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ill patients and predict all-cause mortality of patients with
severe COVID-19. Accordingly, fT3 may become a simple tool
for stratified management of patients with severe COVID-19.

Abstract
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Objectives: There is increasing interest regarding the
relationship between serum levels of free triiodothyronine
(fT3) and outcomes of COronaVIrus Disease-19 (COVID-19)
patients. As several recent reports have described a worse
prognosis in patients with low fT3 levels, we performed a
meta-analysis to assess the prognostic role of fT3 serum
levels in patients with COVID-19 as this information could
be clinically relevant for the management of these patients.
Methods: The methodology was registered in the International prospective register of systematic reviews (PROSPERO)
database under the protocol number CRD42021260952. A
systematic search was carried out on PubMed, Embase, Web
of Science, and Scopus from May to June 2021 without time
and language restrictions. The literature search strategy was
based on the following keywords: (T3 OR fT3 OR triiodothyronine) AND (COVID-19) AND (prognosis OR survival).
Results: The literature search identified 163 studies. Seven
retrospective studies met the inclusion and exclusion criteria
and were included in the meta-analysis. The included studies
had a total of 1,183 patients. From the analysis of the included
studies, lower fT3 serum levels were consistently observed in
intensive care unit (ICU) than in non-ICU patients and in nonsurvivors than survivors, respectively.
Conclusions: Serum fT3 concentrations are significantly
lower in patients with severe COVID-19 than in non-severely
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Introduction
The COronaVIrus Disease-19 (COVID-19) is an infectious disease caused by the enveloped RNA β-severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2). It may have a heterogeneous clinical presentation that varies from asymptomatic disease to acute respiratory distress syndrome
(ARDS) and multi-organ failure. Since the pandemic
outbreak, multiple studies have documented impairment of
thyroid function with variable prevalence and severity
in COVID-19 patients: abnormal thyroid function tests (thyroid stimulating hormone [TSH] and/or thyroid hormones)
are frequently reported [1]. Three main mechanisms account
for thyroid function perturbations in COVID-19 patients: (1) a
direct viral effect on thyroid cells; (2) an indirect effect of
systemic inﬂammatory immune response; and (3) the socalled euthyroid sick syndrome (ESS), a nonspeciﬁc adaptive
mechanism for illness and an indirect marker of disease
severity in various condition rather than a true thyroid
dysfunction [2]. Interestingly, patients with COVID-19 may be
affected by a combination of the above-mentioned pathways,
i.e., the direct and indirect effects on target cells (thyroid,
pituitary, and hypothalamus) and ESS may intertwine and
give paradoxical results of hormonal status. For example, a
combination of destructive thyroiditis and ESS may result in
TSH suppression and increased free thyroxine (fT4) but
decreased free triiodothyronine (fT3), deﬁned as “low-T3
toxicosis” [2–4]. Moreover, recent studies suggested that ESS
is the most common thyroid dysfunction observed in
COVID-19 patients as a result of central (TSH decrease) and
peripheric (reduced fT4 to fT3 conversion) effects of the cytokines storm [5–7]. Signiﬁcantly lower serum concentrations
of fT3 were found in patients with severe COVID-19 compared
to non-severely ill patients; additionally, fT3 levels
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independently predicted all-cause mortality of patients with
severe COVID-19, while no signiﬁcant relationships were
found between all-cause mortality and TSH, fT4, and fT3/fT4
ratio, respectively [5, 6, 8]. On these bases, fT3 was proposed
as a candidate prognostic biomarker for stratiﬁed management of patients with severe COVID-19 [8].
This meta-analysis aimed to assess the prognostic role
of fT3 serum levels in patients with COVID-19. Specifically,
we aimed to address two clinical questions:
(1) Are serum fT3 levels predictive of clinical deterioration
of COVID-19 patients requiring management in intensive care units (ICU)?
(2) Are serum levels of fT3 predictive of all-cause mortality
in COVID-19 patients managed in ICUs?

Materials and methods
Protocols and registration
The material and methods were based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [9]. The methodology was previously
registered in the International prospective register of systematic reviews (PROSPERO) database under the protocol
number CRD42021260952.
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AND (COVID-19) AND (prognosis OR survival). Additionally,
hand searches were performed to identify articles other than
those found in the electronic databases. A further hand search
of the citation lists of the included studies was performed. Grey
literature was searched using the Open Grey database (www.
opengrey.eu) applied the previous search strategy. The ﬁrst
(title/abstract screening) and second (full-text assessment)
steps of the search process were performed by two independent reviewers (LG and MG), and any disagreement was discussed until a decision was made by consensus.

