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ABSTRACT 
 

Introduction: Adipose tissue is recognized as not only an energy 
reservoir, but also an endocrine organ producing proinflammatory 
cytokines. An impact of visceral adipose tissue in critical illnesses has 
been proposed, but research regarding the association between visceral 
adipose tissue and sepsis is scant, and visceral adipose tissue has not 
been quantitatively measured. 
 
Methods: In this retrospective cohort study, we enrolled patients 
admitted to our intensive care unit with sepsis who had abdominal 
computed tomography within 1 month of occurrence of sepsis. Age, sex, 
anthropometric values, comorbidities, Acute Physiology and Chronic 
Health Evaluation II score, source of infection, and appropriateness of 
antibiotics were reviewed. The areas of visceral adipose tissue and total 
adipose tissue on the section of abdominal computed tomography 
image of the umbilicus or L4-5 level were measured by calculating 
pixels presenting fat density. 
 
Results: Among 310 patients admitted because of sepsis, 178 patients 
were finally included in this study. Median age was 65 years and 59.0% 
were men. In-hospital mortality rate was 59.0%. Women had more total 
and subcutaneous adipose tissue and a lower visceral/total adipose 
tissue ratio compared with men. The amount of visceral adipose tissue 
and the visceral/total adipose tissue ratio were higher in the in-hospital 
mortality group than in the group of survivors (92.00 cm2 vs. 60.82 cm2 
and 45.88% vs. 32.79%, P < 0.001 and <0.001, respectively). After 
adjusting for age, sex, comorbidities, Acute Physiology and Chronic 
Health Evaluation II score, source of infection, and appropriateness of 
antibiotics, a multiple logistic regression analysis revealed that the 
amount of visceral adipose tissue and visceral/total adipose tissue ratio 
were independent prognostic factors of sepsis with an obvious dose-
dependent relationship (visceral adipose tissue/total adipose tissue ratio 
quartile 3: odds ratio 8.529, P < 0.001 and quartile 4: odds ratio 35.772, 
P < 0.001, compared with quartile 1, respectively). 
 
Conclusions: The amount of visceral adipose tissue and visceral adipose 
tissue/total adipose tissue ratio quantitatively measured by abdominal 
computed tomography were positively correlated with mortality in 
sepsis, and this association was dose dependent. Visceral obesity should 
be considered as the poor prognostic factor of sepsis. 
------------------------------------- 
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INTRODUCTION 

Sepsis is a major health-care problem with significant mortality, 
affecting hundreds of thousands of patients annually in the United 
States, and its incidence has increased during recent decades (1). 
Although development of sepsis treatments including ‘bundle 
management’ has been accomplished following the introduction of 
early goal-directed therapy (2), sepsis outcomes have not improved. 
Severe sepsis-related mortality increased from 1993 to 2003 (3), and 
sepsis incidence was recently reported to be increasing (4). 
Historically the pathogenesis of sepsis is thought to be mediated 

mainly by an uncontrolled hyperinflammatory response to pathogens 
by their host, but currently it is accepted that the processes of 
immunosuppression start simultaneously with the hyperinflammatory 
response in the early phase of sepsis (5). Proinflammatory cytokines 
such as tumor necrosis factor-alpha (TNFα), and anti-inflammatory 
cytokines such as interleukin (IL)-10 increase during early sepsis, and 
both result in worse sepsis outcomes (6, 7). Because of the mixed 
pattern of pro- and anti-inflammatory processes in sepsis, clinical trials 
of specific agents focusing on the interruption of the initial cytokine 
cascade have failed to improve the sepsis outcomes (8-10). However, a 
recent cohort study revealed that early corticosteroid administration 
during refractory septic shock was associated with improved survival 
with decreased level of TNFα, which suggests a beneficial role of 
corticosteroid with anti-inflammatory activities (11). 
Well-known risk factors for sepsis are chronic diseases such as cancer, 

acquired immunodeficiency syndrome, and usage of 
immunosuppressive agents, and several studies have indicated the 
relationship between obesity and critical illness. Adipose tissue is in 
fact an endocrine organ that secrets various cytokines influencing many 
pathological processes (12), especially proinflammatory cytokines like 
TNFα, IL-6, IL-1, and leptin, forming a proinflammatory milieu (13). 
Visceral adipose tissue (VAT) is more specifically associated with 
systemic inflammation with increased IL-6 level than subcutaneous 
adipose tissue (SAT) (14-17). 

