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INTRODUCTION 

Data from the European Observatory of Health 
Policies and Systems show that in Italy cardiova-
scular diseases (40% in women and 35% in men) 
followed by oncological diseases (24% in women 
and 33% in men) represent the most frequent 
causes of subsequent mortality events. Endocri-
ne diseases (5% in women and 4% in men) rank 
fifth on this list, after respiratory (6% in women 
and 8% in men) and neurological (8% in women 
and 5% in men) diseases (1). This impact on the 
risk of mortality can be attributed to the impor-
tant systemic implications that many endocrine 
diseases have (Table 1).
Based on these assumptions, we conducted 
an overview of the prevalence and incidence 
of the main disorders of endocrine interest, 

highlighting their real impact on daily clinical 
practice. The data of prevalence and inciden-
ce were extracted, when possible, from na-
tional and international registers, such as the 
Istituto Nazionale di Statistica (ISTAT), the Isti-
tuto Superiore di Sanità (ISS), and ARNO Ob-
servatory, World Health Organization (WHO). 
When the former was not available, guide-
lines of international societies or reviews 
summarizing the epidemiological evidence 
collected in different geographical areas of 
the world and Italy were used. Many of the 
studies included were conducted in the last 
twenty years (2000-2020), but those con-
ducted in the last four years (2017-2020) were 
preferred in the selection of the epidemiolo-
gical data. This research strategy allowed us 
to extract the most recent epidemiological 

The Burden of Hormonal Disorders: 
A Worldwide Overview With a Particular Look in Italy 
Andrea Crafa1, Aldo E. Calogero1, Rossella Cannarella1, Laura M. Mongioi’1, Rosita 
A. Condorelli1*, Emanuela A. Greco2, Antonio Aversa3 and Sandro La Vignera1 

1 Department of Clinical and Experimental Medicine, University of Catania, Catania, Italy; crafa.andrea@
outlook.it; acaloger@unict.it; rossella.cannarella@phd.unict.it; lauramongioi@hotmail.it; rosita.condo-
relli@unict.it; sandrolavignera@unict.it; 2 Department of Health Science, University Magna Graecia of 
Catanzaro, Catanzaro, Italy; emanuela.greco@unicusano.it; 3 Department of Experimental and Clinical 
Medicine, University Magna Graecia of Catanzaro, Catanzaro, Italy; aversa@unicz.it 

Endocrine diseases have a considerable impact on public health from an epi-
demiological point of view and because they may cause long-term disability, 
alteration of the quality-of-life of the affected patients, and are the fifth leading 
cause of death. In this extensive review of the literature, we have evaluated the 
prevalence of the different disorders of endocrine interest in the world and Italy, 
highlighting their epidemiological, clinical, and economic impact.

Keywords: prevalence of endocrinopathies, incidence of endocrinopathies, epidemiology of the 
endocrine diseases, economic burden of endocrine diseases, clinical burden of endocrine disease

4



data available in the literature, although the 
lack of solid prevalence studies on some of 
the diseases addressed in some continents 
such as Africa, Asia, and Oceania only allows 
us to estimate the worldwide prevalence, but 
not to have a precise estimation. 

PITUITARY DISEASES

The most common pituitary disease is pituitary 
adenomas. Early diagnosis and eventual treat-
ment of these masses are clinically essential as 
they can secrete hormones and cause a mass 
effect (headache, visual alterations, hydrocepha-
lus). The general prevalence is about 1 case/865-
2688 people even though autopsy studies report 
the presence of small pituitary adenomas in 
about 10% of people (14). Approximately, 50% of 
these masses are microadenomas (size <10 mm), 
while the rest are macroadenomas (size >10 
mm). From a hormonal point of view, 32-66% of 
them are prolactinomas, 8-16% secretes growth 
hormone, 2-6% adrenocorticotropin (ACTH), and 
about 1% TSH (14). Non-functioning adenomas 
represent 15-54% of cases with a prevalence of 

