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Abstract 
This study aimed to evaluate the association of interleukin-6 (IL-6) level with the poor outcomes in coronavirus disease 
2019 (COVID-19) patients by utilizing a meta-analysis based on adjusted effect estimates. We searched the keywords from 
PubMed, Web of Science, and EMBASE on August 14, 2020. The pooled effects and 95% confidence interval (95% CI) were 
estimated by Stata 11.2. Subgroup analysis and meta-regression were performed to explore the source of heterogeneity. Sen-
sitivity analysis was implemented to assess the stability of the results. Begg’s test and Egger’s test were conducted to assess 
the publication bias. Sixteen articles with 8752 COVID-19 patients were finally included in the meta-analysis. The results 
based on random-effects model indicated that elevated value of IL-6 was significantly associated with adverse outcomes 
in patients with COVID-19 (pooled effect = 1.21, 95% CI 1.13–1.31, I2 = 90.7%). Subgroup analysis stratified by disease 
outcomes showed consistent results (severe: pooled effect = 1.18, 95% CI 1.05–1.31; ICU (intensive care unit) admission: 
pooled effect = 1.90, 95% CI 1.04–3.47; death: pooled effect = 3.57, 95% CI 2.10–6.07). Meta-regression indicated that 
study design was a source of heterogeneity. Publication bias was existent in our analysis (Begg’s test: P = 0.007; Egger’s 
test: P < 0.001). In conclusion, the elevated IL-6 level is an independent risk factor associated with adverse outcomes in 
patients with COVID-19.

Keywords  COVID-19 · IL-6 · Adverse outcomes · Meta-analysis · Adjusted effect estimates

With the developing of the epidemic caused by coronavirus 
disease 2019 (COVID-19), biomarkers which might predict 
the adverse outcomes of COVID-19 patients gradually attract 
researchers’ attention. Interleukin-6 (IL-6) is one of the main 
pro-inflammatory factors in the formation of cytokine storm, 
which increases permeability to a great extent and damages 
organ function (Liu et al. 2020d). As a result, IL-6, as a 
possible indicator of the poor prognosis in patients with 
COVID-19, has been noticed, and many relevant articles 
have been published. Recently, a meta-analysis conducted 

by Zeng et al. aroused our interests, which reported the sig-
nificant association between IL-6 levels and severe COVID-
19 (weighted mean difference (WMD): − 21.32 ng/L, 95% 
confidence interval (CI) (− 28.34, − 14.31); P < 0.001, 
I2 = 99.1%) (Zeng et al. 2020). However, this meta-analysis 
was based on unadjusted effect estimates. As we all know, 
there are several factors affecting the disease progression, 
such as gender, age, and comorbidities (Del Valle et al. 
2020). Moreover, in the paper reported by Wang et al., the 
univariate logistic analysis suggested that the baseline levels 
of IL-6 were significantly associated with the disease pro-
gression of COVID-19 patients, while the multivariate logis-
tic analysis indicated that only high levels of IL-6 were a risk 
factor for disease progression of COVID-19 patients (Wang 
et al. 2020). Therefore, it is necessary to evaluate the associ-
ation of IL-6 level with the adverse outcomes of COVID-19 
patients by utilizing a meta-analysis on the basis of adjusted 
effect estimates.

A scientific literature search of the electronic data-
bases including PubMed, Web of Science, and EMBASE 
was carried out on August 14, 2020, to enroll all eligible 
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publications which reported the association between ele-
vated IL-6 levels and adverse outcomes in patients with 
COVID-19. The following terms were used as our search 
strategy: (“coronavirus disease 2019” OR “COVID-19” OR 
“SARS-CoV-2” OR “2019-nCoV” OR “novel coronavirus”) 
AND (“IL-6” OR “interleukin-6”) AND (“mortality” OR 
“death” OR “fatality” OR “demise” OR “severe” OR “sever-
ity” OR “critical” OR “poor outcome” OR “poor prognosis” 
OR “adverse outcome” OR “progression”). We incorporated 
the articles that reported the correlation of IL-6 level with 
the poor outcomes of COVID-19 patients based on adjusted 
effect estimates. The meta-analysis was performed by the 
software Stata 11.2 to obtain the pooled effect and 95% CI. 
We used the I2 test to evaluate the heterogeneity among 
the included articles. The fixed-effects model was chosen 
if I2 < 50%, while the random-effects model was used if 
I2 ≥ 50%. Meta-regression and subgroup analysis were con-
ducted to identify the source of heterogeneity. Sensitivity 
analysis was implemented by taking out one study each time 
to assess the stability of the results. Additionally, we used 
the Begg’s test and Egger’s test to assess the publication bias 
and conducted a trim and fill analysis to adjust the effect 
size.