Study selection
The complete list of articles obtained through the systematic search was screened to remove duplicates and exclude
not eligible articles. The potentially relevant articles to
answer the research question were screening by reading
titles and abstracts. The eligible studies were independently selected by two reviewers (LG and MG). Full-texts of
the remaining potentially relevant articles, those that met
the inclusion and exclusion criteria, were retrieved. The
final eligibility of each study was assessed, and the reasons
for exclusion were recorded. Two authors (LG and MG)
executed the definitive article selection. When there was
disagreement, a third experienced reviewer (ML) was
consulted to achieve a consensus.

Eligibility criteria
Data extraction
All original peer-reviewed research publications were
considered. Eligible studies were selected according to the
following criteria: (i) Research studies, cohort studies, prospective, and retrospective studies; (II) Studies involved
adults admitted to hospital because of COVID-19 diagnosis;
(III) studies in which fT3 serum levels of different groups
(ICU vs. non-ICU, survivor vs. non-survivor) were listed in
the form of mean ± SD or median with interquartile range
(IQR). Studies that had considered patients with a history of
thyroid disorder or patients treated with anti-thyroid drugs
and/or thyroid hormone and/or medications with potential
impact on thyroid function, including systemic steroids,
amiodarone, heparin, and dopamine were excluded.

Information sources and search strategy
A systematic search was carried out on PubMed, Embase, Web
of Science, and Scopus from May to June 2021 without time and
language restrictions. The literature search strategy was based
on the following keywords: (T3 OR FT3 OR triiodothyronine)

The complete list of articles obtained by the systematic
search was screened first to remove the duplicated and
then to select the potentially relevant articles identified by
titles that answered the research question. After, abstracts
screening was conducted. The eligible studies were
selected independently by two reviewers (LG and MG).
In case of disagreement, it was resolved by discussion.
From the remaining potentially relevant articles, full-text
reading was done to select the articles that met the inclusion and exclusion criteria. Exclusion reasons were recorded. Data extraction was organized in a table that included
the following information:
1) Study characteristics: ﬁrst author, year, country,
observation period;
2) Sample size and patients’ characteristics (sex and age);
3) fT3 reference range and diagnostic tool;
4) COVID-19 severity assessment tool;
5) ICU admission criteria;
6) Number of patients admitted and non-admitted in ICU;
7) Number of patients survived and non-survived;
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8) Number of survived and non-survived patients according to their fT3 levels (lower than the low reference
limit (LRL) vs. within the reference range (RR));
9) fT3 values (mean or median, standard deviation, IQR, or
ﬁrst and third quartile) for ICU and non-ICU patients
and survived or non-survived patients.
No numerical information was extracted from the figures
reported in the study publications.

Quality assessment
Two authors independently assessed the risk of bias of
included studies using the NIH quality assessment tool
for observational cohorts (https://www.nhlbi.nih.gov/
health-topics/study-quality-assessment-tools). The tool
comprises 14 criteria; the overall assessment is deﬁned as
good, fair, and poor. Possible disagreements were resolved
by discussion and consensus among all authors.

Statistical analysis
Continuous data were synthesized using mean difference
(MD) with standard deviation from each study to calculate
the average MD with 95% confidence intervals (CIs). When
continuous data were presented as medians and range, we
applied Wan’s formula to estimate the relative means and
standard deviations [10]. Quantitative data were summarized through random-effect models described by DerSimonian and Laird [11] (ﬁrst research question). The risk
ratio was summarized through ﬁxed-effects with the
Mantel–Haenszel method (second research question).
Heterogeneity was assessed using Cochrane Q-test and the
I2 statistic, where a p-value <0.05 was taken to indicate
statistically signiﬁcant heterogeneity [12]. According to the
Cochrane Handbook for Systematic Reviews of Interventions, the ranges of interpretation for I2 are as follows: 0–40% may be unimportant; 30–60% may represent
moderate heterogeneity; 50–90% may represent substantial heterogeneity, and 75–100% may have considerable

