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I. Introduction 

In March 2020, the World Health Organization (WHO) declared COVID-19, an 

infection caused by the coronavirus SARS-CoV-2, a pandemic. The virus is responsible 

for acute pneumonia, the severity of which determines prognosis of the disease. 

However, it is also responsible for extra-pulmonary condition, especially in endocrine 

organs. 

 

Like SARS-CoV-1 and MERS-CoV, responsible for epidemics in 2002 and 2013, SARS-

CoV-2 is a member of the coronavirus family (1) and some of the data on SARS-CoV-2 

derives from knowledge acquired from SARS-CoV-1. Coronaviruses consist of an 

enveloped single strand of RNA. They contain four structural proteins (figure 1): the 

envelope protein (E), membrane protein (M), nucleocapsid protein (N) and spike 

protein (S). This last protein consists of three monomers that form a trimer. The distal 

subunit of the trimer is essential for binding of the virus to receptors on the host cell 

surface. The proximal subunit contains both an ectodomain and a transmembrane 

domain and is responsible for fusion of the virus with the host cell membrane (2–4). 

 

II. Pathophysiology of endocrine gland diseases (other than diabetes 

mellitus) in COVID-19 patients  

Endocrine gland diseases linked to SARS-CoV-2 infection are mainly caused by three 

mechanisms: direct infection of the endocrine gland by the virus, activation of the 

hypothalamo-pituitary axis by inflammation mediators, and cell lesions induced by the 

immune response. 

 

In the case of SARS-CoV-2, the S protein recognizes angiotensin converting enzyme 2 

(ACE2) as its receptor on the host cell. ACE2 is a homolog of the ACE that plays a key role 

in the renin-angiotensin-aldosterone system (4,5) and is expressed by pneumocytes but 

also by cells in the thyroid, pituitary, adrenal, pancreas, testis and ovary (6–9). In 

endocrine glands, ACE2 expression is responsible for direct cellular damage, due to the 

entry of the virus and its replication in cells of these organs. As with SARS-CoV-1 and 

MERS, the pathogenicity of SARS-CoV-2 is characterized by a “cytokine storm”, 

frequently associated with lymphopenia, leading to vasculitis, arteriolar and venular 



thrombosis, hypoxia and cellular damage due to the immune response (10–12). The 

“cytokine storm” is linked to overactivity of the innate immune response, involving 

Th1/Th17 lymphocytes, causing an influx of neutrophils, monocytes/macrophages and 

overproduction of pro-inflammatory cytokines, such as interleukin-6 (IL-6) and tumor 

necrosis factor alpha (TNFα) (13). In addition, SARS-CoV-2 appears to inhibit the action 

of ACE2, thus decreasing the breakdown of angiotensin II to angiotensin (1-7), which 

normally has anti-inflammatory and anti-fibrotic effects (14,15). 

 

III. Thyroid diseases 

In patients with COVID-19, two types of thyroid diseases are generally encountered: 

low T3 syndrome known as “non-thyroidal illness syndrome” (NTIS), and thyroiditis. 

These thyroid diseases are seen frequently: an Italian study by Lania et al in 2020, 

focused on thyroid function in 287 patients hospitalized with COVID-19. In their cohort, 

20% had low plasma TSH and 62% of these fit the criteria for thyrotoxicosis (increased 

free T4). The authors did not rule out that among those patients with a biochemical 

profile of thyrotoxicosis, some had concomitant NTIS, as the concentration of free T3 

was moderately increased compared to that of free T4, consistent with “T4 

thyrotoxicosis”. In contrast, hypothyroidism was seen in 5% of patients (16). In studies 

carried out in China by Chen et al, Gao et al and Lui et al in 2021, a free T3 concentration 

below the normal limit was found in approximately 7% of patients presenting with mild 

to moderate COVID, and in 39% of patients with severe COVID or who were in intensive 

care units. When all degrees of severity were combined, TSH was found to be lower than 

normal in between 7 and 56% of patients hospitalized for COVID-19 (17–19). Muller et 

al (2002) also noted, that in patients admitted in intensive care unit in their hospital, 

compared to the 1% incidence of low TSH related to thyroiditis more or less associated 

with NTIS in 2019 (prior to SARS-CoV-2), incidence in COVID-19 patients in 2020 was 

15%. Hence, a greater prevalence of thyroiditis was seen in COVID-19 patients 

compared with patients admitted to intensive care for other pathologies. This is 

especially the case when SARS-CoV-2 infection is severe, as the same group also 

observed that only 2% of hospitalized COVID-19 patients who were not in intensive care 

unit, had decreased TSH (20). 