7-41.3/100,000 and an annual incidence of 0.65-
2.34/100,000 inhabitants (15).
The other pituitary disease of clinical interest is 
hypopituitarism. This disorder is characterized 
by a partial or complete deficiency of pituitary 
hormone secretion resulting in variously combi-
ned clinical pictures of adrenal insufficiency (AI), 
hypothyroidism, hypogonadism, growth hormo-
ne deficiency, and less frequently diabetes insi-
pidus. Patients with hypopituitarism, especially 
those with multiple hormonal deficits, represent 
an important source of health care costs and in-
direct costs (due to disability and workdays lost). 
In addition, they require the intervention of spe-
cialized centers to guarantee the best quality of 
life (QoL). The prevalence of the disorder is about 
45 cases/100,000 with an annual incidence of 4 
cases/100,000 inhabitants (16).
Among the diseases due to a reduced pituitary 
hormone secretion, GH deficiency (GHD) repre-
sents the most important endocrine cause of 
short stature with an estimated prevalence of 
1:3500-1:4000 children. In ˜50% of cases, the defi-
cit is idiopathic, in the remainder it is associated 
with hypopituitarism, central nervous system 
tumors, cranial irradiation, or other physiological 

TABLE 1 | Systemic manifestations of the main endocrine diseases.

DISEASE SYSTEMIC MANIFESTATIONS
Hypothyroidism Bradycardia, diastolic hypertension, anemia, weight gain, hypercholesterolemia (2)
Hyperthyroidism Tachycardia, systolic hypertension, atrial fibrillation, osteoporosis (3)
Hypoparathyroidism Cardiac arrhythmias (QT prolongation), tissue calcifications (basal ganglia, nephrocalcinosis) (4)
Primary 
hyperparathyroidism Osteoporosis, nephrolithiasis, renal failure, pancreatitis (5)

Addison’s disease Hypotension, hypoglycemia, and electrolyte imbalances (particularly in forms also associated 
with mineralocorticoid deficiency) (6)

Cushing’s syndrome Hypertension, diabetes mellitus, obesity, osteoporosis (7)

Hyperaldosteronism Hypertension, electrolyte imbalances with hypernatremia and hypokalemia that can lead to 
fatal arrhythmias (8)

Pheochromocytoma Hypertension, orthostatic hypotension, fatal arrhythmias, impaired glucose metabolism (9)
Acromegaly Hypertension, hyperglycemia, heart failure, increased cancer risk, dyslipidemia (10)

GH deficiency Increased visceral adipose tissue, risk of fracture, and atherogenic lipid profile, and decreased 
lean mass, skeletal muscle strength, cardiac capacity, BMD, and increased (11)

Male hypogonadism Osteoporosis, impaired glucose metabolism, obesity, anemia (12)

Diabetes mellitus Micro- and macrovascular complications (retinopathy, nephropathy, neuropathy, increased risk 
of cardiovascular events) (13)
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causes (17). This disorder has also a significant 
clinical impact on adults. In fact, GH plays an im-
portant role in metabolism and bone, cardiova-
scular, and psychological health.
Indeed, its deficiency is associated with decre-
ased lean body mass with consequently decre-
ased muscle strength and exercise endurance, 
decreased bone mineral density, increased fat 
mass, alterations in lipid profile and premature 
atherosclerosis, cardiac dysfunction, decreased 
fibrinolysis, and lower quality of life (QoL). The-
refore, GH therapy is beneficial for adult patients 
with GHD to improve body composition, exercise 
capacity, skeletal integrity, lipid profile, and QoL. 
However long-term data on the prevention of the 
risk of fractures, clinical heart disease, and mor-
tality are still lacking (18). For these reasons, GH 
treatment in adults must be individualized and 
requires careful monitoring of complications. 
In fact, the replacement therapy is contraindi-
cated in the cases of active malignant diseases 
and proliferative diabetic retinopathy. Moreover, 
in diabetic patients, GH treatment may require 
adjustment of antidiabetic drugs.
Finally, thyroid and adrenal functions should 
also be monitored because GH treatment may 
lead to a decrease in free thyroxine and cortisol 
serum levels (19). However, the impact of GHD 
in the adult population is poorly understood as 
many children with GH deficiency are often not 
reexamined when they reach adulthood. Fur-
thermore, the deficiency is often not sought in 
adult patients with risk factors such as vascular 
or traumatic brain injury. The annual incidence 
is estimated at 12 cases/1,000,000 inhabitants in 
France and 14-19 cases/1,000,000 inhabitants in 
Denmark. The scarce epidemiological informa-
tion available today makes it necessary to increa-
se the effort for the diagnosis and management 
of these patients (11).
AI due to ACTH deficiency is another dysfun-
ction present in approximately one-third of the 
patients with hypopituitarism. It seems to have 
a higher prevalence than the primary forms esti-
mated in about 150-280/1,000,000 inhabitants 

