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Abstract

Introduction

Colchicine may inhibit inflammasome signaling and reduce proinflammatory cytokines, a

purported mechanism of COVID-19 pneumonia. The aim of this systematic review and

meta-analysis is to report on the state of the current literature on the use of colchicine in

COVID-19 and to investigate the reported clinical outcomes in COVID-19 patients by colchi-

cine usage.

Methods

The literature was searched from January 2019 through January 28, 2021. References

were screened to identify studies that reported the effect of colchicine usage on COVID-19

outcomes including mortality, intensive care unit (ICU) admissions, or mechanical ventila-

tion. Studies were meta-analyzed for mortality by the subgroup of trial design (RCT vs

observational) and ICU status. Studies reporting an risk ratio (RR), odds ratio (OR) and haz-

ard ratio (HR) were analyzed separately.

Results

Eight studies, reporting on 16,248 patients, were included in this review. The Recovery trial

reported equivalent mortality between colchicine and non-colchicine users. Across the other

studies, patients who received colchicine had a lower risk of mortality—HR of 0.25 (95% CI:

0.09, 0.66) and OR of 0.22 (95% CI: 0.09, 0.57). There was no statistical difference in risk of

ICU admissions between patients with COVID-19 who received colchicine and those who

did not–OR of 0.26 (95% CI: 0.06, 1.09).
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Conclusion

Colchicine may reduce the risk of mortality in individuals with COVID-19. Further prospec-

tive investigation may further determine the efficacy of colchicine as treatment in COVID-19

patients in various care settings of the disease, including post-hospitalization and long-term

care.

Introduction

Coronavirus disease 2019 (COVID-19) caused by severe acute respiratory syndrome coronavi-

rus 2 (SARS-CoV-2) is an ongoing global pandemic. Limited therapies have shown efficacy in

the treatment of COVID-19. Remdesivir is recommended for use in hospitalized patients

requiring supplemental oxygen, though is not routinely recommended for those who require

mechanical ventilation [1–4]. Dexamethasone is also recommended for these hospitalized

patients, as well as those on high-flow oxygen, non-invasive ventilation, mechanical ventila-

tion, and extracorporeal membrane oxygenation [5–7]. Monoclonal antibody therapies Bamla-

nivimab and Casirivimab-Imdevimab, have received emergency use authorization from the

United States Food and Drug Administration for non-hospitalized patients who have mild to

moderate COVID-19 and certain risk factors for severe disease [8]. Nevertheless, there is lim-

ited pharmacologic treatment for patients prior to hospitalization with non-severe disease.

The pathophysiology underlying severe COVID-19 pneumonia is an exaggerated inflam-

matory response, with an overproduction of early response proinflammatory cytokines,

including tumor necrosis factor (TNF), IL-6 and IL-1β [9, 10]. In addition, severe acute respi-

ratory syndrome coronavirus 1 (SARS-CoV-1), which is closely related to SARS-CoV-2, has

been shown to activate the NLRP3 inflammasome [11]. Thus, it has been hypothesized that

therapies that present potent anti-inflammatory action and target inflammasome action may

be effective therapies. Colchicine is routinely used in the treatment of inflammatory conditions

such as gout, rheumatic disease, and pericarditis. Its mechanism of action is through inhibition

of neutrophil chemotaxis and activity in response to vascular injury. Additionally, colchicine

inhibits inflammasome signaling and reduces the production of active IL-1β [12].

Several studies have reported on the use of colchicine amongst COVID-19 patients. The

COLCORONA investigators reported a randomized controlled trial of 4488 patients non-hos-

pitalized patients with COVID-19, randomly assigning patients to colchicine or placebo for 30

days [13]. In a pre-specified analysis of patients with PCR-proven COVID-19, colchicine

reduced the incidence of their primary outcome—a composite of death or hospitalization—

compared with placebo (OR = 0.75, 0.57–0.99; p = 0.04). Earlier in the pandemic when PCR

reagent was lacking, clinically diagnosed COVID-19 patients were included in the analysis. In

this population, the primary endpoint did not reach statistical significance (OR = 0.79, 0.61–

1.03; p = 0.08) [13]. Other randomized controlled trials (RCT) and observational studies have

also reported benefits for colchicine in COVID-19 [14–18, 20, 21]. To our knowledge, only

one prior meta-analysis has been conducted for colchicine in COVID-19 [22]. This meta-anal-

ysis had several limitations, namely inclusion of smaller studies but exclusion of recent larger

trials, inclusion of observational studies that reported unadjusted estimates of benefit, and lack

of stratified analyses by study design.

