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Coronavirus disease 2019 (COVID-19) is a highly heterogeneous disease regarding severity, vulnerability to infection due

to comorbidities, and treatment approaches. The hypothalamic–pituitary–adrenal (HPA) axis has been identified as one of

the most critical endocrine targets of severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) that might

significantly impact outcomes after infection.
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1. Introduction

COVID-19 is a highly heterogeneous disease regarding disease severity, vulnerability to infection due to underlying

comorbidities, and administered medications. It has been demonstrated to be a systemic disease with effects extending

beyond the respiratory system and often presents with protracted clinical manifestations lasting beyond the initial infection

period . The ubiquitous expression of angiotensin-converting enzyme 2 (ACE2), the primary receptor responsible for

the entry of SARS-CoV-2 at the cellular level, combined with widespread endothelial damage and altered immune

response, partially explain the multisystemic presentation of COVID-19 . The involvement of the endocrine system in

COVID-19 is so relevant that an “endocrine phenotype” of COVID-19 has progressively acquired clinical relevance .

However, while the contribution of endocrine dysfunction to the severity and outcomes of COVID-19 remains to be fully

elucidated, the impact of SARS-CoV-2 on the endocrine system may be severely underreported due to the lack of

awareness of the public and clinicians . In particular, adrenal glands, with a crucial role in priming the immune system,

might be a vulnerable and vital target during COVID-19, with direct and indirect effects on the overall outcomes.

Furthermore, systemic corticosteroids remain the leading treatment choice in moderate and severe COVID-19 cases with

acute and persistent effects on the hypothalamic–pituitary–adrenal (HPA) axis. In addition, pre-existing adrenal disorders

may impact the susceptibility and severity of COVID-19, and special care is needed in the management of these patients

during the current pandemic. Finally, with the long-term impact of COVID-19 presenting an increasing challenge for health

care systems worldwide, the extent of the HPA axis’s contribution to this problem as a likely endocrine culprit remains a

topic for future research.

2. The Impact of COVID-19 Infection on Hypothalamic–Pituitary–Adrenal
Axis

Beyond GI-AI, several additional mechanisms can cause the observed impact of SARS-CoV-2 infection on the HPA axis.

The various potential mechanisms by which SARS-CoV-2 can impair the HPA axis are presented in Figure 1.
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Figure 1: Potential mechanisms of HPA axis impairment with SARS-CoV-2 infection.

2.1. Critical Illness-Related Corticosteroid Insufficiency

Firstly, deregulation of the HPA axis may be encountered as part of the development of functional adrenal insufficiency

(AI), as has been described in critical illness from 2000 onwards based on the initial work by Annane et al. in septic shock

, later named critical illness-related corticosteroid insufficiency (CIRCI) . This functional AI is hypothesized to be mainly

due to inadequate cortisol secretion for the modulation of inflammatory responses in critically ill patients. Multiple

mechanisms, including (i) reduced albumin or cortisol-binding globulins (CBGs), (ii) decreased affinity, (iii) reduced

number of adrenal gland cortisol receptors, (iv) or increased activity of 11-β hydroxysteroid dehydrogenase type 2

resulting in cortisol inactivation, have been proposed in this regard . In addition, higher levels of cytokines observed in

patients with CIRCI could directly suppress ACTH release during critical illness because the pituitary gland is not

protected by the blood–brain barrier . New research performed over the last 10 years has led to the insight that the term

CIRCI should be explicitly used for a condition that may develop in prolonged critically ill patients that are at risk of

acquiring central adrenal insufficiency. In that setting, the adrenal cortex, depleted from ACTH-mediated trophic signalling

for a prolonged period, may become structurally and functionally impaired, resulting in insufficient cortisol production .

Regardless of the potential mechanisms, severe COVID-19 cases are at potential risk of developing CIRCI. A small study

reported CIRCI diagnosis in six out of nine critically ill patients with COVID-19 .

2.2. Adrenal Gland

The expression of two crucial viral receptors through which SARS-CoV-2 enters host cells, ACE2 and transmembrane

protease serine 2 (TMPRSS2), have been documented in the adrenal zona fasciculata and reticularis of the adrenal gland

. Autopsy studies showed adrenal histomorphologic alterations that could be assigned to the SARS-CoV-2 infection,

implying a direct cytopathic effect . The adrenals showed mainly acute fibrinoid necrosis of small vessels, primarily

affecting arterioles in the adrenal parenchyma, capsule, and periadrenal adipose tissue . Additional findings included

subendothelial vacuolization and apoptotic debris without significant signs of inflammation, parenchymal infarctions, or

thrombosis. In another autoptic study of fatal COVID-19 cases, the authors identified SARS-CoV-2 and its replication in

the adrenal glands, which co-localized with ACE2 and TMPRSS2, mainly in epithelial but also in mesenchymal and

endothelial cells . Some reports specifically observed chronic inflammation with perivascular distribution and

vasculitis of the small vessels. The autopsy studies have involved a very limited number of patients so far and only

included those more severely affected by multi-organ failure. Whether the histomorphologic alterations led to altered

cortisol dynamics or induced insufficiency is questionable.