 



 

 

A. Euthyroid Sick Syndrome or Non-Thyroidal Illness Syndrome (NTIS)  

NTIS is likely a body defence mechanism and is characterized by a decrease in 

circulating free T3 (in the most severe cases TSH and free T4 are also decreased) in 

severely ill patients or patients with severe nutritional deficiency, but in whom thyroid 

function is normal. The pathophysiology of NTIS involves changes in the function of 

deiodinases, alterations in thyroid hormone transport proteins and secretion of TSH 

from the anterior pituitary, leading to low free T3. Supplementation with levothyroxine 

or T3 treatment has no beneficial effect in patients with NTIS (21). 

 

As previously noted, NTIS can be seen during SARS-CoV-2 infection. Low circulating 

free T3 correlates with the severity of the infection and with a poorer prognosis, as well 

as increased concentration of IL-6 (17–19,22). Concentrations of TSH and total T3 are 

significantly lower in patients with COVID-19 than in patients presenting with 

pneumonia of other etiologies. Despite equal severity of illness, patients with COVID-19 

have lower TSH concentrations than patients with pneumonia not caused by SARS-CoV-

2 (17). Following recovery, thyroid function in patients who presented with NTIS 

returns to normal (17). 

 

B. Thyroiditis 

Among reported cases of thyroiditis during COVID-19 infection, “destructive” or 

inflammatory thyroiditis appears early in the course of disease. It correlates with 

infection severity, and is clinically asymptomatic but lymphopenia is present. Subacute 

thyroiditis occurs later in infection and is associated with pain in the anterior cervical 

region and hyperleukocytosis detected in total blood counts. 

 

In the Italian study by Lania et al (2020), 11% of patients hospitalized for COVID-19 

displayed thyrotoxicosis (16). The levels of TSH were inversely correlated with age of 

the patients and plasma concentration of IL-6, implying that thyroiditis was due to 

cytokine storm induced by the SARS-CoV-2 infection. Histopathology of samples from 

patients infected with SARS-CoV-1, found destruction of follicular and parafollicular cells 

in the thyroid, with extensive apoptosis without lymphocytic infiltrate (23). Similar 



lesions were also described in various organs infected with SARS-CoV-2 (12,24). It is 

reasonable to assume therefore, that in the acute phase of infection by SARS-CoV-2, the 

cytokine storm is responsible for thyroiditis resulting from destruction of thyroid 

follicular cells. In the study by Muller et al (2020), thyrotoxicosis occurred in 15% of 

patients with COVID-19 who were in intensive care units. The patients were 

predominantly males (68%) with an average age of 65 years (20). Thyrotoxicosis was 

associated with lymphopenia. Anti-thyroid antibodies were negative, and thyroid 

ultrasound was either normal or showed hypoechoic and heterogeneous thyroid gland. 

It was also commonly associated with NTIS. Eight patients followed-up in the weeks 

after their hospitalization, showed that after an average of 55 days, six had regained 

normal thyroid function and two remained hypothyroid (20). In the study by Lania et al 

(2020), decreased TSH correlated with longer admission and a greater risk of mortality 

among in-patients with COVID-19 (16). They also found an increased risk of atrial 

fibrillation (AF) and arterial or venous thromboembolic episodes in patients who had 

thyrotoxicosis during COVID-19 infection (AF in 32% and thromboembolism in 16%) 

(16). 