The aim of this systematic review and meta-analysis is to report on the state of the current

literature on the use of colchicine for COVID-19, and to investigate the reported clinical out-

comes in COVID-19 patients by colchicine usage.

PLOS ONE Colchicine use in patients with COVID-19: A systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0261358 December 28, 2021 2 / 11

https://doi.org/10.1371/journal.pone.0261358


Methods

Search strategy

The databases of Ovid MEDLINE, Embase, the Cochrane Central Register of Controlled Trials

medRxiv, and researchsquare.com were searched from January 2019 through March 24, 2021.

The search strategy is presented in S1 Appendix.

Study screening

Two reviewers (LC, C-HL) independently assessed articles through level 1 title and abstract

screening, and level 2 full-text screening. In the case of discrepancies, a discussion occurred

between the two reviewers and consensus was achieved on whether to include or exclude a

particular study. If consensus could not be achieved, a third reviewer (RC) was consulted.

Articles were eligible for inclusion after level 1 screening if the title and/or abstract men-

tioned COVID-19 and colchicine. These articles then underwent level 2 screening, at which

point the full text was reviewed to identify primary research articles that reported COVID-19

outcomes from a clinical or claims database.

Quantitative synthesis

Articles were included for quantitative synthesis if they (1) were of observational study design

and reported a relative risk measure adjusted for possible confounders, or (2) were of RCT and

reported either a relative risk measure or event data, and the article compared colchicine recip-

ients to non-colchicine recipients with respect to the outcomes of mortality, mechanical venti-

lation, ICU admission, or hospital length of study. Study demographics (i.e. central measure of

tendency for age, percentage male) were also noted for each included study.

As with study screening, this process was done by two reviewers (LC, C-HL), and a third

reviewer (RC) was consulted if consensus could not be achieved.

Risk of bias assessment

Risk of bias was assessed using tools developed by the Cochrane Bias Methods Group, with the

Risk Of Bias In Non-randomized Studies–of Interventions (ROBINS-I) tool used for the

observational studies and a revised Cochrane risk of bias tool for randomized trials (RoB 2

tool) used for randomized controlled trials [23, 24].

Statistical analyses

Studies were meta-analyzed for each outcome and by the subgroups of colchicine use relative

to hospitalization (non-hospitalized patients, hospitalized non-ICU patients, and hospitalized

ICU patients), study design (RCT and observational study), and ICU status (ICU patients and

non-ICU patients). Studies were meta-analyzed together according to their relative risk ratio;

studies reporting on odds ratio (OR) were meta-analyzed to produce a summary OR, and stud-

ies reporting a hazard ratio (HR) were separately meta-analyzed to produce a summary HR.

For RCTs which reported exclusively event data, ORs were calculated using the Haldane-

Anscombe correction. In the event that the meta-analysis’s heterogeneity of I2 was equal to or

greater than 50%, a random-effects DerSimonian-Laird analysis model was applied; otherwise

(i.e. when there was heterogeneity of I2 less than 50%), a fixed-effects inverse-variance analysis

model was used. A p-value of less than 0.05 was considered statistically significant in the test

for overall effect.
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Publication bias was assessed visually, using a funnel plot, and statistically, using Egger’s

test. A p-value of> 0.05 indicated low concern for publication bias. All analyses were con-

ducted using Stata 17.

Patient and public involvement

Patients or the public were not involved in the design, or conduct, or reporting, or dissemina-

tion plans of our research. This systematic review and meta-analysis did not require an IRB

submission as data is all publicly available online.

