
 

 

Since January 2020 Elsevier has created a COVID-19 resource centre with 

free information in English and Mandarin on the novel coronavirus COVID-

19. The COVID-19 resource centre is hosted on Elsevier Connect, the 

company's public news and information website. 

 

Elsevier hereby grants permission to make all its COVID-19-related 

research that is available on the COVID-19 resource centre - including this 

research content - immediately available in PubMed Central and other 

publicly funded repositories, such as the WHO COVID database with rights 

for unrestricted research re-use and analyses in any form or by any means 

with acknowledgement of the original source. These permissions are 

granted for free by Elsevier for as long as the COVID-19 resource centre 

remains active. 

 



lable at ScienceDirect

Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15 (2021) 102312
Contents lists avai
Diabetes &Metabolic Syndrome: Clinical Research & Reviews

journal homepage: www.elsevier .com/locate/dsx
Review
Thyroid disease and hypothyroidism are associated with poor COVID-
19 outcomes: A systematic review, meta-analysis, and meta-
regression

Fachreza Aryo Damara a, *, Galih Ricci Muchamad b, Rizkania Ikhsani a, Hendro a,
Anisa Hana Syafiyah a, Muhammad Hasan Bashari c

a Faculty of Medicine, Universitas Padjadjaran, Dr Hasan Sadikin Hospital, Bandung, Indonesia
b Department of Medicine, Faculty of Medicine, Universitas Diponegoro, Kariadi General Hospital, Semarang, Indonesia
c Department Biomedical Sciences, Division of Pharmacology and Therapy, Faculty of Medicine, Universitas Padjadjaran, Dr. Hasan Sadikin Hospital,
Bandung, Indonesia
a r t i c l e i n f o

Article history:
Received 22 September 2021
Received in revised form
7 October 2021
Accepted 11 October 2021

Keywords:
COVID-19
Hyperthyroidism
Hypothyroidism
Outcome
Thyroid disease
* Corresponding author. Faculty of Medicine, Unive
E-mail address: fachreza15002@mail.unpad.ac.id (

https://doi.org/10.1016/j.dsx.2021.102312
1871-4021/© 2021 Diabetes India. Published by Elsev
a b s t r a c t

Background and aims: Coronavirus disease (COVID-19) still becomes a global burden that affected people
in different groups. The aim of this study was to evaluate the association between thyroid disease and the
outcome of COVID-19 patients.
Method: This was a meta-analysis study from articles obtained through a systematic literature search to
investigate the relationship between thyroid disease and COVID-19 outcomes. Composite poor outcomes
comprised of severity, mortality, intensive care unit (ICU) admission, and hospitalization.
Results: A total of 31339 patients from 21 studies included in this study. Thyroid disorder was associated
with increased composite poor outcome (risk ratio (RR) 1.87 [95% confidence interval (CI) 1.53, 2.27],
p < 0.001; I2 ¼ 84%, p < 0.01), this included higher disease severity (RR 1.92 [1.40, 2.63], p < 0.05;
I2 ¼ 86%, p < 0.01), ICU admission (RR 1.61 [1.12, 2.32], p > 0.05; I2 ¼ 32%, p < 0.05), mortality (RR 2.43
[1.44, 4.13], p < 0.05; I2 ¼ 83%, p < 0.01), and hospitalization (RR 1.28 [1.17, 1.39], p < 0.05; I2 ¼ 0%,
p < 0.96). Meta-regression analysis indicated that age (p ¼ 0.002) was a significant influence that affects
the association. Also, the presence of unspecified thyroid disease (RR 1.91 [1.38, 2.65], p < 0.05; I2 ¼ 81%,
p < 0.01) and hypothyroidism (RR 1.90 [1.45, 2.55], p < 0.05; I2 ¼ 85%, p < 0.01) during admission were
associated with poor outcomes.
Conclusion: Thyroid abnormalities increased the risk of COVID-19 composite poor outcomes and were
influenced by the patient's age. Abnormal thyroid and hypothyroidism, but not hyperthyroidism, were
associated with poor COVID-19 outcomes.