Furthermore, AI in COVID-19 patients may be due to thrombotic events . Incidental adrenal computed tomography

findings compatible with adrenal infarction have been reported in 23% of patients with severe COVID-19 , the vast

majority with bilateral involvement. However, the clinically relevant cases are less frequently reported . Of note, two out

of nine clinically relevant cases had positive antiphospholipid antibodies prior to COVID-19 diagnosis, suggesting a

previously described link between the antiphospholipid syndrome and the risk of bilateral adrenal infarction in non-COVID-

19 patients as a potential mechanism .

The adrenal gland’s venous drainage might be another culprit . The high stress from SARS-CoV-2 infection might be a

limiting factor for a solitary suprarenal vein due to ACTH-induced arteriolar dilation, leading to vascular stasis and

subsequent adrenal damage . Moreover, decreased cholesterol, in the main form of high-density lipoprotein (HDL), as

one of the main substrates for cortisol synthesis, might lead to hypocortisolism in severe COVID-19 infection .
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2.3. Pituitary Gland and Hypothalamus

AI may also occur due to central dysfunction. An impaired adrenocortical response was reported in 28 patients with

COVID-19 with plasma cortisol and ACTH concentrations indicating central hypocortisolism . Several potential

mechanisms have been hypothesized regarding the etiology of COVID-19-related central hypocortisolism. The expression

of two receptors through which SARS-CoV-2 enters host cells, ACE2 and TMPRSS2, have also been documented in the

hypothalamus and pituitary , making them possible direct cytopathic targets of SARS-CoV-2. In a postmortem study of

COVID-19 patients, areas of necrosis/infarction were seen in one out of the nineteen pituitaries . Genome sequences

of SARS-CoV-2 have also been detected in the pituitary and hypothalamus postmortem studies, implying a direct

hypothalamic injury induced by the virus . Some authors also suggested a reversible immune-mediated hypophysitis

.

A recent study in male mice established that the S1 subunit of the spike protein of SARS-CoV-2 crosses the blood–brain

barrier and is taken up by brain regions that include the cortex, hypothalamus, and hippocampus, areas of particular

importance for HPA axis control . In small autoptic studies in patients infected with severe acute respiratory syndrome

coronavirus 1 (SARS-CoV-1), the somatotroph, thyrotroph, and corticotroph pituitary cells’ number, as well as the

respective hormone immunoreactivity, were reduced. However, the opposite was observed for mammotroph and

gonadotroph pituitary cells . Whether there are similar alterations with SARS-CoV-2 infection remains unknown.

Furthermore, it has been hypothesized that SARS-CoV-1 inhibits the adrenal stress responses causing a relative

adrenocortical insufficiency via molecular mimicry of specific sequences of SARS-CoV-1 with ACTH and the immune

response that cross-reacts with ACTH . However, currently, there is no evidence to support this intriguing

hypothesis. Another possibility might be related to cytokines, as in CIRCI. Extensive cytokine production (interleukin (IL)-1,

IL-6, TNF-α, monocyte chemoattractant protein 1 (MCP1), and granulocyte-colony stimulating factor (G-CSF)) during

COVID-19 infection reduces ACTH release and decreases its effect on adrenal tissue .

2.4. Resistance to Cortisol Action at the Level of Glucocorticoid Receptor and Postreceptor
Signaling

The immunological, metabolic, and hemodynamic actions of glucocorticoids are mediated by a ubiquitous intracellular

receptor, the glucocorticoid receptor (GR) . The GR–cortisol complex translocates from the cytosol to the nucleus,

where it exerts transcriptional activity, resulting in the inhibition of the inflammatory response. Preclinical septic models

have reported glucocorticoid resistance in critical illness . Glucocorticoid resistance may be a consequence of

decreased GR mRNA and protein expression, reduced GR affinity for the ligand and nuclear translocation, and/or

impaired DNA binding.

In patients with COVID-19, there is no evidence of resistance to cortisol action since the strong activation of an

endogenous cortisol response to SARS-CoV-2 has been detected. It is, however, possible that the strong response is still

insufficient to achieve maximum immunosuppression, providing grounds for corticotherapy in patients with COVID-19. In a

recent study of single-cell RNA sequencing data, functionally active GR subunit mRNA expression from the

bronchoalveolar lavage fluid was decreased in severe COVID-19 patients compared to mildly affected patients. The

authors suggested that this might reflect a pathologic down-regulation of this endogenous immunomodulatory mechanism

in patients with severe COVID-19 infection, which could be restored pharmacologically with corticosteroid therapy .

2.5. Dissociation between Cortisol and ACTH Regulation

Another phenomenon should be considered when interpreting the potential HPA axis deregulation in COVID-19 patients.

