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Abstract
Preliminary results from the RECOVERY trial indicated that dexamethasone usage markedly reduced
death rate in COVID-19 patients receiving invasive mechanical ventilation. However, the overall reduction
for the entire patient cohort in that trial was much more modest, indicating highly variable effects of
corticosteroid usage among COVID-19 patients. While steroid treatment is known to have both clinical
efficacy and detrimental adverse-effects, defining a clinic parameter that could guide the beneficial
corticosteroid usage for treating COVID-19 remains an elusive, urgent, and critical unmet need in COVID-
19 therapy. Here, we undertook a multicentered retrospective study on a cohort of 12,862 confirmed
COVID-19 cases from 21 hospitals in Hubei Province, China, including 3,254 received corticosteroid
treatment and 9,608 received usual care without corticosteroid. We uncovered that the clinical benefits of
corticosteroid use were closely associated with the neutrophil-to-lymphocyte ratio (NLR) measured at
admission. Among participants with NLR > 6.12 at admission, corticosteroid treatment was significantly
associated with a lower risk of 60-day all-cause mortality of COVID-19 based on both Cox model with
time-varying exposure and Marginal Structural Model. However, in patients with NLR ≤ 6.12 at admission,
corticosteroid treatment was no longer associated with reduced risk of all-cause death, but rather with
increased risks of severe adverse effects, particularly in hyperglycemia and infection. In diabetic patients
with COVID-19, corticosteroid treatment was associated with increased glycemia, but not with a higher
risk of 60-day mortality. Therefore, our study has uncovered NLR as a clinical indicator to stratify COVID-
19 patients in their response to corticosteroid therapy. This finding may assist clinical evaluation and
future randomized controlled trials to establish proper guidelines for corticosteroid therapy in COVID-19
patients.

Introduction
Corticosteroids have been used for over half a century to treat overwhelming inflammatory diseases and
lung injury, but whether steroid use is clinically efficacious is still a matter of intensive debate1-3. For
COVID-19, particularly the severe cases, the therapeutic efficacy of corticosteroids remains inconclusive
and highly controversial4,5. The international guidelines regarding the use of corticosteroids for COVID-
19 was inconsistent, mainly based on the inconclusive clinical outcomes of corticosteroid use during the
previous outbreaks of SARS and MERS6,7, as well as its known risk of prolonging viremia due to
impaired immune system to clear invading pathogens 8,9. However, widespread usage of corticosteroids
continues in patients with COVID-19 to treat overwhelming inflammation and cytokine-related pneumonia
progression, especially in those suffering from life- threatening acute respiratory distress syndrome
(ARDS) and septic shock10.

Recently, the RECOVERY trial led by the University of Oxford published its preliminary results that
dexamethasone, a corticosteroid, may reduce one-third of COVID-19-associated death in patients on
invasive ventilators11,12. After that, WHO stated to update the clinical guide for dexamethasone use in
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patients with severe or critical disease under close clinical supervision. However, when evaluated from the
entire cohort, the effect of dexamethasone in death reduction was much more moderate, indicating
clearly that the clinical efficacy of corticosteroid treatment for COVID-19 is highly variable. Although
ventilator usage is a sign of critical stage for COVID-19, it cannot be used as an effective method for
patient stratification for corticosteroid therapy as it can be influenced by many factors including
ventilator accessibility13. Therefore, it is critical to identify a specific and robust clinical indicator to
assist physicians in determining whether and which patients infected with this novel coronavirus could
benefit from corticosteroid therapy.

Prominent changes in the proportion of blood cell subsets, particularly in immune cells, have been
recognized as the hallmark for systemic inflammation response and also are closely associated with
COVID-19 outcomes14-16. Given that the primary benefit from corticosteroid use on pneumonia is
suppressing the overwhelming inflammatory response, changes in circulating immune cells may be

important for guiding corticosteroid application in patients with COVID-19. Besides, routinely blood cell
test is one of the most common clinical tests available for all hospitalized patients with very low cost and
efficiency. To expand the applicability of the indicator in regions with different medical conditions, we
sought to derive a powerful indicator from blood cell test. Here, we conducted a large retrospective study
to analyze the associations of corticosteroid use with mortality and to identify clinical indicators from
blood cell tests which could predict the therapeutic efficacy of corticosteroids in 12,862 patients
hospitalized due to COVID-19.