© 2021 Diabetes India. Published by Elsevier Ltd. All rights reserved.
1. Introduction

The growing number of cases and the rapidly evolving SARS-
CoV-2 has caused coronavirus disease 2019 (COVID-19) to
become a global burden that affected people from different groups
of age [1,2]. As the spectrum of signs and symptoms among COVID-
19-infected individuals is broaderanging from mild to severe
illness requiring intensive care, identifying risk factors that may
predict the patients’ outcome is imperative for a better resource
allocation in mitigating this current COVID-19 outbreak [3,4].
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The interaction between thyroid hormone and immune regu-
lation has been explored extensively in both physiological and
pathological settings. As the regulation of the immune system plays
an integral part in determining COVID-19 patients’ disease pro-
gressivity, evidence is required to accentuate the correlation be-
tween thyroid hormone and COVID-19 outcomes [5,6]. In light of
this, several studies have been carried out to emphasize the rela-
tionship between thyroid status or thyroid abnormalities and the
outcome of COVID-19. However, the correlation between the two
remains elusive as indicated by the variability of reported study
in Hospital, 38th Eyckman, Sukajadi, Pasteur, Bandung, Indonesia.

mailto:fachreza15002@mail.unpad.ac.id
http://crossmark.crossref.org/dialog/?doi=10.1016/j.dsx.2021.102312&domain=pdf
www.sciencedirect.com/science/journal/18714021
www.elsevier.com/locate/dsx
https://doi.org/10.1016/j.dsx.2021.102312
https://doi.org/10.1016/j.dsx.2021.102312
https://doi.org/10.1016/j.dsx.2021.102312
https://doi.org/10.1016/j.dsx.2021.102312


F.A. Damara, G.R. Muchamad, R. Ikhsani et al. Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15 (2021) 102312
results. Thus, in this present systematic review and meta-analysis,
we determined to summarize recent findings on the relationship
between thyroid disease and COVID-19 outcome.

2. Material and methods

This systematic review was presented consistent with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines (PRIMSA) [7]. A detailed protocol has been
previously registered in PROSPERO (CRD42021267278).

2.1. Eligibility criteria

Inclusion and exclusion criteria were defined according to the
PECO (Population, Exposure, Comparison, Outcome) structure. The
population of this study was COVID-19 patients confirmed with
either polymerase chain reaction (PCR), serum antibody or antigen
testing, or highly suspected cases based on clinical presentation.
Exposure and comparator were defined as patients with known
thyroid disorders, hypothyroidism defined as measured thyroid
levels below normal range during admission, and hyperthyroidism
defined as measured thyroid levels above normal reference during
admission.

The inclusion criteria were research articles and letters that
report COVID-19 patients with information on thyroid disorders
that were presented as categorical data along with measurable
composite poor outcomesemortality/severity/critically ill/inten-
sive care unit (ICU) admission/patients required hospitalization.

The following types of articles were excluded: case report, non-
research letter, editorial, invited commentary, review, and abstract-
only article. Also, studies that reported only continuous variables of
thyroid hormone level were excluded. There was no language re-
striction applied in this study.

2.2. Search strategy and study selection

A systematic search of the literature was carried out on multiple
databasesePubMed and Cochran Central Database pooling related
articles from the beginning to 20th of August 2021 by two inde-
pendent investigators (FAD AND MHB). The following search terms
were used (("Thyroid Gland"[Mesh] OR "Thyroid (USP)"[Mesh] OR
"Hyperthyroidism"[Mesh] OR "Hypothyroidism"[Mesh] OR "Thy-
roid Hormones"[Mesh] OR “thyroid disease”[tiab] OR “hyper-
thyroid”[tiab] OR “hypothyroid”[tiab] OR “thyroid”[tiab] OR thyroid
OR “TSH”[tiab] OR “T3”[tiab] OR “T4”[tiab]) AND ("COVID-
19"[Mesh] OR "SARS-CoV-2"[Mesh] OR COVID-19)). We used the
‘related articles’ feature and hand-searched the reference lists of
the included articles to expand the search and obtain additional
studies. Duplicate results were removed using a reference tool and
screening was done manually after the initial search.

