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Abstract

Background The prevalence of hypothyroidism among older patients hospitalized for COVID-19 and its association with
mortality is unclear. This study aims to investigate the prevalence of hypothyroidism in older COVID-19 inpatients and verify
if this comorbidity is associated with a specific pattern of onset symptoms and a worse prognosis.

Methods COVID-19 inpatients aged > 60 years, participating in the GeroCovid acute wards cohort, were included. The
history of hypothyroidism was derived from medical records and the use of thyroid hormones. Sociodemographic data,
comorbidities, symptoms/signs at the disease onset and inflammatory markers at ward admission were compared between
people with vs without history of hypothyroidism. The association between hypothyroidism and in-hospital mortality was
tested through Cox regression.

Results Of the 1245 patients included, 8.5% had a history of hypothyroidism. These patients were more likely to present
arterial hypertension and obesity compared with those without an history of hypothyroidism. Concerning COVID-19 clini-
cal presentation, patients with hypothyroidism had less frequently low oxygen saturation and anorexia but reported muscle
pain and loss of smell more commonly than those without hypothyroidism. Among the inflammatory markers, patients with
hypothyroidism had higher lymphocytes values. At Cox regression, hypothyroidism was associated with reduced in-hospital
mortality only in the univariable model (HR=0.66, 95% CI 0.45-0.96, p=0.03); conversely, no significant result were
observed after adjusting for potential confounders (HR =0.69, 95% CI 0.47-1.03, p=0.07).

Conclusions Hypothyroidism does not seem to substantially influence the prognosis of COVID-19 in older people, although
it may be associated with peculiar clinical and biochemical features at the disease onset.
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Introduction

Coronavirus disease (COVID-19) pandemic, caused by
Severe Acute Respiratory Syndrome Coronavirus 2 (SARS-
CoV-2) has probably represented the most crucial health
V. Bagala and A. Sala equally contributed to the work. challenge of our century [1, 2].

Since the beginning of the COVID-19 pandemic, epide-
miological data underlined that individuals in the oldest age
classes and those with multimorbidities had a more severe
B V.Bagala course of the disease. Further scientific reports uncovered
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identified as risk factors for more severe COVID-19 presen-
tation and worse outcomes [1, 2].

Concerning the impact of thyroid dysfunctions on the
COVID-19 course, evidence is still scarce [3, 4]. In particu-
lar, contrasting results have emerged both on the prevalence
of hypo- and hyperthyroidism among patients with COVID-
19 and the impact of these multimorbidities on mortality
[3, 5]. Moreover, only a few of the available works pub-
lished on this topic focused on older adults, representing
the population most strongly struck by the pandemic [1].
At the base of the possible influence of thyroid pathologies
on COVID-19, there is the frequent co-occurrence of this
condition with diseases like obesity, kidney and liver dys-
functions, associated with an increased risk and severity of
COVID-19 infection. Moreover, elevated levels of thyroid
hormones have been linked to a greater expression of the
ACE2 protein, which promotes the entering of SARS-CoV-2
into the host cells [6]. As a further mechanism, thyroid hor-
mones are involved in the modulation of the immune system.
For instance, hypermetabolism linked to thyrotoxicosis can
enhance oxidative stress and impair the individual resilience
against adverse events, such as infections [7, 8]. Interest-
ingly, previous studies have shown that oxidative stress can
act not only at the host level by altering the immune sys-
tem function but can also increase the pathogenesis of some
viruses. However, more marked oxidative stress and altera-
tions in both the innate and adaptive immune system have
also been observed in hypothyroidism status [9].

To further investigate the association between thyroid
dysfunction and COVID-19, this study aimed to evaluate
the prevalence of hypothyroidism in older patients hospital-
ized for COVID-19 and investigate whether this comorbidity
was associated with a specific pattern of onset symptoms and
a different prognosis of SARS-CoV-2 infection. We hypoth-
esized that this condition might influence the clinical pres-
entation of SARS-CoV-2 infection and its prognosis in term
of oxygen need and mortality.