even if this figure is only based on few prevalen-
ce studies. Adrenal insufficiency caused by chro-
nic glucocorticoid administration, which results 
in adrenal cortex atrophy due to suppression of 
the hypothalamic-pituitaryadrenal axis, is the 
one with the highest prevalence. However, to 
date, no data are available on its prevalence (20).
Pituitary disorders generally represent a signifi-
cant clinical burden for the patient and an eco-
nomic burden for the health care system since 
they are chronic diseases. In fact, even after 
treatment, the disease sequelae require me-
dical treatment and compromise the patient’s 
QoL. For example, acromegalic patients may 
develop osteoarthritis, obstructive sleep apnea 
syndrome, hypertension that may persist even 
after surgical treatment. Even in Cushing’s dise-
ase, fractures, hypertension, and cardiovascular 
events constitute elements of long-term disa-
bility. Moreover, the side effects resulting from 
the administration of drugs used for the mana-
gement of these diseases should not be overlo-
oked. Finally, surgery and radiation therapy used 
for the treatment of these diseases can lead to 
hypopituitarism with all the consequences asso-
ciated with this clinical condition (21). 

THYROID DISEASES

Thyroid dysfunctions are common and easily 
treatable. However, if undiagnosed, they can si-
gnificantly affect health due to the vital role that 
thyroid hormones play in regulating heart and 
gastrointestinal function, brain development 
and function, physical development, and cellu-
lar metabolism (22). The most common thyroid 
disease is the nodule. Indeed, with ultrasound, 
the presence of thyroid nodules is found in 19-
68% of the general population with a higher 
prevalence in women and the elderly. However, 
only 5% of nodular disease in women and 1% in 
men are palpable and therefore diagnosable 
at the physical examination. Finally, only 7% of 
thyroid nodules are found to be malignant on 
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histological examination with a prevalence of 
90% of the differentiated forms (papillary or folli-
cular carcinoma) (23). Medullary thyroid carcino-
ma is much rarer, affecting 0.4-1.4% of subjects 
with a thyroid nodule. In 25% of cases, it can be 
an isolated familiar variant or associated with 
other neoplasms such as pheochromocytoma or 
adenoma/hyperplasia of the parathyroid glands 
giving the so-called multiple endocrine neopla-
sms 2 (MEN 2A or MEN 2B). The clinical course 
of the various forms differs being very aggressive 
in MEN2B, paucisymptomatic in amajority of pa-
tients with an isolated familiar variant, and with 
intermediate aggressiveness in patients with 
MEN 2A (24). The overall incidence of thyroid 
cancer in recent years has increased, probably 
also due to a better diagnostic capacity deriving 
from the use of ultrasound scans. In the United 
States, the incidence is about 14.3/100,000 inha-
bitants/year (23), while in Italy varies from 7 to 
37.5/100,000 inhabitants/year depending on the 
region (25). Despite the high prevalence of the 
nodular disease, given the small percentage of 
nodules that turn out to be malignant and the 
low-risk phenotype of well-differentiated thyroid 
tumors, routine ultrasound screening is not re-
commended. Indeed, an over-diagnosis involves 
emotional consequences in the patients as well 
as potential risks related to over-medicalization 
and overtreatment. Moreover, over-diagnosis 
strains the capacity of health systems increases 
costs and diverts resources away from patients 
with greater health care needs (26).
The second most prevalent thyroid disease is 
chronic autoimmune thyroiditis, which is the 
leading cause of hypothyroidism in iodine-suf-
ficient countries. The incidence of this disease 
is extremely variable depending on the geo-
graphical area, affecting from 30-150/100,000 
people/year with a frequency 4-10 times hi-
gher in women than in men. The prevalence of 
hypothyroidism in patients with autoimmune 
thyroiditis is about 3.5-5/1000 in women and 
0.6-1/1000 in men and it increases with advan-
cing age (27). In Italy, it affects 5-15% of the fe-

