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Abstract: Background: There is no convincing pharmacological treatment for patients withacute respiratory distress 
syndrome (ARDS). The efficacy of corticosteroids in ARDS patients remains controversial. Neutrophil-to-Lymphocyte 
Ratio (NLR) has displayed as a good biomarker for inflammation and immune status, and thus a prognostic marker 
in some critical patients of ARDS. In this study, we hypothesized that NLR could also serve as an indicator for the 
efficacy of corticosteroid therapy in ARDS patients. Methods: Subjects included in this retrospective cohort study 
with ARDS patients who were admitted to an academic hospital in Wuhan, China, from May 1st, 2020 to April 20th, 
2021. Multivariable logisitic regression model was used to evaluate risk factors of 30-day in-hospital mortality and 
ventilator-free days. Multi-Cox regression model was used to assess the efficacy of corticosteroid treatment in terms 
of NLR cutoff value. Results: Among the 357 patients in our study, 89 (24.9%) had NLR≥14.35 and 268 (75.1%) 
had NLR<14.35. Among them, 53 patients with NLR≥14.35 (58.9%) received corticosteroids and 99 patients with 
NLR<14.35 (37.1%) received corticosteroids. Post-adjustment analysis (by APACHE II score and age) revealed that 
corticosteroid treatment was associated with a decreased risk of 30-day mortality in the NLR≥14.35 group but 
with an increased risk of death in the NLR<14.35 group. Use of corticosteroid in NLR≥14.35 group significantly 
increased ventilator-free days (7.0 vs. 13.0, P<0.001). Conclusion: NLR may be used to help identify ARDS patients 
who may benefit from corticosteroid treatment. Large-sized randomized controlled trials are warranted to determine 
the optimal cutoff value of NLR.
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Introduction

Acute respiratory distress syndrome (ARDS) is 
one of the leading causes of high mechanical 
ventilation rate and in-hospital mortality in 
emergency department and intensive care 
units (ICUs) [1, 2]. Among various risk factors, 
multiple inflammatory factors cause a sharp 
increase in the infiltration of alveolar epithelial 
cells and vascular endothelial cells, and the 
immune-mediated inflammatory response de- 
velops and progresses uncontrollably, thereby 
leading to ARDS. So far, no proven specific 
effective pharmacological therapy or immuno-
modulatory treatment is available for ARDS, 

especially for patients at the early stages of the 
disease [3, 4].

The Faculty of Intensive Care Medicine and 
Intensive Care Society Guideline Development 
Group made the following recommendations 
as: in the absence of adequate evidence, the 
use of corticosteroids and the removal of extra-
corporeal carbon dioxide were applied for the 
management of adult patients with ARDS [5].  
A meta-analysis, which includes nine random-
ized clinical trials (RCTs), investigated methyl-
prednisolone or hydrocortisone treatment in 
early or late process of ARDS, supported the 
notion that such treatment could result in sig-
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nificant attenuation in systemic inflammation, 
improvement in gas exchange, reduction of 
duration of mechanical ventilation and in length 
of stay in ICU [6, 7]. However, the study failed to 
provide data on the benefits in terms of mortal-
ity [8-10]. 

On the other hand, some studies showed that 
glucocorticoids had no beneficial effects on 
ARDS and, in some cases, may cause more 
adverse effects, such as secondary infection, 
elevated blood glucose and increased ventila-
tor dependency, thereby leading to deteriora-
tion of the disease [11-14]. Up to now, the effi-
cacy of corticosteroids in ARDS remains 
controversial. We speculate that such inconsis-
tencies might result from the differences in 
patient selection, dosages, duration and timing 
of corticosteroid therapy. The biggest challenge 
in the quantification or stratification came from 
the heterogeneity of the enrolled subjects. In 
addition, more objective, accurate and easily 
accessible biomarkers for evaluating the effect 
of corticosteroid on ARDS patients remain 
unavailable.

Although the serum levels of inflammatory cyto-
kines, platelet-to-lymphocyte ratio (PLR) and 
neutrophil-to-lymphocyte ratio (NLR) are poten-
tially prognostic biomarkers in ARDS patients, 
their predictive value for the efficacy of cortico-
steroid therapy for ARDS patients remain 
uncertain [15-17]. This retrospective cohort 
study aimed to evaluate the relationship 
between the NLR and effects of corticosteroids 

European Consensus Conference criteria for 
ARDS, or/and according to the Berlin criteria as 
moderate-to-severe ARDS [18].

In brief, inclusion criteria were: (1) aged 18 
years or older; (2) had acute onset of ARDS at 
admission, which includes clinical symptoms 
such as respiratory distress, hypoxemia; (3) 
bilateral diffuse pulmonary infiltrates of CT 
scan imaging; (4) as defined by a ratio between 
partial pressure of oxygen in arterial blood and 
fraction of inspired oxygen (PaO2/FiO2) of 200 
mm Hg or less on positive end-expiratory pres-
sure (PEEP) of 10 cm H2O or more, and FiO2 of 
0.5 or more at 24 h after ARDS onset; (5) One 
of the following clinical diagnoses (community-
acquired pneumonia, sepsis, acute pancreati-
tis, trauma, multiple organ dysfunction syn-
drome, chemical inhalation injury, etc.) before 
or within 1 week of the new occurrence or dete-
rioration of respiratory symptoms.

The clinical data of 629 patients were collec- 
ted as described in Figure 1. Exclusion criteria 
included (1) pregnancy; (2) having previous 
medical history of having developed cancer, or 
severe chronic obstructive pulmonary disease, 
congestive heart failure, terminal-stage dis-
ease; (3) having received receiving corticoste-
roids or immunosuppressive drugs lasting for 1 
month or more; (4) died or was discharged with-
in 48 hours after admission; (5) had no base-
line data at the emergency department. In 
total, 357 patients were included for the final 
analyses.

Figure 1. Enrollment, Ran-
domization, and Inclusion 
in the analysis.

on mortality, tracheal intu-
bation, and mechanical 
ventilator-free days from 
ARDS patients.

Materials and methods

Study participants and 
definitions

In this retrospective cohort 
study, our team consecu-
tively included ARDS pati- 
ents who were admitted to 
Renmin Hospital of Wuhan 
University from May 1st, 
2020 to April 20th, 2021. 
The diagnosis of ARDS was 
based on the American-



Neutrophil-to-lymphocyte ratio is a powerful predictor

11558	 Am J Transl Res 2021;13(10):11556-11570

This study was approved by the Medical Ethics 
Committee of Renmin Hospital of Wuhan Uni- 
versity and fully complied with the Declaration 
of Helsinki (Approval Number WDRY20200- 
K227). The data used in the study were used 
on anonymous basis, so the requirement for 
informed consent was waived.

Management of ARDS patients

ARDS patients in the methylprednisolone  
group received the first dose immediately after 
acute onset no later than 12 h at emergency 
department. Treatment with methylpredniso-
lone was maintained for a maximum of 10 
days. An intravenous dose of 40 mg was done 
twice daily from day 1 to day 5, and which was 
reduced to 40 mg once daily from day 6 to day 
10.

All supportive procedure of patients enrolled in 
the study were not strictly different. In both cor-
ticosteroid treatment groups and non-cortico-
steroid groups, all conventional critical care 
management were allowed at the discretion of 
the attending physician, including antibiotic 
therapy, hemodynamic support, sedation, neu-
romuscular blocking drugs, prone positioning, 
aimed at maintaining optimal conditions.

Outcomes and Data collection

The primary outcome was 30-day in-hospital 
all-cause mortality. The secondary outcome 
was rate of tracheal intubation and non-inva-
sive positive pressure ventilation (NIPPV), as 
well as the number of ventilator-free days.

We collected patients’ demographic informa-
tion, coexisting conditions, clinical symptoms, 
therapeutic intervention, laboratory routine bio-
chemistry and hematological tests, acute phys-
iology and chronic health evaluation II (APCHEII) 
score; and the sequential organ failure assess-
ment (SOFA) score at admission and during 
hospitalization from the electronic medical 
records. All chest CT imaging abnormalities 
were diagnosed by radiologists and respiratory 
physicians.

Monitoring data of arterial blood gas analysis 
and pulmonary parameters (eg, FiO2, PaO2, 
PaO2/FiO2, PaCO2, and PH), and hemodynamics 
parameters (eg, heart rate, respiratory rate, 
mean blood pressure, and need for inotropy or 

vasoactive drugs) were collected from nur- 
sing record book at admission and during 
hospitalization.

Statistical analysis

Statistical analysis was performed by employ-
ing Stata IC (version 15.1). Continuous vari-
ables were presented as median (interquartile 
ranges) and were compared by using Mann-
Whitney U test. Categorical variables were 
expressed as frequencies and percentages 
and were compared between patients who 
received corticosteroid and those who did not 
by utilizing chi-square or Fisher exact test.

Multivariable logistic regression model was 
used to evaluate risk factors for 30 day in-hos-
pital mortality. Multivariable Cox regression 
model was employed to assess the efficacy  
of corticosteroid treatment in ARDS patients 
stratified by NLR cutoff value. Kaplan-Meier 
survival curves among ARDS patients stratified 
by NLR cutoff value were conducted to examine 
the association between corticosteroid therapy 
and primary outcomes.

Multi-Cox regression model was utilized for the 
analysis of survival data. Primary and second-
ary outcomes were reported with between-
group observed differences and 95% confi-
dence intervals. Frequencies of adverse events 
and complications were compared with the  
chi-square test. All tests were two-sided and 
P<0.05 was considered statistically signifi- 
cant.

Results

Baseline characteristics of ARDS patients at 
admission

The demographic information and physiologi- 
cal parameters at admission ARDS patients 
with or without corticosteroid therapy are given 
in Supplementary Table 1. Compared with non-
corticosteroid group, the patients in the corti-
costeroid group were older, had higher APACHE 
II score, lung CT score, CRP, Lac, worse PaO2/
FiO2, lower CD4+ and CD8+ lymphocyte counts, 
and the higher rate of shock on admission (all 
P<0.05). It is worth noting that the NLR ratio 
was remarkably higher in the corticosteroid 
group than in the non-corticosteroid group 
[NLR 14.82 (7.52-25.25) vs. 8.94 (6.78-16.15), 
P<0.001] (Supplementary Table 1).
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The etiology of 357 ARDS patients, in order, 
were pneumonia (145, 40.61%), sepsis (72, 
20.17%), multiple organ dysfunction syndrome 
(59, 16.52%), acute pancreatitis (45, 12.60%), 
trauma (28, 7.84%), chemical inhalation injury 
and acute paraquat poisoning (8, 2.24%).