Methods
Study population

GeroCovid Observational is a multicenter retrospective-
prospective study promoted by the Italian Society of Ger-
ontology and Geriatrics, in collaboration with the Nor-
wegian Society of Geriatrics, involving older people with
or at risk of COVID-19 in different care settings. This
initiative involved individuals aged > 60 years with or at
risk of COVID-19 in different care settings, consecutively
enrolled (for details, please see Trevisan et al. Assessing
the impact of COVID-19 on the health of geriatric patients:
The European GeroCovid Observational Study [10]. The
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data collection was performed retrospectively for most of
the participants (98%) and prospectively only for a minority
of them, depending on the availability of time and person-
nel resources at the study sites. Enrollment was performed
between March and December 2020 and reported in a struc-
tured e-Registry developed by Bluecompanion Ltd (London,
UK). For the present study, we considered the GeroCovid
acute wards cohort, involving inpatients hospitalized for
SARS-CoV-2 infection in 19 Italian acute and post-acute
wards. Eleven centres involved were tertiary, six were sec-
ondary and two were primary.

Enrollment was performed between March and Decem-
ber 2020 and reported in a structured e-Registry developed
by Bluecompanion Ltd (London, UK).This study involves
participants in the GeroCovid acute wards cohort, i.e. indi-
viduals aged 60 years or older hospitalized for SARS-CoV-2
infection. From the initial sample of 1276 participants
involved in this cohort, we excluded those with missing data
on age, symptoms at the disease onset, and clinical status
at ward admission (defined according to the World Health
Organization [WHO] classification). The statistical analysis
was performed on a final sample of 1245 inpatients.

Data collection

For each GeroCovid participant, we considered the demo-
graphic characteristics (sex, age, race), living arrangements,
smoking habits, and pre-COVID-19 mobility (categorized
as moving independently, using walking aid/moving with
a wheelchair, moving with assistance in a wheelchair/
bedridden).

The presence of the following chronic diseases was
derived from medical records: arterial hypertension, cardi-
ovascular diseases (including cardiomyopathies, ischemic
heart diseases, heart failure, atrial fibrillation), chronic
obstructive pulmonary disease (COPD), diabetes, obe-
sity, chronic renal failure, depressive mood, and cognitive
disorders.

As the main exposure, we considered the history of hypo-
thyroidism based on medical documentation (recording dis-
ease diagnosis through the Medical Dictionary for Regula-
tory Activities [MedDRA] coding) and the use of thyroid
hormones (recording the drugs chronically used through the
Anatomical Therapeutic Chemical [ATC] system). There-
fore, we considered the diagnosis of hypothyroidism before
the hospitalization [11].

Moreover, based on hypothyroidism etiology, we cat-
egorized patients into three groups: congenital (including
autoimmune etiology), acquired (including post-surgical
etiology), and unspecified (including participants with no
information on etiology) hypothyroidism.

Information on COVID-19 phenotype at the ward admis-
sion was collected regarding signs/symptoms, WHO clinical
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status, oxygen saturation (SpO2) in ambient air, and inflam-
matory markers. In particular, the presence of the following
symptoms and signs at the disease onset was recorded from
medical data collected from the patient (or the caregiver)
and the clinical examination at ward admission: fever, phar-
yngodynia, cough, sneezing, dyspnea, tachypnoea, low oxy-
gen saturation after walking or at rest (SpO2 <90%), weak-
ness/prostration, fall or faint, muscle aching, delirium, loss
of smell or taste, anorexia, gastrointestinal symptoms, and
sudden health worsening. Based on the WHO classification
[12], COVID-19 severity at hospital admission was classi-
fied into three main groups: mild disease (WHO classes 1,
2, and 3, i.e. no oxygen therapy required), moderate disease
(WHO class 4, i.e. need for low-flow oxygen support), and
severe disease (WHO classes 5, 6, 7, i.e. high-flow oxygen
or organ support needed). Among biochemical parameters,
we considered the following inflammatory markers rou-
tinely assessed at ward admission: white blood cell count
(WBC; normal range: 4—10x 10°9/1), neutrophils proportion
(normal range: 45-70%), lymphocytes proportion (normal
range: 20-45%), neutrophils/lymphocytes (NL) ratio, lactate
dehydrogenase (LDH; normal range: <247 U/I), C-reactive
protein (CRP; normal range: < 5-10 mg/1), and procalcitonin
(normal range: > 0.5 ng/ml).

