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Abstract
Besides the pulmonary manifestations caused by severe acute respiratory syndrome (SARS) coronavirus 2 (SARS-CoV-2), 
an emerging endocrine phenotype, which can heavily impact on the severity of the syndrome, has been recently associated 
with coronavirus disease 2019 (COVID-19). Patients with pituitary diseases or the pituitary gland itself may also be involved 
in COVID-19 clinical presentation and/or severity, causing pituitary apoplexy.
Moreover, hypopituitarism is frequently burdened by several metabolic complications, including arterial hypertension, 
hyperglycemia, obesity and vertebral fractures, which have all been associated with poor outcomes and increased mortality 
in patients infected by SARS-CoV-2.
This review will discuss hypopituitarism as a condition that might have a bidirectional relationship with COVID- 
19 due to the frequent presence of metabolic comorbidities, to the direct or indirect pituitary damage or being per se  
a potential risk factor for COVID-19. Finally, we will address the current recommendations for the clinical management of 
vaccines in patients with hypopituitarism and adrenal insufficiency.
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SHIM  Sexual Health Inventory for Men
TMPRSS2  Transmembrane protease serine 2
TNF-α  Tumor necrosis factor-α
TSH  Thyroid-stimulating hormone
VFs  Vertebral fractures

1 Introduction

Coronavirus disease 2019 (COVID-19) was initially identi-
fied as a severe, potentially lethal respiratory infection, caused 
by severe acute respiratory syndrome (SARS) coronavirus 2 
(SARS-CoV-2); presently, is characterized also by many rel-
evant extra-pulmonary manifestations, including an emerging 
endocrine phenotype [1–3] which can heavily impact on the 
severity of the syndrome. Indeed, among those that experi-
enced severe forms of SARS-CoV-2 or died for infections 
sequelae, a high prevalence of obesity, diabetes mellitus (DM), 
vitamin D deficiency and vertebral fractures (VFs) has been 
reported [4].

Interestingly, it has been recently reported that patients 
with pituitary diseases or the pituitary gland itself may also 
be involved in COVID-19 clinical presentation and/or sever-
ity [5]. In fact, pituitary apoplexy has emerged as possible 
feature of COVID-19, as well as patients with pituitary dis-
eases may often have comorbidities such as DM and obesity, 
which can expose them to high-risk of severe COVID-19.

Our review will focus on hypopituitarism as a condition 
that might have a bidirectional relationship with COVID-19  
due to the frequent presence of metabolic comorbidi- 
ties, to the direct or indirect pituitary damage or being per 
se a potential risk factor for COVID-19. Paradigmatic case 
series collected during the pandemic at San Raffaele Hospi-
tal in Milan will be briefly reported. Finally, possible impli-
cations of hypopituitarism, including adrenal insufficiency 
in the context of COVID-19 vaccination will be discussed.

2  Hypopituitarism and pituitary 
involvement in SARS‑CoV‑2 infection

Hypopituitarism results from the failure of one or more pitui- 
tary hormones to be produced or released into the circulation  
by the pituitary gland, leading to specific systemic effects. 
Anterior pituitary failure is caused by several etiologic fac-
tors, including traumatic brain injury, sellar tumors, genetic 
mutations, infiltrative and infectious diseases [6].

The clinical manifestations are variable, depending upon 
the gender, the age of onset, the pituitary axes affected and the  
underlying comorbidities. The diagnostic approach is usually  
challenging, since it requires the assessment of the integrity 
of the various axes and dynamic testing is mandatory in the 
vast majority of the patients, as low peripheral hormones are  
associated with normal or slightly reduced pituitary hormones  
at baseline [7].

Early epidemiologic studies of patients with hypopituita-
rism demonstrated an excess standardized mortality ratio of  
1.2–2.2 years, often ascribed to a higher incidence of cardio- 
vascular and cerebrovascular events, with a more pronounced  
ratio in women [8]. Risk attributable specifically to hormonal  
replacement remains a controversial issue; however, updated  
studies reflect more contemporary replacement regimens, 
refinement of radiation and surgical treatment, and availabil- 
ity of more widespread and effective treatment for hormone 
replacement and comorbidities, such as arterial hypertension  
and hyperlipemia [9]. In these later studies devoted to assess 
mortality risk in patients with hypopituitarism treated  
with hormonal replacement, a normalization of mortality rate has  
been reported in most studies, but not all. Improvements have 
been seen particularly in patients with growth hormone (GH) 
deficiency (GHD) after GH replacement therapy [10].

Beyond the high expression on lung alveolar and small 
intestinal epithelial cells that explain the main pathogenic 
involvement of COVID-19 on respiratory and gastrointesti-
nal systems [11], angiotensin converting enzyme 2 (ACE2) 
expression on cerebral tissues including endothelium, neu-
rons and glial cells may play a role in SARS-CoV-2 neural 
invasion, as confirmed by COVID-19 neurological involve-
ment in infected patients with headache, confusion, dysgeu-
sia, anosmia, nausea and vomiting [12, 13]. ACE2 mRNA 
expression has been reported in hypothalamus and pituitary 
gland cells [14] and confirmed in an autoptic study on pitui-
tary tissues from patients who died from SARS [15].

Actually, SARS-CoV-2 entry into all host cells is medi-
ated by the viral transmembrane spike (S) glycoprotein 
binding the metallopeptidase ACE2, that has been identified 
as the functional receptor for infection of SARS-CoV and 
SARS-CoV-2 mediating viral entry [16, 17], and then it can 
spread easily to many other target organs with its consequent 
pleiotropic manifestations [18].

