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ABSTRACT

Background and aims: In this meta-analysis, we aimed to evaluate the prognostic properties of thyroid
disorder during admission on poor prognosis and factors that may influence the relationship in patients
with COVID-19.
Methods: A systematic literature search of PubMed, EBSCO, and CENTRAL was conducted from inception
to August 27, 2021. The main exposure was unspecified and specified thyroid disorders—hypothyroidism
or hypothyroidism. The outcome of interest was the COVID-19 composite poor outcome that comprises
of severity, mortality, ICU admission, and hospitalization.
Results: There were 24,734 patients from 20 studies. Meta-analysis showed that thyroid disorder was
associated with composite poor outcome (OR 2.87 (95% CI 2.04—4.04), p < 0.001; P = 62.4%, p < 0.001).
Meta regression showed that age (p = 0.047) and hypertension (p = 0.01), but not gender (p = 0.15), DM
(p = 0.10), CAD/CVD (p = 0.38), obesity (p = 0.84), and COPD (p = 0.07) affected the association. Sub-
group analysis showed that thyroid disorder increased risk of severe COVID-19 (OR 5.13 (95% CI 3.22
—8.17), p < 0.05; ¥ = 0%, p = 0.70) and mortality (OR 2.78 (95%CI 1.31—5.90), p < 0.05; I = 80%, p < 0.01).
Pooled diagnostic analysis of thyroid disorder yielded a sensitivity of 0.22 (0.13—0.35), specificity of 0.92
(0.87—0.95), and AUC of 0.72. The probability of poor outcome was 38% in patients with thyroid disorder
and 15% in patients without thyroid abnormality.
Conclusion: On-admission thyroid disorder was associated with poor prognosis in COVID-19 patients.
© 2022 Diabetes India. Published by Elsevier Ltd. All rights reserved.

1. Introduction

The spectrum of clinical manifestation of COVID-19 is broad,
ranging from asymptomatic patients to critically ill that requires

To date, millions of people worldwide have coronavirus disease
2019 (COVID-19) caused by severe acute respiratory syndrome
coronavirus-2 (SARS-CoV-2). The evolving nature of virus subtype
predisposes to the high prevalence followed by long incubation
periods of the virus yields a long-lasting pandemic with an
increasing number of cases across countries [1,2]. Multifaceted
measures have been taken with various objectives—from preven-
tion of viral transmission to prevent the complication of the
disease.

hospitalization [1,3]. The disease progression has also been a
concern due to its characteristics of wide-ranging and confounded
by a multitude of factors. Early steps to mitigate disease progression
by assessing risk stratification using a reliable predictive model are
needed to prevent adverse outcomes. The relationship between
comorbidities associated with metabolic disorders and COVID-19
outcomes has been extensively investigated. Utilizing patients’
clinical history and markers especially those that are regularly
assessed is paramount to assess risks and allocate resources
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efficiently [4,5]. Previous studies have been conducted to evaluate
the association between thyroid disorder and COVID-19 poor
outcome [6,7]. However, the prognostic properties of thyroid dis-
order and whether its value is influenced by other comorbidities
that may be present in COVID-19 patients remain unknown. Thus,
this present systematic review and meta-analyses were aimed to
investigate the prognostic value of preexisting thyroid disorder
during admission for various COVID-19 poor outcomes and factors
that may affect its relationship.

2. Material and methods

This systematic review and meta-analysis were written
following the guideline of Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRIMSA) [8]. A detailed protocol has
been previously registered in PROSPERO (CRD42021267278).

2.1. Eligibility criteria

The PECO (Population, Exposure, Comparison, Outcome) struc-
ture design was used to define the inclusion and exclusion criteria
of exposure and outcomes. The inclusion criteria were research
articles and letters that report COVID-19 patients with provided
categorical data on thyroid disorder status during admission along
with measurable outcomes—mortality, severity, ICU admission, and
hospitalization.

Following types or articles were excluded: case report, non-
research letter, editorial, invited commentary, review, abstract-
only article, and preprint. Studies that included patients who
have developed thyroid abnormalities secondary to the infection
were excluded from further analysis. Also, studies reporting only
continuous variables of thyroid serum level were excluded. There
was no language restriction applied in this study.