Results
Baseline characteristics of participants

The study cohort consisted of COVID-19 patients admitted between December 30th, 2019 and April 17th,
2020, to 21 hospitals in Hubei, China that were designated to treat COVID-19 patients. There were 12,862
patients with COVID-19 who met the eligibility criteria for analysis. Among the study population, 3,254
(25.3%) received corticosteroid therapy (corticosteroid group) and 9,608 (74.7%) without corticosteroid
therapy (non-corticosteroid group). The clinical characteristics of patients enrolled in the study were
shown in Table 1. Participants receiving corticosteroid were older (61 [IQR, 49-69] years versus 57 [IQR,
45-67] years, P < 0.001) and had a higher number of males (56.2% versus 45.8%) than those in the non-
corticosteroid group (Table 1). There was a higher prevalence of pre- existing hypertension (37.2% versus
32.0%, P < 0.001), diabetes mellitus (18.3% versus 15.3%, P < 0.001), chronic obstructive pulmonary
disease (COPD;1.6% versus 1.0%, P = 0.005) and heart failure (0.9% versus 0.4%, P = 0.004) in the
corticosteroid group than those without corticosteroid therapy (Table 1). The frequencies of neutrophil
and leukocyte count increase, lymphocyte count decrease, C- reactive protein (CRP) increase,
procalcitonin increase, creatine kinase (CK) increase, creatinine increase, and alanine transaminase (ALT)
increase were significantly higher in the corticosteroid group than the non-corticosteroid group (Table 1).

Blood cells strongly associated with the high risk of mortality and corticosteroid treatment
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Accumulated evidence from the clinical trial suggested favorable immune response modulation by low-
to-moderate dose corticosteroids could be beneficial to patients with critical conditions17-19. However,
the critical condition wasn’t exactly identified. To identify an indicator associated with disease severity
and also can determine the therapeutic efficacy of corticosteroids in patients with COVID-19, we first
identified blood cell parameter has the strongest association with 60-day in- hospital mortality in patients
with COVID-19; After blood cell parameter was identified, we selected three candidate threshold values for
the parameter with different capabilities to predict clinical outcome in patients with COVID-19; Finally, we
further defined an appropriate severity threshold values for initiating corticosteroids therapeutic in
patients with COVID-19.

In the first step, to determine indicators significantly associated with 60-day in-hospital mortality, ten
parameters from complete blood cells were included in a multivariate logistic regression analysis. Using a
multivariate logistic regression model on the dataset of 12,862 patients with COVID-19, the lymphocyte
count decrease (OR, 5.17; 95%CI, 4.33-6.17; P < 0.001) and neutrophil count increase (OR, 5.00; 95%CI,
3.96-6.29; P < 0.001) were the top two factors significantly and positively associated with mortality (Table
2). Remarkedly, using LASSO regression, a regularization method creates parsimonious model, the
circulating immune cells were key determinants associated with the mortality. Among immune cells,
neutrophil and lymphocyte counts were also identified as the top two factors (Table 2). These findings
were consistent with previous studies20,21 and indicated that systemic immune response was among
the most critical factors related to the clinical outcomes in this cohort of patients with COVID-19.

To further estimate whether the levels of immune cells were also associated the use of corticosteroid in
clinic, we conducted the same analyses on the entire cohort. Intriguingly, we found that neutrophil
increase and lymphocyte decrease were also the top two covariates significantly associated with use of
corticosteroid during hospitalization.

Considering neutrophil and lymphocyte counts indicated immune status and their significant association
with clinical outcomes, we adapted an existing index neutrophil to lymphocyte ratio (NLR), a well-known
index for patient's inflammatory status and risk of death22-24, and to further explore its potential as an
indicator guided the use of corticosteroid. The C-statistic analysis showed continuous NLR has a high
prognostic significance for death, with the area under of receiver-operating characteristic curve [AUROC]
of 0.87 (95 % CI, 0.86-0.88) in the dataset with 12,862 patients with COVID-19 (Table 3).

NLR value as an indicator of clinical outcome in COVID-19 

Since the NLR values exhibited a robust prognostic effect in our study population, we further investigated
the candidate NLR threshold values in C-statistic analysis regarding their specificity and sensitivity in
predicting mortality in all patients. When the model sensitivity (above 0.9) was considered over specificity,
a threshold value of NLR at 3.13 demonstrated a high sensitivity (0.91), but a low specificity (0.62) and
accuracy (0.64[95 % CI, 0.63-0.65]) in predicting mortality in our cohort of COVID-19 patients; In contrast,
when the model specificity (above 0.9) were considered over sensitivity, a threshold value of NLR at 8.31
had the high specificity (0.91) ) and accuracy (0.89[95 % CI, 0.89-0.90]), but inadequate sensitivity (0.64).
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Finally, when specific and sensitivity were both considered, a threshold of NLR at 6.12 was identified with
the highest Youden index while both good sensitivity, specificity, and accuracy were achieved (sensitivity,
0.75; specificity, 0.85; accuracy, 0.85) (Table 3).

Positive predictive values (PPV) and negative predictive values (NPV) for each of these three NLR
threshold values indicated an imbalanced dataset in terms of predictive accuracy. Thus, balanced
accuracies were calculated. The results showed a similar pattern that a threshold value of NLR 6.12 had
the highest balanced accuracy for predicting clinical mortality in patients with COVID-19 (Table 3).