3  Risk factors of SARS‑CoV‑2 infection 
in patients with hypopituitarism

There are many endocrine disorders that have been asso-
ciated with poor COVID-19 outcomes and higher risk of 
death. At the same time, DM, obesity, hypertension and VFs  
are often found in patients with hypopituitarism, too  
(Fig. 1) [19–22].

DM rapidly emerged as one of the most frequent and 
clinically relevant comorbidities in hospitalized COVID-19 
patients [23], but also mild hyperglycemia may have had a 
negative role in disease activity and outcomes [24]. Their 
exact mechanism is not well defined.

Through a direct action, SARS-CoV-2 may enter β-cells 
through ACE-receptors inhibiting β-cells function, worsen-
ing hyperglycemia and increasing the risk for acute compli-
cations (i.e., ketoacidosis and hyperosmolarity). High-dose 
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insulin requirement in patients with pre-existing DM has 
been linked to complications, but viral infection has been 
also associated as a cause of newly onset DM in previously 
non-diabetic subjects [25, 26].

Adults with hypopituitarism and GHD can develop hyper-
glycemia, which can even progress to overt DM, in contrast to  
children with GHD. This observation was particularly evi-
dent in the elderly and in female and/or obese patients [27]. 
Indeed, patients with GHD showed increased plasma insulin 
levels, both fasting and post-prandial.

Insulin-resistance was presumed by indirect evidence that 
GHD patients had reduced hepatic glycogen stores and later 
confirmed by hyperinsulinemic euglycemic clamps, showing 
reduced sensitivity of the peripheral tissues to insulin [28]. 
Moreover, this pronounced insulin-resistance is directly cor-
related with the percentage of fat mass and waist circum-
ference [29]. Intriguingly, these metabolic alterations were 
reversible after few weeks of treatment with recombinant 

human GH (rhGH) at replacement dose, with amelioration 
in body composition parameters [30].

Obese patients are at increased risk for complicated 
COVID-19, high risk of hospitalization, increased need of 
invasive ventilation and admission in intensive care unit 
(ICU) [31], and related mortality [32], as confirmed by  
a recent meta-analysis enrolling more than 45.000 patients 
[33]. Moreover, altered body composition with increased 
visceral adiposity may negatively impact prognosis in sub-
jects affected by COVID-19 [34].

A high total fat mass with greater deposition of visceral 
fat, an increased waist-to-hip ratio, together with a reduction 
in lean mass and body water (which leads to a reduction in 
cardiac preload) are highly prevalent features in adults with 
hypopituitarism and GHD [29]. These effects are strongly 
linked to the lack of GH action on intermediate metabolism, 
reducing the peripheral use of lipids as an energy substrate 
and the amino-acids available for protein synthesis [27]. 

Hyperglycemia and
diabetes mellitusObesity Vertebral fractures

Hypopituitarism

Arterial hypertension

Fig. 1  Clinical risk factors for SARS-CoV-2 infection and COVID-19 
severity associated with hypopituitarism. In particular, figure reports 
the impact of common comorbidities of hypopituitarism, such as obe-

sity, diabetes mellitus, arterial hypertension and vertebral fractures on 
COVID-19
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Both obesity and altered body composition characterize 
several other pituitary disorders, such as Cushing disease 
[35] and acromegaly [36].

Interestingly, in patients with hypopituitarism, particu-
larly those with untreated GHD and hypogonadism, car-
diovascular risk per se is increased due to altered body 
composition with abnormal lipid profile and increased pro-
inflammatory cytokines interleukin 6 (IL-6) and C-reactive 
protein (CRP) [37, 38].

Patients with cardiovascular disease have a higher 
COVID-19 mortality rate and poorer clinical outcomes [39,  
40]. ACE2 is not only a SARS-CoV-2 receptor, but it has  
also an important homeostatic function regulating renin-
angiotensin system, which is pivotal for both the cardio-
vascular and immune system. Therefore, ACE2 seems to be  
the key link between SARS-CoV-2 infection, cardiovascular  
diseases and immune response [41]. Even if a lower ACE2  
expression on cells surface has been observed in this sub-
set of patients, a pathophysiological explanation is likely 
driven by the imbalance between a disintegrin and metallo- 
proteinase (ADAM) domain 17 (ADAM17) protein (which  
is required for cleavage of ACE-2 ectodomain resulting in 
increased ACE2 shedding), and transmembrane protease ser- 
ine 2 (TMPRSS2) (which is required for spike glycoprotein 
priming) [41].

It is well-known that cardiovascular major events are 
strictly correlated with dyslipidaemia [42]. Frequently, the 
first anomaly found in the biochemical evaluation of patients 
with hypopituitarism concerns the lipid profile: variable 
dyslipidaemias develop, with an increase in triglycerides 
and low-density lipoproteins (LDL) in both genders; the 
reduction of high-density lipoprotein (HDL) is found most 
prevalently in women. Patients with GHD have addition-
ally a change in LDL molecules composition, which are 
denser and smaller than in the general population, worsen-
ing their negative effects on endothelium [37]. This increase 
in atherosclerotic processes leads to an increased risk not 
only for acute major events such as myocardial infarction, 
brain ischemia or transitory ischemic attack, but also for 
chronic diseases, including chronic ischemic heart disease 
and chronic cerebral vasculopathy [43].

