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Abstract
Background Despite COVID-19 being identified as severe respiratory viral infection, progressively many relevant endocrine 
manifestations have been reported greatly contributing to the severity of the clinical presentation. Systemic involvement in 
COVID-19 is due to the ubiquitous expression of angiotensin-converting enzyme 2 (ACE2) receptor, responsible for the entry 
in the cells of SARS-CoV-2, Several reports in humans and animal models showed a significant ACE2 mRNA expression in 
hypothalamus and pituitary cells. Moreover, higher mortality and poorer outcomes have been widely described in COVID-19 
patients with obesity, diabetes and vertebral fractures, which are all highly prevalent in subjects with pituitary dysfunctions.
Aim To review the main endocrine manifestations of COVID-19 with their possible implications for pituitary diseases, the 
possible direct and indirect involvement of the pituitary gland in COVID-19, the impact of COVID-19 on the management 
of established pituitary diseases which can be already at increased risk for worse outcomes and on neurosurgical activities 
as well as vaccination.
Conclusions Our review underlines that there could be a specific involvement of the pituitary gland which fits into a progres-
sively shaping endocrine phenotype of COVID-19. Moreover, the care for pituitary diseases need to continue despite the 
restrictions due to the emergency. Several pituitary diseases, such as hypopituitarism and Cushing disease, or due to frequent 
comorbidities such as diabetes may be a risk factor for severe COVID-19 in affected patients.
There is the urgent need to collect in international multicentric efforts data on all these aspects of the pituitary involvement 
in the pandemic in order to issue evidence driven recommendations for the management of pituitary patients in the persistent 
COVID-19 emergency.
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Introduction

COVID-19 has been initially identified as a severe poten-
tially lethal respiratory infection caused by severe acute 
respiratory syndrome coronavirus 2 (SARS-CoV-2) but 
progressively it became evident that many relevant extrapul-
monary manifestations greatly contributed to the severity of 
the syndrome [1]. Despite likely originating in China, infec-
tion has rapidly spread to all the Continents with Mediter-
ranean Countries as Italy and Spain being among the mostly 
affected. Specifically, in the Northern regions of Italy death 
rate apparently exceeded that reported in Wuhan and in the 

rest of the world. In fact, around half of infected citizens 
and deaths reported in Italy (105.000 as of today, about 4% 
of those reported so far in the world) were reported in Lom-
bardy where our Institution is located [2] leading unfortu-
nately to accumulating a large experience on the different 
aspects of the disease.

The main extrapulmonary features which worsen the 
outcomes of the disease include vascular/endothelial, car-
diac and neurologic manifestations. However, also kidney, 
hepatic, gastrointestinal, ocular and dermatological signs 
and symptoms were reported [1]. Pathophysiologically, sys-
temic involvement in COVID-19 is due to the almost ubiqui-
tous expression of angiotensin-converting enzyme 2 (ACE2) 
receptor, which has been identified as the responsible for the 
entry in the cells of SARS-CoV-2, with resulting damages at 
many organ and tissue levels besides the lung [3]. Addition-
ally, altered immune response with the so called cytokine 
storm may lead to pleiotropic aspects of COVID-19 [4].
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In this multifacet setting with time it became more and 
more evident a key role for endocrine diseases. In fact, we 
among other were the first to report of an “endocrine phe-
notype” of COVID-19 due to the involvement of multiple 
endocrine organs and tissues and hormonal substances, the 
alterations of which may negatively affect patients with 
COVID-19 [5–8]. The endocrine manifestations of COVID-
19 which may be often found also in pituitary diseases are 
diabetes (DM), obesity and vertebral fractures (VFs) [5–9]. 
Moreover, since in the last months several papers have been 
published reporting on pituitary consequences of COVID-19 
and on the management of pituitary diseases during the pan-
demic we thought that a critical analysis of all the published 
material on those topics so far could have been of value for 
the practicing endocrinologist and clinician.

Aim of our paper will be to shortly review the main endo-
crine manifestations of COVID-19 with their possible impli-
cations for pituitary diseases. Moreover, we will report on 
the possible direct and indirect involvement of the pituitary 
gland in COVID-19 and on the impact of COVID-19 on the 
management of established pituitary diseases which can be 
already at increased risk of respiratory complication such 
as acromegaly [10].

Main endocrine manifestations of COVID‑19 
and their relevance to pituitary conditions

Among the most frequently reported endocrine and meta-
bolic abnormalities of COVID-19 DM, obesity and VFs have 
been reported. Despite their potentially variable incidence 
based on geographical differences (e.g. vitamin D deficiency 
is more prevalent in Mediterranean than in Scandinavian 
Countries and this may heavily impact in susceptibility to 
VFs) [11] all these comorbidities may be relevant to pitui-
tary patients as follows:

Diabetes mellitus (DM)

DM rapidly emerged as one of the more frequent (preva-
lence between 7 and 30% according to different case series) 
and clinically relevant (with increased risk of hospitaliza-
tion, severe pulmonary involvement and mortality vs. non-
diabetic patients) comorbidities of hospitalized COVID-19 
patients [12]. Also, deranged glycemic control negatively 
affected disease activity and outcomes [13].

Recent studies showed that β-cells express ACE2 recep-
tor and that SARS-CoV-2 may directly act at the pancreatic 
level worsening hyperglycemia, ketoacidosis and hyperos-
molarity with high-dose insulin requirement in patients with 
pre-existing DM but also causing newly onset DM in previ-
ously non diabetic subjects [14, 15].