 

In addition, a review of the literature by Christensen et al, published in June 2021, 

described 17 cases of subacute thyroiditis after an episode of COVID-19. Most patients 

were female (82%), with an average age of 39 years (18 to 69 years). The delay between 

respiratory symptoms and diagnosis of subacute thyroiditis varied from 5 to 49 days 

(average 26 days). In 84% of cases, thyroiditis was diagnosed at least 14 days after the 

onset of respiratory symptoms (25). Most patients were symptomatic for thyrotoxicosis 

(tachycardia 47%) or thyroiditis (neck pain 82%). Biochemistry showed CRP (C-reactive 

protein) values between 4.5 and 176 mg/L (mean 41 mg/L), total blood count was 

normal or demonstrated hyperleukocytosis with neutrophils, anti-thyroid antibodies 

were usually negative (only one patient had anti-thyroglobulin antibodies). Thyroid 

ultrasound of patients often showed an enlarged, heterogeneous and hypoechoic thyroid 

with reduced vascularisation. Thyroid radio-iodine scan performed in these patients 

showed low thyroid uptake, indicative of subacute thyroiditis. Treatment for 

thyrotoxicosis was mainly symptomatic, using beta-blockers, but 70% of patients also 

received steroids initially at low dose for few weeks, while others were treated with 

non-steroidal anti-inflammatory drugs (25). Most patients had recovered normal 



thyroid function at follow-up several weeks after the acute episode of thyroiditis. Five 

(29%) were receiving levothyroxine at the time of publication of the results (25). On the 

other hand, in the study by Brancatella et al (2021), at 3 months following COVID-19 

infection related thyroiditis, 87% of patients remained hypothyroid (26). This study 

highlights the probable link between infection by SARS-CoV-2 and subacute thyroiditis. 

Finally, whereas between 2016 and 2019 subacute thyroiditis occurred usually during 

the summer months, in 2020 subacute thyroiditis incidence peaked in spring and at the 

end of the year, concomitantly with peak mortality linked to COVID-19 in the region 

(26). 

 

C. Graves’ disease 

A few patients with primary or recurrent Graves’ disease have been described 

following COVID-19 infection (27–30). It is difficult to confirm causal relationship but 

multiple factors point towards an association. Recurrent Graves’ disease cases occurred 

in patients who had been in remission for several years (more than 30 years in one case) 

and occurred in the month following COVID-19 illness. In one patient, the anti-TSH 

receptor antibody titer was significantly increased following COVID-19 illness compared 

to a test performed two months earlier. Given environmental factors that contribute to 

the pathogenesis of autoimmune disease includes viral infections, a pathophysiological 

effect of COVID-19 is consistent in this regard. As mentioned above, patients with 

subacute thyroiditis appearing after an episode of COVID-19 have been published. 

 

D. Long-term evolution 

As has been previously described, the evolution of thyroid function over time in 

patients who presented with NTIS appears favorable, patients who developed 

thyroiditis present a hypothyroidism in one-quarter to one-third of cases (17,20,25). 

Autoimmune hypothyroidism or Hashimoto’s thyroiditis can appear during the months 

or years following an episode of subacute viral thyroiditis. It would therefore be 

interesting to continue to follow-up thyroid function in these patients (19). 

 

Clarke et al (2021), analysed thyroid function in 68 patients with no history of 

thyroid disease, who presented with SARS-CoV-2 infection requiring or not standard 

hospitalisation or intensive care, at least three months after infection, and who had 



persistent weakness and fatigue. All patients were found to have normal thyroid 

parameters, regardless of their symptoms  (31). 

 

E. Thyroid disorders and vaccination against COVID  

As has previously been reported with other vaccines, mainly against influenza (32–

36) or hepatitis B, subacute thyroiditis following vaccination against SARS-CoV-2 has 

also been observed, usually in women with no history of thyroid disorders. Subacute 

thyroiditis occurred a few days or weeks after the first or second dose of the vaccine. 

Anti-thyroperoxidase, anti-thyroglobulin and anti-TSH receptor antibodies were all 

negative while ultrasound imaging indicated thyroiditis. The patients had received 

various vaccines (37–40). Four cases of Graves’ disease occurred within days or weeks 

of vaccination with mRNA vaccine (41,42). It should be noted that none of these patients 

presented signs of orbitopathy or dermopathy. 

 

Multiple factors, sometimes combined, could contribute to the onset of subacute 

thyroiditis in these patients.  For example genetic predisposition, background 

autoimmunity, and cross-reactivity between the coronavirus spike protein (the target of 

some vaccines) and thyroid cell antigens (37). 