At admission, 105 of 357 (29.4%) patients 
received standard oxygenation therapy; 170 of 
357 (47.6%) were on high-flow nasal cannula 
oxygen (HFNC); 53 of 357 (14.8%) were put  
on noninvasive positive pressure ventilation 
(NIPPV) and 29 of 357 (8.1%) were on invasive 
mechanical ventilation. The rates of respiratory 
support were comparable between corticoste-
roid and non-corticosteroid (P=0.062).

A total of 152 ARDS patients were intravenous-
ly administered 80 mg/daily methylpredniso-
lone from day 1 to day 5 after hospitalization, 
then reduced to 40 mg/daily from day 6 to day 
10. On the other hand, the rest of 205 patients 
were given non-corticosteroid therapy. The cor-
ticosteroid therapy information of patients is 
detailed in Supplementary Table 2. In the end, 
54 patients (35.5%) with corticosteroid therapy 
and 38 (18.5%) patients without corticosteroid 
therapy died within 30 days (P<0.01).

NLR is strongly associated with the high risk of 
30-day in-hospital mortality

First and foremost, our multivariate Logistic 
regression revealed that NLR [OR 9.48, 95% CI 
(3.39-26.52), P<0.001] inherently had the 
strongest association with 30-day in-hospital 
mortality among parameters in the blood sam-
ple collected at the Emergency department 
(Supplementary Table 3). Consistent with 
observations by other researchers [15, 17, 19, 
20], our study showed that NLR was an excel-
lent index for patient’s inflammation status, 
immunity status and risk for death.

We selected four candidate threshold values 
for the prediction of primary clinical outcome of 
ARDS patients. In our cohort, the median NLR 
of all patients was 11.68 (IQR 7.67-20.27) at 
admission. The cutoff value of AUROC (the area 
under of curve) was 14.35, showing both opti-
mal sensitivity and specificity for the prediction 
of the risk of 30-day mortality (Supplementary 
Table 4) since it had the highest Youden index 
(0.67).

Baseline characteristics of ARDS patients 
with or without corticosteroid treatment in 
NLR≥14.35 group and NLR<14.35 group

We examined the effectiveness of corticoste-
roid treatment by using NLR 14.35 as a cutoff 
value (Table 1). Compared with NLR<14.35 
group, the NLR≥14.35 group had higher 
APACHE II score, Lac, CRP, shock at admission 
and lower PaO2/FiO2 (all P<0.01).

In NLR≥14.35 group, 37 (41.1%) patients 
received corticosteroid treatment; In cortico-
steroid subgroup and non-corticosteroid sub-
group, NLR was 15.5 (IQR 12.22-22.90) and 
17.53 (IQR 10.03-25.31), respectively, and the 
difference was not statistically significant. 
Baseline characteristics of corticosteroid sub-
group and non-corticosteroid subgroup in 
NLR≥14.35 group were similar except for alco-
hol-addiction, past smoking and diabetes. In 
unadjusted analyses, use of corticosteroid was 
associated with a decreased mortality (78.4% 
vs. 59.6%, P=0.063) without statistically sig- 
nificant difference.

In contrast, in the NLR<14.35 group, 100 
(37.1%) patients received corticosteroid treat-
ment. NLR [6.38 (IQR 5.68-8.51) vs. 7.23 (IQR 
6.16-9.94), P=0.045] was higher in the cor- 
ticosteroid subgroup. APACHE II score [10 (IQR, 
7.5-12.5) vs. 12 (IQR, 8.0-17.0), P<0.001] was  
greater in the corticosteroid subgroup. The cor-
ticosteroid subgroup had higher incidence of 
shock at admission (10.1% vs. 41.4%, P<0.001, 
higher CRP, lower PaO2/FiO2 level, and lower 
CD4+ and CD8+ cell counts (Table 1). Our unad-
justed analyses showed that use of corticoste-
roid was associated with significantly increased 
mortality (5.4% vs. 23.0%, P<0.001).

Primary outcome of corticosteroids therapy in 
ARDS patients stratified by NLR cutoff value 
≥14.35

We further explored the possibility to use NLR 
as an indicator of the efficacy of corticosteroid 
therapy. We tested the association between 
corticosteroid therapy and 30-day mortality 
(primary outcome) in ARDS patients stratified 
by NLR cutoff value by using the multivariable 
Cox regression model.

More strikingly, when the study cohort was 
stratified into two sub-cohorts in terms of 
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Table 1. Baseline characteristics of ARDS patients with NLR≥14.35 and NLR<14.35 in the corticosteroid and non-corticosteroid groups

Characteristics Total No-methylprednisolone 
NLR≥14.35

Methylprednisolone 
NLR≥14.35

P 
value

No-methylpredniso-
lone NLR<14.35

Methylprednisolone 
NLR<14.35

P 
value

Patients (no.) 357 37 52 168 100

Demographics

    Age (year), median (IQR) 58.00 (45.00-69.00) 70.00 (57.00-79.50) 69.00 (61.00-75.00) 0.771 54.0 (39.0-65.0) 56.0 (41.3-67.0) 0.215

    Sex, male-no. (%) 184 (51.5) 21 (56.8) 34 (65.4) 0.409 80 (47.6) 49 (49.0) 0.827

Methylprednisolone timing

    Median no. of days since symptom onset (IQR) 10.00 (7.00-13.75) 10.00 (7.25-13.75) 10.00 (7.00-13.75)

    Median no. of days since hospitalization (IQR) 0.50 (0.00-2.00) 0.00 (0.00-1.00) 1.00 (0.00-3.00)

Coexisting conditions-no (%)

    Cardiovascular disease 101 (28.3) 18 (48.6) 26 (50.0) 0.900 37 (22.0) 20 (20.0) 0.695

    Chronic renal disease 8 (2.2) 1 (2.7) 3 (5.8) 0.446 3 (1.8) 1 (1.0) 0.522

    Chronic gastrointestinal disease 31 (8.7) 2 (5.4) 4 (7.7) 0.511 20 (11.9) 5 (5.0) 0.060

    Stroke 13 (3.6) 2 (5.4) 2 (3.8) 0.554 3 (1.8) 6 (6.0) 0.083

    Diabetes 54 (15.1) 12 (32.4) 10 (19.2) 0.155 21 (12.5) 11 (11.1) 0.714

    Auto-immune disease 4 (1.1) 1 (2.7) 1 (1.9) 0.661 2 (1.2) 0 (0)

    Smoking history 13 (3.6) 2 (5.4) 0 (0.0) 10 (6.0) 1 (1.0) 0.058

    Alcohol-addiction history 12 (3.4) 3 (8.1) 0 (0.0) 8 (4.8) 1 (1.0) 0.160

Severity of illness in ED

    APACHE II score, median (IQR) 12.00 (9.00-18.00) 20.00 (14.50-24.00) 20.50 (13.25-24.00) 1.000 10.00 (7.25-12.75) 12.00 (8.00-16.75) 0.002

Symptoms at admission

    PaO2/FiO2 (mmHg), median (IQR) 155.00 (135.00-175.00) 158.00 (145.00-176.50) 156.00 (145.50-180.00) 0.837 186.50 (175.00-202.25) 175.50 (158.50-198.50) 0.036

    Temperature (°C), median (IQR) 36.70 (36.40-37.00) 36.80 (36.35-37.00) 36.80 (36.50-37.10) 0.541 36.70 (36.40-37.00) 36.80 (36.40-37.00) 0.523

    Heart rate (bpm), median (IQR) 85.00 (78.00-95.00) 88.00 (80.00-107.00) 86.00 (79.00-102.00) 0.516 83.00 (78.00-92.75) 83.00 (77.75-92.00) 0.749

    MAP (mmHg), median (IQR) 92.83 (85.67-100.25) 97.00 (85.92-103.33) 100.00 (87.50-113.42) 0.161 92.50 (86.00-98.59) 90.00 (83.67-98.50) 0.152

Physiologic parameters

    PH, median (IQR) 7.42 (7.37-7.46) 7.36 (7.25-7.44) 7.46 (7.42-7.48) <0.001 7.41 (7.38-7.44) 7.40 (7.37-7.46) 0.698

    Lac (mmol/L), median (IQR) 2.73 (1.70-3.83) 2.90 (2.00-5.10) 2.93 (1.80-4.98) 0.572 2.20 (1.63-2.98) 2.20 (1.50-3.40) 0.642

    WBC (×109/L), median (IQR) 10.73 (9.36-12.58) 10.80 (7.06-13.34) 11.59 (9.00-13.65) 0.252 9.92 (8.82-11.33) 10.02 (8.88-11.51) 0.432

    Neu (×109/L), median (IQR) 9.13 (7.82-12.09) 8.77 (7.41-11.40) 9.48 (8.20-13.29) 0.380 7.91 (7.24-9.35) 8.39 (7.53-9.52) 0.082

    Lym (×109/L), median (IQR) 0.79 (0.46-1.04) 0.62 (0.45-0.91) 0.61 (0.48-0.85) 0.920 0.84 (0.73-1.04) 0.91 (0.63-1.15) 0.129

    RBC (×1012/L), median (IQR) 4.20 (3.72-4.60) 4.15 (3.59-4.61) 4.06 (3.83-4.35) 0.808 4.23 (3.72-4.63) 4.24 (3.71-4.74) 0.396

    Hb (g/L), median (IQR) 129.00 (117.00-140.00) 128.00 (116.00-143.00) 129.00 (120.25-141.50) 0.542 126.00 (115.00-138.00) 130.00 (119.00-142.50) 0.094

    CRP (mg/L), median (IQR) 29.30 (6.45-72.03) 88.25 (46.83-174.88)  62.70 (37.31-135.88) 0.290 11.10 (5.00-40.63) 35.35 (6.93-63.55) 0.003