Primary outcomes based on NLR-dependent patient stratifications

To evaluate the efficiency of each NLR cutoff value in differentiating clinical benefits of corticosteroid
therapy, we test the association between corticosteroid therapy and clinical outcomes across the different
sub-cohorts in our patient population stratified based on NLR threshold values of 3.13, 6.12 and 8.31 as
described earlier. The clinical characteristics of patients in the sub-cohorts stratified based on NLR values
were listed in Table 4. Consistent with the observations made in the complete cohort, the patients treated
with corticosteroid were more severe and had higher percentages of comorbidities than the patients not
received corticosteroid treatment in each NLR based sub-cohorts.

We applied two models, i.e., the Cox time-varying model and the marginal structural model (MSM), to
account for immortal time bias and time-varying confounders by indications plus immortal time bias,
respectively, to estimate the associations between corticosteroid use and 60-day all-cause death in each
NLR based sub-cohorts. The imbalanced confounders between the corticosteroid and the non-
corticosteroid groups were adjusted.

When the study cohort was stratified using a cut-off value of NLR 3.13 into two sub-cohorts with NLR ≤
3.13 and NLR > 3.13, the Cox time-varying model (adjusted HR, 0.62; 95%CI, 0.49-0.77; P < 0.001) showed
a significantly lower risk of COVID-19 death in the corticosteroid group than the non- corticosteroid group
in the sub-cohort of patients with NLR > 3.13 (Table 5). However, this association was not supported by
the MSM model. In contrast, there were no significant associations between corticosteroid therapy with
the risk of 60-day all-cause death in the sub-cohort of patients with an NLR ≤ 3.13 using either Cox time-
varying or MSM model (Table 5). Therefore, NLR 3.13 were not a suitable threshold for differentiating
clinical benefits of corticosteroid therapy in patients with COVID-19.

When the study cohort was stratified using an NLR cut-off value of 8.31, in the sub-cohort with NLR >
8.31 corticosteroid treatment was associated with a significantly lower incidence and risk of 60-day all-
cause death compared to the non-corticosteroid users by both Cox time-varying model (adjusted HR, 0.55;
95%CI, 0.42-0.70; P < 0.001) and MSM (adjusted HR, 0.52; 95%CI, 0.38-0.70; P < 0.001). In the sub-cohort
with NLR ≤ 8.31, corticosteroid treatment was not significantly associated with the risk of COVID-19
death using either the Cox time-varying model or MSM model (Table 5). These results suggested that
COVID-19 patients with NLR >8.31showed significant benefit from corticosteroid treatment.
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Finally, when patients were divided into two subgroups by an NLR at 6.12, a cutoff with the highest
balanced accuracy, after adjusted for baseline and time-varying confounders, both Cox time- varying
model (adjusted HR, 0.58; 95%CI, 0.46-0.73; P < 0.001) and MSM analysis (adjusted OR, 0.56; 95%CI, 0.42-
0.73; P < 0.001) indicated that the in-hospital use of corticosteroid was associated with a lower risk of 60-
day all-cause death compared to corticosteroid nonuse (Table 5). Once the NLR was lower than 6.12,
there was no significant association between corticosteroid use with the risk of all-cause death (Table 5).
Thus, the NLR at 6.12 not only showed optimal sensitivity and specificity to predict the risk of mortality,
but also can stratify patients with the different therapeutic outcome from corticosteroid therapy.

These results demonstrated that the clinical benefits and therapeutic outcome of corticosteroid therapy
for COVID-19 were significantly influenced by the patient’s immune status. Importantly, given the highest
balanced accuracy for predicting mortality risk, the consistency observed from both models, and, in
particular the remarkable differences in the opposite clinical outcome observed in the stratified sub-
cohorts, a cut-off value of NLR at 6.12 appeared to be the optimal level for patient stratification for
survival benefits from corticosteroid therapy. 

Validating NLR cutoff at 6.12 in subgroup and sensitivity analyses

To further validate the performance of NLR based sub-cohort stratification using 6.12 cut-off value for the
clinical benefits of corticosteroid treatment, we performed subgroup and sensitivity analyses using the
following patient cohorts: (1) patients on mechanical ventilation with versus without corticosteroid
therapy; (2) patients receiving a most commonly applied corticosteroid, methylprednisolone
(methylprednisolone group), versus those not taking any forms of corticosteroids (non-
methylprednisolone group); and (3) patients taking corticosteroids versus those not taking corticosteroids
after patients from two randomly selected hospitals were removed. Both Cox time- varying and MSM
models were conducted on those subgroups for sensitivity analyses.

We first analyzed the associations between corticosteroid use and the risk of death among the patients
who received mechanical ventilation during hospitalization. From both Cox time-varying model and MSM
analysis, corticosteroid therapy was consistently associated with a significantly reduced risk of 60-day
mortality among patients with an NLR > 6.12 at admission with adjusted HR of 0.53 (95%CI, 0.36-0.78; P
= 0.001) in the Cox time-varying model and adjusted OR of 0.59 (95% CI, 0.37-0.94; P < 0.001) (Table 6).
Notably, among patients with NLR ≤ 6.12, corticosteroid therapy was not associated with any significant
change in risk of 60-day all-cause death compared to no- corticosteroid treatment (Table 6).