General obesity measured using the body mass index (BMI) does not 
seem to be significantly correlated with the mortality of critical 
illnesses (18). An inverse association between BMI and mortality in 
critical illnesses has been reported (19). But visceral obesity measured 
by waist circumference was positively correlated with the outcomes of 
systemic inflammatory diseases like acute pancreatitis (20). 
Furthermore, visceral obesity measured by sagittal abdominal diameter 
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(SAD) was superior to BMI in predicting the outcomes of medical 
intensive care unit (MICU) mortality of critical illnesses (21), and SAD 
was positively associated with increased mortality in a recent study of 
sepsis (22). However, indices such as waist circumference or SAD 
cannot be considered as accurate measurements of VAT, which leaves 
the possibility of interruption of other confounding factors such as ileus, 
ascites, and fluid therapy. Therefore, we sought to determine whether 
VAT, as quantitatively measured by abdominal computed tomography 
(A-CT), may predict sepsis outcomes. 
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MATERIALS AND METHODS 

1. Participants 
Among the patients admitted in the MICU between January 2013 and June 

2014 at Seoul National University Hospital (SNUH), we retrospectively 
analyzed the patients clinically diagnosed with sepsis at the time of admission 
to MICU using previously described criteria (23). Our total MICU bed 
capacity was 22. Patients younger than 19 years were excluded and patients 
who were examined with A-CT within 1 month based on the date of diagnosis 
of sepsis were included for the final analysis. This study was approved and 
individual patient consent was waived by the SNUH institutional review 
board. 

 
2. Data collection 
Patient data was extracted from medical records, including age, sex, 

comorbidities (diabetes mellitus, liver cirrhosis, solid tumor, hematologic 
malignancy, and immunocompromised state), BMI (calculated as weight 
(kg)/height (m)2), Acute Physiology and Chronic Health Evaluation II 
(APACHE II) score, serum lactate level, and serum C-reactive protein (CRP) 
level at the time of diagnosis of sepsis. Acute lung injury (ALI) with 
PaO2/FiO2 <250 mmHg without pneumonia or <200 mmHg with pneumonia, 
renal dysfunction presenting urine output <0.5 mL/kg/h for more than 2 h or 
serum creatinine >2.0 mg/dL, coagulopathy (prothrombin time-international 
normalized ratio >1.5), platelet count <100,000/mcL, and hyperbilirubinemia 
(total bilirubin >2 mg/dL) were defined as the organ failure variables for the 
diagnosis of severe sepsis according to recent guidelines (24), and septic 
shock was diagnosed as arterial hypotension requiring vasopressors despite 
adequate fluid resuscitation (23). 

The appropriateness of antimicrobial therapy was determined by following 
two a priori criteria. First, effective intravenous antimicrobials should be 
administered within the first hour of recognition of severe sepsis or septic 
shock (24), which is the critical determinant of survival in patients with sepsis 
(25-27). Second, an antimicrobial agent with in vitro microbiologic activity 
against an isolated pathogen should be administered. In the cases of culture-
negative infections, the antimicrobial therapy should be appropriate for the 
clinical infection, defined by the recommendations of the Sanford Guide to 
Antimicrobial Therapy (43rd edition). An antimicrobial therapy was deemed 
appropriate if it satisfied both criteria. 

The cause of MICU admission, putative source of infection causing sepsis, 
suspected primary microbiological pathogens, need for renal replacement 
therapy (RRT), length of stay in MICU and hospital, and in-hospital mortality 
were also collected. 
 
3. Radiologic evaluation 
To evaluate the amount of VAT quantitatively, we used an A-CT image cut. 
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Patients enrolled in this study had their index A-CT in a supine position 
assessed by Brilliance 64 (Philips, Cleveland, OH, USA), Somatom 
Definition (Siemens, Forchheim, Germany), Discovery CT750 HD, 
LightSpeed Ultra (GE Healthcare, Milwaukee, WI, USA), or Aquilion ONE 
(Toshiba, Otawara, Japan) systems. We selected a cross-sectional image cut at 
the umbilicus level from the cuts of index A-CTs. A cross-sectional image cut 
at the umbilicus level is a valid predictor of TAT (28). 

Firstly, a line separating the body from the airspace was drawn using a cursor 
around the skin surface. The area of total adipose tissue (TAT) within the 
selected range was defined as the sum of the pixels within the range of –150 
to –50 Hounsfield units (HUs), commonly used to define the density of fat 
tissue in the CT image (29). Secondly, the border delineating the area of VAT 
was drawn using a cursor around the inner layer of the abdominal wall 
musculature, separating the VAT from the SAT as described previously (29, 
30). The area of VAT within the selected range was defined as the sum of the 
pixels appearing fat density, and the area of SAT as subtracting VAT from TAT. 
The ratio of VAT to TAT was calculated to evaluate the comparative degree of 
visceral obesity (28). 
 
4. Statistical analysis 
The amount of VAT and the ratio of VAT to TAT (VAT/TAT) were analyzed 

as independent variables to determine whether they were associated with 
sepsis outcomes. First, we compared BMI, VAT, and VAT/TAT in terms of in-
hospital mortality, and in-ICU or 28-day mortality, and other sepsis outcomes 
such as presence of organ dysfunction, severe sepsis, septic shock, or need for 
RRT using a paired t test. We also analyzed the association between CRP level 
at the time of diagnosis of sepsis and VAT/TAT using Pearson’s partial 
correlation analysis. To evaluate the dose-dependent relationship of visceral 
obesity and sepsis mortality, the whole participants were divided into four 
quartile groups according to the amount of VAT and VAT/TAT, respectively, 
and the association between quartile groups of VAT and VAT/TAT and sepsis 
mortality was analyzed by linear association. 