    Na+ (mmol/L), median (IQR) 139.00 (135.00-142.00) 136.00 (134.00-141.00) 136.00 (133.50-139.50) 0.467 140.00 (136.00-143.00) 139.00 (135.00-142.00) 0.103

    K+ (mmol/L), median (IQR) 3.73 (3.38-4.19) 3.95 (3.21-4.55) 3.60 (3.05-4.00) 0.192 3.77 (3.40-4.10) 3.70 (3.30-4.20) 0.826

    ALT (U/L), median (IQR) 27.00 (18.00-46.00) 27.00 (22.00-47.25) 28.00 (22.00-46.00) 0.894 24.00 (16.00-44.00) 27.50 (18.00-48.75) 0.297

    AST (U/L), median (IQR) 30.00 (21.75-45.00) 37.00 (24.75-54.25) 38.00 (25.00-63.00) 0.969 27.00 (20.00-39.00) 30.00 (22.00-42.75) 0.061

    Cr (umol/L), median (IQR) 59.00 (50.00-74.00) 68.50 (52.00-128.00) 61.00 (52.00-82.00) 0.155 58.00 (48.00-73.00) 60.50 (50.25-72.00) 0.342

    CD4+ (/uL), median (IQR) 363.00 (194.00-567.50) 139.00 (86.00-240.00) 144.00 (102.50-275.50) 0.696 493.50 (315.50-655.75) 383.50 (226.25-537.00) 0.001
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    CD8+ (/uL), median (IQR) 209.00 (111.50-338.00) 77.00 (52.00-121.00) 68.50 (44.25-116.25) 0.538 303.50 (199.25-426.00) 215.00 (138.25-302.50) <0.001

    CD4+/CD8+, median (IQR) 1.69 (1.17-2.41) 1.79 (1.13-2.94) 2.25 (1.54-2.96) 0.190 1.59 (1.18-2.06) 1.57 (1.05-2.58) 0.986

    Neu/Lym ratio, median (IQR) 11.68 (7.67-20.27) 17.53 (10.03-25.31) 15.50 (12.22-22.90) 0.644 6.38 (5.68-8.51) 7.23 (6.16-9.94) 0.045

    Lung CT score, median (IQR) 4.00 (4.00-5.00) 5.0 (4.00-5.00) 5.00 (5.00-5.00) 0.476 4.00 (4.00-4.00) 5.00 (4.00-5.00) <0.001

    Shock at A dmission-no (%) 131 (36.7) 30 (81.1) 43 (82.7) 0.845 17 (10.1) 41 (41.0) <0.001
Note: IQR: Interquartile range; APACHE II score: Acute Physiology and Chronic Health Evaluation; PO2: partial pressure of oxygen; Lac: lactic acid; MAP: Mean arterial pressure;WBC: White blood cell; Neu: Neutrophil granulocyte; Lym: Lymphocyte; 
RBC: Red Blood Cell; Hb: Hemoglobin; CRP: C-reactive protein; Na+: serum natrium; K+: serum kalium; ALT: Alanine transaminase; AST: Aspartate transaminase; Cr: Creatinine; CD4+: CD4+ lymphocyte count; CD8+: CD8+ lymphocyte count. P 
values were calculated by Mann-Whitney U test for non-normally distributed continuous variables and Fisher’s exact test or χ2 test for categorical variable.
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NLR≥14.35 and NLR<14.35, the death risk of 
NLR≥14.35 patients with corticosteroid thera-
py was significantly lower than that of without 
corticosteroid therapy [HR 0.53; 95% CI (0.32-
0.89); P=0.018; Table 2A; Figure 2], especially 
after they were adjusted in terms of APACHE II 
score [aHR 2.30; 95% CI (1.58-3.34); P<0.001] 
and age [aHR 1.13; 95% CI (0.88-1.44); P= 
0.331].

Finally, we took NLR≥14.35 as an appropriate 
threshold values to identify patients who may 
well benefit from corticosteroid therapy.

Secondary outcomes and adverse effect in 
ARDS Patients stratified by NLR≥14.35

As to the secondary outcome (Table 3), use of 
corticosteroid in NLR≥14.35 group significant- 
ly increased ventilator-free days (7.0 vs. 13.0, 

Discussion

Multiple clinical studies reported that gluco- 
corticoids were used for treatment of ARDS 
patients, but the efficacy remain controversial 
[5-8, 21-23]. While timely administration of cor-
ticosteroids could mitigate fever, relieve lung 
inflammation/fibrosis, and obtain better oxy-
genation, more studies showed that glucocorti-
coids had no beneficial effects and potentially 
caused adverse reactions in patients with 
ARDS [12-14, 24-26].

These contradictory results might be ascribed 
to the discrepancies in study designs, which 
include patients selection, dosage, and dura-
tion/timing of glucocorticoid treatment. Presu- 
mably, the efficacy of glucocorticoids in ARDS 
patients depends on right selection of dosage, 
timing and patients. Firstly, high doses of gluco-

Table 2A. Multivariable COX regression models for 30-
day mortality of ARDS patients with and without cortico-
steroid treatment stratified by NLR≥14.35 adjusted by 
age and APACHE II score
30-day mortality HR 95% CI P Value
Model 1 NLR≥14.35
    No corticosteroid treatment reference
    Corticosteroid treatment 0.53 0.32-0.89 0.018
    Age (by 10 years) 1.13 0.88-1.44 0.330
    APACHE II score (by 10) 2.30 1.58-3.34 <0.001
Model 2 NLR<14.35
    No corticosteroid treatment reference
    Corticosteroid treatment 2.64 1.7-5.95 0.019
    Age (by 10 years) 1.85 1.37-2.51 <0.001
    APACHE II score (by 10) 3.98 2.32-6.82 <0.001

Table 2B. Multivariable COX regression models for 
Ventilator-free days of ARDS patients with and without 
corticosteroid treatment stratified by NLR≥14.35 ad-
justed by age and APACHE II score
Ventilator-free days HR (95% CI) P value
Model 1 NLR≥14.35
    No corticosteroid treatment reference
    Corticosteroid treatment 0.67 0.34-1.43 0.023
    Age (by 10 years) 1.19 0.80-1.58 0.299
    APACHE II score (by 10) 2.29 1.46-3.76 <0.001
Model 2 NLR<14.35
    No corticosteroid treatment
    Corticosteroid treatment 2.98 2.75-5.29 0.039
    Age (by 10 years) 2.45 1.90-3.74 <0.001
    APACHE II score (by 10) 3.12 2.81-5.53 <0.001

P<0.001), In contrast, when the cortico-
steroid therapy was used in NLR<14.35 
group, the ventilator-free days signifi-
cantly decreased (23.0 vs. 21.5, P= 
0.015).

Both crude analysis and post-adjust-
ment analysis in terms of APACHE II 
score and age revealed that corticoste-
roid treatment was associated with an 
increased tendency of ventilator-free 
days in the NLR≥14.35 group but with a 
decreased tendency of ventilator-free 
days in the NLR<14.35 group (Table 2B). 
There was no evidence that weaning in 
the corticosteroid group was done more 
quickly than in the no-corticosteroid 
group. Therefore, it had no effect on the 
number ventilator-free days.

Furthermore, use of corticosteroid in 
NLR≥14.35 group significantly decrea- 
sed the occurrence of shock (56.8% vs. 
32.7%, P=0.024) and the incidence of 
secondary infection (73.0% vs. 46.2%, 
P<0.012).

The incidence of tracheal intubation 
(51.4% vs. 40.4%, P=0.378) and nonin-
vasive positive pressure ventilation 
(NIPPV, 89.2% vs. 73.1%, P=0.062) were 
also lower in the corticosteroid group 
but the differences were not statistically 
significant. The incidence of hypergly-
caemia went up marginally but without 
statistically significant difference (Table 
3).



Neutrophil-to-lymphocyte ratio is a powerful predictor

11563	 Am J Transl Res 2021;13(10):11556-11570

corticoids undoubtedly do more harm than 
good [14, 24]. Secondly, timing of initiating glu-
cocorticoids therapy is pivotal [25, 26]. Thirdly, 
only a fraction of ARDS patients benefits from 
corticosteroid therapy. Recent researches have 
suggested that glucocorticoid treatment is bet-
ter for severe patients (i.e., requiring respirato-
ry support, having septic shock or multiple 
organ failure, APACHE II score >11) [4, 6-10, 
24-26]. A question presents itself: How to iden-
tify ARDS patients who can benefit from gluco-
corticoid therapy?

Among the aforementioned confounding fac-
tors, the heterogeneity of the enrolled subjects 
is the one that renders the quantification or 
stratification difficulties. NLR is a powerful fac-
tor that indicates the prognosis of severe ARDS 
patients, no matter the community-acquired 
pneumonia caused by bacterial infection or 
viral infection [17, 19]. Study performed by Ki- 
Woong Nam et al. showed a close correlation 
between the NLR and severity of stroke-associ-
ated pneumonia [19]. The multivariate analysis 
by Zhao et al. demonstrated that the in-hospital 

Figure 2. Kaplan-Meier survival curves among ARDS patients receiving corticosteroid (n=221) or not receiving corti-
costeroid therapy (n=136) stratified by NLR cutoff value. A: Thirty-day survival rate of ARDS patients with NLR≥14.35 
[Red line indicates receiving corticosteroid therapy (n=53) and blue line indicates receiving non-corticosteroid ther-
apy (n=37)]; B: Thirty-day survival rate of ARDS patients with NLR<14.35 [Red line indicates receiving corticosteroid 
therapy (n=168) and blue line indicates receiving non-corticosteroid therapy (n=99)]. p value was shown in Table 3 
using Multivariable COX regression models.