The clinical outcomes over the observation period were
obtained from medical documentation and classified as
a clinical improvement with hospital discharge, clinical
worsening, transfer to other care settings (at lower or higher
intensity of care), and death.

Statistical analysis

Statistical analyses were performed using the software R
(version 4.0.2). We used mean and standard deviation to
describe continuous variables normally distributed, while
count and percentages for the categorical ones. Sociodemo-
graphic characteristics, pre-COVID-19 mobility level, main
comorbidities, signs/symptoms, and inflammatory markers
were compared between patients with vs without a history
of hypothyroidism using the Student t-test or the Chi-square
tests. To compare the frequency of smoking habits and
mobility level between patients with vs without history of
hypothyroidism, we considered a p value of <0.017 (0.05/3)
as statistically significant based on Bonferroni correction
for multiple comparisons. To take into account the possible
confounding effect of age and sex on the differences of the
characteristics of patients with vs without hypothyroidism,
we performed appropriate generalized linear models and
logistic regressions adjusted for age and sex.

The association of hypothyroidism with in-hospital mor-
tality was assessed through Cox regression analysis, and the
strength of such association was expressed as Hazard Ratios
(HRs) and 95% Confidence Intervals (95%ClIs). First, we ran

unadjusted analyses (Model 1), and second, we adjusted for
potential confounders (age, sex, number of chronic diseases,
pre-admission mobility level, smoking habits, and admission
WHO clinical status, Model 2). As a secondary analysis,
we run further Cox regressions to assess the association
between different types of hypothyroidism and in-hospital
mortality. For all analyses, statistical significance was set at
a p value <0.05.

Results

The sample consisted of 1245 individuals, including 106
(8.5%) with hypothyroidism history (Table 1). Of the
patients with hypothyroidism, 20% had a congenital and
24% had an acquired etiology, while for 30% data on hypo-
thyroidism type was unavailable. The mean age of the par-
ticipants was 78.6 (min—max: 60—105) years. Patients in the
hypothyroidism group were more likely to be women (76.5%
vs 45.3%), be non-smokers and to have a higher mobility
level as compared with those with no history of hypothyroid-
ism. The most common chronic diseases in the sample were
arterial hypertension (78%), cardiovascular diseases (63%),
diabetes mellitus (27.3%). Patients with hypothyroidism had
a higher prevalence of arterial hypertension (78% vs 65%)
and obesity (21.2% vs 13.3%) than their counterparts with
no history of hypothyroidism, while marginally significant
results were found for chronic kidney disease. No signifi-
cant differences were observed in the frequency of other
comorbidities.

In Table 2, patients with vs without an history of hypo-
thyroidism are compared in terms of signs/symptoms,
inflammatory markers, and oxygen requirements at ward
admission. Patients in the hypothyroidism group presented
lesser frequently with low oxygen saturation (42% vs 49.5%,
p=0.03) and anorexia (4.5% vs 10.5%, p=0.01), while
they were more likely to report loss of smell (2.3% vs 0.7%,
p=0.01) and muscle aching (9.1% vs 4.3%, p=0.02). No
substantial differences between groups were observed in
oxygen requirements while, among the inflammatory mark-
ers, patients with hypothyroidism had higher lymphocytes
levels and tended to have lower NL ratios. The differences
described above were confirmed also after adjusting for age
and sex (data not shown).

Figure 1 compares the clinical outcomes of COVID-
19 patients with vs without hypothyrodism history. Dur-
ing the hospitalization, 342 (28.5%) patients died, 313 in
the non-hypothyroidism group (28.5%) and 29 (22%) in
the hypothyroidism group (p=0.108). Among the 556
(46.4%) COVID-19 patients with a clinical improvement,
488 (45.7%) were non-hypothyroid, and 68 (51.5%) were
hypothyroid (p=0.216). Among the 18 (1.5%) patients
with a clinical worsening during the hospitalization, 17
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Table 1 Characteristics of the