Methylprednisolone is the most commonly prescribed corticosteroids in the study cohort. We further
conducted subgroup analysis to compare the incidences and risks of 60-day all-cause death between
patients taking methylprednisolone (methylprednisolone group) and those not taking any forms of
corticosteroids (non-methylprednisolone group). Consistent with the earlier analysis using the entire
cohort, for patients with NLR above 6.12, methylprednisolone therapy was associated with a significantly
lower risk of 60-day all-cause death compared to the patients in the non- methylprednisolone group based
on the Cox time-varying model (adjusted HR, 0.52; 95% CI, 0.39- 0.68; P < 0.001) and MSM (adjusted OR,
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0.46; 95% CI, 0.31-0.69; P < 0.001) (Table 6). Again, no significant associations between
methylprednisolone use and 60-day all-cause death risk were observed among patients with NLR ≤ 6.12
(Table 6).

In a sensitivity analysis by randomly removing two hospital sites, for patients with NLR > 6.12,
corticosteroid treatment demonstrated a lower risk of 60-day all-cause death than no corticosteroid
therapy from both the Cox time-varying model and MSM (Table 6). No significant associations between
corticosteroid use and mortality risk were found in the patients with NLR ≤ 6.1 (Table 6). Thus, all these
findings in subgroup and sensitivity analyses were consistent with our observations in the entire cohort,
and further supported the accuracy and robustness of NLR cutoff at 6.12 to guide patient stratification
for corticosteroid treatment.

Corticosteroid use in patients stratified based on NLR cutoffs

Among the 3,254 individuals who received corticosteroids, the major type of corticosteroids was
methylprednisolone, which accounted for 97.1% of the corticosteroids treated patients, followed by
prednisolone (10.7%) and hydrocortisone (1.0%) (Table 7). Methylprednisolone was also the most
frequently administered corticosteroid in each subgroup of patients separated by different NLR cutoffs
(Table 7).

The median duration of corticosteroids treatment was 8.0 (95%CI, 5.0-15.0) days. Notably, the initiated
time of corticosteroid therapy was as early as at 1.0 (95%CI, 0.0-4.0) day after admission. The median
level of the daily dosage was relatively low, at 40.0 (95%CI, 31.1-40.0) mg of methylprednisolone-
equivalent dosage with the median accumulated dose at 320.0 (95%CI, 180.0- 580.0) mg (Table 7).
Intriguingly, the accumulated dosages of corticosteroid in patients with an NLR above each cutoff were
gradually increased along with the elevation of NLR values (Table 7). It is apparent that patients with an
NLR above the cutoff had earlier initiating time, higher daily and accumulated doses, and longer
corticosteroid treatment duration than those below the cutoffs (Table 7).

Adverse effects of corticosteroid treatment in patients with an NLR > 6.12

In previous clinical trials, the adverse effects observed from corticosteroids therapy included
hyperglycemia, gastroduodenal bleeding, hypernatremia, and infection19,25. Here, we analyzed the
incidences and risks of those potential adverse effects related to corticosteroid treatment in the NLR
stratified sub-cohorts. Among the subgroup with an NLR > 6.12 at admission, corticosteroid treatment
was associated with higher incidences of hyperglycemia requiring treatment (IRR, 2.33 [1.95-2.78]; IR,
0.79 versus 0.34; P < 0.001), infection requiring acceleration of antibiotics (IRR, 2.51 [2.18-2.90]; IR, 1.29
versus 0.51; P < 0.001) and fungal infection requiring antifungal treatment (IRR, 1.67 [1.21-2.31]; IR, 0.19
versus 0.11; P = 0.002) (Table 8). The higher risks of hyperglycemia requiring treatment and infection
needing antibiotic acceleration in the corticosteroid treatment group were consistently observed in both
the Cox time-varying model and the MSM (Table 8). Thus, despite a significantly lower risk of 60-day all-
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cause death in patients taking corticosteroid, the adverse effects of hyperglycemia and infection should
be closely monitored in patients with NLR > 6.12.

Adverse effects of corticosteroid treatment in patients with an NLR ≤ 6.12

Among patients with an NLR ≤ 6.12, the incidences of corticosteroid-correlated adverse effects, including
gastrointestinal hemorrhage (IRR, 2.62 [1.51-4.54]; IR, 0.02 versus 0.01; P < 0.001), hyperglycemia
requiring treatment (IRR, 2.84 [2.47-3.27]; IR, 0.30 versus 0.10; P < 0.001), infection requiring acceleration
of antibiotics (IRR, 4.63 [4.23-5.07]; IR, 0.88 versus 0.19; P < 0.001), fungal infection needing antifungal
treatment (IRR, 3.82 [2.78-5.25]; IR, 0.07 versus 0.02; P < 0.001) and hypernatremia (IRR, 3.09 [2.27-4.20];
IR, 0.06 versus 0.02; P < 0.001), were all significantly more than the non-corticosteroid group (Table 8).
The Cox time-varying analysis indicated that treatment of corticosteroid was associated with significantly
increased risks of hyperglycemia and infection with adjusted HR of 3.15 (95% CI, 2.61-3.81; P < 0.001) for
hyperglycemia requiring treatment, 2.72 (95% CI, 2.38-3.12; P < 0.001) for infection requiring acceleration
for antibiotics. The elevated risks of hyperglycemia requiring treatment (adjusted OR, 2.37; 95% CI, 1.32-
4.25; P = 0.004) was consistently observed in corticosteroid group using MSM (Table 8). Therefore,
among patients with an NLR ≤ 6.12, there were no detectable survival benefits, but significantly increased
adverse effects, in particular hyperglycemia associated with corticosteroid therapy.