Table 3. Outcomes and adverse effects in ARDS patients with NLR≥14.35 and NLR<14.35 in the 
corticosteroid and non-corticosteroid groups

Outcomes Total
No-methyl-

prednisolone 
NLR≥14.35

Methylpred-
nisolone 

NLR≥14.35

P 
value

No-methyl-
prednisolone 
NLR<14.35

Methylpred-
nisolone 
NLR<14.35

P 
value

Patients (no.) 357 37 52 168 100

Primary Outcome

    30-day Death-no. (%) 92 (25.8) 29 (78.4) 31 (59.6) 0.063 9 (5.9) 23 (23.0) <0.001

Secondary Outcome

    NIPPV-no. (%) 71 (19.9) 33 (89.2) 38 (73.1) 0.062 56 (33.3) 43 (43.0) 0.113

    Tracheal intubation-no. (%) 40 (11.2) 19 (51.4) 21 (40.4) 0.378 6 (3.6) 21 (21.0) <0.001

    Ventilator-free days (IQR) 21.0  
(14.0-30.0)

7.0 (3.0-17.0) 13.0 (7.0-31.0) <0.01 23.0 0  
(19.00-33.00)

21.50  
(14.00-29.00)

0.015

Adverse Effects

    Shock-no (%) 38 (10.6) 21 (56.8) 17 (32.7) 0.024 10 (6.0) 12 (12.0) 0.081

    Hyperglycaemia-no. (%) 55 (15.4) 22 (59.5) 33 (63.5) 0.615 62 (36.9) 44 (44.0) 0.251

    Secondary infection during 
hospitalization-no. (%)

51 (14.3) 27 (73.0) 24 (46.2) 0.012 30 (17.9) 28 (28.0) 0.051

    Pulmonary embolism-no. (%) 3 (0.8) 0 (0.0) 3 (5.8) 0 (0.0) 0 (0)

    Vein thrombosis-no. (%) 17 (4.8) 10 (27.0) 7 (13.5) 0.109 4 (2.4) 2 (2.0) 0.838
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mortality of ARDS related to COVID-19 pneumo-
nia rose by 8% for each unit increase in NLR 
[Odds ratio (OR) 1.08; 95% CI (1.01-1.14); 
P=0.0147] [17].

NLR is an independent risk factor of the in- 
hospital mortality in ARDS patients [27, 28]. 
Besides, NLR may help assess the efficacy of 
corticosteroid therapy in patients with ARDS. In 
our study, the patients were stratified in light of 
NLR threshold values of 14.35. We then used 
the multivariable Cox regression model to eval-
uate how well each NLR cutoff value worked in 
identifying patients who could benefit from cor-
ticosteroid therapy. 

Patients with NLR≥14.35 were found to have a 
high in-hospital mortality. After costicosteriod 
treatment, we observed a decrease in hos- 
pital mortality. [HR: 0.53, 95% CI (0.32-0.89), 
P=0.018]. In contrast, the same treatment 
increases the risk of death of patients with 
NLR<14.35 by more than three times [HR: 
2.64, 95% CI (1.70-5.95), P=0.019]. Such a dif-
ference remained after adjustment by APACHE 
II score and age. We acknowledge that early 
therapy with methylprednisolon in NLR≥14.35 
group could reduce 30-days all cause mortality 
and increase the duration of ventilator-free 
days. This also explains the difference between 

our results and Liu Jiao’s conclusions that the 
use of glucocorticoids in severe ARDS was 
associated with increased 28-day mortality as 
shown by log-rank test [12]. In Liu Jiao’s study, 
the team failed to stratify patients into different 
groups in light of NRL.

Another concern is the serious adverse effects 
of corticosteroids in the treatment of ARDS. 
Among the patients with an NLR≥14.35, gluco-
corticoid therapy significantly reduced the inci-
dence of shock (56.8% vs. 32.7%, P=0.024) 
and secondary infection (73.0% vs. 46.2%, 
P=0.012). 

On the basis of our findings, we propose that 
the NLR is efficient in identification of the ARDS 
patients who would benefit most from cortico-
steroid therapy. After adjustment by age and 
APACHE II score, NLR≥14.35 can serve as a 
strong predictor for the patients who can ben-
efit from corticosteroid therapy. For patients 
whose NLR<14.35, corticosteroid treatment 
was found to achieve no conspicuous outcome 
improvement but associated with significant 
adverse effects. 

Most recently, Li and his colleagues revealed 
that the clinical benefits of corticosteroid treat-
ment were intimately associated with the NLR 

Figure 3. Effect of corticoste-
roid therapy on 30-day in hospi-
tal mortality of ARDS patients.
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in patients with COVID-19 pneumonia at admis-
sion [29]. They believe that, in subjects whose 
NLR was higher than 6.12 at admission, corti-
costeroid treatment was significantly correlat-
ed with a reduced risk of 60-day all-cause mor-
tality of COVID-19. Among 12862 confirmed 
COVID-19 patients in their enrollment, 3,254 
cases received corticosteroid therapy, of which 
97.1% received methylprednisolone. Our study 
is different from theirs in that the clinical cases 
in our cohort included not only virus-associated 
pneumonia, but also ARDS caused by trauma, 
pancreatitis, aspiration pneumonia, etc.

So far, although there are some substantive 
clinical evidence to support the use of gluco-
corticoids, the pathophysiological mechanism 
still remains unclear [8-10, 24-26, 29-35]. 
Jesús Villar and his colleagues did a multicen-
tre, randomized controlled trial in 17 intensive 
care units across Spain. They pointed out that 
early administration of dexamethasone could 
reduce duration of mechanical ventilation and 
overall mortality in patients with moderate-to-
severe ARDS [8]. In RECOVERY clinical practice, 
glucocorticoids, in many ways, worked on in 
60% of critically-ill patients with COVID-19 (e.g., 
inotropy, vasopressor, irreversible lung injury) 
[9]. NLR may serve as a prognostic biomarker 
by indicating neutrophils rising and lympho-
cytes apoptosis in response of the inflammato-
ry storm. We speculate that the appropriate 
use of glucocorticoids may be beneficial given 
that (1) corticosteroids reduce the damage of 
target organs by inhibiting the storm of pro-
inflammatory factors in the initial stage. (2) 
Glucocorticoid treatment improves alveolar-
capillary membrane permeability and alleviat-
ed inflammatory-immune response in lung 
interstitial [32-35]. For patients with less severe 
inflammatory response at admission, cortico-
steroid therapy-associated side effects may 
offset any potential benefits.

In general, our study clearly showed that NLR is 
a good indicator in identifying those who bene-
fit from corticosteroid treatment. With adjust-
ment by age and APACHE II score using Cox 
regression model, we stratified patients by NLR 
cutoff value 14.35. Upon treatment with corti-
costeroids, ARDS patients with NLR≥14.35 or 
shock at admission had a decreased risk of 
30-days in-hospital mortality. In contrast, ARDS 
patients who have age ≥65 years or NLR<14.35 
(Figure 3) showed an increased risk of 30-days 

in-hospital mortality. Moreover, Cox regression 
model suggested that the ventilator-free days 
was remarkably increased in corticosteroid 
patients with NLR≥14.35. It is worth mention-
ing that use of corticosteroid in NLR≥14.35 
group does not increase secondary nosocomial 
infections.

In summary, it is reasonable for us to believe 
that NLR≥14.35 can be used to identify ARDS 
patients who may benefit most from methyl-
prednisolone therapy. We believe that our find-
ing has great clinical value. In terms of the 
treatment of ARDS at the Emergency depart-
ment or ICU, physicians are required to accu-
rately select patients who would be most suit-
able to receive the glucocorticoids treatment in 
time. As the NLR is readily obtainable from 
blood cell counts and can be repeatedly mea-
sured and dynamically observed, it may help 
physicians to identify ARDS patients who are fit 
for corticosteroid therapy at admission.

Limitations

The study has several limitations. First, the 
study was a retrospective design in one single 
setting. Second, inflammatory storm and immu-
nity function has not been deeply investigated 
in ARDS patients who received corticosteroid 
therapy or not. Third, we did not go further to 
investigate how corticosteroids impact diabe-
tes or glycemic fluctuation in ARDS patients. 
Fourth, since the study was of observational 
nature, it was difficult to definitively identify the 
causal relationship between corticosteroid 
administration and the mortality in ARDS 
patients who had a high NLR at admission. 
Fifth, whether the NLR cutoff value 14.35 is 
applicable to other ARDS patients associated 
with different etiological classifications or 
inflammatory morbidities needs further inves- 
tigation. 

Conclusions

NLR was found to be a powerful predictor of  
the prognosis for ARDS patients. NLR >14.35 
could serve as a strong indicator for the ARDS 
patients who can benefit from corticosteroid 
therapy. Since the NLR can be rapidly and eas-
ily obtained from differential blood cell counts, 
our research is a pivotal hint in identifying 
patients to initiate corticosteroid therapy pro- 
mptly.
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The development and implementation of pro-
spective studies and multiple-center random-
ized controlled clinical trials is needed.

Acknowledgements

This work was supported by the Grant from 
National Key Research and Development Plan 
(2020YFC0846600), the Grants from the 
National Science Foundation of China (NSFC 
81372020), the Grant from Renmin Hospital  
of Wuhan University (RMYD 2018Z15) and the 
Grant of Young Talent Physician Training Project 
in Wuhan City (2014ZX0001).

Disclosure of conflict of interest

None.

Address correspondence to: Jingjun Lyu, Depart- 
ment of Emergency (The Center of Emergency and 
Critical Care Medicine), Renmin Hospital of Wuhan 
University, No. 238 Jiefang Road, Wuchang District, 
Wuhan 430060, Hubei Province, China. Tel: +86-
13886162487; E-mail: lvjingjun@whu.edu.cn

References

[1]	 Villar J and Slutsky AS. GOLDEN anniversary of 
the acute respiratory distress syndrome: still 
much work to do! Curr Opin Crit Care 2017; 23: 
4-9.

[2]	 Brower RG, Matthay MA, Morris A, Schoenfeld 
D, Thompson BT and Wheeler A. Ventilation 
with lower tidal volumes as compared with tra-
ditional tidal volumes for acute lung injury and 
the acute respiratory distress syndrome. N 
Engl J Med 2000; 342: 1301-1308.

[3]	 Steinberg KP, Hudson LD, Goodman RB, Hough 
CL, Lanken PN, Hyzy R, Thompson BT and An-
cukiewicz M. Efficacy and safety of corticoste-
roids for persistent acute respiratory distress 
syndrome. N Engl J Med 2006; 354: 1671-
1684.