Results

Of 540 records that underwent level 1 screening, 537 were identified through database search

and 3 identified through backward reference searching. After removing duplicates, 417 records

underwent level 1 screening. Subsequently, 129 articles underwent level 2 screening. Ten stud-

ies were assessed for quantitative synthesis, of which 8 reported adjusted relative risk ratios

and were included in this systematic review and meta-analysis [13, 15–21] (S2 Appendix).

Study demographics are presented in Table 1. Five studies were RCTs and three studies

were observational retrospective cohort studies. While Rodriguez-Nava et al. reported the

effects of colchicine on ICU patients, the other seven studies reported on non-ICU patients.

Tardif et al., defined a colchicine user as one who used colchicine after COVID-19 diagnosis

but before a COVID-19 hospitalization, while the other seven studies defined colchicine users

as ones who used colchicine after a COVID-19 hospitalization.

Risk of bias assessment is presented in S3 Appendix. The risk of bias of the observational

studies is presented in S3a Appendix and the risk of bias of the RCTs is presented in S3b

Appendix. Visual inspection of the funnel plot and the p-value of p = 0.03 Egger’s test indi-

cated some concern for publication bias (S4 Appendix).

Mortality

Eight studies, reporting on 16,248 patients, compared mortality between colchicine users and

non-users. According to Tardif et al., there is no difference in mortality risk between colchi-

cine users and non-users prior to hospitalization for COVID-19—OR of 0.56 (95% CI: 0.19,

1.66). When colchicine is used after hospitalization and excluding the Recovery trial, patients

who received colchicine had a lower risk of mortality—HR of 0.25 (95% CI: 0.09, 0.66) and OR

of 0.22 (95% CI: 0.09, 0.57). The Recovery trial reports no difference in mortality—OR of 1.02

(95% CI: 0.94, 1.11) (Fig 1A).

Subgroup analyses by ICU status and study design are presented in Fig 1B and 1C. Exclud-

ing the Recovery trial, colchicine seems to be associated with a lower risk of mortality among

ICU patients, non-ICU patients, in observational studies and in randomized controlled trials.

ICU admissions

Two studies reported the risk of ICU admissions among patients with COVID-19 and colchi-

cine use. There was no statistical difference in risk of ICU admissions between patients with

COVID-19 who received colchicine and those who did not–OR of 0.26 (95% CI: 0.06, 1.09)

(Fig 2).

Mechanical ventilation

Two studies reported on the risk of mechanical ventilation among patients with COVID-19

and colchicine use. Tardif et al. reported that among patients diagnosed with COVID-19 who
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used colchicine before hospitalization, there was no significant difference in risk of mechanical

ventilation between patients who received colchicine and those who did not–OR: 0.53 (95%

CI: 0.25, 1.09). Deftereos et al. reported that among patients diagnosed with COVID-19 who

used colchicine after hospitalization, there was no significant difference in risk of mechanical

ventilation between patients who used colchicine and those who did not–OR: 0.90 (95% CI:

0.49, 1.67).

Discussion

We present the first comprehensive systematic review and meta-analysis investigating the

effects of colchicine use on COVID-19 patients, meeting the methodological guidance for a

high-quality systematic review and meta-analysis as recommended by the MOOSE group (23).

Our findings, including eight studies, suggest that among existing studies except for the Recov-

ery trial, patients taking colchicine after COVID-19 diagnosis had a lower risk of mortality in

Table 1. Study demographics.

Study Sample

Size

Study Design Patient

Population

ICU At Study

Enrollment?