Associations of corticosteroid therapy with outcomes in patients with diabetes

Given the significantly elevated risk of hyperglycemia by corticosteroid treatment and the high prevalence
of pre-existing diabetes in patients with COVID-19, it is clinically important to estimate the influence of
corticosteroid use in COVID-19 patients with pre-existing diabetes. This is becoming much more urgent
and relevant since patients with diabetes are shown to be at remarkably higher risk of death after SARS-
CoV-2 infection26, and that risk can be further exacerbated when the blood glucose is poorly
controlled27.

In the current study cohort, 2,066 individuals had pre-existing diabetes, among which 596 cases (aged
65.0 [57.0-72.0] years; 59.2% males) received corticosteroid therapy and the other 1,470 cases (aged 64.0
[57.0-71.0] years; 51.0% males) did not receive corticosteroids. The occurrences of comorbidities in the
corticosteroid and the non-corticosteroid groups in this diabetes cohort were comparable. Patients
received corticosteroids exhibited more severe pathological conditions with higher frequencies of
lymphocyte decrease and leukocyte count, neutrophil count, CRP, procalcitonin, D-dimer, and organ injury
marker increases than those received no corticosteroids.

The incidence of 60-day all-cause death was significantly higher in the diabetic patients taking
corticosteroids (IRR, 3.21 [2.47-4.18]; IR, 0.42 versus 0.13; P < 0.001) compared to those not taking
corticosteroids (Table 9). When we addressed the time-varying confounders and imbalanced variables
between the corticosteroid and non-corticosteroid groups, there were no significant associations of
corticosteroid use with the risk of COVID-19 death in both Cox time-varying model and MSM model (Table
9).
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Regarding the adverse effects, the crude incidences of hyperglycemia requiring treatment (IRR, 2.13 [1.86-
2.43], P < 0.001), infection requiring acceleration of antibiotics (IRR, 4.33 [3.63-5.18], P< 0.001), fungal
infection (IRR, 3.45 [2.28-5.23], P < 0.001), and hypernatremia (IRR, 2.40 [1.70- 3.39], P < 0.001) were
significantly higher in the corticosteroid group than the non-corticosteroid group (Table 9). After adjusting
for time-varying and basic imbalanced confounders, the Cox time- varying and MSM models consistently
demonstrated a close association between corticosteroid use and significantly increased risks of
hyperglycemia requiring treatment, infection requiring acceleration of antibiotics, needs for antifungal
treatment and hypernatremia (Table 9). These findings indicated that, for patients with diabetes,
corticosteroid use have more significant impacts on blood glycemic levels and concurrent infections in
patients with diabetes compared to the general patients. Despite these side effects, our study did not
demonstrate an association between use of corticosteroid and increase or reduction of 60-day all-cause
death of COVID-19.

Discussion
While corticosteroid treatment is viewed as breakthrough progress for COVID-19 therapy28, the specific
guideline for the use of corticosteroid in COVID-19 patients is not clearly defined. Giving the major
concerns about the variable outcome and the well-demonstrated adverse effects in patients, there is a
critical need to develop a highly accurate and robust clinical indicator(s) that will allow optimal patient
stratification for maximizing the benefits while minimizing the risk associated with corticosteroid therapy.
Here, we performed a retrospective analysis on one of the largest cohorts of hospitalized COVID-19 cases
so far reported with more than12,000 subjects. From the routinely tested blood cells at admission, we
identified neutrophil to lymphocyte ratio (NLR) served not only as a highly effective predictor to 60-day
all-cause death but also an outstanding indicator for the therapeutic efficacy of corticosteroid therapy at
a cut-off value of > 6.12. NLR can be readily obtained from routine tests for total blood counts, and an
NLR based patient stratification has the potential to be established as a highly applicable and cost-
effective strategy to optimize corticosteroid therapy for COVID-19.