2.3. Data extraction

Data extraction was conducted independently by two authors
(FAD and MHB). Standardized forms contained author, year,
study design, sample size, cut-off value, gender, age, related
comorbiditiesehypertension (HT), diabetes mellitus (DM),
obesity, and chronic obstructive pulmonary disease (COPD)eand
measured outcomes. Data extraction was performed indepen-
dently, and different perceptions were resolved through discus-
sion and consensus between authors.

The primary exposure was thyroid abnormalities preexisting
thyroid disease from baseline characteristics or a group of patients
with lower- or higher-than-normal measured thyroid hormone
levels during admission. The type of thyroid measurement during
2

admission to categorize the patient's type of thyroid level abnor-
mality was thyroid-stimulating hormone (TSH), free triiodothyro-
nine (fT3), or free thyroxine (fT4). The patient was considered
hypothyroidism if the level of thyroid hormone was lower than
normal reference according to the specified cut-off defined by each
study. Conversely, the patient was considered hyperthyroidism if
the level of measured thyroid hormonewas higher than the normal
range. Furthermore, we also performed subgroup analyses on each
type of thyroid abnormalitieseundefined, hypothyroidism, and
hyperthyroidism.

The measured outcome of interest was composite poor out-
comes that comprised of mortality, COVID-19 severity, intensive
care unit (ICU) admission, and hospitalization requirement. Severe
COVID-19 generally was characterized as patients who met the
criteria of respiratory distress (respiratory rate �30 breaths/min);
pulse oxygen saturation �93% on room air; and low arterial
oxygenation ratio (PaO2/fraction of inspired oxygen �300). Sub-
sequently, critically ill patients were indicated if they had respira-
tory failure requiring a form of mechanical ventilation; shock; or
had complications with other organ failures that require moni-
toring and treatment in the ICU. Further, when the outcome was
split into multiple groups (mild, moderate, severe, and critically ill
COVID-19), mild and moderate subjects were combined into a
single group, and severe to critically ill patients were also consid-
ered into one group.

We used Newcastle-Ottawa Scale (NOS) to assess the quality of
included observational cohort studies. Assessment of the included
studies was done independently by four authors (GRM, RI, AHS, and
H). The following aspects were taken into consideration in the
assessment: cohort selection, the comparability of cohort-based
design or analysis, the way exposure is determined, and the way
of outcomes of interest is evaluated. Discrepancies of perception in
determining study quality were resolved by discussion.

2.4. Statistical analysis

All statistical analysis was performed using R (version 4.0.4, The
R Foundation, Vienna, Austria) [8]. We used the Mantel-Haenszel
method formula to generate pooled effect estimates in a form of
risk ratio (RR) along with their 95% confidence interval (CI). The
inconsistency index (I2) and subgroup analysis using the Chi-square
test was used to investigate potential sources of heterogeneity. An
I2 of more than 50% and a p-value of less than 0.05 were considered
significant for heterogeneity [9]. To consider interstudy variability,
a random-effects model was used regardless of study heterogeneity
[10]. We used a two-tailed p-value with statistical significance was
accounted with p ⩽ 0.05.

Subgroup analyses were performed only when at least two
studies on each at least two subsets were available. Subgroup
analysis was carried out on each component of composite poor
outcome and the type of thyroid abnormalities specified in the
studies. Further, we also conducted a restricted-maximum likeli-
hood random-effects meta-regression analysis to study the influ-
ence of the following covariatesegender, age, hypertension,
coronary artery disease/cardiovascular disease (CAD/CVD), diabetes
mellitus (DM), obesity, and chronic obstructive pulmonary disease
(COPD).

