	 RENAL Replacement Therapy Study Investigators; Bellomo R, Cass 
A, Cole L, Finfer S, Gallagher M, Lo S, et al. Intensity of continuous 
renal-replacement therapy in critically ill patients. N Engl J Med 
2009;361:1627-38. 

8.	 VA/NIH Acute Renal Failure Trial Network; Palevsky PM, Zhang 
JH, O’Connor TZ, Chertow GM, Crowley ST, Choudhury D, et al. 
Intensity of renal support in critically ill patients with acute kidney 
injury. N Engl J Med 2008;359:7-20. 

9.	 Liaño F, Felipe C, Tenorio MT, Rivera M, Abraira V, Sáez-de-Urturi 
JM, et al. Long-term outcome of acute tubular necrosis: a contri-
bution to its natural history. Kidney Int 2007;71:679-86.

10.	 Cruz-Jentoft AJ, Baeyens JP, Bauer JM, Boirie Y, Cederholm T, Lan-
di F, et al. Sarcopenia: European consensus on definition and di-
agnosis: report of the European Working Group on Sarcopenia in 
Older People. Age Ageing 2010;39:412-23.

11.	 Peterson SJ, Braunschweig CA. Prevalence of sarcopenia and asso-
ciated outcomes in the clinical setting. Nutr Clin Pract 2016;31:40-8.

12.	 Moisey LL, Mourtzakis M, Cotton BA, Premji T, Heyland DK, Wade 
CE, et al. Skeletal muscle predicts ventilator-free days, ICU-free 
days, and mortality in elderly ICU patients. Crit Care 2013;17:R206.

13.	 Baggerman MR, van Dijk DPJ, Winkens B, van Gassel RJJ, Bol ME, 
Schnabel RM, et al. Muscle wasting associated co-morbidities, rath-
er than sarcopenia are risk factors for hospital mortality in critical 
illness. J Crit Care 2020;56:31-6.

14.	 Oh HJ, Kim JH, Kim HR, Ahn JY, Jeong SJ, Ku NS, et al. The impact 
of sarcopenia on short-term and long-term mortality in patients 
with septic shock. J Cachexia Sarcopenia Muscle 2022;13:2054-63.

15.	 Zhang XM, Chen D, Xie XH, Zhang JE, Zeng Y, Cheng AS. Sarcope-
nia as a predictor of mortality among the critically ill in an inten-
sive care unit: a systematic review and meta-analysis. BMC Geriatr 
2021;21:339.

16.	 Shibahashi K, Sugiyama K, Kashiura M, Hamabe Y. Decreasing 
skeletal muscle as a risk factor for mortality in elderly patients with 
sepsis: a retrospective cohort study. J Intensive Care 2017;5:8.

17.	 Yu MD, Zhang HZ, Zhang Y, Yang SP, Lin M, Zhang YM, et al. Rela-
tionship between chronic kidney disease and sarcopenia. Sci Rep 
2021;11:20523.

18.	 Bang JY, Jun IG, Lee JB, Ko YS, Kim KW, Jeong JH, et al. Impact of 
sarcopenia on acute kidney injury after infrarenal abdominal aor-
tic aneurysm surgery: a propensity matching analysis. Nutrients 
2021;13:2212. 

19.	 Zarbock A, Nadim MK, Pickkers P, Gomez H, Bell S, Joannidis M, et 
al. Sepsis-associated acute kidney injury: consensus report of the 
28th Acute Disease Quality Initiative workgroup. Nat Rev Nephrol 
2023;19:401-17.

20.	 Dellinger RP, Levy MM, Rhodes A, Annane D, Gerlach H, Opal 
SM, et al. Surviving sepsis campaign: international guidelines for 
management of severe sepsis and septic shock, 2012. Intensive 
Care Med 2013;39:165-228.

21.	 Singer M, Deutschman CS, Seymour CW, Shankar-Hari M, An-
nane D, Bauer M, et al. The third international consensus defini-
tions for sepsis and septic shock (sepsis-3). JAMA 2016;315:801-10. 

22.	 Kellum JA, Lameire N, Aspelin P, Barsoum RS, Burdmann EA, 
Goldstein SL, et al. Kidney disease: improving global outcomes 
(KDIGO) acute kidney injury work group. KDIGO clinical practice 
guideline for acute kidney injury. Kidney International Supple-
ments 2012;2:1-138.