NLR is a well-established indicator of systemic inflammatory status. The NLR dependent association
between corticosteroid use and decreased risk of 60-day all-cause death in COVID-19 patients leads more
support to the hypothesis that the clinical benefits of in-hospital corticosteroid use were contributed by
their favorable immune modulation. For patients with less severe immune response (NLR ≤ 6.12),
corticosteroid therapy-associated side effects, in particular hyperglycemia, may offset any potential
benefits, leading to no improvements on death rates for COVID-19 patients. Importantly, in the subgroup
of patients with diabetes, despite an increased risk of hyperglycemia, use of corticosteroids was not
significantly associated with increased mortality. These findings provide valuable insights for the
development and implementation of future prospective studies and randomized controlled clinical trials
in order to optimize the clinical outcome from corticosteroids in appropriately stratified patients with
SARS-CoV-2 infection. 
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The results from our study and the RECOVERY trial showed corticosteroid treatment might not bring
benefit to all COVID-19 patients11,12. In the RECOVERY trial, patients with ventilation or receiving oxygen
showed remarkable reduction in all-cause death by corticosteroid treatment. However, ventilation
administration cannot serve as an effective indicator for patient stratification as it can be heavily
influenced by many factors, including the availability of medical resources and the clinical experience of
the physicians. Our findings revealed that COVID-19 patients with a blood count marker, NLR, above 6.12
taken at admission could see significant protection from corticosteroid therapy. In addition, we validated
the accuracy of using NLR 6.12 as a cutoff to predict the favorable outcome of corticosteroids treatment
in subgroups with ventilation machine support, in subcategory with methylprednisolone therapy, and
patients admitted to different hospitals. Therefore, NLR > 6.12 is an accurate and robust clinical indicator
for predicting beneficial outcome for corticosteroid therapy across different sub-datasets of our COVID-19
cohort. 

In addition to sub-cohort differences, the timing, dose, and duration of the corticosteroid treatment could
be additional factors contributing to a beneficial or detrimental outcome29. Up to now, evidence on
different regimens of corticosteroids has been inconclusive for patients with ARDS30. In our study,
among 1,303 patients with NLR>6.12 who received corticosteroid treatment, the median daily dosages
were 40 mg methylprednisolone-equivalent dose and the initial time was one day after hospital
admission, and the median duration was nine days. This indicated that an early intervention with low
dosage and short duration of corticosteroids could be helpful for COVID-19 patients with severe
inflammatory response. Similar regimen of corticosteroids treatment was also applied in the RECOVERY
trial11,12 and another recent trial in patients with ARDS18. In our cohort, methylprednisolone was applied
in over 95% patients 31; while dexamethasone, with 5 times more potency than methylprednisolone and
longer-lasting effect, was administered in other two trials. As methylprednisolone is more widely used in
the treatment of ARDS and septic shock31, it is interesting to investigate if the same NLR parameters and
its cut-off value established here are also applicable to different corticosteroid in patient with COVID-19
associated inflammatory morbidities.

It is known for years that severe side effects are associated with corticosteroids treatment and are the
sources of great concern in their clinical application. In our study, hyperglycemia was the most common
side effect that was associated with corticosteroid therapy in COVID-19 patients. Diabetes is considered a
major risk factor for severe outcome in COVID-19 patients, and our previous studies have demonstrated
that poorly controlled glycemia was significantly associated with increased risk of death in those
individuals27. Therefore, we further explored whether corticosteroids application impacted the clinical
outcome in COVID-19 patients with pre-existing diabetes. Our results showed that the use of
corticosteroids did not significantly increase 60-day all-cause mortality in COVID-19 patients with
diabetes, even when glycemic control was worsened.

While the specific mechanism of action for corticosteroids in COVID-19 therapy remains speculative, it
has been well accepted that their use to prevent lung injury under ARDS is largely due to their ability to
suppress the devastating systematic inflammation by inhibiting cytokine production and inflammatory
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cell activation. It is now well-recognized that the local lung injury and extrapulmonary organ injury are not
only related to a direct virus-induced cytopathic damage, but also a virus infection-triggered dysfunctional
immune cell activation, and the ensuing global pro- inflammatory cytokine induction. Indeed, the
correlation of NLR with the risk of adverse outcome in COVID-19 as observed in our study further indicate
a heightened inflammatory status caused by COVID-19 infection. These mechanistic speculations will
need to be further investigated to clarify the molecular and cellular basis for corticosteroid mediated
protection in severe cases of COVID-19. 

Limitation

The retrospective design is the main limitation of our study. First, multiple statistical methods were
applied to adjust the baseline and time-varying confounders. However, the adjustment may not be
adequately balanced bias that could occur in the presence of unmeasured confounding. Second, the
cutoff of NLR for indicating the clinical benefits of corticosteroid in the patient subset was mainly
calculated and estimated among inpatients in the Chinese population. Whether this cutoff is also
applicable for general patients outside of China urgently requires further validations. Third, due to the
insufficient laboratory examination data and the relative shortage of medical resources under such an
urgent condition of COVID-19 pandemic, we did not assess viral concentration or cleaning rate regarding
different treatment groups. Thus, our current study cannot clearly answer whether the virus clearance is
impaired by corticosteroid therapy. Fourth, the inherent limitation of an observational research makes it
hard to define the causal effects of corticosteroid use on reduced mortality of patients with COVID-19 and
with an NLR > 6.12 at admission. Fifth, we did not estimate the risk of patients taking different types of
corticosteroids by head-to-head comparisons owing to the limited sample size. Sixth, we did not adjust
the variability in the way in which patients have received corticosteroid in enrolled hospitals could add
some uncertainty to the results, e.g., patients may initiate corticosteroid earlier than ARDS starts in some
hospitals, while, in other hospitals, may use corticosteroid at 24–48 h of ARDS. Further, the difference of
dose-dependent associations between corticosteroid administration and COVID-19 outcomes did not
evaluate in this study because most patients received a low-to-moderate dosage of methylprednisolone
during hospitalization. These limitations highlighted the urgent need for prospective studies and RCTs to
further validate the benefits and harms of corticosteroids application in patients according to
personalized inflammatory status.