Patients with hypopituitarism, and in particular those 
with untreated GHD, are considered, for all these reasons, 
at high cardiovascular risk [37]. Previous studies on rhGH 
replacement therapy confirmed the positive effects on these 
regards, with a reduction of the atherogenic pattern (i.e., 
reduction of total and LDL-cholesterol together with an 
increase in serum HDL-cholesterol) and the normalization 
of proinflammatory markers [44].

Arterial hypertension, another component of the meta-
bolic syndrome, was highly prevalent in patients with severe 
SARS-CoV-2, accounting for almost 20% of all the patients 
with acute respiratory distress syndrome (ARDS) [45] and 

mortality rate was significantly increased in hypertensive 
patients.

Several studies have argued that GH and insulin-like 
growth factor-I (IGF-I) play a role in the regulation of periph-
eral resistance, although it is difficult to distinguish the direct 
effects of the former [46] and those mediated by the latter 
[47]. Both hormones can reduce peripheral resistance with an 
increase in blood flow, promoting the release by the endothe-
lium and the vasodilating action of nitric oxide [48]. Arterial 
hypertension is a common finding in adults with GHD and 
most of the studies showed that rhGH treatment was effective 
in reducing blood pressure, even though it is still debated 
the quantification of peripheral resistance reduction. In this 
regard, the age at onset represents a protective factor for those 
with child-onset GHD as compared to those whose deficiency 
arose in adulthood [49].

Based on these data, metabolic syndrome seems to be 
not only a risk factor for cardiovascular events, but also 
highly prevalent in patients with hypopituitarism and sig-
nificantly associated with severe cases and a higher mortality 
in COVID-19 patients. The presence of only one metabolic 
syndrome component doubles the risk of death by COVID-
19 (OR 1.83; 95%IC 1.77–1.89), which was even higher 
among patients with DM plus hypertension (OR 2.22; 95%IC 
2.15–2.28) and becoming three-times higher in those with all 
four diagnostic criteria (OR 3.36; 95%IC 2.83–3.99) [50].

Performing a morphometric VF assessment in more than 
100 COVID-19 patients, thoracic morphometric VFs were 
highly prevalent, affecting about one third of all cohort [51] 
and correlated with the mortality rate, which was doubled 
as compared to non-fractured patients [51].

Based also on our previous manuscripts where we 
observed a high prevalence and incidence of morphometric 
VF in patients with heart failure [52, 53], we have hypoth-
esized that VFs may represent a sensitive clinical marker of 
frailty in SARS-CoV-2 patients and a predisposing factor to 
negative pulmonary outcomes in the disease [51]. In fact, 
VFs are associated with an increased risk of pneumonia and 
impaired respiratory function also in patients without previ-
ous chronic respiratory disorders [54–56].

Interestingly, patients with GHD have a reduction in bone 
turnover, exposing them to a high risk for osteoporosis [57]. 
Due to the simultaneous impairment of both osteoclastogen-
esis and osteoblastogenesis, significant alterations in bone 
microarchitecture has been previously highlighted, with a 
greater bone loss in cortical bone [58]. Indeed, prevalent 
VFs were found in one third of patients with hypopituitarism 
independently from gender [59]. Moreover, in hypopituita-
rism an increased incidence of VFs was also reported [60].

Patients with diabetes insipidus (DI) during significant 
illness have difficulties maintaining their fluid balance [61]; 
hypernatremia has been linked to increased mortality in 
those admitted to intensive care units [62].
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4  COVID‑19 as a cause of pituitary apoplexy 
and hypopituitarism

Pituitary apoplexy is an acute clinical and surgical emer-
gency syndrome due to a sudden haemorrhage and blood 
infarction of the pituitary gland, typically within a pituitary 
macroadenoma [63]. Main symptoms referred by patients 
have a sudden onset and include severe headache, impaired 
visual field and ocular palsy, due to tumor haemorrhagic and 
necrotic mass compressing the surrounding optic structures 
and expanding into the cavernous region [64]; hypopituita-
rism is a frequent consequence in this clinical setting due to 
the massive destruction of the pituitary gland.

Pituitary apoplexy is usually a rare event (incidence 
0.17/100˙000/year and prevalence 6.2/100˙000) occurring in 
up to 12% of patients with pituitary adenoma [64], particu-
larly in those with concomitant anticoagulant treatment [65] 
or in prolactinomas starting dopamine-agonists [66, 67].

Previous autoptic and radiological studies have shown 
a possible relationship with viral infectious diseases, such 
as the hemorragic fever, direct pituitary vascular damage 
with ischemic and hemorrhagic signs, and foci of necrosis 
[68, 69]. Moreover, an increased stimulation of the pituitary 
gland, as occurs in an infectious stress state, may increase 
pituitary blood demand precipitating acute apoplexy [69].

COVID-19 has been recently highlighted as a plausible 
precipitating risk factor for pituitary apoplexy (Fig. 2), based 
on some case reports, most of them in patients with con-
comitant pre-existing macroadenomas [70–73]. A possible 
pathophysiological explanation may be derived from the 
evidence of multiple events of thrombocytopenia, coagu-
lopathy, and platelet dysfunction, due to ACE2 expression 
in cerebral vascular endothelium [74]. Additionally, it has 
been hypothesized that the virus may enter the brain through 
the nasopharyngeal epithelium via the olfactory nerve, could 
pass the blood–brain barrier or directly through the median 
eminence, which lacks of the blood–brain barrier [74]. 
Therefore, COVID-19-related prothrombotic and endothelial 
systemic illness may be precipitating risk factors for pitui-
tary apoplexy, especially in patients affected by pituitary 
adenomas, in particular those treated with anticoagulant 
therapy or those harbouring a PRL-secreting macroadenoma 
on dopaminergic agents.