male and 1-5% of the male populations.
Concerning subacute thyroiditis, lymphocytic 
and granulomatous forms are distinguished 
(28). The lymphocytic variant occurs more fre-
quently in the postpartum but may also occur 
occasionally. It accounts for 29 to 50% of all ca-
ses of thyroiditis. The prevalence of postpartum 
thyroiditis varies from 1.1% in Thailand to 16.7% 
in Great Britain (29). In Italy, it has a prevalence 
of 5-9% of women giving birth (28). Subacute 
granulomatous thyroiditis is the main cause of 
a painful thyroid gland, generally caused by vi-
ral agents responsible for infection of the upper 
respiratory tract, such as echovirus, coxsackie-
virus, Epstein-Barr virus, influenza viruses, and 
adenovirus (30). Few epidemiologic studies 
have evaluated the prevalence of this form of 
thyroiditis. Of these, the largest is a community 
study performed in Olmstead County between 
1960 and 1997. This study reported an incidence 
of 4.9 cases per 100,000 people per year (31).
Finally, a mention should be made the acu-
te suppurative thyroiditis, an extremely rare 
condition but with a mortality rate of 7.8%. It 
accounts for 0.1-0.7% of all thyroid diseases. A 
recent systematic review that collected all the 
data published from January 2000 to January 
2020 identified 148 studies on this topic, with 
a total of 200 cases described. The vast majo-
rity of the cases are due to bacterial infections 
(Streptococcus spp. and Staphylococcus spp). 
In countries with a high incidence of tuberculo-
sis, acute tubercular thyroiditis is extremely fre-
quent. Finally, in immunocompromised patien-
ts, forms caused by fungi can also occur with a 
mortality rate that can reach up to 33%. Among 
the predisposing factors, the most important is 
immunosuppression, followed by the presence 
of the pyriform sinus fistula, diabetes mellitus, 
and disseminated infection.
Complications and sequelae include airway 
obstruction, dysphagia, esophageal perfora-
tion or fistula, Horner’s syndrome, an extension 
of the abscess resulting in mediastinitis, peri-
carditis, thrombophlebitis, sepsis, thyroid dy-

7



sfunction associated with thyroiditis (hyper- or 
hypothyroidism), and death (32).
Another very prevalent thyroid dysfunction, af-
fecting about 1-2% of the general population in 
iodine-sufficient countries, is ypothyroidism. In 
particular, the prevalence ranges from 0.2-5.3% 
in Europe and 0.3-3.7% in USA according to the 
definition used and the population studied (22). 
The main cause of this condition worldwide is 
still iodine deficiency. In iodine-sufficient re-
gions, primary hypothyroidism can be ascribed 
to congenital or acquired causes, such as au-
toimmune or iatrogenic (secondary to thyroi-
dectomy or radioiodine therapy). Secondary 
forms of hypothyroidism are rare and they are 
to a primary or secondary deficit of thyrotropin 
(TSH) secretion. The incidence of hypothyroi-
dism has increased since 1995 from 3.5 ca-
ses/1000/year in women and 0.6 cases/1000/
year in men to about 7 cases/1000/year, pro-
bably because of the higher number of patients 
undergoing thyroidectomy (33).
Finally, we have to consider hyperthyroidism 
that affects about 0.2-1.3% of the general po-
pulation in iodine-sufficient countries, with 
an annual incidence of about 51 cases/100,000 
inhabitants. The main cause of hyperthyroidi-
sm is represented by the Graves-Basedow dise-
ase, followed by toxic multinodular goiter and 
Plummer adenoma. Less frequent are instead 
the forms resulting from thyroiditis, TSH-secre-
ting pituitary adenoma, and druginduced for-
ms (22). In Italy, a recent study has estimated 
a prevalence of hyperthyroidism of 756/100,000 
inhabitants with an incidence of 81 cases per 
year per 100,000 people (34). It must be consi-
dered that often the treatment of hyperthyroi-
dism requires invasive interventions such as 
surgery and radioiodine therapy that can lead 
to hypothyroidism. In particular, the latter is as-
sociated with the development of subsequent 
hypothyroidism in 10-20% of cases (35). The so-
cio-economic impact of thyroid diseases must 
not be overlooked. For example, goiter repre-
sents the 32nd most common sequelae of di-

sease in humans. Furthermore, thyroid cancer 
is responsible for approximately 836,000 disa-
bility-associated life years (DALYs), while iodine 
deficiency represents the 85th major contribu-
tor to DALYs globally, with an even greater im-
pact in some regions such as South Asia and 
Central Sub-Saharan Africa (36). 