Alln=1245

History of hypothyroidism p value
study sample as a whole and by
a history of hypothyroidism Non=1113 Yesn=132
Age 78.6 (9.3) 78.6 (9.4) 78.4 (8.3) 0.859
Sex (female) 605 (48.6) 504 (45.3) 101 (76.5) <0.001
Smoking habits*
Never 433 (34.8) 374 (33.6) 59 (44.7) 0.015
Former 178 (14.3) 166 (14.9) 12 (9.1) 0.094
Current 33 (2.7) 31(2.8) 2 (1.5) 0.567
Mobility level*
Moves indipendently 708 (56.9) 620 (55.7) 88 (66.7) 0.021
Uses walking aid/moves with wheelchair 181 (14.5) 160 (14.4) 21 (15.9) 0.732
Wheelchair assisted/bedridden 271 (21.8) 249 (22.4) 22 (16.7) 0.164
Living arrangements
Lives at home, autonomous 842 (67.6) 738 (66.3) 104 (78.8) 0.01
Lives at home assisted/NH 220 (17.7) 202 (18.1) 18 (13.6)
Chronic diseases
Hypertension 828 (66.5) 725 (65.1) 103 (78.0) 0.004
Cardiovascular diseases 714 (57.3) 630 (56.6) 84 (63.6) 0.147
Diabetes 304 (24.4) 268 (24.1) 36 (27.3) 0.484
COPD 189 (15.2) 164 (14.7) 25 (18.9) 0.252
Chronic kidney disease 159 (12.8) 135 (12.1) 24 (18.2) 0.067
Depression 211 (16.9) 183 (16.4) 28 (21.2) 0.208
Cognitive disorders 207 (16.6) 187 (16.8) 20 (15.2) 0.721
Obesity 176 (14.1) 148 (13.3) 28 (21.2) 0.02

Missing in smoking habits n=601, in mobility n=285, in living arrangements n=183

Numbers are count (%)

COPD chronic obstructive pulmonary disease, NH nursing home

p values <0.05 are shown in bold

*A p value <0.017 should be considered as statistically significant according to Bonferroni correction for

multiple comparison

had not a hypothyroidism history and only 1 (0.8%) was
in the hypothyroidism group (p =0.450). Finally, concern-
ing the 273 (22.8%) patients who were moved to a dif-
ferent setting, patients without hypothyroidism were 240
and 33 (25%) COVID-19 patients had a hypothyroidism
history (p=0.612).

At Cox regression (Supplementary Table 1), hypothy-
roidism history was associated with a 34% lower risk of
in-hospital mortality in the unadjusted model (HR =0.66,
95% CI 0.45-0.96 p=0.03). Conversely, no significant
results were observed after adjusting for potential con-
founders (HR =0.69, 95% CI 0.47-1.03, p=0.07). Simi-
lar non-significant results emerged at our secondary anal-
ysis, especially for congenital hypothyroidism, despite the
small number of patients in each hypothyroidism group
(Supplementary Table 2).
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Discussion

This multicenter observational study suggests that having
a history of hypothyroidism does not substantially impact
in-hospital mortality of older patients with COVID-19.

Although not all the study participants had available
information on hypothyroidism etiology, the results of our
main analysis seemed to be confirmed, especially for those
with congenital hypothyroidism. However, further studies
with larger sample sizes are needed to explore this issue
better.

The prevalence of hypothyroidism in our sample was
8.5%, slightly higher than other cohorts [5, 13—15] prob-
ably for the older mean age of the involved participants.
In line with other studies, patients with hypothyroidism,
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Tabl."" 2 Frequency of COVID- All (n=1245) History of hypothyroidism p value

19 signs and symptoms at the

disease onset in the sample as No (n=1112) Yes (n=75)

a whole and by a history of

hypothyroidism Symptoms/signs of COVID-19
Fever 708 (56.9) 633 (56.9) 75 (56.8) 0.317
Pharyngodynia 48 (3.9) 42 (3.8) 6 (4.5) 0.152
Cough 443 (35.6) 395 (35.5) 48 (36.4) 0.456
Sneezing 52 (4.2) 46 (4.1) 6 (4.5) 0.117
Dyspnoea* 610 (49.0) 550 (49.4) 60 (45.5) 0.200
Low oxygen saturation* 607 (48.8) 551 (49.5) 56 (42.4) 0.031
Tachypnea* 420 (33.7) 378 (34.0) 42 (31.8) 0.08
Weakness 479 (38.5) 436 (39.2) 43 (32.6) 0.07
Fall or fainted 45 (3.6) 37 (3.3) 8(6.1) 0.109
Muscle aching 60 (4.8) 48 (4.3) 12 (9.1) 0.02
Delirium 86 (6.9) 78 (7.0) 8(6.1) 0.342
Loss of smell 11 (0.9) 8(0.7) 3(2.3) 0.013
Loss of taste 14 (1.1) 10 (0.9) 4(3.0) 0.06
Anorexia 123 (9.9) 117 (10.5) 6 (4.5) 0.01
Gastrointestinal symptoms 134 (10.8) 123 (11.1) 11(8.3) 0.164
Sudden health worsening 240 (19.3) 213 (19.1) 27 (20.5) 0.221