2.2. Search strategy and study selection

A systematic search of PubMed, EBSCO, and Cochran Collabo-
ration Central Register of Controlled Clinical Trials (CENTRAL) were
initially performed from the inception to 27™ of August 2021. An
extended literature searching was then conducted by two inde-
pendent investigators (NNMS and FAD) to pool articles until
December 2nd, 2021. The following search terms were used:
(("Thyroid Gland" [Mesh] OR "Thyroid (USP)" [Mesh] OR "Hyper-
thyroidism” [Mesh] OR "Hypothyroidism" [Mesh] OR "Thyroid
Hormones" [Mesh] OR “thyroid disease” [tiab] OR “hyperthyroid”
[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)) [7]. We used ‘related ar-
ticles’ feature and hand searched the reference lists of the included
articles to expand the search and obtain additional studies. Dupli-
cate results were removed after the initial search.

2.3. Data extraction

Data extraction was conducted independently by two authors
(NNMS and FAD). Included studies were summarized in a stan-
dardized form that comprised of the author, year of publication,
study design, sample size, age, gender, and reported
comorbidities—hypertension (HT), coronary artery disease/cerebro-
vascular disease (CAD/CVD). Diabetes mellitus (DM), obesity, and
chronic pulmonary obstructive disease (COPD). Different opinions in
extracting data or eliminating possible duplicates were resolved
through discussion and consensus.

The primary exposure was preexisting thyroid disease from
baseline characteristics or a group of patients with lower- or
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higher-than-normal measured thyroid hormone levels during
admission. The type of thyroid measurement during admission to
categorize the patient's type of thyroid level abnormality was
thyroid-stimulating hormone (TSH), free triiodothyronine (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 hypothyroidism if the level of measured
thyroid hormone was higher than the normal range. Furthermore,
we also performed subgroup analyses on each type of thyroid
abnormalities—undefined, hypothyroidism, and hypothyroidism.
The primary measured outcome of interest in this present study
was the composite poor outcome that comprised of COVID-19
mortality, severity, ICU admission, and hospitalization.

We used Newcastle-Ottawa Scale (NOS) to assess the quality of
included studies. The following aspects were taken into consider-
ation in the assessment: cohort selection, the comparability of the
cohort based on the design or analysis, the way exposure is deter-
mined, and the way of outcomes of interest are evaluated. Dis-
crepancies of perception were resolved by discussion.

2.4. Statistical analysis

All statistical analysis was performed using R (version 4.0.4, The
R Foundation, Vienna, Austria). The incidence of poor composite
outcome and thyroid disorder was pooled using meta-analysis of
proportion. Also, the diagnostic odds ratio (DOR) was calculated
using DerSimonian and Laird method random-effects model. The
inconsistency index (I?) and subgroup analysis using the Chi-square
test was used to explore potential sources of heterogeneity. An I of
more than 50% and a p-value of less than 0.05 were considered
significant for heterogeneity [9]. Random-effects model was used
regardless of the heterogeneity value. Sensitivity analysis was
conducted by using leave-one-out analysis to detect studies that
significantly influence the pooled estimate. Meta-regression was
also conducted with restricted-maximum likelihood random-
effects with age, gender, and comorbidities (hypertension, DM,
CAD/CVD, obesity, and COPD).

Diagnostic meta-analysis was done by calculating pooled sensi-
tivity, specificity, positive likelihood ratio (PLR), and negative likeli-
hood ratio (NLR). Pooled sensitivity and specificity were displayed
using a forest plot and summary receiver operating characteristics
(SROC) curve [10]. Fagan's nomogram was also used to present the
prediction of post-test probability from pre-test probability. We also
performed Deek's funnel plot asymmetry test to identify publication
bias and used Egger's test to ascertain the findings [11].

3. Results
3.1. Study selection

The selection to obtain included studies in the systematic re-
view is shown in (Fig. 1). The initial search yielded 672 articles from
PubMed, EBSCO, and CENTRAL.

