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Abstract 
Backgroundː Acute respiratory distress syn-
drome (ARDS) has a high mortality rate if not 
diagnosed and treated promptly. Several mark-
ers could increase during ARDS, such as inter-
leukin 6 (IL-6), high mobility group box-1 
(HMGB-1), and neutrophil-to-lymphocyte ratio 
(NLR). This study aimed to determine the corre-
lation between these markers and the severity of 
ARDS. 
Methods: This cross-sectional study was con-
ducted at Dr. Wahidin Sudirohusodo General 
Hospital from January to April 2024. The popu-
lation included in this study consisted of all pa-
tients treated in the Intensive Care Unit (ICU) 
and divided into two groups: ARDS and non-             
. 

ARDS. IL-6, HMGB-1, and NLR were measured 
once during treatment. The severity assessment 
was conducted using the Berlin criteria (mild, 
moderate, severe) for ARDS patients. 
Resultsː A total of 30 patients were divided 
equally into two groups. Mean IL-6 levels were 
higher in ARDS patients (21.15±3.89) than in 
non-ARDS (12.56±3.08) with a significant differ-
ence (p=0.000). The mean HMGB-1 levels were 
also higher in ARDS (26.46±30.14) than in non-
ARDS (9.37±4.23), with a significant difference 
(p=0.040). IL-6 (p=0.000) and HMGB-1 
(p=0.026) were also significantly associated with 
ARDS severity. 
Conclusion: IL-6 and HMGB-1 are related to 
ARDS severity. 
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Introduction 
Acute respiratory distress syndrome (ARDS) is an 
acute lung disease that requires treatment in the 
Intensive Care Unit (ICU). ARDS has a high 
incidence in the ICU. The mortality rate for 
this          . 

disease could reach up to 90%. However, early 
diagnosis and adequate treatment could reduce this 
number to 50%. (1) 
Several cytokine markers and indicators might be 
found to be increased during ARDS. Interleukin 6 
(IL-6) is a mediator often used as a marker of 
increased inflammation. ARDS causes activation of 
alveolar macrophages, which triggers the immune 
system. Damage to the lung parenchyma causes an 
increase in several pro-inflammatory cytokines, 
including IL-6. (2) In addition, high mobility group 
box-1 (HMGB-1) is known to be a mediator of acute 
lung damage through signals from pro-
inflammation acceleration. In particular, serum 
HMGB-1 concentration during ARDS is an 
independent predictor of mortality in the ICU. (3) 
HMGB-1 level increases in blood circulation due to 
tissue damage, and it is necessary to examine this 
level to predict the prognosis of ARDS. (4) 
Neutrophil-to-lymphocyte ratio (NLR) is a marker 
of systemic inflammatory response. (5) High NLR 
was associated with poor outcomes. (6) 
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of systemic inflammatory response. (5) High NLR 
was associated with poor outcomes. (6) 
Early identification of inflammatory mediators in 
predicting ARDS severity (mild, moderate, and se-
vere) might be useful in early intervention to reduce 
patient mortality rates. Therefore, we aimed to de-
termine the correlation between IL-6, HMGB-1, 
and NLR with ARDS severity. 
 
Materials and methods 
This cross-sectional study was conducted at Dr. Wa-
hidin Sudirohusodo General Hospital, Makassar, In-
donesia, in January─April 2024. The population in-
cluded in this study were all patients treated in the 
ICU of Dr. Wahidin Sudirohusodo General Hospi-
tal, Makassar, Indonesia. 
The study sample was the population that met the 
inclusion criteria, and the patients or their families 
agreed to participate in this study. The inclusion cri-
teria in this study were all patients treated in Dr. 
Wahidin Sudirohusodo General Hospital, Makas-
sar, Indonesia. The exclusion criteria were patients 
with incomplete study data. The dropout criteria 
were patients who had a history of congenital lung 
disease, patients who withdrew during the study, 
and patients who passed away during the study pe-
riod. 
Patients or families of patients who were included 
as study subjects were given an oral or written ex-
planation regarding the aims and procedures of the 
study and had signed an informed consent and 
agreed to participate in the study. Before the study 
was conducted, the researchers requested infor-
mation on ethical clearance from the Ethics Com-
mittee for Biomedical Research on Humans, Fac-
ulty of Medicine, Hasanuddin University and Dr. 
Wahidin Sudirohusodo General Hospital, Makas-
sar, Indonesia. 
Patients included in the study were examined for 
HMGB-1, IL-6, and NLR and were assessed for 
their ARDS severity. The examination sample was 
blood from a vein using a 5-cc syringe and placed 
in serum-separating tubes (SST). The blood sample 
was allowed to clot for 30 minutes before being cen-
trifuged at a speed of 3000 rpm for 15 minutes. The 
separated serum was placed in a microtube. Then, 
the sample was stored in a freezer at a temperature 
of <-20 °C and sent to the Hasanuddin University 
laboratory for examination. We assessed the sever-
ity of ARDS according to the Berlin criteria (mild: 
arterial oxygen pressure to inspired oxygen fraction 
ratio [PaO2/FiO2] <300, moderate: PaO2/FiO2 
<200, and severe: PaO2/FiO2 <100). 
The data obtained was collected using a prepared 
study data formula and arranged in a master table         
. 