Inflammatory markers
WBC [x 10%1] 7.6 (6.0) 7.7 (6.2) 6.9 (4.2) 0.28
Neutrophils [%] 74.2 (14.9) 74.5 (15.2) 71.7 (12.7) 0.15
Lymphocytes [%] 15.7 (10.2) 15.3 (10.0) 19.5 (11.1) 0.001
NLratio 8.4 (11.6) 8.7 (12.1) 6.0 (5.9) 0.078
LDH [UN] 362.1 (204.7) 366.8 (211.0) 322.9 (136.9) 0.126
CRP [mg/1] 108.6 (344.7) 112.1 (361.0) 76.7 (122.1) 0.426
Procalcitonin [ng/ml] 1.4 (7.0) 1.4 (7.3) 1.1 (3.8) 0.801
Disease severity (WHO) 0.164

No oxygen therapy 313 (25.1) 276 (24.8) 37 (28.0) 0.482
Low-flow oxygen therapy 476 (38.2) 422 (37.9) 54 (40.9) 0.566
High-flow oxygen therapy, NIV 295 (23.7) 274 (24.6) 21 (15.9) 0.034

or intubation

Missing in fever n=314, pharyngodynia n=434, cough n=376, sneezing n=431, dyspnea n=336,
low SpO2 n=371, tachypnea n=437, weakness n=437, fall or fainted n=486, muscle aching n=507,
delirium n=460, loss of smell n=590, loss of taste n=591, anorexia n=497, gastrointestinal symptoms
n=462, sudden health worsening n=462, WBC n=823, neutrophils n=507, lymphocytes n=628, NLra-
tio n=620, CRP n="725, procalcitonin n=587, oxygen requirements n=161

CRP C-reactive protein, LDH lactic dehydrogenase, NLratio neutrophil-to-lymphocyte ratio, WBC white

blood cell count

p values <0.05 are shown in bold

*Data are in ambient air

compared to the without hypothyroidism ones, were more
frequently females, non-smokers, and had greater self-suf-
ficiency and mobility levels. Among the main comorbidi-
ties, we found a higher prevalence of arterial hypertension
and obesity in the hypothyroidism group but no differences
in cardiovascular diseases or other chronic conditions.
Although these findings are not in line with some stud-
ies underlining an association between hypothyroidism
and increased cardiovascular risk, they comply with other
works that failed to show a higher risk of cardiovascular

diseases linked to subclinical hypothyroidism in advanced
age [13]. Moreover, patients with hypothyroidism tended
to present more frequently kidney dysfunctions, support-
ing the well-known influence that thyroid hormones have
on renal growth, glomerular filtration rate, and renal trans-
port systems [14, 15].

When considering the pattern of signs/symptoms at
COVID-19 onset, we found that the hypothyroidism group
was less likely to present anorexia and low oxygen satura-
tion [16], which is a well-known red flag for COVID-19
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greater respiratory involvement and poor prognosis.
The latter aspect could be ascribed to a milder cytokine
response in patients with thyroid disorders, which may
less strongly affect pulmonary function [16, 17]. Moreo-
ver, the lower prevalence of anorexia could be due to the
fact that hypothyroidism is often characterized by reduced
resting energy expenditure, weight gain, and appetite loss.
Therefore, patients with this condition may be less sensi-
tive to COVID-19-related anorexia than individuals with-
out hypothyroidism [18]. Conversely, they reported more
frequently muscle aching and, despite the small number
of cases in our sample, loss of smell. Concerning muscle
aching, several studies have found that myopathic pain is
a frequent symptom of either hypo- or hyperthyroidism
and that thyroid hormones modulate many pathways at
the skeletal muscle level [19]. In light of this effect, we
could argue that people with thyroid disorders may exac-
erbate muscle symptoms in response to acute diseases like
COVID-19. As regards smell loss, although the few cases
with this symptom do not allow us to draw any solid con-
clusions, our results are in line with those of a published
case series, which found an association between hypothy-
roidism and persistent olfactory dysfunction in COVID-19
patients [3]. As for muscle pain, olfactory deficits have
already been reported in hypothyroidism and its subclini-
cal forms [20].