Taking into account the rarity of this disorder, the link 
between COVID-19 and pituitary apoplexy is only putative 
at present time and the emerging of this condition may also 
derive from a selection bias, resulting from the referrals 
to neurosurgeons only of acute conditions [75]. Actually, 
several case reports have been published, describing pau-
cisymptomatic patients in most of the cases. Based on avail-
able evidences, it can be assumed that the severity of the dis-
ease is not different from the general population; however, 
the management might be more challenging due to surgical 

procedure, sudden onset of pituitary hormonal failure and 
adequate replacement therapies.

Chan et al. reported a case of pituitary apoplexy in a third 
trimester pregnant woman complicated by COVID-19 [70] 
in whom endocrine biochemical work-up showed low gon-
adotropins and thyroid-stimulating hormone (TSH), together 
with increased serum prolactin levels and consequently levo-
thyroxine and hydrocortisone replacement therapy was initi-
ated [70].

Solorio-Pineda et al., reported the case of a 27-year-old 
male hospitalized with severe COVID-19 [73] in whom 
brain computed tomography (CT) scan showed a heterogene-
ous hemorragic tumoral sellar lesion with likely secondary 
hypogonadotropic hypogonadism.

In two other cases with pituitary apoplexy and COVID-
19, secondary adrenal insufficiency was found and in one of 
them subsequent central hypothyroidism developed; hydro-
cortisone three times a day as well as levothyroxine were  
started. Interestingly, in this latter case the only  
precipitating factor was COVID-19 infection [76]. Of the 
remaining three cases reported with this interesting clini-
cal association, either no or normal hormonal data were 
reported.

5  SARS‑CoV‑2 infection in patients 
with hypopituitarism

5.1  Adrenal insufficiency

Patients with adrenal insufficiency have double mortality 
rate compared to general population, due to high cardio-
vascular and infection risk [77]. In this specific setting,  
acute respiratory events could be serious in most of the 
patients, due to altered immune response with reduced 
cytotoxic function of natural killer (NK) cells [78], with a  
significant increased number of hospitalization [79] and 
ICU admission (Fig. 3) [80]. Nonetheless, one could argue 
that increased hospital admissions could be also related to 
a greater awareness of the adrenal crisis risk during acute 
events [81, 82], in particular for those patients managed  
in center of excellence for pituitary disorders where edu-
cational courses are provided [83, 84].

Importantly, patients with adrenal insufficiency may be at 
high risk of overtreatment, since established glucocorticoid 
replacement regimens do not completely reproduce the endog-
enous hormonal production and reliable clinical and bio-
chemical markers are lacking [85], with consequent increased 
risk for DM, obesity, hypertension and chronic inflammatory 
disease, all conditions currently recognized as risk factors for 
poor outcomes and death in COVID-19 [3, 21].

However, both dexamethasone and methylprednisolone 
may exert some beneficial effects [86] while inhibiting viral 
entry into cells by binding to ACE2 [87]. It could be argued 
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that the prolonged use of high-dose exogenous glucocorti-
coids (also depending on daily dose, duration of treatment 
and individual sensitivity to the drug) may result in sup-
pression of hypothalamic–pituitary–adrenal axis, causing  
a consequent condition of adrenal insufficiency [88]. In  
point of fact, in previous SARS pandemic, high prevalence 
(40%) of transient central (secondary) adrenal insufficiency 
was described in 61 patients survived at Severe Acute Res-
piratory Syndrome Coronavirus 1 (SARS-CoV-1) infec- 
tion, with a restore of pituitary-adrenal function within one 
year [89].

A recent study performed on 28 consecutive patients with 
COVID-19 and no previous history of pituitary insufficiency, 
confirmed this finding. Alzahrani AS et al. revealed that the 
adrenocortical response, tested performing morning plasma 
cortisol, adrenocorticotropin (ACTH) and dehydroepian-
drosterone sulfate (DHEA-S) levels in patients with COVID-
19 was impaired and a significant percentage of the patients 
had plasma cortisol and ACTH levels consistent with central 
adrenal insufficiency [90].

In a retrospective study with telephone interviews on  
279 patients with primary or secondary adrenal insuffi-
ciency referring to an Italian tertiary centre [88], no sig-
nificant differences in prevalence of symptoms suggestive 
for COVID-19 were reported as compared to 112 controls 
with benign pituitary lesions and normal pituitary function 
(24% and 22.3%, respectively). Furthermore, no differ- 
ences between primary and secondary adrenal insufficient 
subgroups were observed and there were no cases of adre-
nal crisis or hospitalization [88]. It must be acknowledged 
that the exact prevalence of SARS-CoV-2 infection was 
unknown, since availability of testing in the first pandemic 
wave was particularly limited (12 subjects, only underwent 
the test and most of them were actually negative).

Authors observed a longer duration of highly sugges- 
tive symptoms and higher prevalence of gastrointestinal 
symptoms in controls than in patients with adrenal insuf-
ficiency who adopted more rigorous behaviours, due to 
the detailed instructions received for the management of 
infectious complications. Moreover, it was speculated that 
cytokine release in the gastrointestinal tract could have  
been mitigated in patients under chronic glucocorticoid 
treatment [88].