using the Microsoft Excel program. The study data 
was then processed using SPP version 25.0 soft-
ware. 
The normality test was conducted to determine the 
distribution of numerical data using the Kolmogo-
rov-Smirnov test. Next, bivariate analysis was per-
formed for variables with unpaired numerical data 
types in both groups. If the data was normally dis-
tributed, then the independent t-test was used. If the 
data was abnormally distributed, then the test used 
was the Mann-Whitney test. Statistical analysis of 
the correlation between ARDS severity and IL-6, 
HMGB-1, and NLR used the one-way ANOVA test 
if the data was normally distributed or the Kruskal-
Wallis test as an alternative. A p-value<0.05 indi-
cated significance. 
 
Results 
The total number of subjects in this study was 30. 
The study subjects were divided into two groups: 
ARDS and non-ARDS. In the group of ARDS 
patients, the majority were patients aged >45 years, 
with eight people (54%), and the majority were 
men, with eight people (54%) (Table 1). 
The mean IL-6 level (Table 2) was higher in 
patients with ARDS (21.15±3.89) compared to non-
ARDS (12.56±3.08). This difference was also 
statistically significant (p=0.000). The mean 
HMGB-1 level (Table 3) was higher in patients 
with ARDS (26.46±30.14) compared to non-ARDS 
patients (9.37±4.23). This difference was also 
statistically significant (p=0.040). The mean NLR 
was higher in the ARDS group (17.60±12.46) 
compared to the non-ARDS group (17.20±17.13) 
(Table 4). However, this difference was not 
significant (p=0.75). 
Only IL-6 (p=0.000) and HMGB-1 (p=0.026) were 
significantly related to ARDS severity. These 
results indicated that the more severe the ARDS, the 
higher the IL-6 and HMGB-1 values will be (Table 
5). 
 
Discussion 
IL-6 levels in the ARDS patient group were 
significantly higher than non-ARDS patients. These 
results were supported by a study that reported 
increases in IL-6, tumor necrosis factor α (TNF-α), 
and IL-1β in patients detected early with ARDS. (7) 
Activated macrophages release IL-6 and integrate 
signals made early in the inflammatory response 
since TNF-α and IL-1β partially activate them. (8) 
The increase of IL-6 and procalcitonin (PCT) was 
significantly higher in the ARDS group with 
multiple organ dysfunction (MOD). The sensitivity 
of PCT and IL-6 examination was very high, but the 
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specificity was low. Also, PCT and IL-6 
assessments are almost related to the patient’s life 
expectancy. The lower the levels of PCT and IL-6, 
the higher the life expectancy. PCT and IL-6 are a 
combination of sensitivity in MOD patients with 
complications of ARDS, which are biological 
markers that predict the incidence of ARDS. (9) 
HMGB-1 level was also significantly higher in the 
ARDS patient group. Similar results in a study 
reported increased serum HMGB-1 and soluble 
urokinase plasminogen activator receptor (suPAR) 
in patients with ARDS, which were positively 
associated with inflammatory markers. (10) 
Another study in Japan examined HMGB-1 and 
HMGB-2 in 21 ARDS patients whose epithelial 
lining fluid (ELF) samples were taken during 
bronchoscopy examination. The results were 
strongly positive for HMGB-1 and HMGB-2 in all 
samples of ELF and plasma examinations. In 
contrast, control patients were found to be typically 
positive for ELF, although it was absent in plasma. 
(11) 
HMGB-1 is a nuclear protein that also functions as 
an inflammatory cytokine. HMGB-1 is released in 
the latent phase of the inflammatory response, and 
the release of HMGB-1 from macrophages is 
induced by lipopolysaccharide (LPS), TNF-α, and 
IL-1 β stimulation. HMGB-1 contributes to acute 
lung injury activated by the nuclear factor kappa B 
(NF–κB) signaling pathway and induces 
inflammatory cytokines. A study with experimental 
animals found that lung injury induced by HMGB-
1 affected the expression of forkhead box P3 
(FOXP3) and cytotoxic T-lymphocyte-associated 
protein 4 (CTLA-4) via toll-like receptor 4 (TLR4), 
reducing regulatory T (Treg) cells' immunosup-            
. 