23.	 Valette X, Savary B, Nowoczyn M, Daubin C, Pottier V, Terzi N, et 
al. Accuracy of plasma neutrophil gelatinase-associated lipocalin 
in the early diagnosis of contrast-induced acute kidney injury in 
critical illness. Intensive Care Med 2013;39:857-65.

24.	 Levey AS, Bosch JP, Lewis JB, Greene T, Rogers N, Roth D. A more 
accurate method to estimate glomerular filtration rate from serum 
creatinine: a new prediction equation. Ann Intern Med 1999;130: 
461-70. 

25.	 Kim MH, Ahn JY, Song JE, Choi H, Ann HW, Kim JK, et al. The C-
reactive protein/albumin ratio as an independent predictor of 
mortality in patients with severe sepsis or septic shock treated with 
early goal-directed therapy. PLoS One 2015;10:e0132109. 

26.	 Mourtzakis M, Prado CM, Lieffers JR, Reiman T, McCargar LJ, 
Baracos VE. A practical and precise approach to quantification of 
body composition in cancer patients using computed tomography 
images acquired during routine care. Appl Physiol Nutr Metab 
2008;33:997-1006.

27.	 Kim JH, Kim J, Lee WJ, Seong H, Choi H, Ahn JY, et al. A high vis-
ceral-to-subcutaneous fat ratio is an independent predictor of sur-
gical site infection after gastrectomy. J Clin Med 2019;8:494.

28.	 Derstine BA, Holcombe SA, Ross BE, Wang NC, Su GL, Wang SC. 
Skeletal muscle cutoff values for sarcopenia diagnosis using T10 to 
L5 measurements in a healthy US population. Sci Rep 2018;8:11369. 



205

Hyung Jung Oh, et al.

https://doi.org/10.3349/ymj.2024.0495

29.	 Cruz-Jentoft AJ, Bahat G, Bauer J, Boirie Y, Bruyère O, Cederholm T, 
et al. Sarcopenia: revised European consensus on definition and 
diagnosis. Age Ageing 2019;48:16-31.

30.	 Rolland Y, Czerwinski S, Abellan Van Kan G, Morley JE, Cesari M, 
Onder G, et al. Sarcopenia: its assessment, etiology, pathogenesis, 
consequences and future perspectives. J Nutr Health Aging 2008; 
12:433-50. 

31.	 Avin KG, Moorthi RN. Bone is not alone: the effects of skeletal mus-
cle dysfunction in chronic kidney disease. Curr Osteoporos Rep 
2015;13:173-9. 

32.	 Kim TN, Lee EJ, Hong JW, Kim JM, Won JC, Kim MK, et al. Rela-
tionship between sarcopenia and albuminuria: the 2011 Korea 
national health and nutrition examination survey. Medicine (Bal-
timore) 2016;95:e2500. 

33.	 Welch C, Hassan-Smith ZK, Greig CA, Lord JM, Jackson TA. Acute 
sarcopenia secondary to hospitalisation - an emerging condition 
affecting older adults. Aging Dis 2018;9:151-64.

34.	 English KL, Paddon-Jones D. Protecting muscle mass and function 
in older adults during bed rest. Curr Opin Clin Nutr Metab Care 
2010;13:34-9.

35.	 Kortebein P, Ferrando A, Lombeida J, Wolfe R, Evans WJ. Effect of 
10 days of bed rest on skeletal muscle in healthy older adults. JAMA 
2007;297:1769-74.

36.	 Paddon-Jones D, Sheffield-Moore M, Cree MG, Hewlings SJ, 
Aarsland A, Wolfe RR, et al. Atrophy and impaired muscle protein 
synthesis during prolonged inactivity and stress. J Clin Endocrinol 
Metab 2006;91:4836-41. 

37.	 Witteveen E, Wieske L, Verhamme C, Schultz MJ, van Schaik IN, 
Horn J. Muscle and nerve inflammation in intensive care unit-ac-
quired weakness: a systematic translational review. J Neurol Sci 
2014;345:15-25.

38.	 Gruther W, Benesch T, Zorn C, Paternostro-Sluga T, Quittan M, Fi-
alka-Moser V, et al. Muscle wasting in intensive care patients: ul-
trasound observation of the M. quadriceps femoris muscle layer. J 
Rehabil Med 2008;40:185-9. 

39.	 Kim IY, Ye BM, Kim SR, Lee DW, Lee SB. Sarcopenia is indepen-
dently associated with mortality and recovery from dialysis in criti-
cally ill patients with sepsis-induced acute kidney injury receiving 
continuous renal replacement therapy. Kidney Res Clin Pract 
2025;44:324-37.