ACTH and cortisol dissociation, attributed to the dependence of cortisol secretion from factors other than ACTH, has been

described in severe illness. Cytokines, which are expected to be higher in the more severe illness, can stimulate cortisol

secretion independently from ACTH. Reduced peripheral cortisol metabolism, resulting in increased systemic half-life,

represents an additional ACTH-independent mechanism of increased cortisol levels with a consequent feedback reduction

of ACTH . In one study, ACTH levels tended to also be lower in those with moderate to severe COVID-19 with

simultaneously increased cortisol levels, consistent with the published evidence of a dissociation between cortisol and

ACTH levels in severe illness .

2.6. Clinical Data during Acute COVID-19 Infection

Beyond the above hypotheses, there are limited clinical data on HPA axis deregulation in COVID-19 patients during an

acute infection. One limitation is the difficulty of performing a complete and exact evaluation of the HPA axis in patients
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with COVID-19 who are glucocorticoid dependent . AI is a disease that is probably unrecognized in clinical settings

during COVID-19. A systemic review of 10 studies that reported AI occurrence in patients who suffered from COVID-19

revealed the AI prevalence ranged from 3.1% to as high as 64.3%, indicating a high prevalence of AI in the COVID-19

pandemic without the clarification of the extent and type of AI . Furthermore, some research groups evaluated the

association of cortisol levels with the severity of COVID-19 disease, with conflicting outcomes.

In 403 non-critically ill COVID-19 patients, within 48 h of hospital admission, cortisol levels were significantly higher (619

(456–833) nmol/L) than in patients admitted to the hospital for other reasons (519 (378–684) nmol/L), indicating a marked

and appropriate acute cortisol stress response (p < 0.0001) . In a study of 144 COVID-19 critically ill patients, a

multivariate logistic regression analysis demonstrated that mortality was associated with higher cortisol levels (odds ratio:

1.2; 95% confidence interval: 1.08–1.35; p = 0.001) and the cortisol cutoff point was 855 nmol/L for predicting mortality

among COVID-19 patients . A positive association with disease severity was also confirmed in a study that reported

higher cortisol levels in COVID-19 patients with moderate to severe disease (433 (353–571) nmol/L) compared to those

with mild disease (370 (279–454) nmol/L) (p = 0.053) . A small study reported cortisol levels below 300 nmol/L (10

μg/dL) in a significant number of asymptomatic/mild cases, a finding that was not observed in repeated testing after a few

days in most patients . The researchers reported that doubling cortisol levels increased mortality by 42% .

By contrast, the most recent findings revealed that individuals with SARS-CoV-2 who had lower cortisol levels had a

greater fatality rate . A total of 154 hospitalized patients with COVID-19 were studied in a prospective cohort study.

ACTH and cortisol levels in the blood were measured on the first or second day of hospitalization. Cortisol levels were

substantially lower in those who died (311.7 (273.1–394.5) nmol/L) than in patients who were discharged (460.7 (344.8–

598.6) nmol/L) (p = 0.003), while ACTH levels were unaffected. According to the logistic model, cortisol levels that rose by

one unit correlated with a 26% lower mortality risk . Overall, the existing evidence does not consistently support an

association of severe COVID-19 with the presence of reduced or increased cortisol. Figure 2 summarizes the studies to

date regarding the association between cortisol levels and disease severity. Further precise investigations with long-term

follow-up are necessary.

Figure 2: Association between cortisol levels and disease severity .

2.7. Clinical Data in Patients Who Survive COVID-19 Infection

It is increasingly evident that the health impact of COVID-19 extends beyond the initial infection, with up to 63% of

patients reporting ongoing symptoms . Fatigue and some other symptoms could overlap with “post-COVID” or “long

COVID” and AI. As AI is eminently treatable, it is imperative to identify any contribution it may have to the persistent

symptoms experienced by patients after COVID-19 infection. A recently published study assessed the HPA axis in patients

at least 3 months after diagnosis of COVID-19. They all had peak cortisol ≥450 nmol/L after tetracosactide, Synacthen

(250 micrograms iv bolus), consistent with adequate adrenal reserve. Basal and peak serum cortisol did not differ

according to disease severity or history of dexamethasone treatment (6 mg once daily for a maximum of 10 days during

COVID-19). Patients who were prescribed other steroids (oral, inhaled, topical, or intra-articular) following recovery from

COVID-19 and those taking other medications known to affect CBG (including oral estrogens) were excluded from the

study. The authors reported for the first time that the fatigue after COVID-19 was not accounted for the overt adrenal

dysfunction .
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Another group analysed the persistence of symptoms and their impact on quality of life in people who had had COVID-19

one year after their admission for COVID-19, and they explored the influence of treatment with systemic corticosteroids

during the acute phase of the illness. Most symptoms were less frequent in the group that received corticosteroids, with

statistically significant differences for headache, dysphagia, chest pain, and depression. These patients also showed

significantly better outcomes in the SF-36 domains for “bodily pain” and “mental health.” They concluded that

corticosteroids administered in the acute phase of COVID-19 could attenuate the presence of long-term symptoms and

improve patients’ quality of life .
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