Analyses of publication bias were presented qualitatively using a
contour-enhanced funnel plot and quantitatively assessed using
Egger's linear regression test to indicate small-study effects [11,12].
Sensitivity analysis was performed under the leave-one-out
method to single out the cause of study heterogeneity and statis-
tical significance.When publication bias was detected, trim-and-fill
analysis was carried out to evaluate the potential sources of pub-
lication bias.
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3. Results

3.1. Study selection

The selection flow to obtain included studies in this meta-
analysis is shown in (Fig. 1). The initial search pooled 459 articles
from PubMed and Cochran Collaboration Central Register of
Controlled Clinical Trials. Among 459 studies, two articles were
removed automatically due to duplication, yielding 457 articles
that were eligible to be screened and sought for retrieval. From all
457 screened articles, we assessed 30 studies for each individual's
eligibility. Among 30 studies, a total of nine full-text articles were
excluded from further analysis due to; a) five articles did not pre-
sent the outcome of interest and did not categorize patients into
different thyroid statuses and b) four articles present thyroid hor-
mones as continuous numerical data. Thereby, 21 studies were
Fig. 1. PRISMA literatur
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included for further qualitative and quantitative analyses [13e33].
3.2. Characteristics of included studies

The characteristics of all included studies are available in Table 1.
There were 31339 patients from 21 studies included in this present
systematic review and meta-analysis. All patients were adults with
confirmed COVID-19 cases. The setting of the study varied from
China, Denmark, India, Iran, Italy, Kuwait, Saudi Arabia, Spain,
Turkey, United Kingdom, and the United States. Among all included
studies, 15 studies were retrospective cohort studies, five studies
were prospective cohort studies, and one studies were cross-
sectional. Different cut-offs were used between studies that
grouped the patients by their thyroid hormones level during
admission (Supplementary Table 2). In addition, we extracted the
cumulative incidence of comorbidities reported in each study.
e search flowchart.



Table 1
Characteristics of the included studies.

Authors Study Design Samples Male
(%)

Age
(years)

Hypertension
(%)

CAD/CVD
(%)

DM
(%)

Obesity
(%)

COPD
(%)

Outcome NOS

Alqahtani et al., 2020 [51] Retrospective
cohort

458 86.9 N/A 10.94 1.97 13.6 57.1 N/A Severity 8

Almazeedi et al., 2020 [52] Retrospective
cohort

1096 81 41 16.1 4.3 14.1 21.8 0.5 Severity 6

Baldelli et al., 2021 [53] Retrospective
cohort

46 69.5 59.6 N/A N/A N/A N/A N/A ICU 7

Brix et al., 2021 [54] Retrospective
cohort

16502 45.6 57.3 26.73 17.35 11.96 10.9 5.8 Mortality 7

Cao et al., 2020 [55] Retrospective
cohort

198 51 50.1 21.2 6 7.6 N/A N/A ICU 7

Daraei et al., 2020 [56] Retrospective
cohort

390 67.7 58.1 N/A N/A N/A N/A N/A Mortality 6

Gao et al., 2020 [57] Retrospective
cohort

100 52 62.3 N/A N/A N/A N/A N/A Severity and
Mortality

9

Gong et al., 2021 [58] Retrospective
cohort

150 54 69.8 N/A 11.33 N/A N/A N/A Mortality 9

Güven et al., 2021 [59] Prospective cohort 250 63 68 N/A N/A N/A N/A N/A ICU 8
Khoo et al., 2020 [60] Prospective cohort 334 60.8 66.1 48.5 23.7 39.5 N/A 17.4 Mortality and ICU 9
Lang et al., 2021 [61] Retrospective