The biochemical examinations at ward admission showed
a significant difference in the lymphocytes level between
hypothyroid andnon-hypothyroid individuals. Indeed, the
former presented higher values with a subsequent decrease
in the NL ratio. As known, lymphopenia can be considered
a negative prognostic factory of COVID-19 [21] and may
be related both to the direct infection of the lymphocytes,
expressing the ACE2 receptor, and, most likely, to the apop-
tosis generated by inflammatory cytokines. This finding,
along with the features of clinical presentation, suggests
that hypothyroidism in older COVID-19 patients may be
associated with favourable outcomes. In keeping with these
data, the history of hypothyroidism tended to be associated
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with lower in-hospital mortality, although this relationship
is not significant when adjusting for potential confounders.

In contrast with our results, some recent evidence showed
that COVID-19 patients with thyroid dysfunctions, ranging
from thyrotoxicosis to hypothyroidism [1, 22-24] had an
increased risk of developing severe disease. Concerning the
mechanisms that may mediate this effect, some studies dem-
onstrated that the serum concentration of thyroid hormones
influences the tissue distribution of ACE2 receptors for host-
cell entry. In addition, alterations of the thyroid gland and
its function have been linked to cytokine storm and dysregu-
lated inflammation [23].

On the other hand, in some works reporting a correla-
tion between thyroid dysfunctions and poor COVID-19
prognosis, such alterations were due to non-thyroidal ill-
nesses (NTIS) rather than of underlying thyroid disease
[4]. Other authors did not find any significant difference in
the prognosis of non-hypothyroid and hypothyroid patients
with COVID-19 [25, 26]. Among these, the British Thyroid
Association/Society for Endocrinology (BTA/SFE) con-
cluded that controlled hypothyroidism did not significantly
increase the risk or severity of viral infections [27]. Journy
et al. observed that infectious diseases did not increase the
mortality in hypothyroid patients despite the higher preva-
lence of cardiovascular diseases and diabetes mellitus in
those individuals [28]. Moreover, the review of Horisberger
et al. suggested that autoimmune diseases did not increase
the complications of COVID-19, despite the limited evi-
dence on this topic [25]. In another analysis, hypothyroid-
ism was not associated with an increased risk of mechanical
ventilation or death in people with COVID-19, but this study
included only a limited number of hospitalized people and
did not focus specifically on older patients [29].

This study has some limitations. First, data collection
took place during the first waves of the pandemic; therefore,
it was mostly retrospective due to the availability of limited
resources. For this reason, it was not possible to routinely
collect biochemical parameters related to thyroid function
and verify if the hypothyroidism was compensated at the
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hospitalization time. Moreover, we had incomplete data on
the type of hypothyroidism; therefore, we when assessing
the possible differential impact of congenital and acquired
hypothyroidism on COVID-19-related mortality, we had low
statistical power that could affect our results. Future inves-
tigation are needed to verify and confirm our findings for
the more recent COVID-19 outbreaks, evaluating causes of
hypothyroidism and biochemical data on thyroid hormones.
On the other hand, the study’s strengths include the multi-
center design, the involvement of a large sample of older
patients and the broad set of clinical and biochemical param-
eters to compare people with and without hypothyroidism.

Conclusion

In this study, hypothyroidism history does not seem to sub-
stantially influence the prognosis of COVID-19 in older
inpatients. Still, it might be associated with a milder clinical
and biochemical presentation of the disease at ward admis-
sion. Since the role of thyroid disorder in infectious dis-
eases is unclear, further studies, including more extensive
bio-humoral data about thyroid function, are needed.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s40618-023-02048-w.
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