In another Italian monocentric cross-sectional study 
covering the first pandemic wave, 121 patients with adre-
nal insufficiency (40 primary, 81 secondary) completed 
telematically three questionnaires: the purpose-built 

“CORTI-COVID”, assessing medical history and concern 
for COVID-19-related global health, hypocortisolism- 
specific personal health, occupational, economic, and social 
consequences; the Addison’s Quality of Life Questionnaire 
(AddiQoL-30) and the Short-Form-36 (SF-36) Health  
Survey. In this CORTI-COVID study, SARS-CoV-2 was 
experienced by one middle-aged patient, only (0.8%) who 
promptly tailored her replacement therapy. Dyspnea lasted 
three days, without requiring hospitalization. In addition, no  
adrenal crises were reported, but pandemic-related stress 
accounted for 6/14 glucocorticoid up-titrations. No dif-
ferences were observed amongst primary and secondary 
adrenal insufficiency; whereas survey results showed con-
cerns regarding patients’ personal health and economic  
status, confirming that even under unconventional stress, 
adequately trained patients preserve a good quality of life 
[91].

In an English single-center study on 412 patients with 
pituitary diseases, few patients were infected and no  
deaths due to COVID-19 were identified [92]. However,  
267 patients experienced a delay or change in the planned 
care for their pituitary disease, with 100 patients perceiv-
ing an impact to their care [92]. A prospective longitudi- 
nal survey on 342 patients with adrenal insufficiency (109 
with secondary and 76 with glucocorticoid-induced) did 
not show changes in daily glucocorticoid dose or num-
ber of adrenal crises when compared to prepandemic, but 
patients reported a higher financial impact from adrenal 
insufficiency and difficulty accessing medical care during 
the pandemic. Specifically, a third of patients with adre-
nal insufficiency reported difficulties with management of 
adrenal insufficiency during the pandemic, particularly in 
younger patients, women, and those with poor healthcare 
access [93]. This highlights the importance of continued 
regular care to patients with pituitary disorders and other 
rare chronic diseases, as impact could be more severe than 
the COVID risks per se.

5.1.1  Personal case series

These previous findings of a mild COVID-19 in hypoadrenal  
subjects infected with SARS-CoV-2 is substantially confirmed  
by three of our cases of hospitalized patients with hypopitui-
tarism and documented adrenal insufficiency (Table 1) [94]. 
An 80-yr-old patient with hypopituitarism and DI after sur-
gery for craniopharyngioma several years before tested posi-
tive for SARS-CoV-2 at hospital admission for cardiogenic 
syncope. He had hypertension, mild DM, chronic obstructive 
pulmonary disease, atrial fibrillation, vascular disease; he 
was on stable therapy with levothyroxine, high daily doses of 
cortisone acetate (62.5 mg/day), intranasal desmopressin and 
anticoagulants. He had neither symptoms nor radiological 
signs specific for COVID-19. Blood tests showed moderate 

Fig. 2  Pathophysiological mechanisms of pituitary apoplexy and 
hypopituitarism in COVID-19. In particular, the figure describes the 
different types of SARS-CoV-2 damage ranging from viral infection 
per se to vascular damage or pituitary cells overstimulation, poten-
tially causing pituitary apoplexy

◂
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hyponatremia and increased lactate dehydrogenase (LDH), 
CRP, IL-6 and D-dimer. He received a supplemental dose 
of parenteral hydrocortisone, optimization of desmopressin 
and no specific therapy for COVID-19. He was discharged 
after pacemaker placement.

The second patient was an 18-yr-old male with hypo-
pituitarism after surgery for craniopharyngioma at 12-yo,  
severe obesity [body mass index (BMI) 49.5] and DI; he was on  
stable therapy with levothyroxine, hydrocortisone (25 mg/
die), desmopressin, testosterone and rhGH. He presented 
to the emergency room with fatigue and drowsiness, but no 
respiratory symptoms; and tested positive for Sars-CoV-2. 
Chest X-rays showed an increase of vascular pattern in both 
lungs. Blood tests showed increased CRP, normal IL-6 and 
D-Dimer. He received antibiotic therapy and prophylactic 
anticoagulant coverage with low-molecular-weight heparin 
(LMWH); oral hydrocortisone dose was doubled. No respir-
atory complications occurred and the patient was discharged 
3 days later.

Finally, a 78-yr-old male patient with hypopituitarism 
after surgery for suprasellar arachnoid cyst on stable ther-
apy with levothyroxine, cortisone acetate (25 mg/day), tes-
tosterone and rhGH presented to the emergency room with 
cough, dyspnea and fever for one week. He tested positive 
for SARS-CoV-2; chest CT showed COVID-19-associated 
pneumonia. Inadvertently, cortisone acetate therapy was 
missed for 40 h while staying at the hospital. Blood tests 
showed moderate hyponatremia, and increased LDH and 
CRP. He received low-flux oxygen, ritonavir/lopinavir and 
hydroxychloroquine. His clinical conditions significantly 
improved and he was discharged after 6 days.

Onset of adrenal failure has been also described in 
a patient with Cushing disease due to a relapsing ACTH 
secreting pituitary macroadenoma and COVID-19 pneumo-
nia on treatment with metyrapone and cabergoline. In this 
specific case, enoxaparine was used to control the hyperco-
agulable state and might have represented a potential con-
founding factor in the genesis of persistent hyperkalemia 

Fig. 3  Possible contribution of 
deficient pituitary-target gland 
axes to susceptibility to SARS-
CoV-2 infection in hypopi-
tuitarism. In details, the figure 
illustrates the role of specific 
components of hypopituitarism, 
including hypogonadism, GH 
deficiency and adrenal insuf-
ficiency, possibly predisposing 
to SARS-CoV-2 infection and 
severe COVID-19

GHDHypogonadism Adrenal 
insufficiency

Hypopituitarism
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after correction of adrenal insufficiency, due to suppressive 
effect on aldosterone production [95].