[4]	 Annane D, Sébille V and Bellissant E. Effect of 
low doses of corticosteroids in septic shock pa-
tients with or without early acute respiratory 
distress syndrome. Crit Care Med 2006; 34: 
22-30.

[5]	 Griffiths MJD, McAuley DF, Perkins GD, Barrett 
N, Blackwood B, Boyle A, Chee N, Connolly B, 
Dark P, Finney S, Salam A, Silversides J, Tarmey 
N, Wise MP and Baudouin SV. Guidelines on 
the management of acute respiratory distress 
syndrome. BMJ Open Respir Res 2019; 6: 
000420.

[6]	 Meduri GU, Golden E, Freire AX, Taylor E, Za-
man M, Carson SJ, Gibson M and Umberger R. 

Methylprednisolone infusion in early severe 
ARDS: results of a randomized controlled trial. 
Chest 2007; 131: 954-963.

[7]	 Annane D, Pastores SM, Rochwerg B, Arlt W, 
Balk RA, Beishuizen A, Briegel J, Carcillo J, 
Christ-Crain M, Cooper MS, Marik PE, Umberto 
Meduri G, Olsen KM, Rodgers S, Russell JA and 
Van den Berghe G. Guidelines for the diagnosis 
and management of critical illness-related cor-
ticosteroid insufficiency (CIRCI) in critically ill 
patients (Part I): Society of Critical Care Medi-
cine (SCCM) and European Society of Intensive 
Care Medicine (ESICM) 2017. Intensive Care 
Med 2017; 43: 1751-1763.

[8]	 Villar J, Ferrando C, Martínez D, Ambrós A, Mu-
ñoz T, Soler JA, Aguilar G, Alba F, González-
Higueras E, Conesa LA, Martín-Rodríguez C, 
Díaz-Domínguez FJ, Serna-Grande P, Rivas R, 
Ferreres J, Belda J, Capilla L, Tallet A, Añón JM, 
Fernández RL and González-Martín JM. Dexa-
methasone treatment for the acute respiratory 
distress syndrome: a multicentre, randomised 
controlled trial. Lancet Respir Med 2020; 8: 
267-276.

[9]	 Fadel R, Morrison AR, Vahia A, Smith ZR, 
Chaudhry Z, Bhargava P, Miller J, Kenney RM, 
Alangaden G and Ramesh MS. Early short-
course corticosteroids in hospitalized patients 
with COVID-19. Clin Infect Dis 2020; 71: 2114-
2120.

[10]	 Horby P, Lim WS, Emberson JR, Mafham M, 
Bell JL, Linsell L, Staplin N, Brightling C, Us-
tianowski A, Elmahi E, Prudon B, Green C, Fel-
ton T, Chadwick D, Rege K, Fegan C, Chappell 
LC, Faust SN, Jaki T, Jeffery K, Montgomery A, 
Rowan K, Juszczak E, Baillie JK, Haynes R and 
Landray MJ. Dexamethasone in hospitalized 
patients with COVID-19. N Engl J Med 2021; 
384: 693-704.

[11]	 Arabi YM, Mandourah Y, Al-Hameed F, Sindi AA, 
Almekhlafi GA, Hussein MA, Jose J, Pinto R, Al-
Omari A, Kharaba A, Almotairi A, Al Khatib K, 
Alraddadi B, Shalhoub S, Abdulmomen A, 
Qushmaq I, Mady A, Solaiman O, Al-Aithan AM, 
Al-Raddadi R, Ragab A, Balkhy HH, Al Harthy A, 
Deeb AM, Al Mutairi H, Al-Dawood A, Merson L, 
Hayden FG and Fowler RA. Corticosteroid ther-
apy for critically ill patients with Middle East 
respiratory syndrome. Am J Respir Crit Care 
Med 2018; 197: 757-767.

[12]	 Liu J, Zhang S, Dong X, Li Z, Xu Q, Feng H, Cai J, 
Huang S, Guo J, Zhang L, Chen Y, Zhu W, Du H, 
Liu Y, Wang T, Chen L, Wen Z, Annane D, Qu J 
and Chen D. Corticosteroid treatment in se-
vere COVID-19 patients with acute respiratory 
distress syndrome. J Clin Invest 2020; 130: 
6417-6428.

[13]	 Russell CD, Millar JE and Baillie JK. Clinical 
evidence does not support corticosteroid treat-



Neutrophil-to-lymphocyte ratio is a powerful predictor

11567	 Am J Transl Res 2021;13(10):11556-11570

ment for 2019-nCoV lung injury. Lancet 2020; 
395: 473-475.

[14]	 Takaki M, Ichikado K, Kawamura K, Gushima Y 
and Suga M. The negative effect of initial high-
dose methylprednisolone and tapering regi-
men for acute respiratory distress syndrome:  
a retrospective propensity matched cohort 
study. Crit Care 2017; 21: 135.

[15]	 Jabaudon M, Blondonnet R and Ware LB. Bio-
markers in acute respiratory distress syn-
drome. Curr Opin Crit Care 2021; 27: 46-54.

[16]	 Sinha P and Calfee CS. Phenotypes in acute 
respiratory distress syndrome: moving towards 
precision medicine. Curr Opin Crit Care 2019; 
25: 12-20.

[17]	 Liu Y, Du X, Chen J, Jin Y, Peng L, Wang HHX, 
Luo M, Chen L and Zhao Y. Neutrophil-to-lym-
phocyte ratio as an independent risk factor for 
mortality in hospitalized patients with COV-
ID-19. J Infect 2020; 81: 6-12.

[18]	 Ranieri VM, Rubenfeld GD, Thompson BT, Fer-
guson ND, Caldwell E, Fan E, Camporota L and 
Slutsky AS. Acute respiratory distress syn-
drome: the Berlin Definition. JAMA 2012; 307: 
2526-2533.

[19]	 Nam KW, Kim TJ, Lee JS, Kwon HM, Lee YS, Ko 
SB and Yoon BW. High neutrophil-to-lympho-
cyte ratio predicts stroke-associated pneumo-
nia. Stroke 2018; 49: 1886-1892.

[20]	 Liu J, Li S, Liu J, Liang B, Wang X, Wang H, Li W, 
Tong Q, Yi J, Zhao L, Xiong L, Guo C, Tian J, Luo 
J, Yao J, Pang R, Shen H, Peng C, Liu T, Zhang 
Q, Wu J, Xu L, Lu S, Wang B, Weng Z, Han C, 
Zhu H, Zhou R, Zhou H, Chen X, Ye P, Zhu B, 
Wang L, Zhou W, He S, He Y, Jie S, Wei P, Zhang 
J, Lu Y, Wang W, Zhang L, Li L, Zhou F, Wang J, 
Dittmer U, Lu M, Hu Y, Yang D and Zheng X. 
Longitudinal characteristics of lymphocyte re-
sponses and cytokine profiles in the peripheral 
blood of SARS-CoV-2 infected patients. EBio-
Medicine 2020; 55: 102763.

[21]	 Mokra D, Mikolka P, Kosutova P and Mokry  
J. Corticosteroids in acute lung injury: the  
dilemma continues. Int J Mol Sci 2019; 25: 
4765.

[22]	 Reddy K, O’Kane C and McAuley D. Corticoste-
roids in acute respiratory distress syndrome: a 
step forward, but more evidence is needed. 
Lancet Respir Med 2020; 8: 220-222.

[23]	 Blot M, Salmon-Rousseau A, Chavanet P and 
Piroth L. Do we know enough to recommend 
corticosteroids in acute respiratory distress 
syndrome? Crit Care 2017; 21: 327.

[24]	 Briegel J, Bein T and Möhnle P. Update on low-
dose corticosteroids. Curr Opin Anaesthesiol 
2017; 30: 186-191.

[25]	 Meduri GU, Rochwerg B, Annane D and Pas-
tores SM. Prolonged corticosteroid treatment 
in acute respiratory distress syndrome: impact 

on mortality and ventilator-free days. Crit Care 
2018; 22: 135.

[26]	 Angus DC, Derde L, Al-Beidh F, Annane D, Arabi 
Y, Beane A, van Bentum-Puijk W, Berry L, Bhi-
mani Z, Bonten M, Bradbury C, Brunkhorst F, 
Buxton M, Buzgau A, Cheng AC, de Jong M, De-
try M, Estcourt L, Fitzgerald M, Goossens H, 
Green C, Haniffa R, Higgins AM, Horvat C, Hul-
legie SJ, Kruger P, Lamontagne F, Lawler PR, 
Linstrum K, Litton E, Lorenzi E, Marshall J, 
McAuley D, McGlothin A, McGuinness S, 
McVerry B, Montgomery S, Mouncey P, Murthy 
S, Nichol A, Parke R, Parker J, Rowan K, Sanil 
A, Santos M, Saunders C, Seymour C, Turner A, 
van de Veerdonk F, Venkatesh B, Zarychanski 
R, Berry S, Lewis RJ, McArthur C, Webb SA, 
Gordon AC, Al-Beidh F, Angus D, Annane D, 
Arabi Y, van Bentum-Puijk W, Berry S, Beane A, 
Bhimani Z, Bonten M, Bradbury C, Brunkhorst 
F, Buxton M, Cheng A, De Jong M, Derde L, Es-
tcourt L, Goossens H, Gordon A, Green C, Hani-
ffa R, Lamontagne F, Lawler P, Litton E, Mar-
shall J, McArthur C, McAuley D, McGuinness S, 
McVerry B, Montgomery S, Mouncey P, Murthy 
S, Nichol A, Parke R, Rowan K, Seymour C, 
Turner A, van de Veerdonk F, Webb S, Zarychan-
ski R, Campbell L, Forbes A, Gattas D, Heritier 
S, Higgins L, Kruger P, Peake S, Presneill J, 
Seppelt I, Trapani T, Young P, Bagshaw S, 
Daneman N, Ferguson N, Misak C, Santos M, 
Hullegie S, Pletz M, Rohde G, Rowan K, Alexan-
der B, Basile K, Girard T, Horvat C, Huang D, 
Linstrum K, Vates J, Beasley R, Fowler R, Mc-
Gloughlin S, Morpeth S, Paterson D, Venkatesh 
B, Uyeki T, Baillie K, Duffy E, Fowler R, Hills T, 
Orr K, Patanwala A, Tong S, Netea M, Bihari S, 
Carrier M, Fergusson D, Goligher E, Haidar G, 
Hunt B, Kumar A, Laffan M, Lawless P, Lother 
S, McCallum P, Middeldopr S, McQuilten Z, 
Neal M, Pasi J, Schutgens R, Stanworth S, Tur-
geon A, Weissman A, Adhikari N, Anstey M, 
Brant E, de Man A, Lamonagne F, Masse MH, 
Udy A, Arnold D, Begin P, Charlewood R, Chasse 
M, Coyne M, Cooper J, Daly J, Gosbell I, Harva-
la-Simmonds H, Hills T, MacLennan S, Menon 
D, McDyer J, Pridee N, Roberts D, Shankar-Hari 
M, Thomas H, Tinmouth A, Triulzi D, Walsh T, 
Wood E, Calfee C, O’Kane C, Shyamsundar M, 
Sinha P, Thompson T, Young I, Bihari S, Hodg-
son C, Laffey J, McAuley D, Orford N, Neto A, 
Detry M, Fitzgerald M, Lewis R, McGlothlin A, 
Sanil A, Saunders C, Berry L, Lorenzi E, Miller 
E, Singh V, Zammit C, van Bentum Puijk W, 
Bouwman W, Mangindaan Y, Parker L, Peters 
S, Rietveld I, Raymakers K, Ganpat R, Brillinger 
N, Markgraf R, Ainscough K, Brickell K, Anjum 
A, Lane JB, Richards-Belle A, Saull M, Wiley D, 
Bion J, Connor J, Gates S, Manax V, van der 
Poll T, Reynolds J, van Beurden M, Effelaar E, 