Interestingly, this bidirectional relationship between DM 
and COVID-19 [16] may have relevant impact in patients 
with pituitary diseases. In fact, DM is a frequent complica-
tion of acromegaly, not only as a consequence of an insulin-
resistant state due to GH excess [17]. Development of DM in 
patients with acromegaly may increase their already elevated 
cardiovascular morbidity and mortality [18]. Moreover, the 
presence of COVID-19 induced DM may also impact on 
disease treatment [19], since somatostatin receptor ligands 
(SRLs) particularly pasireotide may directly influence glu-
cose metabolism [20, 21]. Therefore, blood glucose levels 
should be periodically monitored in patients treated with 
SRLs [22] to reduce and/or avoid hyperglycemic negative 
known impact on COVID-19 features, especially in those 
treated with intravenous glucocorticoids, the standard of 
care during COVID-19 second wave; in this context, treat-
ment with Pegvisomant [23] has been reported to have more 
favourable effects on glucose homeostasis than SRLs [17] 
DM is also frequent and early complication of Cushing 
disease with relevant prognostic and therapeutic implica-
tions since DM may often be difficult to control and the 
SRL pasireotide which may be used to control endogenous 
hypercortisolism may negatively influence glucose homeo-
stasis [24–26].

Obesity

Obese patients are at increased risk for complicated COVID-
19 and related mortality. Moreover, altered body composi-
tion with increased visceral adiposity may negatively impact 
prognosis in subjects with COVID-19 [7, 27].

Particularly severe obesity is among the key predictors 
for hospitalization in COVID-19 worsened pneumonia 
with increased need of invasive ventilation and admission 
in intensive care unit (ICU) [28] as confirmed by a recent 
meta-analysis including about 45,000 patients [29].

Obesity and altered body composition also characterize 
several pituitary diseases such as Cushing disease and acro-
megaly [17, 24, 25, 30]. Interestingly, in hypopituitarism 
particularly with untreated growth hormone (GH) deficiency 
(GHD) cardiovascular risk is increased due to altered body 
composition with abnormal lipid profile and increased pro-
inflammatory cytokines and C-reactive protein (CRP) [31].

Vertebral fractures (VFs)

We recently reported in more than 100 COVID-19 patients 
highly prevalent (up to 36%) thoracic morphometric VFs on 
lateral chest X-rays [32]. In fact, mortality rate was doubled 
in fractured vs. not fractured patients and greater in those 
with severe vs. moderate and mild VFs [32].

Therefore, VFs may represent a sensitive clinical marker 
of frailty in COVID-19 but also being a predisposing factor 
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to negative pulmonary outcome in the disease [32]. In fact, 
VFs are associated with an increased risk of pneumonia 
and impaired respiratory function also in patients without 
previous chronic respiratory diseases [33–35]. Interestingly, 
patients with a wide range of pituitary diseases were con-
sistently reported in the last two decades to be burdened 
by a very high prevalence of morphometric VFs [36]. Spe-
cifically, prevalent VFs were found in one third to half of 
patients with acromegaly [37], Cushing disease [38], TSH-
secreting adenomas [39] and hypopituitarism [40] equally 
in both sexes. Moreover, in acromegaly and hypopituitarism 
an increased incidence of VFs was also reported [41, 42].

Main pituitary manifestations of COVID‑19

Pituitary ACE‑2 expression

Coronavirus entry into host cells is mediated by the viral 
transmembrane spike (S) glycoprotein binding the metal-
lopeptidase ACE2 [43, 44]. ACE2 has been identified as 
the functional receptor for infection of SARS-CoV and 
SARS-CoV-2 mediating viral entry in concert with S gly-
coprotein priming by the host cell transmembrane serine 
protease 2 (TMPRSS2) [43, 44]. SARS-CoV-2 revealed 
a 10–20-fold higher binding affinity as compared to the 
SARS-CoV explaining at least its higher transmissibility 
and infectivity [45].

Real-time PCR revealed that ACE2 mRNA expression 
is present in 72 human tissues, with high expression in 
cardio‐renal tissues but also in ileum, lung, pulmonary 
blood vessels, brain and prostate [46]. The high expression 
on lung alveolar epithelial and small intestinal epithelial 
cells as well as throughout the body confirms the known 
viral transmission pathways, reflects the main pathogenic 
involvement of COVID-19 on respiratory and gastrointes-
tinal systems [46] and explains why SARS-CoV-2, once 
infecting primarily respiratory airways, can spread easily 
to many other target organs with consequent pleiotropic 
manifestations [47].

ACE2 expression on cerebral vascular endothelium, 
neurons and glial cells may play a role in SARS-CoV-2 
neural invasion and COVID-19 neurological involvement 
presenting with headache, confusion, dysgeusia, anosmia, 
nausea and vomiting [48, 49].

ACE2 mRNA expression was reported also in hypo-
thalamus and pituitary gland cells [50]. Moreover, in a 
previous study, SARS-CoV was detected in pituitary tis-
sues from patients who died from SARS [51].