Based on these preliminary publications, it could be 
hypothesized that albeit at high risk, the susceptibility of 
patients with adrenal insufficiency at SARS-CoV-2 infection 
is still uncertain, but those who are adequately treated and 
trained have not shown poorer clinical outcomes or higher 
risk for death.

Recommendations for the prevention of Addisonian cri-
sis must be carefully followed both by the patients and the 
clinicians, increasing the oral daily doses in case of asymp-
tomatic disease or mild form, and switching to parenteral 
glucocorticoids (preferably hydrocortisone) for those with 
moderate-severe clinical manifestations [96, 97]. Moreover, 
hydration and electrolytes replacement still represent a cor-
nerstone in the management of acute events in patients with 
adrenal insufficiency and, in particular, in those with con-
comitant DI, where fluid loss and electrolyte abnormalities 
frequently occurs, especially if fever, tachypnea, diarrhoea 
and/or vomiting are present [98].

5.2  Hypogonadism

Epidemiological studies clearly showed a male preponder-
ance and age-dependent susceptibility to the severity of 
SARS-CoV-2, with young female predominantly experienc-
ing a milder disease. More in detail, a retrospective, obser-
vational Italian study conducted on 431 consecutive enrolled 
adult patients, observed that women were a minority (27.6% 
of the total cohort) and overall 28-day mortality was sig-
nificantly lower in women than in men (26.1% vs. 38.1%, 
respectively). Gender did not result an independent predic-
tor of death once the parameters related to disease severity 
at presentation were included in the multivariable analysis. 
Authors concluded that hospitalized women were less likely 
to die from COVID-19; however, once severe disease occurs, 
the risk of dying is similar to men [99].

Erectile dysfunction has been recently investigated as a 
potential early marker of high cardiovascular risk [100]. In 
fact, males with hypogonadism are more frequently affected 
by metabolic syndrome and erectile dysfunction was associ-
ated with older age, obesity, ischaemic disease and unhealthy 
lifestyle habits [101]. Indeed, most of these conditions were 
associated with poorer clinical outcomes, increased hospi-
talization, ventilation and mortality in COVID-19 infection. 
Furthermore, an Italian group reviewed data coming from the  
“Sex@COVID” online survey, aiming at retrieving a sample 
of Italian male sexually active subjects with reported SARS-
CoV-2 infection and comparing their results with COVID-
19-negative male sexually active subjects, using propensity 
score matching in a 3:1 ratio. The prevalence of erectile dys- 
function, measured with the Sexual Health Inventory for Men  
(SHIM), was significantly higher in the COVID + group (28%  Ta
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vs. 9.33%; p = 0.027) and logistic regression models confirmed  
a significant effect of COVID-19 on the development of erec- 
tile dysfunction, independently of other variables affecting  
erectile function, such as psychological status, age, and BMI.  
Likewise, subjects with erectile dysfunction were more likely  
to have COVID-19, once corrected for age and BMI [102].

Reported data from different European countries suggest 
contradictory outcomes when considering hypogonadism. 
Low testosterone and dihydrotestosterone (DHT) levels 
were observed in the majority of COVID-19 intensive care 
patients [103], whereas low total and free testosterone levels 
(< 5nMol/L and < 100 pMol/L, respectively) predicted poor 
prognosis and mortality [104]. The majority of COVID-19 
men presented low testosterone (68.6%) and DHT (48.6%) lev- 
els. In contrast, most female COVID-19 patients have elevated  
testosterone levels (60%) without alterations in DHT levels. 
Both COVID-19 females and males had elevated estradiol lev- 
els (40% and 45.7%, respectively) [103]. In male COVID-19 
patients, testosterone levels negatively correlate with inflam-
matory interleukin 2 (IL-2) and interferon-γ (IFN-γ), whereas 
estradiol levels positively correlate with the inflammatory 
cytokine IL-6. Vice versa, in COVID-19 women, testosterone 
levels positively correlate with inflammatory cytokines [103].

While both studies have limitations such as lack of con-
trol groups or testosterone levels prior to infection and one 
was not peer-reviewed, they highlighted the role of gonadal 
status in COVID-19 (Fig. 3). These outcomes should be 
also analysed taking into account that serum testosterone 
levels physiologically drop in the elderly, so the association 
between hypogonadism and poorer outcomes and higher 
mortality may reflect the well-demonstrated correlation 
between age and disease severity.

Recent studies tried to move forward, analysing the risk 
for COVID-19 in patients with androgenic alopecia and 
prostate cancer, conditions that have been strictly corre- 
lated to androgen sensitivity more than androgen levels. 
Actually, data seems inconclusive so far [105]: androgenic 
alopecia was observed in many hospitalized patients and  
was shown as an independent risk factor for developing 
severe COVID-19 symptoms [106, 107].

Conversely, prostate cancer patients under androgen depriva-
tion therapy seem to have a lower risk of COVID-19 infection 
compared to cancer patients not-undergoing gonadotropin-
releasing hormone (GnRH)-analogues and/or peripheral andro-
gen antagonists (OR 4.05; 95%CI 1.55–10.59). Intriguingly, a 
greater difference was also found comparing prostate cancer 
patients receiving androgen deprivation therapy and patients 
with any other type of cancer (OR 4.86; 95%CI 1.88–12.56) 
[108], albeit patients with prostate cancer under androgen dep-
rivation therapy are at high risk for fragility fractures, a recently-
observed negative prognostic factor for COVID-19 [109].