Neutrophil-to-lymphocyte ratio is a powerful predictor

11568	 Am J Transl Res 2021;13(10):11556-11570

Schotsman J, Boyd C, Harland C, Shearer A, 
Wren J, Clermont G, Garrard W, Kalchthaler K, 
King A, Ricketts D, Malakoutis S, Marroquin O, 
Music E, Quinn K, Cate H, Pearson K, Collins J, 
Hanson J, Williams P, Jackson S, Asghar A, 
Dyas S, Sutu M, Murphy S, Williamson D, Mgu-
ni N, Potter A, Porter D, Goodwin J, Rook C, 
Harrison S, Williams H, Campbell H, Lomme K, 
Williamson J, Sheffield J, van’t Hoff W, Mc-
Cracken P, Young M, Board J, Mart E, Knott C, 
Smith J, Boschert C, Affleck J, Ramanan M, 
D’Souza R, Pateman K, Shakih A, Cheung W, 
Kol M, Wong H, Shah A, Wagh A, Simpson J, 
Duke G, Chan P, Cartner B, Hunter S, Laver R, 
Shrestha T, Regli A, Pellicano A, McCullough J, 
Tallott M, Kumar N, Panwar R, Brinkerhoff G, 
Koppen C, Cazzola F, Brain M, Mineall S, Fisch-
er R, Biradar V, Soar N, White H, Estensen K, 
Morrison L, Smith J, Cooper M, Health M, She-
habi Y, Al-Bassam W, Hulley A, Whitehead C, 
Lowrey J, Gresha R, Walsham J, Meyer J, Har-
ward M, Venz E, Williams P, Kurenda C, Smith 
K, Smith M, Garcia R, Barge D, Byrne D, Byrne 
K, Driscoll A, Fortune L, Janin P, Yarad E, Ham-
mond N, Bass F, Ashelford A, Waterson S, 
Wedd S, McNamara R, Buhr H, Coles J, Sch-
weikert S, Wibrow B, Rauniyar R, Myers E, Fysh 
E, Dawda A, Mevavala B, Litton E, Ferrier J, Nair 
P, Buscher H, Reynolds C, Santamaria J, Barba-
zza L, Homes J, Smith R, Murray L, Brailsford J, 
Forbes L, Maguire T, Mariappa V, Smith J, 
Simpson S, Maiden M, Bone A, Horton M, 
Salerno T, Sterba M, Geng W, Depuydt P, De 
Waele J, De Bus L, Fierens J, Bracke S, Reeve 
B, Dechert W, Chassé M, Carrier FM, Boumahni 
D, Benettaib F, Ghamraoui A, Bellemare D, 
Cloutier È, Francoeur C, Lamontagne F, 
D’Aragon F, Carbonneau E, Leblond J, Vazquez-
Grande G, Marten N, Wilson M, Albert M, Serri 
K, Cavayas A, Duplaix M, Williams V, Rochwerg 
B, Karachi T, Oczkowski S, Centofanti J, Millen 
T, Duan E, Tsang J, Patterson L, English S, Wat-
pool I, Porteous R, Miezitis S, McIntyre L, Bro-
chard L, Burns K, Sandhu G, Khalid I, Binnie A, 
Powell E, McMillan A, Luk T, Aref N, Andric Z, 
Cviljevic S, Đimoti R, Zapalac M, Mirković G, 
Baršić B, Kutleša M, Kotarski V, Vujaklija 
Brajković A, Babel J, Sever H, Dragija L, Kušan 
I, Vaara S, Pettilä L, Heinonen J, Kuitunen A, 
Karlsson S, Vahtera A, Kiiski H, Ristimäki S, 
Azaiz A, Charron C, Godement M, Geri G, Vieil-
lard-Baron A, Pourcine F, Monchi M, Luis D, 
Mercier R, Sagnier A, Verrier N, Caplin C, Siami 
S, Aparicio C, Vautier S, Jeblaoui A, Fartoukh 
M, Courtin L, Labbe V, Leparco C, Muller G, Nay 
MA, Kamel T, Benzekri D, Jacquier S, Mercier 
E, Chartier D, Salmon C, Dequin P, Schneider F, 
Morel G, L’Hotellier S, Badie J, Berdaguer FD, 
Malfroy S, Mezher C, Bourgoin C, Megarbane 

B, Voicu S, Deye N, Malissin I, Sutterlin L, Guit-
ton C, Darreau C, Landais M, Chudeau N, Rob-
ert A, Moine P, Heming N, Maxime V, Bossard I, 
Nicholier TB, Colin G, Zinzoni V, Maquigneau N, 
Finn A, Kreß G, Hoff U, Friedrich Hinrichs C, 
Nee J, Pletz M, Hagel S, Ankert J, Kolanos S, 
Bloos F, Petros S, Pasieka B, Kunz K, Appelt P, 
Schütze B, Kluge S, Nierhaus A, Jarczak D, 
Roedl K, Weismann D, Frey A, Klinikum Neu-
kölln V, Reill L, Distler M, Maselli A, Bélteczki J, 
Magyar I, Fazekas Á, Kovács S, Szőke V, Szi-
gligeti G, Leszkoven J, Collins D, Breen P, 
Frohlich S, Whelan R, McNicholas B, Scully M, 
Casey S, Kernan M, Doran P, O’Dywer M, Smyth 
M, Hayes L, Hoiting O, Peters M, Rengers E, 
Evers M, Prinssen A, Bosch Ziekenhuis J, Si-
mons K, Rozendaal W, Polderman F, de Jager 
P, Moviat M, Paling A, Salet A, Rademaker E, 
Peters AL, de Jonge E, Wigbers J, Guilder E, 
Butler M, Cowdrey KA, Newby L, Chen Y, Sim-
monds C, McConnochie R, Ritzema Carter J, 
Henderson S, Van Der Heyden K, Mehrtens J, 
Williams T, Kazemi A, Song R, Lai V, Girijadevi 
D, Everitt R, Russell R, Hacking D, Buehner U, 
Williams E, Browne T, Grimwade K, Goodson J, 
Keet O, Callender O, Martynoga R, Trask K, 
Butler A, Schischka L, Young C, Lesona E, Ola-
tunji S, Robertson Y, José N, Amaro dos Santos 
Catorze T, de Lima Pereira TNA, Neves Pessoa 
LM, Castro Ferreira RM, Pereira Sousa Bastos 
JM, Aysel Florescu S, Stanciu D, Zaharia MF, 
Kosa AG, Codreanu D, Marabi Y, Al Qasim E, 
Moneer Hagazy M, Al Swaidan L, Arishi H, Mu-
ñoz-Bermúdez R, Marin-Corral J, Salazar De-
gracia A, Parrilla Gómez F, Mateo López MI, 
Rodriguez Fernandez J, Cárcel Fernández S, 
Carmona Flores R, León López R, de la Fuente 
Martos C, Allan A, Polgarova P, Farahi N, McWil-
liam S, Hawcutt D, Rad L, O’Malley L, Whit-
bread J, Kelsall O, Wild L, Thrush J, Wood H, 
Austin K, Donnelly A, Kelly M, O’Kane S, Mc-
Clintock D, Warnock M, Johnston P, Gallagher 
LJ, Mc Goldrick C, Mc Master M, Strzelecka A, 
Jha R, Kalogirou M, Ellis C, Krishnamurthy V, 
Deelchand V, Silversides J, McGuigan P, Ward 
K, O’Neill A, Finn S, Phillips B, Mullan D, Oritz-
Ruiz de Gordoa L, Thomas M, Sweet K, Grim-
mer L, Johnson R, Pinnell J, Robinson M, Gled-
hill L, Wood T, Morgan M, Cole J, Hill H, Davies 
M, Antcliffe D, Templeton M, Rojo R, Coghlan P, 
Smee J, Mackay E, Cort J, Whileman A, Spen-
cer T, Spittle N, Kasipandian V, Patel A, Alli-
bone S, Genetu RM, Ramali M, Ghosh A, Bam-
ford P, London E, Cawley K, Faulkner M, Jeffrey 
H, Smith T, Brewer C, Gregory J, Limb J, Cowton 
A, O’Brien J, Nikitas N, Wells C, Lankester L, 
Pulletz M, Williams P, Birch J, Wiseman S, Hor-
ton S, Alegria A, Turki S, Elsefi T, Crisp N, Allen 
L, McCullagh I, Robinson P, Hays C, Babio-Ga-