Pituitary apoplexy

Pituitary apoplexy is an acute clinical and surgical emer-
gency syndrome due to a sudden hemorrhage and blood 
infarction of the pituitary gland, typically within a pitui-
tary macroadenoma [52]. Main symptoms referred by 
patients are sudden onset and severe headache, visual dis-
turbances and ocular palsy due to tumor hemorrhagic and 
necrotic mass compressing the surrounding optic struc-
tures and expanding into the cavernous region [53].

Pituitary apoplexy is usually a rare event (incidence 
0.17/100,000/year and prevalence 6.2/100,000) occurring 
in 2–12% of patients with all types of adenoma [53], par-
ticularly in those on anticoagulant treatment [54] or in 
prolactinomas under dopaminergic treatment [55, 56].

Previous studies have shown a possible relationship 
between viral infectious diseases such as the hemorragic 
fever and direct pituitary vascular damage with ischemic 
and hemorrhagic signs with foci of necrosis detected in 
imaging and histological post-mortem evaluations [57, 
58]. Moreover, an increased stimulation of the pituitary 
gland, as occurs in an infectious stress state, may increase 
pituitary blood demand precipitating acute apoplexy [58].

COVID-19 could be a plausible precipitating risk fac-
tor for pituitary apoplexy since SARS-CoV-2 can induce 
thrombocytopenia, coagulopathy, and platelet dysfunction, 
having neural tissue tropism due to ACE2 expression in 
cerebral vascular endothelium [59]. Moreover, the virus 
has been hypothesized to enter the brain through the naso-
pharyngeal epithelium via the olfactory nerve, or could 
pass through the blood–brain barrier or directly reach the 
median eminence, a circumventricular organ where the 
blood–brain barrier is lacking [59]. In fact, recently, sev-
eral cases of pituitary apoplexy associated with COVID-19 
mainly in the context of pre-existing macroadenomas were 
reported (Table 1) [60–65].

Chan et al. reported a case of pituitary apoplexy asso-
ciated with a third trimester pregnancy complicated by 
COVID-19 [60]. She presented to urgent care with mild 
headache, decreased visual acuity in the left eye without 
diplopia. A cerebral CT scan demonstrated a hemorrhagic 
mass in the sella suggesting a previously undetected tumor. 
Moreover, she referred one week of ear pain, body aches, 
chills and rhinorrhea, and subsequently was tested positive 
for SARS-CoV-2. Endocrine biochemical work-up only 
demonstrated low TSH (0.28 mIU/L), increased serum 
prolactin (148.7 ng/mL) and low FSH and LH (< 0.1 and 
4.6 IU/L, respectively). She was started on dexamethasone 
4 mg twice daily. Since the patient was clinically stable, 
the clinicians decided to undergo vaginal delivery prior to 
the trans-sphenoidal (TNS) surgery. Two days after delivery 
she underwent endoscopic TNS surgery. A predominantly 
liquefied hemorrhagic mass was identified with necrotic 
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tissue and a markedly expanded sella. Final pathology eval-
uation demonstrated necrotic tissue without any evidence 
of viable tumour. Patient follow-up at two months post-op 
demonstrated central hypothyroidism, and hypogonadism. 
She remained on levothyroxine 100 mcg and hydrocortisone 
10 + 5 mg daily [60].

Solorio-Pineda et al. reported a case of a 27-year-old 
male patient hospitalized with drowsiness, respiratory dis-
tress, frontal headache, fever and disorientation [63]. A brain 
CT scan showed a heterogeneous tumoral sellar lesion, with 
maximal dimensions of 68 mm, and a hyperdense area con-
sistent with hemorrhage. The endocrine biochemical values 
were all within the normal ranges, except for testosterone. 
The patient tested positive for SARS-CoV-2 had sudden 
worsening of the respiratory function, with severe hypox-
emia refractory to invasive mechanical ventilation, and died 
12 h after hospital admission [63].

Santos et al. described a 47-year-old male patient who 
presented to the emergency department (ED) with a left 
frontal headache that began 5 days before, followed by diplo-
pia, left eye ptosis, and visual loss in left eye [62]. A head 
CT scan showed a predominantly hyperdense sellar mass 
(19 × 28 × 20 mm) eccentric to the left with extension into 
the suprasellar cistern impinging on the left optic chiasm, 
consistent with pituitary macroadenoma with central hem-
orrhage. RT-PCR for SARS-CoV-2 was positive one day 
after his admission. The patient complained of worsening 
left visual acuity with no improvement of headache and 
neurosurgeons decided to schedule him for an urgent TNS 
tumor resection. He was discharged from the hospital four 
days later without any complication [62].

Ghosh et al. reported a case of a 44-year-old woman 
admitted to the ED with complaints of a sudden-onset 
severe headache and progressive asymmetric visual blur-
riness, symptoms preceded by abrupt-onset intermittent 
fever [61]. Cognitive and cranial nerve functions were intact 
except for subtly asymmetric bitemporal hemianopic visual 
field defects. Patient was tested positive for SARS-CoV-2. 
Laboratory investigations revealed thrombocytopenia, mild 
hyponatremia, elevated C-reactive protein and a minimally 
elevated D-dimer. Contrast-enhanced brain MRI revealed a 
well-defined large heterogeneous solid-cystic lesion in the 
suprasellar region (24 × 25 × 31mm) with fluid-fluid level on 
gradient-echo images, features suggestive of pituitary mac-
roadenoma with hemorrhage. Low baseline serum cortisol 
and reduced plasma ACTH levels were found. The patient 
and her caregivers refused surgical intervention and was kept 
under follow-up [61].