To determine the independent effect of VAT and VAT/TAT predicting 
mortality from sepsis, multiple logistic regression analysis was performed by 
adjusting for age, sex, BMI, comorbidities, and APACHE II score, source of 
infection, and appropriateness of antibiotics. Two models were selected for 
VAT and VAT/TAT, respectively. 

To evaluate the power of prediction of visceral adiposity for sepsis mortality, 
receiver-operating characteristic (ROC) curves of APACHE II score, VAT, and 
VAT/TAT were depicted; they were compared according to the area under 
correlated ROC curves (AUC). After the best cut-off value of VAT/TAT 
predicting sepsis mortality was found, we divided the participants into two 
groups according to the cut-off value. Ninety-day survival of these groups 
were assessed by Kaplan–Meier survival analysis, and compared by log-rank 
test. 

Statistical analysis was performed in using SPSS software (version 21.0 for 
Windows; IBM SPSS Inc., Armonk, NY, USA), except the analysis of ROC 
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curves using MedCalc software (version 13.3.3; MedCalc Software, Ostend, 
Belgium). Numerical variables are expressed as mean ± standard deviation. 
All statistical tests were two-sided, and differences were considered 
statistically significant at P < 0.05. 
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RESULTS 

1. Participants 
During the study period, 846 patients admitted to MICU were screened, and 

310 patients were diagnosed as having sepsis. Among these, 178 patients 
underwent A-CT within 1 month of the diagnosis of sepsis and were enrolled 
for the final analysis (Figure 1). Baseline characteristics of patients with A-CT 
were similar to those of patients without A-CT, but those who were examined 
by A-CT had more intra-abdominal and soft tissue infections and less 
respiratory infections compared with those who were not examined by A-CT 
(Table 1). The mean APACHE II score was 29.36, which represents the 
severity of this retrospective sepsis cohort. 

 
 
 
 

 
 

Figure 1. Inclusion flow chart. 
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   Total With A-CT Without A-CT P value 
Number 310 178 132  
Age (year) 62.83 ± 15.63 62.63 ± 15.35 63.31 ± 15.96 0.707 
Comorbidities     
  Diabetes mellitus (%) 77 (24.8%) 50 (28.1%) 27 (20.6%) 0.145 
  Liver cirrhosis (%) 42 (13.5%) 32 (18.0%) 10 (7.6%) 0.011 
 Solid tumor (%) 98 (31.6%) 63 (35.4%) 35 (26.7%) 0.110 

  Hematologic malignancy (%) 87 (28.1%) 44 (24.7%) 43 (32.8%) 0.126 
  Immunocompromised (%) 113 (36.5%) 57 (32.0%) 56 (42.7%) 0.057 
Height (cm) 162.58 ± 8.96 162.15 ± 9.12 163.28 ± 8.72 0.275 
Weight (kg) 58.04 ± 11.57 58.69 ± 11.34 57.19 ± 11.80 0.258 
BMI (kg/m2) 21.96 ± 4.03 22.30 ± 3.82 21.50 ± 4.25 0.084 
APACHE II score 29.36 ± 10.52 28.70 ± 10.55 30.33 ± 10.43 0.178 
Source of infection     

Respiratory infection 185 (59.7%) 79 (44.4%) 106 (80.3%) < 0.001 
Intraabdominal infection 53 (17.1%) 48 (27.0%) 5 (3.8%) < 0.001 
Soft tissue infection 23 (7.4%) 20 (11.2%) 3 (2.3%) 0.003 
Primary bloodstream infection 15 (4.8%) 10 (5.6%) 5 (3.8%)  
Urinary tract infection 14 (4.5%) 10 (5.6%) 4 (3.0%)  
Intravascular catheter infection 7 (2.3%) 3 (1.7%) 4 (3.0%)  
Central nervous system infection 1 (0.3%) 1 (0.6%) 0 (0.0%)  
Other infection 12 (3.9%) 7 (3.9%) 5 (3.8%)  

 
Table 1. Comparison of characteristics of participants with and without A-CT 
in the cohort. 
 
 
Among the patients with A-CT, male patients had more severe disease 

presenting as a higher APACHE II score and lower BMI than female patients. 
Seventy-nine patients (44.4%) had respiratory infection and 48 patients 
(27.0%) had intra-abdominal infection. As suspected, primary microbiologic 
pathogens such as gram-negative organisms (70 patients, 39.3%) were the 
most common, followed by gram-positive organisms (33 patients, 18.5%) and 
fungi (11 patients, 6.2%). According to the analysis of adipose tissue in A-CT, 
male patients had a similar amount of VAT compared with female patients, but 
less SAT, which resulted in a higher ratio of VAT/TAT in male patients than in 
female patients (Table 2). 