Neutrophil-to-lymphocyte ratio is a powerful predictor

11569	 Am J Transl Res 2021;13(10):11556-11570

lan M, Stevenson H, Khare D, Pinder M, Selva-
moni S, Gopinath A, Pugh R, Menzies D, Mack-
ay C, Allan E, Davies G, Puxty K, McCue C, 
Cathcart S, Hickey N, Ireland J, Yusuff H, Isgro 
G, Brightling C, Bourne M, Craner M, Watters 
M, Prout R, Davies L, Pegler S, Kyeremeh L, Ar-
bane G, Wilson K, Gomm L, Francia F, Brett S, 
Sousa Arias S, Elin Hall R, Budd J, Small C, 
Birch J, Collins E, Henning J, Bonner S, Hugill K, 
Cirstea E, Wilkinson D, Karlikowski M, Suther-
land H, Wilhelmsen E, Woods J, North J, Sun-
daran D, Hollos L, Coburn S, Walsh J, Turns M, 
Hopkins P, Smith J, Noble H, Depante MT, Clar-
ey E, Laha S, Verlander M, Williams A, Huckle 
A, Hall A, Cooke J, Gardiner-Hill C, Maloney C, 
Qureshi H, Flint N, Nicholson S, Southin S, 
Nicholson A, Borgatta B, Turner-Bone I, Reddy 
A, Wilding L, Chamara Warnapura L, Agno 
Sathianathan R, Golden D, Hart C, Jones J, 
Bannard-Smith J, Henry J, Birchall K, Pomeroy 
F, Quayle R, Makowski A, Misztal B, Ahmed I, 
KyereDiabour T, Naiker K, Stewart R, Mwaura 
E, Mew L, Wren L, Willams F, Innes R, Doble P, 
Hutter J, Shovelton C, Plumb B, Szakmany T, 
Hamlyn V, Hawkins N, Lewis S, Dell A, Gopal S, 
Ganguly S, Smallwood A, Harris N, Metherell S, 
Lazaro JM, Newman T, Fletcher S, Nortje J, 
Fottrell-Gould D, Randell G, Zaman M, Elmahi 
E, Jones A, Hall K, Mills G, Ryalls K, Bowler H, 
Sall J, Bourne R, Borrill Z, Duncan T, Lamb T, 
Shaw J, Fox C, Moreno Cuesta J, Xavier K, Puro-
hit D, Elhassan M, Bakthavatsalam D, Rowland 
M, Hutton P, Bashyal A, Davidson N, Hird C, 
Chhablani M, Phalod G, Kirkby A, Archer S, 
Netherton K, Reschreiter H, Camsooksai J, 
Patch S, Jenkins S, Pogson D, Rose S, Daly Z, 
Brimfield L, Claridge H, Parekh D, Bergin C, 
Bates M, Dasgin J, McGhee C, Sim M, Hay SK, 
Henderson S, Phull MK, Zaidi A, Pogreban T, 
Rosaroso LP, Harvey D, Lowe B, Meredith M, 
Ryan L, Hormis A, Walker R, Collier D, Kimpton 
S, Oakley S, Rooney K, Rodden N, Hughes E, 
Thomson N, McGlynn D, Walden A, Jacques N, 
Coles H, Tilney E, Vowell E, Schuster-Bruce M, 
Pitts S, Miln R, Purandare L, Vamplew L, Spivey 
M, Bean S, Burt K, Moore L, Day C, Gibson C, 
Gordon E, Zitter L, Keenan S, Baker E, Cherian 
S, Cutler S, Roynon-Reed A, Harrington K, 
Raithatha A, Bauchmuller K, Ahmad N, Grecu I, 
Trodd D, Martin J, Wrey Brown C, Arias AM, Cra-
ven T, Hope D, Singleton J, Clark S, Rae N, Wel-
ters I, Hamilton DO, Williams K, Waugh V, Shaw 
D, Puthucheary Z, Martin T, Santos F, Uddin R, 
Somerville A, Tatham KC, Jhanji S, Black E, 
Dela Rosa A, Howle R, Tully R, Drummond A, 
Dearden J, Philbin J, Munt S, Vuylsteke A, Chan 
C, Victor S, Matsa R, Gellamucho M, Creagh-
Brown B, Tooley J, Montague L, De Beaux F, 
Bullman L, Kersiake I, Demetriou C, Mitchard 

S, Ramos L, White K, Donnison P, Johns M, 
Casey R, Mattocks L, Salisbury S, Dark P, Clax-
ton A, McLachlan D, Slevin K, Lee S, Hulme J, 
Joseph S, Kinney F, Senya HJ, Oborska A, Kay-
ani A, Hadebe B, Orath Prabakaran R, Nichols 
L, Thomas M, Worner R, Faulkner B, Gendall E, 
Hayes K, Hamilton-Davies C, Chan C, Mfuko C, 
Abbass H, Mandadapu V, Leaver S, Forton D, 
Patel K, Paramasivam E, Powell M, Gould R, 
Wilby E, Howcroft C, Banach D, Fernández de 
Pinedo Artaraz Z, Cabreros L, White I, Croft M, 
Holland N, Pereira R, Zaki A, Johnson D, Jack-
son M, Garrard H, Juhaz V, Roy A, Rostron A, 
Woods L, Cornell S, Pillai S, Harford R, Rees T, 
Ivatt H, Sundara Raman A, Davey M, Lee K, 
Barber R, Chablani M, Brohi F, Jagannathan V, 
Clark M, Purvis S, Wetherill B, Dushianthan A, 
Cusack R, de Courcy-Golder K, Smith S, Jack-
son S, Attwood B, Parsons P, Page V, Zhao XB, 
Oza D, Rhodes J, Anderson T, Morris S, Xia Le 
Tai C, Thomas A, Keen A, Digby S, Cowley N, 
Wild L, Southern D, Reddy H, Campbell A, Wat-
kins C, Smuts S, Touma O, Barnes N, Alexander 
P, Felton T, Ferguson S, Sellers K, Bradley-Potts 
J, Yates D, Birkinshaw I, Kell K, Marshall N, 
Carr-Knott L and Summers C. Effect of Hydro-
cortisone on mortality and organ support in 
patients with severe COVID-19: the REMAP-
CAP COVID-19 corticosteroid domain random-
ized clinical trial. JAMA 2020; 324: 1317-
1329.

[27]	 Wang Y, Ju M, Chen C, Yang D, Hou D, Tang X, 
Zhu X, Zhang D, Wang L, Ji S, Jiang J and Song 
Y. Neutrophil-to-lymphocyte ratio as a prognos-
tic marker in acute respiratory distress syn-
drome patients: a retrospective study. J Thorac 
Dis 2018; 10: 273-282.

[28]	 Li W, Ai X, Ni Y, Ye Z and Liang Z. The associa-
tion between the neutrophil-to-lymphocyte ra-
tio and mortality in patients with acute respira-
tory distress syndrome: a retrospective cohort 
study. Shock 2019; 51: 161-167.

[29]	 Cai J, Li H, Zhang C, Chen Z, Liu H, Lei F, Qin JJ, 
Liu YM, Zhou F, Song X, Zhou J, Zhao YC, Wu B, 
He M, Yang H, Zhu L, Zhang P, Ji YX, Zhao GN, 
Lu Z, Liu L, Mao W, Liao X, Lu H, Wang D, Xia X, 
Huang X, Wei X, Xia J, Zhang BH, Yuan Y, She 
ZG, Xu Q, Ma X, Wang Y, Yang J, Zhang X, Zhang 
XJ and Li H. The Neutrophil-to-Lymphocyte Ra-
tio determines clinical efficacy of corticoste-
roid therapy in patients with COVID-19. Cell 
Metab 2021; 33: 258-269.253.

[30]	 Lin P, Zhao Y, Li X, Jiang F and Liang Z. De-
creased mortality in acute respiratory distress 
syndrome patients treated with corticoste-
roids: an updated meta-analysis of random-
ized clinical trials with trial sequential analysis. 
Crit Care 2021; 25: 122.



Neutrophil-to-lymphocyte ratio is a powerful predictor

11570	 Am J Transl Res 2021;13(10):11556-11570

[31]	 Wu C, Hou D, Du C, Cai Y, Zheng J, Xu J, Chen X, 
Chen C, Hu X, Zhang Y, Song J, Wang L, Chao 
YC, Feng Y, Xiong W, Chen D, Zhong M, Hu J, 
Jiang J, Bai C, Zhou X, Xu J, Song Y and Gong F. 
Corticosteroid therapy for coronavirus disease 
2019-related acute respiratory distress syn-
drome: a cohort study with propensity score 
analysis. Crit Care 2020; 24: 643.

[32]	 Cheng P, Li S and Chen H. Macrophages in 
lung injury, repair, and fibrosis. Cells 2021; 10: 
436.

[33]	 Kumar V. Pulmonary innate immune response 
determines the outcome of inflammation dur-
ing pneumonia and sepsis-associated acute 
lung injury. Front Immunol 2020; 11: 1722.

[34]	 Sun X, Wang T, Cai D, Hu Z, Chen J, Liao H, Zhi 
L, Wei H, Zhang Z, Qiu Y, Wang J and Wang A. 
Cytokine storm intervention in the early stages 
of COVID-19 pneumonia. Cytokine Growth Fac-
tor Rev 2020; 53: 38-42.

[35]	 Palma-Gudiel H, Prather AA, Lin J, Oxendine JD, 
Guintivano J, Xia K, Rubinow DR, Wolkowitz O, 
Epel ES and Zannas AS. HPA axis regulation 
and epigenetic programming of immune-relat-
ed genes in chronically stressed and non-
stressed mid-life women. Brain Behav Immun 
2021; 92: 49-56.