Figure S1 presents the process of study selection. The ini-
tial search produced 1044 articles with 603 excluded because 
of duplication. We excluded 198 articles after assessing the 
titles and abstracts, because some of the articles are reviews; 
some are correspondences, commentaries, or letters; and 
others are case reports, study protocols for clinical trial, or 
no-human studies. After assessing the full text, 176 were 
excluded because they did not report the association between 
IL-6 level and poor outcomes in COVID-19 patients, and 
51 were excluded because original data were not reported 
or adjusted effect was not used. Finally, 16 articles consist-
ing of 8752 COVID-19 patients were included in the meta-
analysis (Ayanian et al. 2020; Bellmann-Weiler et al. 2020; 
Cummings et al. 2020; Del Valle et al. 2020; Li et al. 2020; 
Liu et al. 2020a, b, c, d, e; Phipps et al. 2020; Sardu et al. 
2020; Song et al. 2020; Tian et al. 2020; Wang et al. 2020; 
Yan et al. 2020). The characteristics of the 16 eligible studies 
are shown in Table 1.

Our results indicated that elevated values of IL-6 were 
significantly associated with adverse outcomes in patients 
with COVID-19 (pooled effect = 1.21, 95% CI 1.13–1.31, 
I2 = 90.7%, random-effects model, Fig. 1a). Subgroup analy-
sis stratified by disease outcomes showed consistent results 
(severe: pooled effect = 1.18, 95% CI 1.05–1.31, Fig. 1b; 
ICU (intensive care unit) admission: pooled effect = 1.90, 
95% CI 1.04–3.47, Fig. 1c; death: pooled effect = 3.57, 
95% CI 2.10–6.07, Fig. 1d). Since most of the studies were 
from China, we performed subgroup analysis stratified 

by countries, which also demonstrated consistent results 
(China: pooled effect = 1.12, 95% CI 1.04–1.20; USA: 
pooled effect = 1.78, 95% CI 1.15–2.77, Fig. S2a). The 
results of subgroup analysis only based on prospective 
studies showed that elevated IL-6 values were also sig-
nificantly associated with adverse outcomes in COVID-19 
patients (pooled effect = 1.07, 95% CI 1.01–1.14) (Fig. S2b). 
Meta-regressions revealed that different study designs (ret-
rospective study or prospective study) contributed to the 
heterogeneity among studies (P = 0.026), while others had 
no contribution, such as effect estimate model (odds ratio 
(OR) and hazard ratio (HR)) (P = 0.677), disease outcomes 
(P = 0.916), country (P = 0.458), as well as adjusted factors 
and so on. In addition, sensitivity analysis indicated that 
there was few influence of individual study on pooled effects 
when we eliminated each of the included studies. However, 
publication bias was existent in our analysis (Begg’s test: 
P = 0.013; Egger’s test: P < 0.001, respectively). The trim 
and fill analysis revealed that after adjusting the asymmetry, 
the results were still stability (pooled effect = 1.116, 95% 
CI 1.022–1.220).

Based on our analysis taking the confounders into account, 
elevated IL-6 value was significantly associated with severe 
COVID-19 and can be regard as an independent risk fac-
tor for adverse outcomes in COVID-19 patients. IL-6, as a 
cytokine, has been previously verified elevating in inflam-
matory state for multiple conditions. The pathophysiologi-
cal hallmark of COVID-19 is the severe inflammation and 
cytokine storm, which explains the elevation of IL-6 levels 
(Cai et al. 2020; Mo et al. 2020). Thus, IL-6 can be used as 
a significant indicator of adverse prognosis reminding the 
clinicians to pay more attention to the patients with COVID-
19 who might have a poor outcome in the early stage.

However, there are still some limitations in our study. One 
of the main defects is that the adjusted factors were differ-
ent among the selected studies. Additionally, the publication 
bias existed in our study. The generation of publication bias 
is probably owing to that studies with positive results are 
more likely to be published than negative ones and the num-
ber of relevant studies is still not enough. Thus, further well-
designed studies with more available articles are required to 
verify our current findings in the future.

In conclusion, elevated IL-6 was an independent risk fac-
tor associated with the adverse outcomes in patients with 
COVID-19. Thus, COVID-19 patients with high levels of 
IL-6 were worth noticing and needed more clinical atten-
tion. Furthermore, the biomarkers indicting poor prognosis 
in patients with COVID-19 should be further researched 
in order to help clinicians reasonably arrange the medical 
resource.
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