Among 672 studies, two articles were removed automatically
due to duplication, yielding the remaining 670 articles that were
eligible to be screened and sought for retrieval. From all 670
screened articles, 631 irrelevant studies were excluded, resulting in
the remaining 39 studies to be assessed for each eligibility. From 39
studies, a total of 19 full-text articles were excluded from further
analysis in which the studies did not present the outcome of in-
terest and did not categorize patients into different thyroid sta-
tuses, the reported thyroid disorder was continuous data, and no
comparator was reported. Thereby, 20 studies were included in the
systematic review and meta-analysis [12—31].
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Fig. 1. PRISMA literature search flowchart.

3.2. Characteristics of included studies

The characteristics of the included studies are available in
Table 1. There are 24,734 patients from 20 studies included in this
present systematic review and meta-analysis. All patients were
adult confirmed COVID-19 cases. There was a variability of cut-offs
used within studies in which patients were grouped as hypothy-
roidism or hypothyroidism. However, the amount of study using
each of the different cut-offs was inadequate to perform diagnostic
meta-analysis with different cut points to generate optimal cut-off
value. In addition, we extracted the number of comorbidities re-
ported in the included studies cumulatively.

3.3. Thyroid disorders and poor outcomes

The preexisting of thyroid disorder was associated with higher
odds of COVID-19 composite poor outcome (OR 2.87 (95% CI
2.04—4.04), p < 0.001; P = 62.4%, p < 0.001). Subgroup analysis
showed that thyroid disorder was associated with higher risks of
increased COVID-19 severity (OR 5.13 (95% CI 3.22—8.17), p < 0.05;

P = 0%, p = 0.70), ICU admission (OR 2.14 (95%CI 0.87—15.30),
p > 0.05; I’ = 53%, p = 0.07), mortality (OR 2.78 (95%CI 1.31-5.90),
p < 0.05; ¥ = 80%, p < 0.01), and hospitalization (OR 1.84 (95%CI
1.40—2.40), p < 0.05; = 0%, p = 0.61) (Fig. 2). Publication bias was
evaluated qualitatively and quantitatively using funnel-plot anal-
ysis and Egger's test, respectively indicating a small study effect
demonstrated in an asymmetrical shape (p < 0.001). Trim and fill
analysis with imputation of 5 studies yielded an OR of (2.24 (95%. CI
1.57—3.18) for poor outcomes. Sensitivity analysis by omitting in-
dividual study did not affect pooled estimate significantly. Meta
regression showed that the incidence was vary by age (p = 0.047)
and hypertension (p = 0.014), but not gender (p = 0.148), DM
(p = 0.102), CAD/CVD (p = 0.383), obesity (p = 0.835), and COPD
(p = 0.069). The incidence of composite poor outcome was 17%.

3.4. Diagnostic meta-analysis

Thyroid disorder had a sensitivity of 0.22 (0.13—0.35), specificity
0f 0.93 (0.88—0.96), DOR of 2.87 (2.04—4.04), and Area under curve
(AUC) of 0.72 in predicting COVID-19 poor outcomes. Pooled



H. Permana, E.A. Soeriadi, EA. Damara et al.

Diabetes & Metabolic Syndrome: Clinical Research & Reviews 16 (2022) 102464

Table 1
Characteristics of thyroid disorders and COVID-19 outcomes related studies.
Authors Study Design Samples Male Age Hypertension =~ CAD/CVD DM Obesity ~ COPD Outcome NOS
(%) (years) (%) (%) % (%) (%)

Algahtani et al,, 2020 (12)  Retrospective 458 86.9 N/A 10.94 1.97 136 57.1 N/A Severity 8
cohort

Almazeedi et al., 2020 (13) Retrospective 1096 81 41 16.1 43 141 218 0.5 Severity 6
cohort

Baldelli et al., 2021 (14) Retrospective 46 69.5 59.6 N/A N/A N/A  N/A N/A ICU 7
cohort

Brix et al., 2021 (15) Retrospective 16,502 45.6 573 26.73 17.35 11.96 109 5.8 Mortality 7
cohort