PARATHYROID DISEASES

Chronic hypoparathyroidism is a rare clinical 
condition characterized by a deficiency in pa-
rathyroid hormone secretion that requires tre-
atment with calcium salts and Vitamin D for 
more than 6 months. In most cases, it results 
from and unintentional iatrogenic damage to 
the parathyroid glands that can occur during
thyroid surgery. Hypoparathyroidism caused by 
autoimmune disease or as a result of gene mu-
tations is rare. Epidemiological studies on chro-
nic hypoparathyroidism are lacking. A prevalen-
ce of 25-37 cases/100,000 has been estimated in 
the United States, while the prevalence in Den-
mark is 25.4 cases/100,000. In Italy, a Tuscan stu-
dy estimated a prevalence of 27 cases/100,000, 
in line with the rest of the world (37). Chronic 
hypoparathyroidism has a major impact on the 
QoL of the affected patients. In particular, the-
re is an inverse relationship between patients’ 
QoL and the disease symptom severity. The 
QoL is also influenced by patients’ compliance 
with the treatment often influenced by the cost 
and the need to take several tablets per day. In 
this sense, the administration of recombinant 
human parathyroid hormone has been seen 
to be correlated to lowers serum phosphate le-
vels and a lower need for supplementation with 
calcium and vitamin D to maintain normocal-
cemia. However, it is still unclear whether this 
therapy has a better effect on the QoL of these 
patients, so further studies are needed to better 
explore this issue (38).
On the other hand, the prevalence of primary 
hyperparathyroidism (PHPT) is significantly 
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higher, with 3 cases/1000 in the general popu-
lation, increasing to 21 cases/1000 in the popu-
lation aged 55-75 years (39). PHPT is associated 
with impaired bone health and an increased 
cardiovascular risk. Furthermore, patients with 
PHPT are more prone to the development of 
nephrolithiasis because of hypercalciuria that 
may accompany the disorder. In particular, it 
has been found that fractures in patients with 
PHPT occur although their bone mineral den-
sity (BMD) is higher than those of women with 
postmenopausal osteoporosis. This is probably 
due to the microarchitectural changes that 
hyperparathyroidism causes and which are not 
identified by bone mineral densitometry. This 
requires careful evaluation even of those forms 
of mild hyperparathyroidism that often under-
go a simple clinical follow-up. About the QoL of 
these patients, the evidence suggests that even 
mild hyperparathyroidism is associated with a 
worse QoL than that of healthy controls. Howe-
ver, no studies have clearly shown that surgery 
improves this parameter. Therefore, to date, the 
only worsening of the QoL does not represent 
a sufficient criterion for surgical treatment (38).

ADRENAL DISEASES

The most prevalent adrenal disease is adrenal 
incidentaloma. By definition, adrenal inciden-
taloma is an adrenal mass that is incidentally 
diagnosed during imaging performed for other 
reasons. Autopsy studies estimate the prevalen-
ce of this disease to be around 2% of the general 
population ranging from 1% to 8.7%.
The frequency increases with advancing age. 
Instead, the prevalence is 3% with an increa-
se of up to 10% in the older population in the 
context of imaging diagnosis (40). In 75% of 
cases, incidentalomas are non-functioning 
adenomas, in 12% they responsible for Cu-
shing’s syndrome, in 7% they are pheochro-
mocytomas, and 2.5% are aldosteronomas, 
5% metastasis (40). Finally, 8% of the adrenal 