cohort
127 N/A N/A N/A N/A N/A N/A N/A Mortality 7

Lui et al., 2020 [62] Prospective cohort 191 51.8 53.5 27.2 6.3 13.1 N/A 3.1 Severity 8
Muller et al., 2020 [63] Prospective cohort 145 61.3 66.9 N/A N/A N/A N/A N/A ICU 6
Nguyen et al., 2021 [64] Cross sectional 6822 49.6 48 N/A N/A N/A N/A N/A Mortality N/A
Sen et al., 2021 [65] Prospective cohort 60 N/A N/A N/A N/A N/A N/A N/A Severity 6
Shabrawishi et al., 2020 [66] Retrospective

cohort
150 60 46.1 28.8 8 26 N/A 0.7 Severity 6

Sis�o-Almirall et al., 2020
[67]

Retrospective
cohort

322 50 56.7 33.9 7.8 14.3 14.3 5.9 Hospitalization 7

van Gerwen et al., 2020 [68] Retrospective
cohort

3703 55.3 56,9 N/A N/A N/A 57.4 N/A Hospitalization 8

Wang et al., 2020 [69] Retrospective
cohort

84 63.1 57.3 N/A N/A N/A N/A N/A Severity 9

Zhang et al., 2020 [70] Retrospective
cohort

140 50.7 56.3 30 7.1 12.1 N/A 1.4 Severity 7

Zhang et al., 2020 [71] Retrospective
cohort

71 56.3 62.7 28.2 21.1 18.3 N/A N/A Severity and
Mortality

7

CAD/CVD: Coronary artery disease/cardiovascular disease; COPD: Chronic Obstructive Pulmonary Disease; DM: Diabetes Mellitus; HTN: Hypertension; N/A: Not applicable;
NOS: Newcastle-Ottawa Scale.
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3.3. Thyroid abnormalities and poor outcomes

Meta-analysis showed that abnormal thyroid was associated
with higher risk of COVID-19 composite poor outcome (RR 1.87
[1.53, 2.27], p < 0.001; I2¼ 84%, p < 0.01) (Fig. 2). Subgroup analysis
in patients with thyroid abnormalities also showed a significant
increased risk of higher disease severity (RR 1.92 [1.40, 2.63],
p < 0.05; I2 ¼ 86%, p < 0.01), ICU admission (RR 1.61 [1.12, 2.32],
p > 0.05; I2 ¼ 32%, p < 0.05), mortality (RR 2.43 [1.44, 4.13],
p < 0.05; I2¼ 83%, p< 0.01), and hospitalization (RR 1.28 [1.17,1.39],
p < 0.05; I2 ¼ 0%, p < 0.96) (see Fig. 3).

In addition, subgroup analyses on different type of thyroid ab-
normalities were also conducted. The presence of unspecified
thyroid disease showed a significant increased risk of composite
poor outcome (RR 1.91 [1.38, 2.65], p < 0.05; I2 ¼ 81%, p < 0.01).
Similarly, patients with hypothyroidism during admission also
showed to have a higher risk of composite COVID-19 poor outcome
(RR 1.90 [1.45, 2.55], p < 0.05; I2 ¼ 85%, p < 0.01). In contrast, hy-
perthyroidism patients did not pose a significant higher risk of poor
outcomes (RR 1.67 [0.72, 3.85], p > 0.05; I2 ¼ 85%, p < 0.01).
Sensitivity analysis by removing each study did not indicate any
alteration in statistical robustness and study heterogeneity
(Supplementary Fig. 2).
3.4. Meta-regression

Meta-regression showed that the association between thyroid
4

abnormalities and composite poor outcome was significantly
influenced by age (p¼ 0.002), but not affected by gender (p¼ 0.22),
hypertension (p ¼ 0.13), cardiovascular disease (p ¼ 0.23), diabetes
mellitus (p ¼ 0.43), obesity (p ¼ 0.94), and COPD (p ¼ 0.15) (Fig. 4).