Most of the participants enrolled had severe sepsis (94.9%), and 74.2% 
progressed to septic shock (Table 3). The in-hospital mortality of the cohort 
was 59.0%, which was slightly low considering the high mean APACHE II 
score. 
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   Total Male Female P value 
Number 178 105 73  
Age (year) 62.63 ± 15.35 63.79 ± 15.13 60.97 ± 15.61 0.229 
Comorbidities     
  Diabetes mellitus (%) 50 (28.1%) 32 (30.5%) 18 (24.7%) 0.396 
  Liver cirrhosis (%) 32 (18.0%) 18 (17.1%) 14 (19.2%) 0.728 
  Solid tumor (%) 63 (35.4%) 43 (41.0%) 20 (27.4%) 0.063 
  Hematologic malignancy (%) 44 (24.7%) 25 (23.8%) 19 (26.0%) 0.736 
  Immunocompromised (%) 57 (32.0%) 32 (30.5%) 25 (34.2%) 0.596 
Height (cm) 162.15 ± 9.12 167.47 ± 6.29 154.49 ± 6.84 < 0.001 
Weight (kg) 58.69 ± 11.34 61.33 ± 11.26 54.90 ± 10.40 < 0.001 
BMI (kg/m2) 22.30 ± 3.82 21.82 ± 3.48 23.00 ± 4.18 0.041 
Amount of adipose tissue     
  TAT (cm2) 198.95 ± 119.91 177.77 ± 114.99 229.42 ± 121.04 0.004 
  VAT (cm2) 79.21 ± 55.43 78.19 ± 58.11 80.68 ± 51.68 0.769 
  SAT (cm2) 119.74 ± 78.94 99.58 ± 68.59 148.74 ± 84.14 < 0.001 
  VAT/TAT (%) 40.37 ± 14.02 43.85 ± 14.29 35.35 ± 12.04 < 0.001 
APACHE II score 28.70 ± 10.55 30.13 ± 10.67 26.63 ± 10.11 0.029 
Lactate (mmol/L) 6.66 ± 4.41 6.63 ± 4.56 6.71 ± 4.21 0.913 
CRP (mg/dL) 16.47 ± 11.11 15.59 ± 9.72 17.74 ± 12.82 0.206 
Appropriateness of antibiotics 99 (61.5%) 61 (64.2%) 38 (57.6%) 0.696 
Source of infection    0.139 

Respiratory infection 79 (44.4%) 53 (50.5%) 26 (35.6%)  
Intraabdominal infection 48 (27.0%) 25 (23.8%) 23 (31.5%)  
Soft tissue infection 20 (11.2%) 10 (9.5%) 10 (13.7%)  
Primary bloodstream infection 10 (5.6%) 8 (7.6%) 2 (2.7%)  
Urinary tract infection 10 (5.6%) 3 (2.9%) 7 (9.6%)  
Intravascular catheter infection 3 (1.7%) 1 (1.0%) 2 (2.7%)  
Central nervous system infection 1 (0.6%) 0 (0.0%) 1 (1.4%)  
Other infection 7 (3.9%) 5 (4.8%) 2 (2.7%)  

 
Table 2. Baseline characteristics of participants. 
 
 
 
 
 
 
 
 
 
 
 

8 

 



   Total  Male (n=105) Female (n=73) P value  
ICU stay length (day) 9.13 ± 10.69 10.18 ± 12.02 7.62 ± 8.27 0.116 
Hospital stay length (day) 39.65 ± 33.73 38.85 ± 33.06 40.79 ± 34.85 0.706 
Severe sepsis 169 (94.9%) 102 (97.1%) 67 (91.8%) 0.108 
  Number of organ failure 2.76 ± 1.38 2.90 ± 1.35 2.55 ± 1.42 0.091 
  ARDS (n=178) 96 (53.9%) 65 (61.9%) 31 (42.5%) 0.010 
  AKI (n=157) 104 (66.2%) 67 (63.8%) 37 (50.7%) 0.177 
  INR >1.5 (n=165) 104 (63.0%) 60 (57.1%) 44 (60.3%) 0.783 
  PLT <100 (n=134) 100 (74.6%) 63 (60.0%) 37 (50.7%) 0.344 
  T.Bil >2 (n=157) 87 (55.4%) 49 (46.7%) 38 (52.1%) 0.698 
Septic shock 132 (74.2%) 81 (77.1%) 51 (69.9%) 0.275 
Need for RRT 99 (55.6%) 63 (60.0%) 36 (49.3%) 0.158 
Mortality     
  28-day mortality* 64 (36.0%) 40 (38.1%) 24 (32.9%) 0.775 
  In-ICU mortality 89 (50.0%) 54 (51.4%) 35 (47.9%) 0.648 
  In-hospital mortality 105 (59.0%) 65 (61.9%) 40 (54.8%) 0.343 
* Data for 28-day mortality were unavailable for 7 patients. 
 