masses are represented by adrenal carcino-
mas; this latter has an annual incidence of 0.7-
2 cases/1,000,000 people (41).
Congenital adrenal hyperplasia (CAH) is a 
group of disorders caused by the mutation of 
one of the genes that encode steroidogenesis 
enzymes. CAH recognizes the deficiency of 
the 21a-hydroxylase enzyme in 90% of cases. 
Depending on the type of mutation and the 
enzyme involved, the clinical presentation of
the disease is extremely variable from severe 
and life-threatening forms with salt loss crises 
(8.8 cases/100 patients) to virilizing forms 2.5 
cases/100 patients) (41, 42). The prevalence of 
classic forms of CAH is about 1 case/15,000 pe-
ople (34) with an annual incidence of an adre-
nal crisis of about 5.8 cases/100 patients (33). 
In Italy, a prevalence of 1 case/13,000-22,000 
is estimated (42). Additionally, there is also a 
non-classical form of CAH that is diagnosed in
adulthood due to the low degree of loss-of-
function caused by the genetic mutation. The 
prevalence of this form is higher than that of
classic variants, reaching 1 case/1,000 in the 
Caucasian population (42).
Another important condition is Addison’s syn-
drome. This disorder affects approximately 82-
144/1,000,000 inhabitants with an annual inci-
dence of 4.5 cases/1,000,000 (43). In the past, 
this condition was closely related to tubercular 
infection, while today the main cause is autoim-
mune that can be sporadic or associated with 
other endocrine and non-endocrine autoim-
mune diseases forming the so-called autoim-
mune polyendocrine syndrome (APS).
Conversely post-infectious or genetically deter-
mined forms of Addison’s syndrome are rarer 
(43). Adrenal crisis is the most severe clinical 
manifestation of Addison’s disease with an an-
nual incidence of 6-8 crises/100 patients with 
Addison’s diseases and a death rate of 0.5% (41). 
In Italy, the prevalence of Addison’s syndrome is 
around 117 cases/1,000,000 inhabitants (43).
Given the chronic nature of AI, the economic 
and social costs are very high. In fact, it is as-
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sociated with a decreased QoL, absenteeism
resulting in reduced productivity, premature 
mortality, and longterm morbidity including 
cardiovascular disease, infections, anxiety, and 
depression. In addition, they require constant 
monitoring of the therapy to avoid over-tre-
atment associated with comorbidities such 
as obesity, osteoporosis, and impaired glu-
cose tolerance. Finally, the diagnostic delay 
of AI must also be taken into account as the 
diagnosis is made at the onset of an adrenal 
crisis (44). A UK study conducted on 10,000 
patients with AI divided into three groups 
(primary and secondary AI, and CAH), showed 
that patients with AI are responsible for costs 
ranging from about $8,000 to $32,000 per 
year per patient, with a higher economic cost 
for secondary forms and in patients with poor 
adherence to therapy. Furthermore, patients 
with AI have more frequent hospitalizations, 
with 8 to 10 times longer hospital days than 
matched controls (44).
The opposite condition characterized by en-
dogenous cortisol overproduction is Cushing’s 
syndrome. The prevalence of this disease is 
about 10-15 cases per 1,000,000 inhabitan-
ts (45) and the incidence is 0.7-2.4/1,000,000 
inhabitants/year (46). Cushing’s syndrome can 
be classified into ACTH-dependent (75-80% of 
cases) and ACTH-independent forms (15-20% 
of cases). The former is, in turn, due to the pre-
sence of ACTH-secreting pituitary adenomas 
(Cushing’s disease) in 75-80% of cases; an ecto-
pic production of ACTH (pulmonary microcar-
cinoma, neuroendocrine tumors, etc.) is pre-
sent 15-20% of the cases, and CRH-dependent 
forms have a prevalence of <1%. On the other 
hand, ACTH-independent Cushing’s syndrome 
is caused in 90% of cases by adrenal tumors, 
80% of which are adenomas and the remai-
ning carcinomas. There are also other rare 
forms of adrenal Cushing’s syndrome, such as 
macronodular adrenal hyperplasia, primary 
pigmented nodular adrenal disease (sporadic 
or as part of the Carney complex), and McCu-

ne-Albright syndrome (46). Cushing’s syndro-
me is responsible for an important clinical bur-
den due to numerous morbidities, increased 
mortality, and reduced QoL. Mortality in turn 
is significantly associated with age at diagno-
sis and duration of hypercortisolism since co-
morbidities, such as metabolic syndrome and 
hypertension, are responsible for an indepen-
dent increased cardiovascular risk. This implies 
the importance of an early diagnosis to prevent 
the occurrence of complications and thus futu-
re morbidity and mortality. Regarding the per-
ceived well-being, patients present a signifi-
cant reduction in QoL as a consequence of the 
numerous comorbidities (skeletal effects, me-
tabolic syndrome, hypertension, neuropsycho-
logical disorders, increased infectious risk). In 
fact, patients with a late diagnosis present a 
reduction in QoL even after resolution of symp-
toms after surgery, testifying to the need for 
early intervention and better therapeutic ma-
nagement of these patients (47). The economic 
impact of the disease is also considerable. In 
fact, despite its rarity, an American study has 
shown that the annual cost of management of 
patients with Cushing’s disease is about twice 
that of a patient with diabetes mellitus (DM), 
and about four times that of patients without 
Cushing’s disease (48). 