LaRoy and McGuire reported on a 35-year-old previously 
healthy male presented to the ED after some days of retro-
orbital headache, neck stiffness, symptoms of upper respira-
tory tract infection, fever and anosmia. Oxygen saturation 
was 95% with lobular consolidation at chest x-ray and a 

normal visual and neurologic examination. Head CT showed 
small hyper-dense lesion within the sella (7 × 8 × 8 mm), not 
compressing the optic chiasm, and without evidence of other 
subarachnoid hemorrhage. The patient was tested positive 
for SARS-CoV-2. Hemorrhagic pituitary microadenoma 
consistent with pituitary apoplexy was found at MRI. No 
abnormal hormonal data were found and patient was dis-
charged and kept on follow up [64].

On the other hand, Bordes et al. described a case of pitui-
tary apoplexy attributed solely to COVID-19 in the absence 
of other identifiable causes and pre-existing pituitary mac-
roadenoma [65].

Based on these evidences, COVID-19-related prothrom-
botic and endothelial systemic illness may be precipitating 
risk factors for pituitary apoplexy, especially in patients 
affected by pituitary adenomas. Therefore, increased aware-
ness toward this complication particularly in predisposed 
patients (macroadenoma on dopaminergic agents, antico-
agulant therapy) is needed not only in specialized pituitary 
tumor centers [66]. Nevertheless, it can be also thought that 
due to the reduction in “routine” activities in Neurosurgi-
cal departments urgent referrals such as those with pituitary 
apoplexy may just be among the few patients with pituitary 
diseases seen during the pandemic.

Hyponatremia—syndrome of inappropriate 
antidiuretic hormone secretion (SIADH)

Hyponatremia, defined by serum sodium levels less than 135 
mMol/L, is frequent among patients with COVID-19, who 
sometimes may present only with symptoms and clinical 
signs secondary to this electrolytic imbalance.

At the beginning of the pandemic, a number of case 
reports describing hyponatremia of various etiologies was 
published [67–70].

Later, a descriptive study of 16 patients hospitalized in 
the United States for COVID-19 found that 50% of them 
had hyponatremia [71], a prevalence similar to that reported 
in a small Italian study [72]. Results from a large interna-
tional registry of 4664 hospitalized COVID-19 patients, 
the Health Outcome Predictive Evaluation for COVID-19 
(HOPE) study, found that 20.5% had hyponatremia at admis-
sion. Severe hyponatremia (< 120 mMol/L) was rare occur-
ring in 0.4% of the patients [73]. Table 2 summarizes the 
prevalence of hyponatremia in COVID-19 patients reported 
in available studies.

Hyponatremia at admission was so far independently 
associated with male sex, old age [73], presence of several 
comorbidities and diagnosis of severe pneumonia on chest 
X-ray [74]. Moreover, poorer clinical outcomes and higher 
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mortality were reported in COVID-19 patients with hypona-
tremia [75].

The pathophysiological mechanisms proposed to explain 
hyponatremia among patients with COVID-19 are diverse, 
including gastrointestinal fluid losses, water depletion, the 
use of diuretic therapy, urinary sodium loss due to kidney 
damage and syndrome of inappropriate antidiuretic hormone 
secretion (SIADH) [74, 76, 77].

SIADH was found in about 40–50% of patients with 
hyponatremia in the pre-pandemic era, thus representing 
the most recognizable cause of this electrolyte disorder; 
the prevalence was even higher in some pathological condi-
tions such as atypical pneumonia and hyper-inflammation 
syndrome [78], among main complications of SARS-CoV2 
infection [79]. Therefore, it seems reasonable to think that 
the prevalence of SIADH may be high even in COVID-19 
patients.

Currently, a few case reports and a small series of 
cases with concomitant severe COVID-19 pneumonia 
were reported [80–84]. Ho et al. reported the first case of 
COVID-19 associated with SIADH and new-onset seizures 
[82], whereas Yousaf et al. published a series of three cases 
of patients diagnosed with COVID-19 with severe acute 
hyponatremia due to SIADH [80].

However, the exact prevalence of hyponatremia caused 
by SIADH as well the specific mechanisms behind it in 
COVID-19 are still unknown.

In this regard, IL-6, the most important cytokine involved 
in COVID-19, may play a pathogenic role in electrolyte 
impairment and SIADH by inducing the non-osmotic release 
of vasopressin [85]. Based on these data, a retrospective 
Italian study observed in a small cohort of 29 hospitalized 
COVID-19 patients (15 with hyponatremia upon admis-
sion) that tocilizumab, a humanized monoclonal antibody 
against the IL-6 receptor, determined a significant increase 
of sodium levels in 48 h confirming the hypothesis of an 
association between IL-6, vasopressin release and sodium 
itself in COVID-19 patients. Moreover, in the same study, 
hyponatremia at admission appeared to be inversely related 
to IL-6 and directly related to PaO2/FiO2 ratio (an important 
index of respiratory performance), suggesting that sodium 
level may be among the criteria for initiating tocilizumab 
treatment, but also an important predictor of unfavourable 
outcome [72].

Other causes that can lead to the development of SIADH 
among patients with COVID-19 may include the use of anti-
biotics, corticosteroids and positive pressure ventilation (due 
to non-osmotic stimulation of ADH secretion as pulmonary 
venous baroreceptors respond to a reduction in effective 
blood volume) [74, 86]. Thus, the development of SIADH 
may be one of the reasons of failure of positive pressure 
ventilation in COVID-19.