3.5. Publication bias

Publication bias assessment demonstrated an asymmetrical
funnel plot for the association between thyroid abnormalities and
composite poor outcome (Supplementary Fig. 1a). Regression-
based Egger's test indicated small-study effects in the association
between thyroid abnormalities and composite poor outcomes
(p ¼ 0.007) (Supplementary Fig. 3). Trim-and-fill analysis showed a
reduced pooled effect estimate after imputing 9 studies without
altering its significance (RR 1.33 [1.08, 1.63], p ¼ 0.007; I2 ¼ 88%,
p < 0.01) (Supplementary Fig. 1b).

4. Discussion

The outcomes of COVID-19 patients worldwide are diverse and
can be caused by any comorbidities, one of which is thyroid ab-
normalities. This systematic review presented a summary of
hospital-based data, describing the comparison of primary out-
comes, including mortality rate, ICU admission, severity, and hos-
pitalization among patients with euthyroid and thyroid
abnormalities.

In this present study, the presence of thyroid abno



Fig. 2. Thyroid abnormalities and COVID-19 composite poor outcome with subgroup analysis based on each outcome.
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malitiesehypothyroidism, hyperthyroidism, or unspecified thyroid
disordereincreased the risk of COVID-19 composite poor outcomes
that consist of disease severity, ICU admission, mortality, and
hospitalization. Contrary to the cumulative result, Zhang et al. and
Lui et al found that the presence of thyroid disease was not
associated with more severe COVID-19 [24,33]. In addition, Lui
et al. also showed a similar result of the incidence of thyroid ab-
normalities between mild, moderate, and severe COVID-19 patients
[24]. The authors suggested that the result may be affected by the
level of SARS-CoV-2 viral load that ought to be confirmed through
qRT-PCR [24]. Muller et al. and Gong et al. in their study did not
demonstrate a positive and significant association between
5

abnormal thyroid and ICU admission and mortality, respectively
[20,25].

Furthermore, meta-regression analyses showed that the corre-
lation between thyroid abnormalities and poor outcomes was
affected by the increasing age, not due to other comorbidities. This
association because the levels of TSH and thyroxine will decrease
gradually and deteriorated physiological response that occurs with
increasing age [1,34e36]. In addition, the iodine nutritional status
of the populations may result in different thyroid function patterns
during aging [35,36].

Although the interplay between thyroid hormones and immune
response has been largely investigated, the exact mechanism



Fig. 3. Thyroid abnormalities and COVID-19 composite poor outcome with subgroup analysis based on each disease type.
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involved in the setting of COVID-19 infection remains elusive. Like
other viral infections, the immune response has an important role
in the outcome of SARS-CoV-2 infection [5,6]. Previous hypotheses
have postulated that thyroid hormones play a role in modulating
the cellular level of both innate and adaptive immune responses
[37,38]. The thyroid hormone demonstrates its effects on the im-
mune system at both nuclear levels by activating transcription
factors that are responsible for intracellular signaling and at cellular
levels by modulating cytokine release on multiple cells when the
innate immune response is taking place [39,40]. Several studies
have shown that in the acute phase of critically ill patients, the
concentration of T3 was markedly decreased [13,14,19]. This
abnormal release of thyroid hormone affects the robustness of the
immune response that is integral in maintaining COVID-19 out-
comes. Moreover, during the process of cytokine storm, the body
6

overproduces cytokines and chemokines triggered by SARS-CoV-2
infection [26]. If this period is prolonged, suppression of the thy-
roid axis can occur in critically ill patients. It can lead to aworsening
of outcomes in patients with thyroid abnormalities [19]. In addi-
tion, thyroid hormones also influence other metabolic diseases
such as hypertension, diabetes, and cardiovascular diseaseethose
comorbidities are strongly related to an increased risk of poor
COVID-19 composite poor outcomes [37,41].