 

IV. Pituitary diseases 

Expression of ACE2 on hypothalamic and pituitary cells and the presence of 

neurologic symptoms in patients infected with SARS-CoV2 suggest that coronaviruses 

infect the central nervous system and consequently the hypothalamus and pituitary. The 

presence of SARS-CoV-2 has also been demonstrated in cerebrospinal fluid (43). 

Infection could occur through the blood, lymphatics or via peripheral nerves, 

particularly the olfactory nerves (44,45). Coronavirus-induced hypoxemia and “cytokine 

storm” may also contribute to the pathophysiology of hypothalamic-pituitary damage 

(44,46). 

 

A. Pituitary apoplexy 

Pituitary apoplexy is defined as hemorrhage and necrosis within a pituitary 

adenoma, either spontaneous or promoted by various factors: head trauma, 



hypertension, diabetes mellitus, sickle cell anemia, hypovolemic shock, surgery, 

pregnancy, radiation, anticoagulants or blood clotting disorders, administration of TRH, 

GnRH agonists or treatment with dopaminergic agonists (47). 

 

Several cases of pituitary apoplexy have been described in patients with COVID-19 

infections. The clinical picture in these patients was consistent with or suggestive of 

apoplexy: headache, visual disturbances, sometimes associated with neurological signs 

or vomiting. Both males and females younger than 50 years were affected. The 

involvement of different pituitary functions was variable, ranging from normal anterior 

pituitary function to insufficiency in one or more pituitary functions. One patient 

presented with hyponatremia of 126 mmol/L and MRI showed a mixed intrasellar cystic 

and tissular lesion (figure 2) 

 

Patients received treatment with steroids and pituitary surgery was also suggested 

(48–51). A 38-week pregnant woman underwent surgery and pituitary apoplexy was 

confirmed by histopathology (48). All patients were SARS-CoV-2 positive by PCR at the 

time of apoplexy and symptoms consistent with COVID-19 had appeared several days 

prior to the apoplexy episode (48–51). One of the patients, aged 27, died quickly after 

diagnosis. He had presented a decline in bilateral visual acuity for six months and had 

left-side exotropia. Six days before hospitalization, he was seen for asthenia and fever 

requiring non-steroidal anti-inflammatory drug treatment. Two days before 

hospitalization, a sudden headache and temporospatial disorientation occurred, 

followed by drowsiness and respiratory distress. The patient died from respiratory 

complications 12 h after admission to hospital (49). 

 

As previously indicated, apoplexy can be a direct complication of SARS-CoV-2 

infection in the central nervous system, probably associated with endothelial effects of 

the virus, leading to thrombocytopenia, coagulopathy and platelet dysfunction (50,52). It 

could also be simply a coincidence, given the frequency of SARS-CoV-2 infections. 

 

B. Hypophysitis 

In 2005, Leow et al studied pituitary function in 61 patients who had recovered from 

infection with SARS-CoV-1. They were assessed approximately 3 months after hospital 



discharge. Ten had received steroid therapy during SARS infection. Hypocortisolism was 

observed in 39% of the patients, of central origin in 83% of these cases. The majority 

(62.5%) recovered normal adrenocortical function within a year. Hypothyroidism was 

present in four patients (6.7%), three of which had a central origin (of these, two 

additionally had corticotroph insufficiency). In these patients, thyrotroph insufficiency 

lasted 3-9 months and all recovered during the course of follow-up (53). 

 

Several groups have investigated pituitary function in patients with SARS-CoV-2 

infection and have published cases of diabetes insipidus that appeared in the weeks 

following the first signs of COVID-19 infection (54,55). One case was associated with 

corticotroph insufficiency (55). These patients remain few in number, so it is difficult to 

establish a link between SARS-CoV-2 infection and the risk of hypophysitis or 

corticotroph insufficiency. Indeed, patients in critical care have, in any case, altered 

glucocorticoid metabolism, including reduced glucocorticoid clearance and decreased 

blood levels of corticosteroid-binding protein (56). 

 

C. Syndrome of inappropriate anti-diuretic hormone secretion (SIADH) 

Hyponatremia occurs in 20-50% of patients admitted for COVID-19 infection, though 

it is generally mild (130-134 mmol/L) (57,58). Several cases of SIADH in patients with 

COVID-19 have been reported, but the actual prevalence of SIADH is difficult to 

determine because in these patients, antibiotics, steroids, positive pressure ventilation, 

digestive ionic losses and sodium depletion can all contribute to development of 

hyponatremia (52,58). SIADH could also be caused by hypersecretion of IL-6, which 

stimulates vasopressin release (52,58). 