As previously mentioned, an increasing number of stud-
ies have showed that hyponatremia may be considered an 
unfavourable prognostic factor among patients with COVID-
19. In fact, De Carvalho et al. observed in patients with 
COVID-19 that hyponatremia at diagnosis was associated 
with higher rates of hospitalization, ICU admission, use of 
mechanical ventilation and death, compared to normal sod-
iemia (34% vs. 14%) [87]. Their results were confirmed by 
a very recent prospective case-control study in which 172 
patients with COVID-19 and 849 controls without COVID-
19 but similar symptoms were enrolled [88]. In both groups 
hyponatremia was significantly associated with adverse out-
comes such as ICU admission, longer hospitalization, and 
mechanical ventilation, but importantly 30-day mortality 
was significantly higher in hyponatremic COVID-19 com-
pared to control group [88].

Finally, also the large HOPE registry reported the role of 
hyponatremia as an independent risk factor for mortality in 
patients with COVID-19 [73]. Currently, there are no spe-
cific clinical guidelines for the management of hyponatremia 
in patients diagnosed with COVID-19, with the exception 
of a recent consensus statement of the Spanish Society for 
Endocrinology [89]. Although their recommendations are 
mainly focused on the management during the present pan-
demic of patients with chronic disorders of water homeo-
stasis, such as diabetes insipidus or chronic hyponatremia, 
the Authors interestingly underlined the need of hormonal 
assessment in patients with COVID-19 and newly onset 
hyponatremia, since COVID-19 may be associated with thy-
roid dysfunction and adrenal insufficiency both conditions 
that can lead to hyponatremia.

Hypophysitis

No data are yet available on possible occurrence of hypo-
physitis [90] clearly associated with COVID-19, as opposed 
to what recently reported for the thyroid [91]. In fact, as pre-
viously reported, COVID-19 is known to trigger or unleash 
endocrinopathies both via autoimmune mechanism and 
through organ damage. Interestingly, a damage in adeno-
hypophyseal functions was observed in some patients dur-
ing the SARS epidemic in 2003, confirmed by histological 
changes linked to the severity of the disease in pituitary cells 
obtained from autopsies [92].

However, since resolution of hypophysitis is usually 
obtained with administration of glucocorticoids [90], widely 
used for the treatment of patients with COVID-19, it could 
be speculated that such therapy may result in a reduced or 
non-increased incidence of hypophysitis in patients with 
COVID-19.

Hypophysitis is also a well-known adverse event of anti-
cancer immunotherapy with immune checkpoint inhibitors 



472 Pituitary (2021) 24:465–481

1 3

(ICIs) such as the monoclonal antibodies anti-CTLA4, anti-
PD-1 and anti-PD-L1 [93]. Indeed, these monoclonal anti-
bodies unleash the immune system (mainly T-cells) against 
tumor cells but can also induce a variety of diverse and dis-
tinct immune-related endocrine adverse events [90]. Cur-
rently, there are no data showing a change of the incidence 
of hypophysitis during the present pandemic in patients on 
therapy with ICIs.

Moreover, since they may directly affect the immune 
response, concerns have been arisen about the safety of 
immunotherapies during this pandemic. Indeed, the poten-
tial impact of ICIs as well as of other monoclonal antibod-
ies used in endocrine patients such as denosumab [94]on 
the clinical outcome of COVID-19 has not been yet fully 
evaluated. However, a very recent case report demonstrated 
a sufficient cellular and humoral immune response in a 
SARS-CoV-2 infected patient who was on treatment with 
immune checkpoint inhibitors for advanced renal cell cancer, 
supporting the concept of not suspending ICIs during the 
ongoing COVID-19 pandemic [95].

Pituitary conditions and COVID‑19

Acromegaly

Acromegaly is a rare but underdiagnosed chronic disease 
caused by excess GH generally secreted by a pituitary ade-
noma [96, 97] which at presentation is usually a macroad-
enoma since its diagnosis is often delayed [98]. Acromegaly, 
if not adequately controlled by multimodal treatment [99], 
heavily impacts on quality of life and survival due to its sev-
eral systemic comorbidities affecting cardio-respiratory sys-
tem, glucose and adipose metabolism and bone health [20].

Since the pandemic was reported to disrupt the usual care 
of many severe chronic conditions and limit hospital access 
for affected patients [100] we assessed the effects of COVID-
19 in acromegaly care through an international online survey 
[19]. In general, endocrinologist respondents, most of whom 
were managing a large number of acromegaly patients, 
reported that COVID-19 emergency caused broad negative 
effects on the acromegaly care pathway. Marked delays in 
surgical interventions due to hospital services reorganiza-
tion with a lack of surgical provision and limited access to 
pre-surgery COVID-19 testing, especially during first wave 
emergency were reported [19]. Difficulties in assessing treat-
ment efficacy [101] with neuroradiological follow-up and 
monitoring of biochemical control as well as importantly 
of clinical signs and symptoms related to acromegaly and 
its associated comorbidities [102] were described [19]. In 
this context, the availability of effective medical therapies 
[103] often able to control both biochemical and tumoral 

parameters [104] may by of high value for clinicians particu-
larly when self-administration is possible [103, 105].