Mean/

Median

Age

%

Male

Definition of

Colchicine Use

%

Colchicine

Users

Outcomes Adjusted

Covariates

Brunetti

et al. [15]

66 Cohort Study Hospitalized

COVID-19

Patients

No Median:

62.9

(range

26–97)

65.2 Colchicine use

after COVID-19

hospitalization

50 Mortality,

Mechanical

Ventilation,

Clinical

Deterioration,

Age, comorbidity

index, and c-

reactive protein

Deftereos

et al. [16]

105 Randomized

Control Trial

Hospitalized

COVID-19

Patients

No Median:

64 (IQR

54–76)

58.1 Colchicine use

after COVID-19

hospitalization

52.4 Mortality,

Mechanical

Ventilation, ICU

Admission

NA

Lopes et al.
[17]

35 Randomized

Control Trial

Hospitalized

COVID-19

Patients

No NR 40 Colchicine use

after COVID-19

hospitalization

48.6 Mortality, ICU

Admission, ICU

length of stay

NA

Mareev

et al. [18]

43 Randomized

Controlled

Trial

Hospitalized

COVID-19

Patients

No Mean:

60.9

69.8 Colchicine after

COVID-19

hospitalization

48.8 Mortality, length

of stay,

SHOCS-COVID

score

NA

Recovery

Trial [19]

11,162 Randomized

Controlled

Trial

Hospitalized

COVID-19

Patients

No NR NR Colchicine after

COVID-19

hospitalization

NR NR NA

Rodriguez-

Nava et al.
[20]

87 Retrospective

Cohort

Hospitalized

COVID-19

Patients

Yes Median:

68 (IQR

58–75)

64.4 Colchicine use

after COVID-19

hospitalization

NR Mortality, Hospital

discharge

Age, HTN,

cardiovascular

disease,

mechanical

ventilation, NIH

criteria severity,

comorbidities

Scarsi et al.
[21]

262 Retrospective

Cohort

Hospitalized

COVID-19

Patients

No NR 63.7 Colchicine use

after COVID-19

hospitalization

46.6 Mortality Age, sex, smoking,

cardiovascular

comorbidities,

malignancies

Tardif et al.
[13]

4,488 Randomized

Control Trial

Non-

hospitalized

COVID-19

Patients

No Mean:

54.7 +/-

NR

46.1 Colchicine use

after COVID-19

diagnosis but

before COVID-

19 hospitalization

49.8 Mortality,

Hospitalization,

Mechanical

Ventilation

NA

�Forest plots were constructed from adjusted HR ratio and CIs reported by Rodriguez Nava et al.
NA–not applicable; NR–not reported.

https://doi.org/10.1371/journal.pone.0261358.t001
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the pooled estimate. With eight studies reporting on 16,248 patients in total, this meta-analysis

has greater statistical power than the meta-analysis of Vrachatis et al., which reported on six

studies and 881 patients [20].

More specifically, this systematic review and meta-analysis differs from the meta-analysis

by Vrachatis et al. [20] in three ways. First, our review included results of several recent trials,

including the recent COLCORONA trial with 4,488 patients, results of another recent observa-

tional study of 87 patients [17] and the Recovery trial with 11,162 patients. Second, our review

included only the results of RCTs and observational studies with adjusted relative risk ratios.

In particular, Vrachatis et al. included two observational studies that did not report adjusted

OR which were excluded in our analysis [24, 25]. Given that covariate distributions of colchi-

cine user and non-user groups cannot be assumed to be similar as in RCTs, excluding unad-

justed relative risk ratio results in observational data is necessary to reduce confounding bias.

Third, our review separated the overall mortality analysis by study design, colchicine use

before and after hospitalization, and ICU status.

In the trial by Tardif et al., in a pre-specified analysis of patients with PCR-proven COVID-

19, the colchicine group showed a reduction in the primary outcome which was a composite

rate of death or hospitalization compared with placebo—OR = 0.75, 95% CI: 0.57–0.99;

p = 0.04 [13]. The pre-specified analysis of patients with PCR-proven COVID-19 excluded

clinically diagnosed COVID-19 patients—a diagnostic criteria that was allowed in the initial

stages of the pandemic given PCR reagent shortages. The reduction in the trial’s composite pri-

mary outcome (a composite of death and hospitalizations) was driven in large part by reduc-

tion in hospitalizations of patients with COVID-19. With a low event rate in either arm (5/

2075 in colchicine arm vs. 9/2084 in the non-colchicine arm), the trial may have been under-

powered to detect a difference in the outcome of death in the non-hospitalized patients with

COVID-19.