Considering hypogonadism in a hypothalamic-pituitary-
centered view, one could argue that in a non-negligible 

number of patients infected by SARS-CoV-2, especially  
in those patients with paucisymptomatic disease, anos- 
mia and ageusia can represent the first or even the only 
symptom [110]. Recent studies have suggested that ACE2 
receptors are strongly expressed on the nasal mucosa,  
suggesting that SARS-CoV-2 might exert a toxic action 
on the multiple central nervous system’s sites, including 
the olfactory bulb and the hypothalamus [111]. Moreover,  
the relationship between anosmia and hypogonadism as 
observed in the Kallmann syndrome is well-established in  
literature. At present time, there are no data on possible 
COVID-19-associated hypogonadotropic hypogonadism, 
but this link should be adequately addressed in the future, 
taking into account also that erectile dysfunction has been 
described as a possible sequelae in COVID-19 survivors 
who experienced anosmia and ageusia [112].

Based on the aforementioned evidence, Brandi &  
Giustina suggested sex-specific recommendations in the 
comprehensive management of patients infected by SARS-
CoV-2, adjusting testosterone replacement doses in men 
with the aim to avoid pro-inflammatory responses of hypo-
gonadism and, at the same time, avoiding overtreatment  
with possible increased risk for venous thromboembolism 
related to the hematocrit increase. For the same reason, 
oral contraceptives prescription should be individualized, 
probably preferring those formulations with lower throm-
boembolic risk or opting for other medical devices. Nota- 
bly, hormonal replacement therapies should be continued 
both in post-menopausal women (when appropriate) and  
in those with pre-menopausal hypogonadism [20].

5.3  GHD

Adult patients with GHD may have several metabolic  
abnormalities such as altered body composition including 
obesity and sarcopenia [113], hypertension, hyperglycemia  
or overt DM and, finally, an increased cardiovascular  
risk (described above as risk factor for poor clinical out-
comes in COVID-19) (Fig. 1) [114, 115], exposing them to 
higher risk for COVID-19 (Fig. 3). Noteworthy, decreased 
GH levels are a common denominator in the elderly and 
particularly in males; at the same time the susceptibility  
of COVID-19 infection has been reported to be age- and 
sex-dependent [116].

Moreover, it is well known that lymphoid organs and 
peripheral blood cells produce GH and, at the same time, 
GH receptor is expressed on different subpopulations of 
lymphocytes. Many in vitro and in animal studies demon-
strated an important role of GH in immunoregulation. GH 
stimulates T and B cells proliferation and immunoglobulin 
synthesis, enhances the maturation of myeloid progeni-
tor cells and is also able to modulate cytokine response. 
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However, in humans GHD has not clearly been associated 
with immunodeficiency and only minor abnormalities of 
immune function have been reported [117]. Elevated base-
line tumor necrosis factor-α (TNF-α) and IL-6 as well as 
impairment in fibrinolysis have been suggested as puta- 
tive causes of increased cardiovascular risk in patients  
with GHD and improvement of all these parameters 
(together with pro-inflammatory markers reduction) has 
been observed after rhGH replacement therapy, highlight-
ing potential inhibitory effects on inflammation as well as 
normalization of the fibrinolytic system [118].

There are actually no data on GHD and prevalence of 
COVID-19, as well as possible systemic complications or 
severity of the disease. However, we know that amongst 
the daily difficulties remains  a relevant clinical question  
the treatment adherence and, consequently, i ts  
impact, on clinical outcomes of GHD patients. Collect-
ing data from online and telephone survey on parents of 
107 paediatric patients affected by GHD, the majority of 
patients (> 80%) remained highly adherent to replacement 
therapies even during pandemic. The main reason for non-
adherence was related to drug supply issues, with some 
missed injections [119]. These percentages were actually 
similar to (or even higher than) previous ones reported 
before the onset of COVID-19 pandemic, where up to 72% 
of paediatric, adult or in-transition patients had an accept-
able adherence to GH replacement therapy [120, 121].

To justify these surprising results, the authors lead- 
ing the survey hypothesized that home confinement due to 
COVID-19 pandemic might be a possible explanation for 
the unexpectedly high adherence rate despite the disrup-
tion of clinical care for most of the patients [119].

5.4  Diabetes insipidus

Patients with DI admitted to the hospital with COVID-19 
have a high mortality risk due to volume depletion and  
thus endocrinologists must supervise fluid replacement and 
dosing of desmopressin. Many electrolyte imbalances have 
been described in patients with COVID-19, hyponatremia 
being the most frequent sodium abnormality. However, there 
have been also reports of idiopathic central DI during severe 
COVID-19 [122] or its recovery [123].

Possible mechanisms entertained for central DI are 
inflammation-mediated reversible hypophysitis in the set-
ting of severe ARDS, direct immune-mediated damage or 
poor prognosis in itself.

Dehydration and hypernatremia could also contribute to  
the high risk of acute kidney injury in COVID-19. In patients  
with severe COVID-19, caution is needed when replacing 
intravenous fluids due to high risk of pulmonary edema in 
these patients. Lack of access to serial laboratory work-up 

during pandemic, usually needed frequently for patients 
with adipsic DI associated with hypothalamic disorders, 
represents a major impediment which can affect outcomes.