Figure 1: Preferred Reporting Items for
Systematic Reviews and Meta-Analyses
(PRISMA) flow-chart.
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The meta-analysis included seven studies published in
2020 and 2021 with a total of 1,183 COVID-19 hospitalized
patients. Four studies were conducted in China, one in
Israel, one in Italy, and one in Turkey. In total, 284 patients
(24%) were admitted to ICU. One hundred and ninety-three
patients (16.3%) died during hospitalization. The median
age ranged from 54 [15] to 68 [14] years. A greater prevalence of males emerged in almost all studies but for Lui
et al. [15]. COVID-19 severity was assessed using Chinese
Clinical Guidance for COVID-19 Pneumonia Diagnosis and
Treatment in two studies [15, 17]. In Gao et al. COVID-19
severity was assessed according to the patient’s clinical

°
criterion

Meta-analysis

°
criterion

All studies were fair as assessed by the NIH tool. Details
about the definition of assessment criteria and scores for
criteria are reported in Table 2. We noted that sample size
justiﬁcation and power description were not considered in
all included studies. Some concerns were present in all
studies about the possible role of the confounding variables.
Five studies [8, 14–16, 18] had no information about the
participation rate of eligible persons.

Table : Results of the individual components of the quality assessment of the included studies.
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1,183 patients. The details of the included studies are
reported in Table 1.

Yes
Yes
Yes
Yes
Yes
Yes
Yes

°
criterion

Search results and studies characteristics

Yes
CD
NO
Yes
CD
CD
CD

°
criterion

Results

Yes
Yes
Yes
Yes
Yes
Yes
Yes

°
criterion

°
criterion

°
criterion

Overall
assessment

heterogeneity. We took values above 30% to indicate
moderate heterogeneity. We had planned to analyze
heterogeneity through subgroup analyses, but given the
total of the included study, we did not perform this deeper
analysis. Publication bias was not assessed according to
13.3.5.4. Recommendations on testing for funnel plot
asymmetry [13]. A sensitivity analysis was performed to
examine whether overall ﬁndings were robust to the chose
analysis method. All analyses were conducted using
STATA (17.0; StataCorp., College Station, TX, USA).

Fair
Fair
Fair
Fair
Fair
Fair
Fair

Llamas et al.: Serum fT3 and COVID-19 prognosis

ID

1910

Llamas et al.: Serum fT3 and COVID-19 prognosis

1911

Figure 2: Forest plot for all studies
comparing fT3 serum levels between ICU
and non-ICU patients (n=4).
DerSimonian–Laird Random-effect model.
Weighted MD=−0.91 (95%CI −1.08; −0.73).
Number of ICU and non-ICU patients, mean
and standard deviation for fT3 serum levels
for both groups. Hedges’s g with 95% CI and
weight have been reported.

Figure 3: Forest plot for all studies
comparing fT3 serum levels between dead
and survivors (n=5).
DerSimonian–Laird Random-effect model.
Weighted MD=−1.33 (95%CI −2.03; −0.64).
Number of Survived and non-Survived
patients, mean and standard deviation for
fT3 serum levels for both groups. Hedges’s
g with 95% CI and weight have been
reported.

Figure 4: Forest plot for all studies
comparing number of survived or nonsurvived patients with low and normal fT3
serum levels (n=3).
Mantel–Haenszel fixed-effects model. Risk
ratio=8.07 (95%CI 2.87; 22.72). Number of
survived and non-survived patients
according to the fT3 serum levels (lower
than the normal reference range or within
the normal reference range).

Table : Sensitivity analysis.
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LRL, low reference limit; RR, reference range.

conditions independently from a speciﬁc guideline [6]. Two
studies did not report the COVID-19 severity assessment
tool, while Baldelli et al. [18] based Covid-19 diagnosis on