Cao et al., 2020 (16) Retrospective 198 51 50.1 21.2 6 7.6 N/A N/A ICU 7
cohort

Daraei et al., 2020 (17) Retrospective 390 67.7 58.1 N/A N/A N/A N/A N/A Mortality 6
cohort

Gao et al., 2020 (18) Retrospective 100 52 62.3 N/A N/A N/A  N/A N/A Severity and 9
cohort Mortality

Gong et al., 2021 (19) Retrospective 150 54 69.8 N/A 11.33 N/A N/A N/A Mortality 9
cohort

Giiven et al., 2021 (20) Prospective cohort 250 63 68 N/A N/A N/A  N/A N/A ICU 8

Khoo et al., 2020 (21) Prospective cohort 334 60.8 66.1 48.5 23.7 395 N/A 174 Mortality and ICU 9

Lang et al,, 2021 (22) Retrospective 127 N/A N/A N/A N/A N/A N/A N/A Mortality 7
cohort

Lui et al., 2020 (23) Prospective cohort 191 51.8 53.5 27.2 6.3 13.1  N/A 3.1 Severity 8

Muller et al., 2020 (24) Prospective cohort 145 61.3 66.9 N/A N/A N/A N/A N/A ICU 6

Sen et al.,, 2021 (25) Prospective cohort 60 N/A N/A N/A N/A N/A  N/A N/A Severity 6

Shabrawishi et al., 2020 (26) Retrospective 150 60 46.1 28.8 8 26 N/A 0.7 Severity 6
cohort

Sis6-Almirall et al., 2020 Retrospective 322 50 56.7 33.9 7.8 143 14.3 5.9 Hospitalization 7

(27) cohort

van Gerwen et al., 2020 (28) Retrospective 3703 55.3 56,9 N/A N/A N/A 574 N/A Hospitalization 8
cohort

Wang et al., 2020 (29) Retrospective 84 63.1 57.3 N/A N/A N/A N/A N/A Severity 9
cohort

Zhang et al., 2020 (30) Retrospective 140 50.7 56.3 30 7.1 121 N/A 14 Severity 7
cohort

Zhang et al., 2020 (31) Retrospective 71 56.3 62.7 28.2 21.1 183 N/A N/A Severity and 7
cohort Mortality

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.

sensitivity and specificity to predict poor outcomes are shown in
Fig. 4. A subgroup analysis of sensitivity showed the sensitivity of
thyroid disorder to predict severe COVID-19 was 0.20 (95% CI
0.10—0.37), ICU admission was 0.18 (95% CI 0.05—0.46), mortality
was 040 (95% CI 0.13—0.75), and hospitalization was 0.08
(0.07—0.10). Subsequently, subgroup analyses of the specificity of
thyroid disorder to predict severe COVID-19 was 0.96 (95% CI
0.91-0.98), ICU admission was 0.90 (95% CI 0.73—0.97), mortality
was 0.85 (95% CI 0.72—0.93), and hospitalization was 0.95
(0.94—0.96). Also, a summary receiver operating characteristics
curve to predict composite poor outcome was conducted (Fig. 3).

Fagan's nomogram showed that the post-test probability of poor
outcome was 38% in patients with a thyroid disorder and the post-
test probability of a poor outcome in a group with normal thyroid
was 15% (Fig. 4). The positive likelihood ratio (PLR) was 3 and the
negative likelihood ratio (NLR) was 0.85. Deek's funnel plot showed
asymmetry with respect to the regression line and the asymmetry
test showed significant results (p = 0.01).

4. Discussion

The presence of thyroid disorder was associated with an almost
three-fold increase in composite poor outcomes compared to pa-
tients with a sensitivity of 22% and specificity of 93%. To date, this is
the first study to exhibit pooled analyses from the existing evidence
to describe the prognostic properties of thyroid disorder to the
outcome of COVID-19.