pressive function. (12) 
The current study found a significant correlation 
between IL-6 level and ARDS severity. These 
results were supported by a study emphasizing the 
importance of examining cytokines such as IL-6 in 
patients with ARDS to predict clinical outcomes. In 
ARDS patients who had a high mortality rate, IL-6 
levels were increased significantly, with a predicted 
mortality percentage of 94%. (13) 
In this study, a significant correlation was also 
found between HMGB-1 levels and the severity of 
ARDS. These results were in accordance with a 
previous study, which reported an increase in 
HMGB-1 levels in pneumonia patients complicated 
by ARDS and was positively related to the severity 
of the disease. (14) 
 
Conclusion 
The more severe the inflammation, characterized by 
increasing levels of IL-6 and HMGB-1, the more se-
vere ARDS. Hence, high IL-6 and HMGB-1 levels 
could be used to predict unfavorable outcomes in 
ARDS. Further studies are needed to assess IL-6, 
HMGB-1 levels, and NLR before and after ARDS. 
Cut-off values of IL-6 and HMGB-1 levels should 
be determined to predict ARDS outcome. 
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Table 1. Characteristics of the study subjects 
 
Characteristic Non-ARDS ARDS 

n % n % 
Age 
- <25 years 
- ≥26-<45 years 
- ≥45 years 

 
6 
3 
6 

 
40% 
20% 
40% 

 
3 
4 
8 

 
20% 
26% 
54% 

Sex 
- Female 
- Male 

 
9 
6 

 
60% 
40% 

 
7 
8 

 
46% 
54% 

 
Legend: ARDS=acute respiratory distress syndrome. 
 
 
 
Table 2. IL-6 levels in ARDS and non-ARDS patients 
 
Group n (%) IL-6 level (pg/ml) p-value 
ARDS 15 (50%) 12.44±19.47 0.000* 
Noln-ARDS 15 (50%) 1.54±0.31 

 
Legend: IL-6=interleukin 6; ARDS=acute respiratory distress syndrome. 
*significant. 
 
 
 
Table 3. HMGB-1 levels in ARDS and non-ARDS patients 
 
Group n (%) HMGB-1 level (pg/ml) p-value 
ARDS 15 (50%) 26.46±30.14  0.040* 
Noln-ARDS 15 (50%) 9.37±4.23 

 
Legend: HMGB-1=high mobility group box-1; ARDS=acute respiratory distress syndrome. 
*significant. 
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Table 4. NLR in ARDS and non-ARDS patients 
 
Group n (%) NLR p-value 
ARDS 15 (50%) 17.60±12.46 0.750** 

Noln-ARDS 15 (50%) 17.20±17.13 
 
Legend: NLR=neutrophil-to-lymphocyte ratio; ARDS=acute respiratory distress syndrome. 
**not significant. 
 
 
 
Table 5. Correlation between IL-6, HMGB-1 levels, and NLR with ARDS severity 
 
ARDS severity Noln-ARDS Mild Molderate Severe p-value 
n (%) 15 (50%) 5 (16.6%) 5 (16.6%) 5 (16.6%)  
IL-6 level (pg/ml) 1.54±0.31 1.92±0.49  2.33±0.12 33.09±22.99 0.000* 
HMGB-1 level (pg/ml) 9.37±4.23 14.27±12.35 9.98±2.15 55.14±38.33 0.026* 
NLR 17.20±17.13 16.80±8.07 24.20±18.88 11.80±4.91 0.940** 

 
Legend: IL-6=interleukin 6; HMGB-1=high mobility group box-1; NLR=neutrophil-to-lymphocyte ratio; 
ARDS=acute respiratory distress syndrome 
*significant; **nolt significant. 
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