Given that some studies in this analysis studied hospitalized patients and others studied

non-hospitalized patients, it is informative to identify the timing of the exposure of colchicine

to patients in relation to the timing of their hospitalization if possible (Fig 3). All studies in this

meta-analysis were exposed to colchicine after COVID-19 diagnosis and seven of the eight

studies included patients exposed to colchicine after hospitalization. The trial by Tardif et al.
found that colchicine is beneficial in non-hospitalized patient in terms of preventing hospitali-

zation or death. Without the Recovery trial, our results suggested that among non-ICU hospi-

talized patients, colchicine users were at a lower risk of mortality relative to non-colchicine

users. Rodriguez-Nava et al., reported that ICU patients had a lower risk of mortality when

using colchicine.

Fig 1. COVID-19 Patients Who Used Colchicine vs Did Not Use Colchicine–Mortality Analysis 1a By Colchicine Use

1b By Timing of Colchicine Use Relative to Hospitalization 1c By Study Design.

https://doi.org/10.1371/journal.pone.0261358.g001

Fig 2. COVID-19 patients who used colchicine vs did not use colchicine–ICU admission analysis.

https://doi.org/10.1371/journal.pone.0261358.g002
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However, the Recovery trial [19] reports a different result–colchicine and non-colchicine

users have equivalent, not reduced, risk for mortality risk. This trial has been stopped early by

their Data Monitoring Committee, and limited data is currently available regarding the effi-

cacy of colchicine among COVID-19 patients. We await the publication of the complete results

of the Recovery trial. It is important to note that trials that undergo early termination are typi-

cally one of two types–reporting significant benefit or significant harm of the intervention, rel-

ative to its comparator; studies that undergo early termination therefore are more likely to

suffer from biases away from the null and true effect estimate. Nevertheless, the Recovery trial

should serve as a cautionary tale for further research in colchicine, despite the reported superi-

ority of colchicine across all other published data.

If there is any solace in these results, it is that colchicine may be beneficial or have a null

effect in patients with COVID-19. Given that colchicine is generally a well-tolerated drug, is a

relatively inexpensive drug, and, despite known diarrhea rates of 23% in colchicine users [26],

has a good safety profile as shown in a meta-analysis on the adverse effects of colchicine [14]

and in Tardif et al’s. study [13], there is potential for further investigation in the use of colchi-

cine for COVID-19 patients. Further large, well-powered randomized studies could be of value

to ascertain the effect colchicine would have on both mortality and other clinically meaningful

endpoints such as hospitalization, ICU admission, and need for mechanical ventilation in the

three different categories of illness: 1) non-hospitalized patients, 2) hospitalized patients, and

3) patients in ICUs (Fig 3).

This study is not without limitations. Intrinsic to meta-analysis study designs, the strength

of meta-analysis conclusions is limited to the strength of the input studies and underlying

data. This meta-analysis contains a mix of observational and RCT data. To reduce bias in

grouping observational and RCT, studies were grouped by trial design when comparing mor-

tality in colchicine and non-colchicine users and only studies reporting adjusted risk estimate

were used in observational studies. Additionally, all included studies had some concern for

risk of bias. Moreover, this review only contains eight studies, with only two studies examining

the risk of ICU admission and two evaluating the risk of mechanical ventilation. Furthermore,

the long-term effects of COVID-19 are a significant clinical concern and a major source of dis-

ability and health care utilization [27, 28]. Further studies in post-hospitalization and long-

term care in patients with COVID-19 are also warranted.

In conclusion, our meta-analysis suggests that colchicine may reduce or lead to equivalent

risk of mortality in individuals with COVID-19, based on the existing observational studies

and trials. Further prospective investigation may further determine the efficacy of colchicine

Fig 3. Studies examining colchicine at various care settings.

https://doi.org/10.1371/journal.pone.0261358.g003
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as treatment in COVID-19 patients in various care settings of the disease, including post-hos-

pitalization and long-term care.
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