Our results showed abnormal thyroid and hypothyroidismwere
significantly associated with a higher risk of composite COVID-19
poor outcomes. In contrast, hyperthyroidism patients did not
pose different risks in COVID-19 poor outcomes. This discrepancy
between these findings can be potentially affected by several fac-
tors. It has been emphasized that thyroid hormone affects the
renin-angiotensinogen system (RAS) [42,43]. Thus, patients with



Fig. 4. Meta-regression analysis showed that the association between abnormal thy-
roid and increased risk of poor outcome was influenced by age, but not comorbidi-
tieseCAD/CVD and hypertension.
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thyroid abnormalities might have dysregulated RAS which con-
tributes to increased angiotensin-converting enzyme 2 (ACE2)
expression [44]. ACE2 plays an essential role in SARS-CoV-2 infec-
tion as the key receptor of the virus to enter the host [45e48]. The
relationship between thyroid hormones and immune response
may be bidirectional. However, cautious considerations should be
considered when interpreting the relationship between thyroid
hormones and COVID-19 outcomes. First, the effect of excessive
thyroid hormone in hyperthyroidism patients may not significantly
alter the physiologic regulation of RAS [38]. Second, the
7

dysregulated RAS caused by hyperthyroidism may also not signif-
icantly influence the expression of ACE2eyielding to a similar
amount of viral entry and disease outcome [44]. Third, the associ-
ation between hyperthyroidism and poor COVID-19 outcome may
be affected by multiple factors. This was demonstrated in the study
by Brix et al. that shows a significantly higher risk of poor COVID-19
outcome in hyperthyroidism patients with crude analysis but posed
a similar risk ratio of poor outcomes in propensity score weighted
analysis [16]. Lastly, a relatively smaller sample and studies
involving hyperthyroidism patients may also be one of the possible
causes of these findings.

This present study supports the previous meta-analyses
exploring the relationship between thyroid abnormalities with
COVID-19 poor outcomes. Hariyanto et al. found in their meta-
analysis that the presence of thyroid abnormalities was associ-
ated with severe COVID-19 outcomes [49]. However, the study only
included eight studies with unspecified thyroid abnormalities. On
the one hand, this current study included more studies yielding a
relatively higher sample, subgroup analyses based on disease out-
comes and thyroid abnormalities, and further meta-regression
which was not previously conducted. Ultimately, the evidence of
the association between thyroid abnormalities and COVID-19 poor
outcomes is strengthened by our present results.

Although this present analysis addresses the association be-
tween thyroid hormones and COVID-19 outcomes in a larger pop-
ulation, this study has several limitations. Studies that were
included in our analyses were largely conducted in a retrospective
fashion that may impose a relatively greater potential risk of bias.
The association between COVID 19 severity and the degree of
thyroid dysfunction could not be assessed due to the paucity of
reported studies on each subset. In addition, one cross-sectional
study with a relatively larger sample was included that poten-
tially affects cumulative effect estimates. It is important to note that
iodine intake may vary across the country. Similarly, ethnicity may
also take place to the varied iodine intake levels, especially in a
large country [50]. However, we did not perform subgroup analysis
under the sociodemographic subset due to study paucity and
underreported characteristics on each country or ethnic group of
each study. Nevertheless, our study demonstrated a moderate-to-
high quality of evidence illustrating those thyroid abnormalities
and hypothyroidisms were associated with COVID-19 poor out-
comes. Moreover, the generalizability of our findings can be
ascertained as the populations included in the analyses were
diverse.

5. Conclusion

Thyroid abnormalities are associated with a higher risk of dis-
ease severity, mortality, ICU admission, and hospitalization among
COVID-19 patients. This association was significantly influenced by
an increase in age. Also, the presence of thyroid disorder and hy-
pothyroidism, but not hyperthyroidism, are associated with a
higher risk of poor outcomes.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
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