 

Conclusions
Our study identified the NLR above 6.12 as a robust and accurate indicator for considering the initiation
of corticosteroid treatment in patients with COVID-19. We found that a low dose of corticosteroid
treatment in patients with NLR > 6.12 was associated with a favorably improved 60- day all-cause
mortality. In patients with low inflammatory status (NLR ≤ 6.12), corticosteroid usage should be used
with caution because the significant adverse effects were observed without discernable benefits to



Page 14/20

improve outcomes. Despite the substantial impact on the glycemic control, corticosteroid treatment did
not increase 60-day mortality in patients with diabetes. Our study paves the way for designing successful
RCTs for investigating the therapeutic effects of corticosteroid therapy in patients suffering from COVID-
19.

Methods
Study design and participants

In this multi-centered, retrospective cohort study, participants diagnosed with COVID-19 and consecutively
admitted to the 21 hospitals in Hubei, China that were designated to treat COVID-19 patients were
enrolled. A total of 15,649 patients admitted to hospitals from December 30th, 2019 to April 26th, 2020
were enrolled in the study. The final date of follow-up was April 26, 2020. Among these patients, 2,787
patients aged less than 18, with eGFR < 30ml/min/1.73m2, with liver cirrhosis, with pregnant, with severe
medical conditions leading to death, including acute myocardial infarction, acute pulmonary embolism,
and stoke, taking corticosteroid for other diseases or less than 3 days, or transferred to other hospitals
were excluded.

The throat-swab specimens and/or chest computerized tomography (CT) were examined for all patients
upon admission. COVID-19 was diagnosed by clinical manifestations, chest CT, and real- time RT-PCR
according to WHO interim guidance and the New Coronavirus Pneumonia Prevention and Control
Program (5th edition) published by the National Health Commission of China32,33. The study protocols
and procedures were approved by the central ethics committee and were accepted or approved by each
collaborating hospital. Ethics committees granted a waiver of the requirement for documentation of
informed consent for analyzing existing data without interfering patient treatment. 

Data collection and complication evaluation

We collected patients’ demographic information, clinical characteristics, medical history, laboratory tests,
radiological reports, therapeutic intervention, and outcome data at admission and during hospitalization
at each hospital site. The age, gender, and clinical symptoms (fever, cough, fatigue and dyspnea) were
extracted from patients’ electronic medical records. Medical histories comprising the coexistence of
chronic obstructive pulmonary disease (COPD), type 2 diabetes mellitus (T2DM), hypertension, coronary
heart disease, cerebrovascular disease, chronic liver disease, chronic kidney disease, cancer, asthma and
autoimmune diseases were reviewed and extracted. The laboratory examination data included a
complete blood count, C-reactive protein (CRP), procalcitonin, D-dimer, and serum biochemical test for
liver, kidney, heart, and coagulation dysfunction were obtained from the laboratory information system.
The unilateral and bilateral lesions in chest CT scan images were analyzed based on the radiological
report data. We extracted and analyzed patients’ medications and interventions during hospitalization
according to doctor advice. Personal identification information (e.g., name and ID) of the study subjects
were anonymized and replaced with a coding system before data extraction. We collected data on the
daily dose, starting time, duration of each corticosteroid and converted to methylprednisolone-equivalent
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dose. Data were reviewed and confirmed by experienced physicians and were double-checked to
guarantee accuracy.

Outcomes and definition

The primary endpoint was recorded and evaluated in this longitudinal cohort, which was 60-day all- cause
death. The gastrointestinal hemorrhage, hyperglycemia requiring treatment, hypernatremia, infection
needing acceleration of antibiotics, and fungal infection needing antifungal medication were also
recorded and analyzed as adverse effects. The increase of variables was defined as above their upper
limits of normal (ULN), and the decrease of variables was defined as below their lower limits of normal
(LLN) according to their normal ranges in each hospital site. All primary and secondary endpoints were
reviewed and confirmed by a team of certified physicians to ensure accuracy.