Table 3. Sepsis outcomes. 
 
2. Association of VAT with sepsis outcomes 
A paired t test revealed that VAT and VAT/TAT were higher in patients with 

in-hospital mortality than in survivors (92.00 cm2 vs. 60.82 cm2, P < 0.001; 
45.88% vs. 32.79%, P < 0.001, respectively), and this tendency was not 
altered when stratified by sex (Table 4), or analyzed in terms of 28-day 
mortality instead of in-hospital mortality (data not shown). VAT/TAT was also 
higher in patients with a need for RRT or septic shock, but not VAT (data not 
shown). There was no association between VAT or VAT/TAT and duration of 
stay in MICU or hospital. 

 
   Nonsurvivors Survivors P value  
Total (n) 105 73    

BMI (kg/m2) 22.40 ± 3.50 22.17 ± 4.25 0.699 
VAT (cm2) 92.00 ± 59.62 60.82 ± 42.87 < 0.001 

  VAT/TAT ratio (%) 45.88 ± 13.06 32.79 ± 11.60 < 0.001 
Male (n) 65 40  

BMI (kg/m2) 21.76 ± 3.16 21.91 ± 4.00 0.831 
VAT (cm2) 91.32 ± 60.91 56.85 ± 46.51 0.003 
VAT/TAT ratio (%) 49.86 ± 12.10 34.10 ± 12.10 < 0.001 

Female (n)  40 33  
BMI (kg/m2) 23.43 ± 3.82 22.49 ± 4.58 0.339 
VAT (cm2) 93.09 ± 58.19 65.63 ± 38.16 0.023 
VAT/TAT (%) 39.54 ± 12.14 30.26 ± 9.87 0.001 

 
Table 4. Comparison of VAT and VAT/TAT in survival versus mortality 

group, according to sex. 
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When they were analyzed according to organ dysfunction variables, patients 

with renal dysfunction (urine output <0.5 mL/kg/h for more than 2 h or serum 
creatinine >2.0 mg/dL) showed higher VAT than those without renal 
dysfunction. Coagulopathy was correlated with both VAT and VAT/TAT, but 
ALI, thrombocytopenia, and hyperbilirubinemia caused by sepsis did not 
show significant association with VAT or VAT/TAT (Table 5). 

 
 

 With organ dysfunction Without 
 organ dysfunction  

P value 

AKI (n) 104 53  
  VAT (cm2) 87.48 ± 59.89 67.38 ± 48.79 0.036 
  VAT/TAT (%) 42.05 ± 14.41 37.74 ± 14.00 0.076 
ARDS (n) 96 82  

VAT (cm2) 75.19 ± 54.74 83.92 ± 56.19 0.296 
  VAT/TAT (%) 40.60 ± 14.59 40.09 ± 13.40 0.809 
Coagulopathy (n)  104 61  

VAT (cm2) 86.75 ± 55.30 67.65 ± 50.76 0.029 
  VAT/TAT (%) 43.98 ± 14.84 35.26 ± 10.72 < 0.001 
Thrombocytopenia (n) 100 34  

VAT (cm2) 75.78 ± 57.78 79.84 ± 50.72 0.716 
  VAT/TAT (%) 40.82 ± 14.32 37.88 ± 14.59 0.304 
Hyperbilirubinemia (n) 87 70  

VAT (cm2) 85.93 ± 59.57 74.33 ± 53.43 0.206 
  VAT/TAT (%) 42.68 ± 14.16 38.45 ± 13.91 0.063 
 
Table 5. VAT and VAT/TAT according to organ dysfunction variables. 
 
 
 
CRP level at the time of diagnosis of sepsis was correlated with VAT/TAT 

after adjusting age, sex, and APACHE II score (Figure 2), but its strength in 
diagnosis was diminished after excluding patients with LC (data not shown). 
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* Adjusted by age, sex, and APACHE II score. 
 
Figure 2. Association of CRP level and VAT or VAT/TAT at the time of 

diagnosis of sepsis by Pearson’s partial correlation analysis. 
 
 
After we stratified VAT and VAT/TAT into four quartiles, our analysis 

showed that in-hospital sepsis mortality increased according to elevated 
quartile by linear association analysis (P = 0.004 and P < 0.001, respectively), 
which shows a dose-dependent relationship between VAT and mortality 
(Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 3. Linear association analysis stratified into quartiles of VAT or 

VAT/TAT. 
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3. Model for VAT and VAT/TAT as predictors of sepsis 

mortality 
After multiple logistic regression adjusting age, sex, APACHE II score, 

comorbidities, and BMI, source of infection, and appropriateness of 
antibiotics, increasing quartiles of VAT/TAT was independently associated 
with increased in-hospital sepsis mortality, showing an apparent dose-
dependent relationship (adjusted odds ratio 8.518 in the third to first quartiles, 
35.820 in the fourth to first quartiles, both P < 0.001). The other variables 
consistently associated with mortality were APACHE II score, presence of 
liver cirrhosis, or hematologic malignancy (Table 6, 7). The same association 
was found with 28-day, in-ICU, and in-hospital mortality (data not shown). 
 