Meta-regression analyses indicated that the association

between thyroid disorder and poor COVID-19 outcomes vary by age
and hypertension. It is postulated that physiological responses have
deteriorated in the elderly population and this will further also lead
to decreased levels of TSH and thyroxine [32—35]. The iodine
nutritional status of the populations may also result in different
thyroid function patterns during aging [33,34]. Previous studies
also found the association between hypertension and poor COVID-
19 outcomes [7,36]. In addition, it is also found that both types of
thyroid disorders—hypothyroidism and hypothyroidism can lead to
hypertension. Although these disorders influenced the cardiovas-
cular system through distinct mechanisms, these relationships may
explain the influence of hypertension on the findings [37,38].
Furthermore, our results showed that the association between
thyroid disorders and poor outcomes did not vary with other
comorbidities—gender, DM, CAD/CVD. Obesity, and COPD.

Thyroid disorder has 93% of specificity with a 38% of positive
probability of poor outcome and 17% of pre-test poor outcome
probability. The sensitivity of thyroid disorder was relatively low
(21%) and therefore, thyroid disorder in COVID-19 is better to be
implemented to rule in the risk of poor outcomes rather than ruling
it out. Among different types of poor outcomes defined in this
study, a relatively stronger association was found between thyroid
disorder and disease severity. The diagnostic analysis also showed
that the sensitivity of thyroid disorder and death outcome was
found comparably higher than other poor outcomes, although the
finding posed a relatively higher heterogeneity.

Overall, our results showed a moderate level of heterogeneity. It
is likely due to unspecified types of thyroid disorders included in
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Fig. 2. Pooled sensitivity and specificity of thyroid disorders for COVID-19 poor outcomes.

the analysis. In addition, studies that included hypothyroidism or
hypothyroidism populations potentially used different cut-off
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Fig. 3. Summary receiver operating characteristics (SROC) of thyroid disorders for
COVID-19 composite poor outcome.

points, diagnostic tools, and quantification methods used among
studies that further explain the relatively high heterogeneity of the
results [39]. However, sensitivity analysis through leave-one-out
analyses indicated that retracting a single study did not signifi-
cantly alter the effect estimate and heterogeneity of the association
between thyroid disorders and poor outcomes. Subsequently,
publication bias was also noted in this study as the funnel plot
showed a slightly asymmetrical. Trim-and-fill analysis was per-
formed, and it showed a reduced effect estimate without altering
its significance after five imputed studies were included. Therefore,
the prognostic performance will not be affected by the inclusion of
additional studies.

Thyroid hormones are known to have bidirectional interaction
between hormonal regulation and immune response. Studies have
investigated these interactions in both pathological and physio-
logical settings. Thyroid hormones influence both innate and
adaptive immune responses [40,41]. Both are affected through
cytokine release that is modulated by intracellular signaling as the
response of thyroid hormone bindings [42,43]. Several studies have
shown that in the acute phase of critically ill patients, the con-
centration of T3 was markedly decreased [12,13,18]. Hence, in the
presence of thyroid disorder, the robustness of the immune
response may be reduced as the regulation of hormonal release has
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Fig. 4. Fagan's nomogram analysis elucidating the post-test probability of the presence of thyroid disorders in predicting COVID-19 poor outcomes.

obliterated. Another mechanism that could contribute to the
worsening of the outcomes is the impairment of renin-
angiotensinogen system (RAS) regulation [44,45]. Patients with
thyroid abnormalities are potent to have an increased angiotensin-
converting enzyme 2 (ACE2) expression [46]. This may increase a
greater risk of severe infection as ACE2 plays an essential role in
SARS-CoV-2 infection as the key receptor of the virus to enter the
host [47—50]. Taken together, the presence of thyroid disorder may
worsen COVID-19 infection through immune response dysregula-
tion or viral entry modulation that both increase the risk of poor
outcomes.

The main limitation of this present study is due to retrospective
studies that have a higher risk of bias. In addition, this study
involved all baseline thyroid disorders that may contribute to a
greater rate of heterogeneity of the results. Importantly, the paucity
of reported data of other comorbidities on each study makes
further study with complete information on baseline characteris-
tics to reassure the relationship of contributing factors is still
required.

5. Conclusion

This study shows that on-admission thyroid disorders were

associated with poor outcomes in patients with COVID-19 and was
vary with age and hypertension, but not gender, DM, CAD/CVD,
obesity, and COPD. Pooled diagnostic analysis indicates the sensi-
tivity of 22% and specificity of 92%.
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