Multivariate logistic regression analysis

The relationship between primary outcome (60-day all-cause mortality) and ten blood cell-related
variables among all patients was calculated by the multivariate logistic regression model 26. The
covariates included These blood cell variables comprised white blood cell (WBC) counts increase,
neutrophil counts increase, lymphocyte counts decrease, monocyte counts increase, basophil counts
increase, eosinophil counts increase, platelet counts decrease, red blood cell (RBC) counts increase,
hemoglobin concentrations increase, and hematocrit increase. These predictors were selected based on
clinical experience and previous literatures regarding covariates associated with poor outcomes of
patients with COVID-19. The odds ratios (OR), 95% confidential intervals (CI), and P values were
calculated in the multivariate logistic regression analysis.

Cox proportional hazards model accounting for time-varying exposure

Immortal time bias may arise when patients were waiting for receiving corticosteroid therapy34. When
determining clinical outcomes as a time to event, we performed a Cox proportional hazards model
accounting for time-varying exposure that adjusted immortal time bias with corticosteroids as a time-
varying exposure. When analyzing the association of corticosteroids use with all-cause mortality and
adverse effects among patients divided by each cutoff value, we treated corticosteroid initiation as time-
varying exposure and adjusted for time-varying exposure and confounders.

Marginal structural model

Since the time-related changes in patient condition impact the initiation or stop of corticosteroid therapy
and thus confound the associations between corticosteroid use and outcomes, we performed marginal
structural model (MSM) analysis via the inverse probability of treatment weighting (IPTW) to mitigate
time-varying confounders35. CURB-65 pneumonia severity score (confusion, blood urea nitrogen,
respiratory rate, SBP, and age)36, neutrophil increase, lymphocyte decrease, and SpO2 levels were time-
varying confounders when analyzing the relationship between corticosteroid use with outcomes and
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adverse effects. Imbalanced variables between corticosteroid and non-corticosteroid groups were
adjusted.

The stabilized weights for MSM were calculated based on IPTW by multiplying the treatment weights and
the censoring weights, where the treatment weights were first derived for each subject to estimate their
probability to take corticosteroid therapy at a time, and the censoring weights were calculated to estimate
the early time dropout of subjects. The treatment weights were varying until the first day of corticosteroid
treatment. The time-varying intercept was assumed as a smooth function and estimated using spline
smoothing. The generalized additive model was conducted to estimate the effect of corticosteroids on
the results with confounders adjusted. Stabilized weights were pooled into the marginal structural model
to calculate the associations between corticosteroid therapy and clinical outcomes.

Sensitivity and subgroup analyses

For validate NLR 6.12 as an appropriate cutoff for determine using corticosteroids with a favorable
outcome, we performed validation using Cox time-varying and MSM models on the following subgroups:
(1) patients in the corticosteroid group with NLR > 6.12 or ::S 6.12 and treated with mechanical ventilation
(corticosteroid + ventilation group) versus those on mechanical ventilation but not taking corticosteroids
(non-corticosteroid + ventilation group); (2) patients receiving non- methylprednisolone corticosteroid
(methylprednisolone group) versus those not taking corticosteroids (non-corticosteroid group); and (3)
patients taking corticosteroids versus those not taking corticosteroids after randomly removing two
hospitals.

Statistical analysis

Categorical variables were presented as frequency and continuous variables were described as median
(interquartile range, IQR). Means or medians for continuous variables were compared using independent
group t-tests when the data were normally distributed; otherwise, the Mann-Whitney test was used.
Proportions for categorical variables were compared using the χ2 test. The Fisher exact test was used
when the data were limited. The LASSO model was performed using R/glmnet software and the optimal
value of λ was determined via 10-fold cross-validations. C-statistic was applied to show the performance
of NLR (area under of receiver-operating characteristic curve [AUROC]) in predicting the risk of mortality in
the dataset with 12,862 patients with COVID-19. Three cutoff values were selected and their respective
accuracy, balanced accuracy, sensitivities, specificities, positive predictive values (PPV), negative
predictive values (NPV), and Youden indexes in predicting the risk of death were calculated and
compared. We used nonparametric missing value imputation, based on the missForest procedure in the
R27,37, to account for missing data on the laboratory variable. A random forest model using the rest of
the variables in the data set was performed to predict the missing values with an estimation of the
internally cross-validated errors. The P values were 2-sided, and an alpha level of 0.05 was used to define
statistical significance. Results from all multivariable analyses are reported as odds ratios (OR) or hazard
ratios (HR) with 95% confidence intervals (CIs) as appropriate. All analyses were conducted using R
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version 3.6.3 (R Foundation for Statistical Computing, Vienna, Austria) or SPSS version 23.0 (IBM,
Armonk, NY, USA).

Data availability

The data related to the findings of this study will be available from the corresponding author after
publication upon reasonable request. The research team will provide an email address for
communication once the data are approved to be shared with others. The proposal with specific aims,
statistical plans, and other information/materials may be required to guarantee the rationality of
requirements and the security of the data. The patient-level data, but without names and other identifiers,
will be shared after review and approval of the submitted proposal and any related requested materials. 

Code availability

The codes used are available from the corresponding authors upon reasonable request.
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