GONADAL DISEASES, SEXUAL 
DYSFUNCTION, AND INFERTILITY

Male Gonadal Diseases and Sexual Dysfunction
Male hypogonadism is a disorder characteri-
zed by reduced testicular function resulting 
in a deficient secretion of androgens, inhibin 
B, anti-müllerian hormone (AMH), and sper-
matogenic failure. The clinical features vary 
according to the age of hypogonadism onset. 
Before puberty, an impaired testicular fun-
ction can be diagnosed based on low AMH 
and inhibin B levels. At the time of puberty, 
hypogonadism manifests as a pubertal delay. 
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Congenital hypogonadism may become clini-
cally manifest at birth with genital abnormali-
ties (1 case/4500 births). The main cause of ge-
netically determined primary hypogonadism 
is represented by Klinefelter syndrome with 
a prevalence of 1/500-1000 births. Among the 
acquired forms there are those secondary to
chemotherapy and radiotherapy and functio-
nal forms associated with chronic diseases 
that have an annual incidence of 1/10,000-
100,000. The most prevalent acquired form, 
closely related to age, is represented by la-
te-onset hypogonadism (LOH). This condition
affects about 2.1% of the male population aged 
40-79 years and is related both to the physio-
logical decline of testosterone production 
that occurs throughout life, the weight gains, 
and the development of chronic diseases that 
often characterize the elderly (49). Another ac-
quired form of hypogonadism is that secon-
dary to orchiectomy for testicular tumor. This 
accounts for 1-2% of all malignancies in men 
and is the most common malignancy among 
young men. The incidence ranges from 0.5-
9.2/100,000 people (50). In Italy, the incidence 
is 7 cases per 100,000 inhabitants per year (51). 
Given the close association with comorbidities 
such as obesity, DM, and increased cardiova-
scular risk, hypogonadism is associated with 
poor clinical outcomes and high healthcare 
costs. In fact, testosterone deficiency appe-
ars to be associated with a higher complica-
tion rate andmortality risk in patients with 
DM type 2 and even patients who have major 
cardiovascular events seem to have a worse 
clinical outcome if concomitantly they have 
hypogonadism. Healthcare costs are due both 
to hypogonadism itself and the worsening of 
the comorbidities associated. Finally, the pa-
tient’s QoL is compromised both from a phy-
sical [asthenia, osteoporosis, worse urinary 
symptoms, and erectile dysfunction (ED)] and 
from a psychological point of view (52). This 
evidence imposes the need for an adequate 
assessment of the presence of hypotestoste-

ronemia particularly in men over the age of 40 
with comorbidities associated with this condi-
tion, such as cardiovascular disease, DM, oste-
oporosis, obesity, and depression. Furthermo-
re, its treatment improves the QoL, clinical 
outcomes and decreases health costs (53).
The most prevalent male sexual dysfunction is pre-
mature ejaculation (PE). This affects about 30% of 
the male population worldwide (54). In Italy, the 
prevalence is around 20% in men over 18 years of 
age, however, only around 9% of them seek medi-
cal advice (55). The identification and treatment of 
men with PE is necessary given the great psycho-
logical impact not only on the patients affected 
but also on the female partners. In fact, the women 
partners of patients with PE often report lower 
sexual satisfaction, and higher personal distress 
and interpersonal difficulty (56). The other sexual 
dysfunction with great psychophysical impact is 
represented by ED, with an incidence of 12.4/1,000 
cases per year in men aged 40-49 years, 29.8/1,000 
in men aged 50-59 years, and 46.4/1,000 in men 
aged 60-69 years (57). The prevalence is about 20% 
in men younger than 30 years, 25% in men of 30-39 
years, 40% in 40-49 years, 60% in 50-59 years, 80% 
in 60-69 years, and 90% in men older than 70 years 
(58). In Italy, the average prevalence of the disorder 
is about 12.8% (59). About 70% of them do not re-
ceive any treatment (60). The importance of identi-
fying ED arises not only from the great psychologi-
cal impact that it has but also from the significant 
clinical implications associated with it. In fact, it is 
now well-known that ED represents a sign for the 
development of future major cardiovascular events 
or DM, diseases with great clinicalsocio- economic 
impact. Therefore, the effort in attempting to early 
diagnose these patients and correct their risk fac-
tors is essential (56). 