 

Independent variables  Odds ratio (95% confidence interval) P value  
Age  0.996 (0.977-1.016) 0.715 
Sex 0.746 (0.407-1.368) 0.343 
Comorbidities   
  Diabetes mellitus 0.843 (0.435-1.633) 0.613 
  Liver cirrhosis 2.946 (1.199-7.242) 0.019 
  Solid tumor 1.206 (0.643-2.262) 0.558 
  Hematologic 

 malignancy 
3.556 (1.586-7.970) 0.002 

  Immunocompromised 1.612 (0.836-3.110) 0.154 
BMI 1.016 (0.939-1.099) 0.697 
APACHE II score 1.076 (1.039-1.114) < 0.001 
Appropriateness of 

antibiotics 
0.983 (0.874-1.106) 0.778 

Source of infection 0.876 (0.738-1.040) 0.131 
VAT   
  Quartile 1 1  
  Quartile 2 1.200 (0.520-2.769) 0.670 
  Quartile 3 1.499 (0.649-3.460) 0.343 
  Quartile 4 3.833 (1.530-9.606) 0.004 
VAT/TAT   
  Quartile 1 1  
  Quartile 2 2.222 (0.912-5.412) 0.079 
  Quartile 3 6.564 (2.603-16.555) < 0.001 
  Quartile 4 27.333 (8.050-92.804) < 0.001 
 
Table 6. Odds ratio for in-hospital mortality by univariable logistic 

regression analysis. 
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Table 7. Independent predictors of in-hospital mortality by multiple logistic 

regression analysis. 
 
 
 
 
 
 
 
 
 
 
 
 

Independent variables Odds ratio (95% 
 confidence interval): 
Model for VAT 

P value Odds ratio (95% 
 confidence interval): 
Model for VAT/TAT 

P value 

Age 0.981 (0.953-1.009) 0.183 0.981 (0.951-1.011) 0.218 
Sex 0.872 (0.416-1.827) 0.716 1.825 (0.769-4.330) 0.172 
Comorbidities     
  Diabetes mellitus 1.324 (0.559-3.138) 0.523 1.551 (0.617-3.898) 0.351 
  Liver cirrhosis 7.819 (2.582-23.680) < 0.001 9.663 (2.940-31.753) 0.001 
  Solid tumor 2.055 (0.922-4.583) 0.078 2.292 (0.943-5.570) 0.051 
  Hematologic 

 malignancy 
5.938 (2.199-16.034) < 0.001 5.960 (2.015-17.633) 0.014 

Immunocompromised 0.744 (0.266-2.080) 0.573 0.686 (0.222-2.116) 0.512 
BMI 0.844 (0.745-0.955) 0.007 1.005 (0.895-1.127) 0.939 
APACHE II score 1.067 (1.028-1.108) 0.001 1.058 (1.016-1.103) 0.007 
Appropriateness of 

antibiotics 
0.986 (0.850-1.144) 0.855 0.988 (0.841-1.160) 0.878 

Source of infection 0.947 (0.791-1.133) 0.553 0.914 (0.753-1.108) 0.360 
VAT     
  Quartile 1 1    
  Quartile 2 1.417 (0.505-3.977) 0.508   
  Quartile 3 1.949 (0.686-5.542) 0.211   
  Quartile 4 9.229 (2.402-35.461) 0.001   
VAT/TAT     
  Quartile 1   1  
  Quartile 2   2.593 (0.935-7.189) 0.067 
  Quartile 3   8.518 (2.782-26.084) < 0.001 
  Quartile 4   35.820 

 (8.946-143.417) 
< 0.001 
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4. Comparison of ROC curves and Kaplan-Meier 

survival analysis 
The comparison of ROC curves using AUC showed that VAT/TAT and 

APACHE II score were comparable predictors of sepsis mortality (AUC 0.796 
vs. 0.700, P = 0.056), and VAT/TAT was superior to VAT (AUC 0.796 vs. 
0.664, P = 0.005; Figure 4). 
 

 
Figure 4. Comparison of receiver-operating characteristic (ROC) curves. 
 