Furthermore, these patients with adipsic DI frequently 
have hypothalamic obesity and thus require special attention  
during COVID-19, as both could represent risk factors for 
poor outcomes in patients with COVID-19.

The most complicated management is those of patients 
with both adrenal insufficiency and DI, as fluid and elec-
trolyte disorders are frequent with COVID-19; monitoring 
and cautious water and electrolyte replacement to avoid both 
hyponatremia and hypernatremia are needed in these com-
plex patients with panhypopituirarism.

In a large population matched cohort study, patients with 
hypopituitarism were highly vulnerable once hospitalized for 
acute medical conditions [80] with increased risk of mor-
tality and adverse clinical outcomes [124]. This was most 
pronounced among those with DI. Patients admitted to the 
hospital with fever and tachypnea, especially if they have 
altered level of consciousness should be placed on strict 
intake and output measurements to match output.

Delaying desmopressin dose once a week will allow 
excess retained water to be excreted and body weight should 
be measured by patients daily [61].

As recommended even pre-pandemic [98], all patients 
with central DI admitted to the hospital with COVID-19 
should be co-managed with endocrinology consultants. An 
alert system for desmopressin would be beneficial, both to 
reduce prescribing errors, and to ensure that this essential 
drug not get discontinued and just adjusted.

We are pleased that endocrine-related targets represent now  
the vanguard of COVID-19 research and more is yet to come 
about ending this pandemic, hopefully in the near future.

6  COVID‑19 vaccination and pituitary 
diseases

Published data on the effectiveness of the vaccine against 
COVID-19 have not reported adverse events or particular  
contraindications in relation to pituitary diseases and hypo-
pituitarism [125]. The two studies conducted on the mRNA-
1273 SARS-CoV-2 and mRNA BNT162b2 COVID-19 vac- 
cines showed no increased prevalence of adverse events or less  
efficacy of the vaccine in the subpopulation of patients suffer-
ing from DM or obesity [125, 126], which represent the most 
common complications in patients with hypopituitarism.

Some concerns regarding the efficacy of vaccine in 
patients under glucocorticoid therapies has been arisen, 
since the publication of an unpeer-reviewed manuscript in  
which Authors observed an impaired SARS-CoV-2 vaccine- 
induced immunity in patients with chronic inflammatory  
diseases under immunosuppressive therapies, with 
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glucocorticoids and B cell depletion therapy more severely 
impeding optimal responses [127].

Nonetheless, daily glucocorticoid doses for rheumatic  
and chronic inflammatory treatment are undoubtedly higher 
than those prescribed as replacement therapies. Moreover, 
in the past years, prednisone bursts did not diminish the 
response of asthmatic children to the 1996 influenza virus 
vaccine, compared with controls. Children can be effectively 
vaccinated against influenza virus while they are receiving 
prednisone therapy bursts for asthmatic exacerbations [128].

The vaccines can give moderate-to-severe systemic side 
effects such as fever, fatigue, myalgia, arthralgia, and head-
ache [125, 126]. In this regard, the Pituitary Society sur-
veyed their members and recently published a statement on 
the management of glucocorticoid therapy in patients with 
adrenal insufficiency preparing for vaccinations. Of the 103 
respondents, around one third indicated would automatically 
increase the glucocorticoid dose upon vaccination in their 
patients, particularly on the day of the vaccine administra-
tion, but some also prior to the vaccination. The majority of 
endocrinologists planned to maintain unchanged the gluco-
corticoid dose in patients with adrenal insufficiency under-
going vaccination, with most of them planning to increase 
glucocorticoid dose only if side effects, especially if fever, 
but also arthralgia and myalgia were going to occur [129].

COVID-19 vaccine remains, in conclusion, the only avail- 
able “good” fight against SARS-CoV-2 and vaccine access 
must be guaranteed to all, including those fragile people at 
high risk for severe or even lethal COVID-19, like patients 
with hypopituitarism.

7  Follow‑up care; pandemic and its 
aftermath

More than a year and a half in the pandemic, regular clinical 
services for patients with pituitary disease are still reduced 
worldwide [130]; these delays in both diagnosis and treat-
ment plans could have significant impact on patients’ out-
come, morbidity, quality of life and mortality. Telemedicine 
has been playing an important role, but new management 
algorithms incorporating intertwined virtual and clinical care  
are needed. This will likely be very different depending on 
health care systems and virus load. Stratifications based on 
risks for COVID-19 in the absence of vaccinations, but also 
risk of untreated pituitary disease per se should be evaluated.

8  Conclusions

Hypopituitarism may expose to higher risk of COVID-19, 
due to coexisting metabolic derangements such as DM,  
obesity and VFs. Moreover, lack of pituitary hormones  

may negatively impact on the susceptibility to SARS- 
CoV-2 infection and on outcome of COVID-19. Fur- 
thermore, SARS-CoV-2 infection may damage directly  
or indirectly the pituitary, inducing vascular events and  
causing loss of pituitary function. Due to the rarity of the 
disease, clinical evidences reported so far are too scanty 
in order to draw definitive conclusion on this bidirectional 
relationship of COVID-19 and hypopituitarism. Registries 
collecting real world data in pituitary patients affected by 
COVID-19 are needed to better define the dimension and 
the clinical relevance of this relationship. Finally, hypo- 
pituitarism is not a contraindication to COVID-19 vac- 
cination, although careful management of glucocorticoid 
treatment may be needed in patients with hypodrenalism and  
vaccine side effects.
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