 

In these studies, hyponatremia was independently associated with age, male sex, and 

presence of comorbidities (52,57,58). An association with a poorer prognosis for SARS-

CoV-2 infection was also found, including higher rates of hospitalisation, more frequent 

admission in intensive care units, a more frequent requirement for mechanical 

ventilation and more deaths (58). 

 



V. Corticotroph function post-COVID-19 

It is currently recommended that patients with oxygen-dependent COVID-19 be 

prescribed dexamethasone at 6 mg/d for 10 days (59). 

In patients with COVID-19, multiple factors can contribute to development of adrenal 

insufficiency. Although it is generally accepted that steroid therapy of short duration (< 

3 weeks) does not cause corticotroph insufficiency, in some predisposed individuals, it 

can occur after only a few days of treatment at low dose. This individual variability is 

mostly explained by pharmacokinetic differences and glucocorticoid receptor 

sensitivity. In addition, as previously mentioned, patients in critical care units have 

altered glucocorticoid metabolism. Anti-retroviral drugs, such as ritonavir that may have 

been administered in COVID-19 patients, may increase plasma steroids by inhibiting 

cytochrome P450, leading to hypercortisolemia and through a negative feedback loop, to 

endogenous corticotroph insufficiency. Among the organs directly affected by SARS-

CoV-2, we have already mentioned the thyroid, hypothalamus and pituitary, but adrenal 

damage has also been reported (56,60). It is therefore important to investigate 

adrenocortical function in patients with COVID-19. 

A study from London was published in July 2021 in which corticotroph function was 

analysed in 70 patients, using Synacthen® test, at least 3 months after COVID-19 illness. 

Of these patients, 77% had been hospitalized, 22% of whom had required non-invasive 

ventilation or intensive care, and 31% had been treated with dexamethasone (for a 

median duration of 5 days). Samples were collected on average 210 days after COVID-19 

diagnosis (after a mean of 95 days in those who received dexamethasone). Mean plasma 

cortisol at baseline was 233 nmol/L and ACTH was 14.8 ng/L. All patients showed a 

plasma cortisol peak in response to Synacthen® injection greater than 450 nmol/L 

(mean concentration 60 min after injection was 636 nmol/L), regardless of the severity 

of the COVID-19 illness and whether or not they had been treated with dexamethasone. 

There was no association of the average baseline or peak cortisol concentrations and 

time after diagnosis of SARS-CoV-2 infection (long COVID), with severity of fatigue (31). 

 

VI. Conclusion 

The number of publications reporting studies about the endocrine complications 

related to COVID-19 is growing, particularly regarding the thyroid and hypothalamic-



pituitary axis. Diseases of other endocrine organs have also been reported in the medical 

literature, including the adrenal, pancreas and gonads (29,52). More than a year and half 

after the beginning of the pandemic, it is now clear that these effects occur frequently, 

particularly at the level of the thyroid. They can influence the prognosis of SARS-CoV-2 

infection. Thus understanding their pathophysiology and evolution is crucial. Even 

though these complications rarely require specific treatment, endocrinologists need to 

be able to recognize them as well as to support the physicians involved in the front-line 

care of COVID-19 patients, or in the detection and management of these complications, 

especially in the acute phase of COVID-19 disease. 
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Figure 1: Coronavirus structure 

 

 
 
Reproduced from an article in Médecine/Sciences by Juckel et al, 2020 (3) 
 
S - Spike protein, M - Membrane protein, E - Envelope protein, N - Nucleocapsid protein 
associated with genomic RNA 
  



 

 

Figure 2: T1 MRI imaging in a patient with pituitary apoplexy following COVID-

19 infection  

 
 

 
Presence of a mixed (tissue and cystic) supra-sellar lesion measuring 24 x 25 x 31 

mm. 
 

Reproduced from Ghosh et al, 2021 (50), A Rare Case of SARS-CoV-2 Infection 
Associated With Pituitary Apoplexy Without Comorbidities, published in the Journal of 
the Endocrine Society 2021 (50). 

 