 
 The best cut-off value of VAT/TAT predicting sepsis mortality was 42.1%, 

so we divided the participants into two groups: high VAT/TAT (>42.1%) and 
low VAT/TAT (<42.1%). Kaplan–Meier survival analysis showed that 90-day 
mortality was reduced remarkably among patients with high VAT/TAT group 
compared with low VAT/TAT group (P < 0.001; Figure 5). 
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Figure 5. Impact of high VAT/TAT on mortality. 
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DISCUSSION 

To our knowledge, this is the first study of the relationship of sepsis 
outcomes and quantitatively measured VAT and VAT/TAT. In this study, we 
found that sepsis mortality was dose-dependently associated with the amount 
of VAT and VAT/TAT directly measured by A-CT after adjustment for 
predisposing and downstream factors of sepsis including comorbidities, sepsis 
severity, source of infection, and appropriateness of antimicrobial agents. This 
result suggests that excessive visceral adiposity could contribute to a worse 
sepsis outcome. 

The association between VAT and proinflammatory process is now well 
recognized. Circulating proinflammatory cytokines such as IL-6 were 
increased with the accumulation of VAT (14, 15, 17), and a large prospective 
cohort study measuring the volume of VAT reported that VAT was associated 
with systemic inflammation presenting as high IL-6, CRP, and monocyte 
chemoattractant protein-1 (16). 

This proinflammatory milieu seems to cause adverse outcomes in systemic 
inflammatory illnesses such as sepsis. Adipokine levels in septic patients are 
as high as morbidly obese patients compared with control patients (31), and 
high cytokine levels are related with increased sepsis mortality (6, 17). The 
mechanism of this relationship is proposed as microcirculatory failure and 
local hypoxia in the condition of severe sepsis contribute to adipocyte destroy, 
which releases proinflammatory cytokines causing tissue injury. 

With the growing interest in visceral obesity, the association between 
visceral obesity and metabolic complications and cardiovascular risk has been 
studied widely in large cohort studies (32, 33). However, clinical studies 
concerning the relationship between visceral obesity-induced systemic 
inflammation and critical illness are scarce, although the theoretical 
background of laboratory data supports the idea of a proinflammatory process 
of VAT. SAD as a surrogate of VAT is a predictor of worse outcome of critical 
illness (21) and sepsis (22). However, the major pitfall of SAD is decreasing 
specificity for VAT, which might contain a confounding effect of muscle or 
fluid mass and gas space, and may therefore not be sufficiently precise to 
predict VAT (34). 

The most accurate method to evaluate VAT is a quantitative measurement 
with widely used imaging technology. A standard method of VAT 
measurement has not been established; therefore, studies that measured VAT 
using A-CT differ. With the difficulty of measuring the volume of VAT, the 
area of VAT on the slice cut of specific level in A-CT has long been used as a 
surrogate marker highly correlated to the volume of VAT (34, 35). We used a 
slice at the level of the umbilicus as our indicator of VAT volume (28, 36). 
Like the level of L3-4 or L4-5, the umbilical level is highly correlated to the 
total visceral fat volume (36). We also considered the pixels appearing with a 
HU of from –150 to –50 as representing commonly used fat tissue (29). 
Although others have used an interval of from –190 to –30 (37), these 
different methods were based on acceptable data supporting their 
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appropriateness as surrogates and varying the upper and lower limits does not 
seem to lead to different results in assessing the total visceral fat volume (36). 
In a study of healthy people, the mean values of the VAT/TAT ratio were 0.42 
in men and 0.25 in women, respectively, which is similar to that found in our 
study with a higher ratio in men and higher SAT than in women. There was no 
difference in sepsis mortality between the sexes, and after adjusting for 
confounding factors including sex, the effect of VAT or VAT/TAT remained 
significant, which suggested that the relationship was independent of the 
composition of fat distribution in the sexes. 

The major mechanism by which VAT contributes to the pathogenesis of 
sepsis is suggested to be the enhanced systemic inflammatory reactions from 
the release of proinflammatory cytokines by destroyed adipocytes. 
Endothelial dysfunction in sepsis triggers coagulation pathways leading to 
fibrin deposition and microthrombi formation causing microvascular plugging 
(38). Local microcirculatory failure by decreased functional capillaries causes 
tissue hypoxia, which eventually contributes to multiple organ failure in 
patients with sepsis (39). Visceral adipocytes with increased density in 
abdominally obese patients are vulnerable to sepsis-induced microcirculatory 
change and likely to influence the ‘cytokine storm’ in the early phase of sepsis 
with their specificity for producing proinflammatory cytokines (15). In our 
study, VAT/TAT was positively associated with the level of CRP at the time of 
diagnosis of sepsis, which was consistent with previous reports of elevated 
CRP in patients with visceral obesity (16). Moreover, in the analysis of the 
components of organ failure in sepsis, patients presenting renal dysfunction 
had more VAT than those not presenting with renal dysfunction, which was 
consistent with a recent study reporting the association between CT-defined 
abdominal obesity and AKI in critically ill trauma patients, suggesting the 
mechanism as potentiation of inflammatory response mediated by IL-6 by 
adipose tissue (40). 