diagnostic criteria as deﬁned in Corman et al. [19]. ICU
admission criteria were reported by two studies [14, 15].
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Meta-analysis of outcome
A total of four studies examined the fT3 serum levels
between ICU and non-ICU patients [6, 14, 15, 18], ﬁve
studies reported fT3 serum levels in survivors and nonsurvivors [6, 8, 14, 16, 17], and three studies analyzed the
number of survived and no-survived patients according to
their fT3 serum levels at admission (LRL vs. RR) [6, 8, 16].
From the analysis of the four studies comparing fT3 levels
between ICU (n=262) and non-ICU (n=466) patients, lower
fT3 serum levels were observed in ICU patients than in nonICU patients (WMD=−0.91, 95% CI: −1.08; −0.73; test of ϑ:
z=−10.23, p<0.001, test of homogeneity: Q=χ2(3)=1.47,
p=0.69, I2=0.00%) (Figure 2). Lower fT3 serum levels were
also observed in non-survivors (n=193) than in survivors
(n=453) (WMD=−1.33, 95% CI: −2.03; −0.64; test of ϑ:
z=−3.76, p<0.001; test of homogeneity: Q=χ2(4)=42.47,
p<0.001; I2=90.58%) (Figure 3). For patients with fT3 serum
levels lower than the LRL at admission, the risk ratio was
8.07 [95%CI: 2.87; 22.72] (test of ϑ: t(2) = 8.68, p=0.01; test of
homogeneity: Q=χ2 (2)=0.97, p=0.61; I2=0.00%) (Figure 4).
The sensitivity analysis showed no signiﬁcant differences
from the previously reported results (Table 3).

Discussion
This meta-analysis aimed to determine whether fT3 serum
levels predict hospitalization in ICUs and mortality in
COVID-19 patients. Overall, across included studies, serum
fT3 levels were consistently lower in ICU and non-survived
patients compared to non-ICU and survived ones, supporting the role of fT3 as a prognostic biomarker in COVID-19
patients. The course and severity of COVID-19 are related
to the activity of several cytokines and the presence of a
cytokines storm induced by the virus. Accordingly, the
excessive inﬂammatory response triggered by SARS-CoV-2
infection is likely the reason that COVID-19 patients develop
ARDS, multi-organ failure, or death [20]. ESS is recognized
as a nonspeciﬁc adaptive mechanism for illness and an indirect marker of disease severity in various conditions,
including hospitalization in the critical care setting [21].
The underlying mechanisms include multiple and complex
alterations (i.e., inhibition of iodide uptake and organiﬁcation, suppression of thyroglobulin synthesis and
reduction of thyroid hormone secretion, inhibition of
hypothalamus-pituitary-thyroid axis) mediated by cytokines with speciﬁc effects on the thyroid gland as IL-6 and
TNF-alpha [22, 23]. Considering that IL-6 and TNF-alpha are
speciﬁcally involved in the SARS-CoV-2-related cytokines
storm [24] their increase is likely the cause of decreased fT3
levels in severely ill COVID-19 patients. Notably, the rise in

inﬂammatory cytokines and the related decrease in fT3
occurs before the clinical deterioration in patients with
COVID-19 [25]. Accordingly, intensive treatment measures
should be taken to reduce the risk of death for patients with
lower fT3 concentrations.
This study has several limitations. First, only retrospective studies were available, and the patients series’ size
was limited in some cases. Being all enrolled studies performed in COVID-19 hospitals using similar criteria, however, significant detrimental effects on the level of evidence
are not expected. Second, different fT3 assays were
employed in the included studies, precluding a cumulative
ROC analysis. Accordingly, assay-specific reference ranges
were used to define patients with reduced fT3 reflecting the
current clinical and laboratory daily life practice.
Finally, the fT3 determination in COVID-19 patients
should be considered in the context of other already
identified prognostic biomarkers (e.g., procalcitonin,
neutrophil-to-lymphocyte ratio, Creatine Kinase) [26–31].
In facts, different laboratory biomarkers showing
inflammation or organ-damage also confer increased risk
of severe COVID-19 disease or death. Multivariable models
may provide integrated informations but using multiple
prognostic factors for outcome prediction is challenging,
especially when considering the high demand for accurate
risk stratification for patients with COVID-19. Moreover,
low fT3 at presentation remained a robust predictor of
mortality in multivariate analyses that included all other
significant predictors [8, 16, 32].
This is likely due to different pathways captured by
inflammation and organ-damage biomarkers and fT3, the
latter being an integrative biomarker for adaption and host
response to COVID-19 infection [8].

Conclusions
In conclusion, fT3 concentrations are significantly lower in
patients with severe COVID-19 than in non-severely ill patients and predict all-cause mortality of patients with severe COVID-19. Thus, basing on our data, fT3 may become a
simple tool for stratified management of patients with severe COVID-19.
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