Neutrophil-to-lymphocyte ratio is a powerful predictor

1	

Supplementary Table 1. Baseline characteristics and physiological parameters of ARDS patients in 
the corticosteroid and non-corticosteroid groups at admission
Characteristics Total No-methylprednisolone Methylprednisolone P value
Patients (no.) 357 205 152
Demographics
    Age (yr), median (IQR) 58.0 (45.0-69.0) 64.0 (49.0-71.0) 68.5 (56.0-77.0) 0.016
    Sex, male-no. (%) 184 (51.5) 101 (49.3) 83 (54.6) 0.318
Coexisting conditions-no. (%)
    Cardiovascular disease 101 (28.3) 55 (26.8) 46 (30.3) 0.476
    Chronic renal disease 8 (2.2) 4 (2.0) 4 (2.6) 0.727
    Chronic gastrointestinal disease 31 (8.7) 22 (10.7) 9 (5.9) 0.110
    Stroke 13 (3.6) 5 (2.4) 8 (5.3) 0.159
    Diabetes 54 (15.1) 33 (16.1) 21 (13.8) 0.552
    Auto-immune disease 4 (1.1) 3 (1.5) 1 (0.7) 0.639
    Smoking history 13 (3.6) 12 (5.9) 1 (0.7) 0.009
    Alcohol-addiction history 12 (3.4) 11 (5.4) 1 (0.7) 0.016
Severity of illness at admission
    APACHE II score, median (IQR) 12.00 (9.00-18.00) 14.00 (12.00-20.00) 18.50 (12.00-23.00) <0.001
Symptoms at admission
    PaO2/FiO2 (mmHg), median (IQR) 155.00 (135.00-175.00) 155.00 (138.00-171.00) 143.00 (129.50-161.50) 0.020
    Temperature (°C), median (IQR) 36.70 (36.40-37.00) 36.80 (36.50-37.10) 36.70 (36.50-37.28) 0.311
    Heart rate (bpm), median (IQR) 85.00 (78.00-95.00) 86.00 (80.00-104.00) 88.00 (81.00-98.00) 0.910
    MAP (mmHg), median (IQR) 92.83 (85.67-100.25) 93.33 (86.67-101.33) 95.33 (87.00-106.50) 0.978
Physiologic parameters
    PH, median (IQR) 7.42 (7.37-7.46) 7.40 (7.35-7.44) 7.43 (7.38-7.47) 0.001
    Lac (mmol/L), median (IQR) 2.93 (1.90-4.03) 2.20 (1.68-3.23) 3.97 (2.90-4.87) 0.040
    WBC (×109/L), median (IQR) 10.73 (9.36-12.58) 10.63 (9.16-12.73) 11.50 (9.65-13.16) 0.327
    Neu (×109/L), median (IQR) 9.13 (7.82-12.09) 8.89 (7.59-11.07) 9.62 (7.99-12.89) 0.367
    Lym (×109/L), median (IQR) 0.79 (0.46-1.04) 0.82 (0.49-1.21) 0.65 (0.38-0.97) 0.089
    RBC (×1012/L), median (IQR) 4.20 (3.72-4.60) 4.12 (3.69-4.71) 4.00 (3.68-4.47) 0.691
    Hb (g/L), median (IQR) 129.00 (117.00-140.00) 126.00 (116.00-143.00) 125.50 (118.50-138.75) 0.075
    CRP (mg/L), median (IQR) 29.30 (6.45-72.03) 48.50 (8.30-91.50) 61.05 (41.40-131.85) 0.001
    Na+ (mmol/L), median (IQR) 136.00 (133.00-139.00) 139.00 (135.00-142.00) 136.00 (133.00-140.00) 0.016
    K+ (mmol/L), median (IQR) 3.73 (3.38-4.19) 3.60 (3.30-4.20) 3.60 (3.00-4.00) 0.351
    ALT (U/L), median (IQR) 27.00 (18.00-46.00) 27.00 (19.00-49.00) 25.00 (18.75-46.00) 0.215
    AST (U/L), median (IQR) 30.00 (21.75-45.00) 33.00 (23.00-47.00) 39.00 (25.00-54.00) 0.027
    Cr (umol/L), median (IQR) 59.00 (50.00-74.00) 61.00 (49.00-77.00) 60.00 (50.75-80.25) 0.474
    CD4+ (/uL), median (IQR) 363.00 (194.00-567.50) 312.00 (168.00-549.00) 230.00 (112.25-413.25) <0.001
    CD8+ (/uL), median (IQR) 209.00 (111.50-338.00) 183.00 (85.00-326.00) 127.50 (59.00-214.50) <0.001
    CD4+/CD8+, median (IQR) 1.69 (1.16-2.41) 1.63 (1.16-2.14) 1.79 (1.13-2.75) 0.142
    Neu/Lym ratio, median (IQR) 11.68 (7.67-20.27) 8.94 (6.78-16.15) 14.82 (7.52-25.25) <0.001
    Lung CT score, median (IQR) 4.0 (4.00-5.00) 4.00 (4.00-5.00) 5.0 (5.00-5.00) <0.001
    Shock on Admission-no. (%) 131 (36.69) 47 (22.93) 84 (55.26) <0.001
Note: IQR: Interquartile range; APACHE II score: Acute Physiology and Chronic Health Evaluation; PO2: partial pressure of oxygen; Lac: lactic acid; 
MAP: Mean arterial pressure; WBC: White blood cells; Neu: Neutrophil granulocytes; Lym: Lymphocytes; RBC: Red Blood Cell; Hb: Hemoglobin; 
CRP: C-reactive protein; Na+: serum natrium; K+: serum kalium; ALT: Alanine transaminase; AST: Aspartate transaminase; Cr: Creatinine; CD4+: 
CD4+ lymphocyte count; CD8+: CD8+ lymphocyte count. P values were calculated by Mann-Whitney U test for non-normally distributed continuous 
variables and Fisher’s exact test or χ2 test for categorical variables.
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Supplementary Table 2. Corticosteroid use in ARDS patients stratified by different NLR cutoff value

Corticosteroid Use Total
(n=357)

NLR≥11.68
(n=178)

NLR<11.68
(n=179)

NLR≥14.35
(n=107)

NLR<4.35
(n=250)

NLR≥20.27
(n=89)

NLR<20.27
(n=268)

Methylprednisolone; n (n%) 152 (42.6) 97 (54.5) 55 (30.7) 64 (59.8) 88 (35.2) 52 (58.4) 100 (37.3)

Duration of corticosteroids use; median (IQR); d 6.00 (3.25-8.00) 6.00 (3.00-8.00) 6.00 (4.00-7.00) 6.00 (3.00-8.75) 6.00 (4.00-7.00) 6.00 (3.25-9.00) 6.00 (3.25-7.00)

Duration of corticosteroids use for survivor; median (IQR); d 6.50 (4.00-8.00) 7.00 (4.00-9.00) 6.00 (4.00-7.00) 8.00 (5.00-14.00) 6.00 (4.00-7.00) 8.00 (5.50-12.00) 6.00 (4.00-7.00)

Duration of corticosteroids use for non-survivor; median (IQR); d 6.00 (3.25-8.00) 6.00 (3.00-8.00) 6.00 (4.00-7.00) 6.00 (3.00-8.75) 6.00 (4.00-7.00) 6.00 (3.25-9.00) 6.00 (3.25-7.00)

Accumulated dose; median (IQR); mg 240.00  
(160.00-400.00)

280.00  
(120.00-450.00)

220.00  
(160.00-300.00)

320.00  
(125.00-480.00)

220.00  
(160.00-315.00)

360.00  
(160.00-480.00)

220.00  
(160.00-320.00)

Daily dose; median (IQR); mg 40.00  
(40.00-60.00)

40.00  
(40.00-65.33)

40.00  
(31.11-40.00)

60.00  
(40.00-74.05)

40.00  
(31.43-40.00)

60.00  
(40.00-78.33)

40.00  
(31.90-78.10)

Duration between onset of illness and corticosteroid initiation; 
median (IQR); d

10.00  
(7.00-13.75)

10.00  
(7.00-14.00)

10.00  
(7.00-12.00)

10.00  
(7.25-14.00)

10.00  
(7.00-12.00)

10.00  
(7.25-13.75)

10.00  
(7.00-13.75)

Duration between hospital admission and corticosteroid initiation; 
median (IQR); d

0.50 (0.00-2.00) 0.00 (0.00-2.00) 1.00 (0.00-4.00) 0.00 (0.00-1.00) 1.00 (0.00-3.750 0.00 (0.00-1.000 1.00 (0.00-3.00)

Note: IQR: Interquartile range. The median NLR of all ARDS patients was 11.68 (IQR 7.67-20.27). The cutoff value of AUROC (the area under of curve) was 14.35 for predicting of the risk of 30-day mortality.
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Supplementary Table 3. Parameters in the blood sample associated with 30-day in-hospital mortality 
in ARDS patients

Parameters
Multivariate Logistic Regression

OR 95% CI P value
Neutrophil count >9.5; 10^9/L 2.79 0.96-8.16 0.059
Lymphocyte count <0.8; 10^9/L 1.25 0.56-2.81 0.588
NLR increasea 9.48 3.39-26.52 <0.001
Platelet count <100.0; 10^9/L 1.61 0.58-4.49 0.363
CD4+ Lymphocyte count <500/mL 7.62 1.90-30.56 0.004
CD4+/CD8+ ratio abnormalb 0.82 0.39-1.75 0.612
CPR >10 mg/L 0.77 0.24-2.48 0.655
Note: OR: odd ratio; CI: confidence interval. a: Neutrophil-to-lymphocyte ratio (NLR) increase was defined as >14.35. The cutoff 
value was determined according to the median value of NLR of our cohort. b: CD4+/CD8+ ratio abnormal was defined as CD4+/
CD8+ ratio >2.0 or CD4+/CD8+ ratio <1.4.

Supplementary Table 4. NLR Cutoff Values for Predicting Mortality in ARDS Patients
Parameters Cutoff =7.67 Cutoff =11.68 Cutoff =14.35 Cutoff =20.27
Sensitivity 0.98 0.94 0.80 0.66
Specificity 0.35 0.66 0.87 0.89
PPV 0.34 0.48 0.67 0.66
NPV 0.98 0.97 0.93 0.88
Youden Index 0.33 0.60 0.67 0.55
Note: NLR: neutrophil-to-lymphocyte ratio; PPV: positive predict value; NPV: negative predict value. The median NLR of all 
patients was 11.68 (IQR 7.67-20.27). The cutoff value of AUROC (the area under of curve) was 14.35 for predicting of the risk 
of 30-day mortality. All patients with ARDS (n=357).