The results of this survey also suggested that new 
approaches necessarily used by pituitary endocrinologists 
during the COVID-19 emergency such as remote consulta-
tions, that reduce the burden of hospital visits, may likely 
improve acromegaly patient care also in the post-pandemic 
environment [19].

Finally, although, to date, no clinical cases of SARS-
CoV-2 complicated infection in acromegaly patients have 
been reported, several disease-associated comorbidities, as 
reported above, may negatively influence the course and 
management of COVID-19 and therefore must be appro-
priately managed to avoid increased predisposition to viral 
infection and complications [20]. Among those, particular 
attention should be given to patients with impaired res-
piratory function, chronic hypoxemia and hypoventilation 
caused by the several anatomic and functional modifications 
typically associated with acromegaly including upper air-
way obstruction with macroglossia and laryngeal mucosa 
hypertrophy, kyphoscoliosis with VFs and changes in ribs 
morphology [10]. Hypertension, probably the most frequent 
comorbidity associated with severe COVID-19, is also typi-
cally found and should be optimally controlled in patients 
with acromegaly [106].

Pasireotide besides its possible hyperglycemic effects 
should also be used with caution in patients treated with 
hydroxychloroquine plus azithromycin, the standard of care 
during the first wave of the pandemic, since synergistically 
with these treatments could potentially induce QTc prolon-
gation to which patients with acromegaly may already be 
predisposed with higher risk of arrhythmias, cardiac com-
plication frequently reported also in COVID-19 patients [1, 
96].

 In another single-centre, cross-sectional, web-based 
survey psychosocial status of patients with acromegaly and 
Cushing disease was compared to that of SARS-CoV-2 
infected patients and healthy volunteers [107]. Prevalence 
of post-traumatic stress disorder was not different in patients 
with acromegaly vs. Cushing disease vs. healthy controls 
but higher in SARS-CoV-2 patients; however, frequency of 
abnormal trait anxiety was significantly higher in patients 
with acromegaly and SARS-CoV-2 patients vs. those with 
Cushing disease and healthy controls. Finally, treatment dis-
continuation rate was higher in acromegaly patients vs. those 
with Cushing disease [107].

ACTH‑dependent and independent Cushing’s 
syndrome

Susceptibility to infections, hypertension and increased mor-
tality independently of sex and age are specific risk factors 
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for some pituitary patients as those affected by Cushing dis-
ease [108].

Cardiovascular disease (heart attack and stroke) is the 
main cause of death, consistent with the increased cardiovas-
cular risk profile that this condition entails [30]. However, 
the mortality excess is associated also to bacterial, viral and 
fungal infections, particularly pneumonia, to which patients 
with hypercortisolism are particularly exposed due to the 
inhibitory effect of supraphysiological doses of glucocorti-
coids on the immune system [108, 109] such as inhibition of 
proinflammatory genes [110], stimulation of genes coding 
for antinflammatory proteins, inhibition of cytokines, direct 
action on immune system cells [111, 112].

Moreover, an increase in venous thromboembolism, as 
also consistently reported in COVID-19, has been docu-
mented in patients with Cushing’s syndrome particularly in 
case of surgical procedures, immobilization, severe infec-
tions and cardiovascular events [113]. In fact, patients with 
autoimmune diseases treated with even moderate doses of 
glucocorticoids were reported to have 1.5-8 fold increase in 
thromboembolic risk vs. normal subjects [114].

Based on this background, it was supposed that patients 
with hypercortisolism could have been prone to severe 
SARS-CoV-2 infection [115]. Unfortunately, in Cushing 
disease, at odds with acromegaly, medical treatment is not 
often effective and well tolerated [116] when surgery is not 
curative or cannot be easily performed as during the pan-
demic. In this regard, the block and replace scheme in order 
to avoid the risk of iatrogenic adrenal insufficiency has been 
suggested.

Despite these theoretical bases, data from the field on 
COVID-19 in patients with Cushing disease are still limited. 
Onset of adrenal failure in a patient with Cushing disease 
due to a relapsing ACTH-secreting pituitary macroadenoma 
and COVID-19 pneumonia on treatment with metyrapone 
and cabergoline was reported. A potential confounding role 
of enoxaparine used to control the hypercoagulable state in 
the genesis of persistent hyperkalemia after correction of 
adrenal insufficiency, due to suppressive effect on aldoster-
one production was suggested [117].

In a young woman with Cushing disease a moderate to 
severe COVID-19 was reported despite the lack of known 
risk factors associated with severe SARS-CoV-2 infection 
[118]. Recently, in a large Italian series of 61 patients with 
Cushing disease it has been reported that 3.2% of them had 
confirmed COVID-19 as compared to the 0.6% of the gen-
eral population. Severe clinical presentation was observed 
especially in patients with active Cushing disease suggest-
ing that chronic hypercortisolism may be associated with 
more serious SARS-CoV-2 infection and confirming that 
patients with biochemically active Cushing disease may be 
considered a high risk population for COVID-19 [119]. This 
was recently confirmed in another case series of 22 patients 

with active Cushing’s syndrome, in which three cases of 
COVID-19 were found ranging from very severe to mild 
depending on the severity of hypercortisolism [120]. There-
fore, strict surveillance and early intervention in suspected 
SARS-CoV-2 infection in patients with severe hypercorti-
solism may be recommended.