Our study findings demonstrated that visceral adiposity is an independent 
risk factor for mortality in patients with sepsis. We found there was a dose-
dependent relationship between the amount of VAT or VAT/TAT and mortality 
in sepsis, which suggests a strong association between them. The 
predictability of a ROC curve of VAT/TAT in terms of mortality was 
comparable to the APACHE II score, which has been widely proven to be an 
excellent predictor of sepsis (41-43). Therefore, we suggest that precisely 
measured visceral obesity might be an important risk factor for worse sepsis 
outcome, and is worth considering as a comorbidity to assess the prognosis of 
patients with sepsis. 

This study has several limitations. First, this study followed a retrospective 
design based on medical records, which led to a problem with the availability 
of some data. We carefully investigated and adjusted the confounding factors 
contributing to the sepsis outcomes. Nevertheless, some downstream factors 
such as compliance to the protocol-based sepsis management were not 
available, particularly in the cases with an undetermined onset of sepsis. 
Second, the data we used is from a single center, which may affect the 
generalizability of our findings. Third, we enrolled patients with sepsis who 
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had A-CT at the time of sepsis, which possibly produced a selection bias of 
patients requiring A-CT because of their intra-abdominal sources of infection. 
This resulted in a difference in mortality from the entire sepsis cohort (44). To 
validate these patients as representing the sepsis cohort, we compared the 
baseline characteristics of the patients with and without A-CT, which showed 
no significant difference between the groups, except that the source of 
infection was less due to respiratory and more intra-abdominal and soft tissue 
infection with A-CT. This may affect the necessity of A-CT and therefore lead 
to a different mortality between the groups. Although the mortality in our 
group (59.0%) was higher compared with previous reports from Europe or 
USA (45), it was an appropriate outcome considering the sepsis severity of 
our group expressed by a mean APACHE II score of 28.7 (assuming 63.9% 
mortality) (46). 

In conclusion, our study determined that VAT and VAT/TAT quantitatively 
measured by A-CT were dose-dependently associated with sepsis mortality. 
Visceral obesity should be considered, not only a cause of various metabolic 
disorders, but also as a critical contributing factor to a worse outcome for 
individuals with sepsis. In future, there should be further study with a larger 
prospective design to confirm the association. 
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국문 초록 
 
서론: 지방조직은 단지 에너지 저장고가 아니라 여러 전염증성 사이
토카인을 분비하는 내분비적 장기로 인식되고 있다. 특히 전신적 염
증성 질환에서의 내장지방조직 (visceral adipose tissue, VAT)의 
역할이 제기되고 있는데, 현재까지 VAT 과 패혈증의 관계에 관한 
연구는 거의 없으며, 특히 VAT 의 정량적 측정 방법은 사용된 바가 
없다. 
 
방법: 본 연구는 후향적 코호트 연구로서, 연구 기간 내에 패혈증으
로 인해 내과계 중환자실에 입실한 환자들 중 패혈증 진단 1 달 이
내에 복부 컴퓨터 단층촬영을 시행하였던 환자들을 대상으로 하였
다. 의무기록을 통해 나이, 성별, 체중을 포함한 인체 측정 기록, 동
반 질환들, APACHE II score, 감염원, 항생제의 적절성 등을 수집
하였다. 복부 컴퓨터 단층촬영의 배꼽 혹은 L4-5 높이의 횡단면에
서 지방 밀도를 나타내는 화소를 모두 합하여 모든 지방조직 (total 
adipose tissue, TAT) 그리고 VAT 의 단면적을 계산하였다. 
 
결과: 패혈증으로 인해 내과계 중환자실에 입실한 310 명의 환자들 
중 복부 컴퓨터 단층촬영을 시행하였던 178 명이 최종 포함되었다. 
나이의 중앙값은 65 세였으며, 59%가 남성이었다. 병원 내 사망률
은 59%였다. 여성은 남성에 비해 많은 TAT 및 피하지방조직을 가
지고 있었으며, 그로 인해 VAT/TAT 비율은 남성보다 낮았다. 병
원 내에서 사망한 환자들은 생존한 환자들에 비해 평균 VAT, 
VAT/TAT 값이 높았다 (각각 92.00 cm2 vs. 60.82 cm2 and 
45.88% vs. 32.79%, p<0.001 and <0.001). 나이, 성별, APACHE 
II score, 동반 질환, 감염원, 항생제의 적절성 등을 보정하여 시행
한 로지스틱 회귀분석 결과 VAT 와 VAT/TAT 는 패혈증의 사망률
을 예측하는 독립적인 인자들이었으며, VAT 혹은 VAT/TAT 가 상
승할수록 사망률이 증가하는 뚜렷한 용량-의존적 관계가 관찰되었
다. 
 
결론: 복부 컴퓨터 단층촬영을 통해 정량적으로 측정한 VAT 와 
VAT/TAT 는 패혈증의 사망률과 용량-의존적인 양의 상관관계를 
보였다. 그러므로 복부 비만은 패혈증의 나쁜 예후 인자로 간주되어
야 한다. 
------------------------------------- 
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