Hypopituitarism and adrenal insufficiency

In patients with adrenal insufficiency mortality rate appears 
to be more than doubled as compared to normal population, 
mainly due to cardiovascular disease and infections [121], 
particularly respiratory, which can be serious and expose 
to increased risk of hospitalization [122] and ICU admis-
sion [123] due to altered immune responses with reduced 
cytotoxic function of NK cells [124]. Clearly, increase in 
hospital admissions for such patients could also depend on 
a greater awareness of the risk of adrenal crisis during an 
infection [125, 126].

Importantly, patients with adrenal insufficiency are at 
high risk of overtreatment since established glucocorti-
coid replacement regimens do not completely reproduce 
the endogenous hormonal production and reliable clinical 
and biochemical markers are lacking [127] with consequent 
increased risk for DM, overweight, hypertension and chronic 
inflammatory disease, all conditions currently recognized 
as risk factors for poor outcomes and death in COVID-19 
[7, 8]. However, currently there are still few reports regard-
ing the prevalence and clinical outcomes in patients with 
hypopituitarism and/or adrenal insufficiency infected and 
COVID-19.

In a retrospective study with telephone interviews on 279 
patients with primary or secondary adrenal insufficiency 
referring to an Italian tertiary centre [128] no significant 
differences in prevalence of symptoms suggestive for SARS-
CoV-2 in patients vs. controls (24 and 22.3%, respectively) 
were reported without differences between primary and sec-
ondary adrenal insufficient subgroups. Nor patients reported 
adrenal crisis neither required hospitalization [128].

Reasons for the observed longer duration of highly sug-
gestive symptoms along with higher prevalence of gastro-
intestinal symptoms in controls were suggested to be the 
more rigorous behaviours adopted by the patients’ group 
due to the detailed instructions in the management of infec-
tious complications routinely received during follow-up. 
Moreover, it was speculated that cytokine release in the gas-
trointestinal tract, could have been mitigated in patients by 
chronic glucocorticoid treatment [128]. Therefore, it could 
be hypothesized that patients with adrenal insufficiency who 
are adequately treated and trained do not have higher risk for 
COVID-19 although since only a few patients had a naso-
pharyngeal swab these data needs cautious interpretation.
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This observation was previously supported by our group 
in a brief report on three cases of hospitalized patients with 
hypopituitarism and documented adrenal insufficiency 
[129]. In one patient the diagnosis was incidental and the 
patient remained asymptomatic till the swab returned nega-
tive. In the other two cases mild to moderate symptoms were 
reported and patients were treated with ritonavir/lopinavir 
and hydroxychloroquine or antibiotic therapy and prophy-
lactic low-molecular-weight heparin. In two of these patients 
hydrocortisone dose was increased during hospitalization 
either maintaining the oral administration or switching to 
the parenteral route. Finally, they were all discharged after 
3–6 days, confirming that the severity of the SARS-Cov-2 
infection may not be increased in such patients [129].

Noteworthy, recent findings hypothesized possible ben-
eficial effects in severe COVID-19 for both dexamethasone 
and methylprednisolone [130] likely via inhibition of SARS-
CoV-2 entry into cells by binding to ACE2 [131]. Use of 
high dose potent exogenous glucocorticoids may result in 
suppression of hypothalamic-pituitary-adrenal axis and con-
sequent adrenal insufficiency depending on dose, duration 
of treatment and individual sensitivity to the drug [128].

Previously, in SARS patients survivors a high prevalence 
of secondary adrenal insufficiency was reported, the major-
ity of which resolved within a year, suggesting transient 
hypothalamic-pituitary dysfunction due either to exogenous 
steroid use or direct viral damage [132].

A further element of concern regarding adrenal hormones 
and COVID-19 is the use of ritonavir, an antiretroviral drug 
that markedly inhibits the metabolism of corticosteroids, 
greatly enhancing their systemic effects with consequent 
hypercortisolism or, on the contrary, acute hypoadrenalism 
from pituitary-adrenal suppression at steroid discontinua-
tion [133].

Pituitary surgery and COVID‑19

One of the most clinically relevant consequences of COVID-
19 pandemic for pituitary patients is the limited access to 
surgery since being more vulnerable to COVID-19 [134] 
there is a general risk linked to their hospitalization as well 
a specific risks resulting from endoscopic endonasal surgery 
[135] which due to the access via the nasal cavity, paranasal 
sinuses, or mastoid air cells is considered a high-risk proce-
dure [135]. In fact, TNS pituitary surgery being performed 
under general anesthesia and requiring intubation and extu-
bation may expose both patients and doctors to the colo-
nized nasal mucosa. Moreover, it usually involves sphenoid 
drilling which can result in aerosolization of contaminated 
mucosa of the upper respiratory tract potentially remaining 
in the air for up to three hours [136]. In fact, increased risk 

of contagion of surgeons who perform aerosol-generating 
procedures involving the sinuses was reported [137].

At the beginning of the pandemic period, several regula-
tory bodies and Specialty Societies recommended to defer 
elective surgical procedures [138]. As a matter of fact, also 
in neurosurgical units urgent interventions were prioritized 
whereas those for benign lesions, as usually are pituitary 
adenomas [139], were postponed with much longer than 
usual waiting times or even cancelled [139]. In this context, 
also among pituitary surgeries prioritization became manda-
tory. Therefore, the Pituitary Society suggested to stratify 
pituitary procedures as emerging, urgent or elective. Patients 
with pituitary apoplexy, severe acute visual loss or other 
significant mass effects, or suspected for malignant diseases, 
were considered emerging and had to undergo surgery inde-
pendently of the current circumstances Patients with pitui-
tary tumor and slowly progressive visual loss, functioning 
tumors with aggressive features and those with unclear diag-
nosis, were classified as urgent and in selected cases could 
undergo surgery. Patients with incidental and asymptomatic 
tumors, non-functioning adenomas without mass effect or 
functioning tumors controlled with medical therapy, were 
classified as elective and the intervention could be postponed 
[134]. For patients with Cushing disease and acromegaly 
medical therapy can be first-line treatment, in order to post-
pone surgery [138].

If surgery cannot be delayed, appropriate recommenda-
tions for the management of patients with pituitary tumours 
should be followed [140]. The initial recommendation for 
preventive measures were affected by shortage of testing 
material for SARS-CoV-2 which was recommended only in 
case of suspected infection [134]. Currently, swab testing 
appears mandatory for patients before and at the time of hos-
pital entry. Testing for SARS-CoV-2 infection 48 h before 
the TNS surgery was proposed, deferring it in case of posi-
tive test [141]. Adding a chest CT scan to the nasal swab in 
high risk of infection surgeries during the pandemic period, 
was suggested due to the not infrequent false negativity of 
testing [142–144]. In a patient with COVID-19 that requires 
emergent surgery, alternative transcranial approaches may 
be considered, avoiding drilling, and full personal protective 
equipment for surgeons is recommended [138, 141].

A recent series of 5 patients with resistant acromegaly and 
Cushing disease submitted to elective endoscopic endonasal 
surgery during the first wave of the COVID-19 pandemic 
was recently published [145]. Neurosurgeons reported the 
following preventive measures: pre-surgical SARS-CoV-2 
home testing one week before hospitalization followed by 
home isolation; in hospital SARS-CoV-2 test on the day 
before surgery; minimum number of operating team mem-
bers (two neurosurgeons and nurses and an anaesthesiolo-
gist) with maximal protection and minimizing droplet pro-
duction during intervention with operation room completely 
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closed; at the end of the procedure, all “contaminated equip-
ment” eliminated in an ad hoc COVID room. Interestingly, 
no operator or patient developed COVID-19 symptoms or 
had positive SARS-CoV-2 swab in the study [145].

Therefore, one year after the beginning of the pandemic 
pituitary surgery has still to be considered a high risk pro-
cedure and when possible can be postponed. However, if all 
protective measures are carefully followed it can be safely 
considered, particularly due to the persistent and variable 
pandemic conditions, in selected patients such as those with 
acute complications (apoplexy, visual disturbances) and in 
those who are resistant to medical treatment.

COVID‑19 vaccination and pituitary diseases

Published data on the appropriate effectiveness of the vac-
cine against COVID-19 have not reported adverse events 
or particular contraindications in relation to pituitary dis-
eases [146]. The two studies conducted on the mRNA-1273 
SARS-CoV-2 and mRNA BNT162b2 Covid-19 vaccine 
showed no increased prevalence of adverse events or less 
efficacy of the vaccine in the subpopulation of patients suf-
fering from DM or severe obesity [146, 147] which repre-
sent common complications in several patients with pituitary 
diseases.

The vaccination can give moderate-to-severe systemic 
side effects such as fever, fatigue, myalgia, arthralgia, and 
headache [146, 147]. In this regard, the Pituitary Society 
surveyed its members and recently published a statement 
on the management of glucocorticoid therapy in patients 
with adrenal insufficiency who were going to receive the 
vaccine. Of the 103 respondents, around one third was plan-
ning to indicate to their patients to automatically increase 
the glucocorticoid dose upon vaccination particularly on the 
day of the vaccine administration but some also prior to 
the vaccination. The majority of endocrinologists planned 
to maintain unchanged the glucocorticoid dose in patients 
with adrenal insufficiency undergoing vaccination with most 
of them planning to increase glucocorticoid dose only if side 
effects, prevalently in case of fever but some also for arthral-
gia and myalgia, were going to occur.

In the absence of specific guidelines or published evi-
dence from the field data from this survey may be of value 
since they reflect the opinion of clinicians experts in pitui-
tary disease [148]. Finally, it has to be noted that use of 
systemic i.v. and oral glucocorticoids is among the recom-
mended measures for treatment of rare but already well 
described severe allergic reaction to COVID-19 vaccines in 
the general population [149, 150].

Conclusions

COVID-19 pandemic has disrupted every aspect of our 
life in this last year and represented a huge challenge for 
doctors, patients and health authorities. In this context our 
review underlines that there could be a specific involvement 
of the pituitary gland which fits into a progressively shaping 
endocrine phenotype of COVID-19. Moreover, it focused 
on the care for pituitary diseases that are generally benign 
and chronic but can have acute manifestations which need 
to be tackled despite the restrictions due to the emergency. 
Inasmuch, several pituitary diseases per se, such as hypo-
pituitarism and Cushing disease, or due to frequent comor-
bidities such as DM may represent a risk factor for severe 
COVID-19 in affected patients.

There is the urgent need to collect in international mul-
ticentric efforts data on all these aspects of the pituitary 
involvement in the pandemic in order to issue evidence 
driven recommendations for the management of pituitary 
patients in the persistent COVID-19 emergency.
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