Female Gonadal Diseases and
Sexual Dysfunction
The onset of ovarian dysfunction under the 
age of 40 years is called premature ovarian fai-
lure (POF) and it has a prevalence of 1%. POF is 
mainly due to autoimmune causes or genetic 
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abnormalities. There are also acquired forms 
resulting from chemotherapy, radiotherapy, 
ovariectomy for ovarian cancer (61). This lat-
ter has an annual incidence of 15.2 cases per 
100,000 women in Italy (51).
The ovarian dysfunction of the fertile age with 
the highest prevalence is represented by polycy-
stic ovary syndrome (PCOS). This disorder has a 
considerable clinical impact because it not only 
causes menstrual irregularities, hyperandroge-
nism, and polycystic ovaries but can also be as-
sociated with alterations of glucose (insulin-resi-
stance and impaired glucose tolerance) and lipid 
metabolism, which in turn are important cardio-
vascular risk factors (62). Women with PCOS have 
a 4-fold increased prevalence of DM type 2 and 
a 2.8-fold increase in gestational DM. Moreover, 
20% of PCOS women develop DM before the age 
of 40 years (63). PCOS affects about 7% of women 
of childbearing age (64), although it is estimated 
that 75% of these women are not diagnosed du-
ring physician counseling, probably because of 
the extreme variability of PCOS clinical manife-
stations (62). In obese women, the prevalence of 
PCOS is even higher reaching 15-30% (62).
Sexual dysfunctions have a great epidemiolo-
gical impact. It is estimated that about 40% 
of women worldwide have sexual dysfunction, 
but only 12-25% of them cause personal di-
stress (65). The most prevalent dysfunction is 
represented by hypoactive sexual desire, whi-
ch in the United States affects 39% of women 
(66) while in Europe it is reported to be preva-
lent in 29% of women (67). The other disorders 
with higher prevalence are low arousal (26% of 
women) and orgasm problems (21%) (66). The-
se disorders are partly present also in the peri- 
and post-menopausal period. Each year, the 
number of menopausal women increases by 
approximately 47,000, and it is estimated that 
by 2030 there will be approximately 1.2 billion
menopausal women (68). Eighty percent of 
these women present with complaints rela-
ted to the hormonal changes associated with
this condition (genitourinary symptoms, va-

somotor symptoms, cognitive symptoms), 
but medical assistance is sought in only 25% 
of the cases (69). The economic burden of 
female sexual dysfunction is poorly studied. 
However, significant is the impact in terms 
of anxiety, depression, interpersonal difficul-
ties, broken relationships, and difficulties to 
conceive. All these aspects in turn contribute 
to increasing the economic impact of sexual 
dysfunction. Therefore, increased attention 
should be reserved for the diagnosis and tre-
atment of these dysfunctions (56). 

Couple Infertility
Another condition of great endocrine interest 
and partly related to the previously listed di-
sorders is represented by infertility. It is esti-
mated that 15% of couples are infertile (about 
48.5 million couples worldwide). Infertility re-
cognizes a male factor in about 30% of cases, 
a female factor in 50%, and both partners are 
involved in the remaining 20% of cases (55). 
Therefore, in total, the percentage of men af-
fected by infertility varies from 2.5 to 12% with 
more than 30,000,000 infertile men worldwi-
de (70). On the other hand, it is estimated that 
about 2% of women aged 20-44 years have 
primary infertility, and another 10.5% of wo-
men of childbearing age experience secon-
dary infertility (71). While a lot is known about 
female infertility, male infertility remains a 
fairly unknown area. In fact, although many 
causes of male infertility have been identi-
fied, up to now 50% of infertile patients do not 
receive an etiological diagnosis; thus these 
forms are defined as idiopathic infertility. In 
these cases, empirical treatment and assisted 
reproductive techniques (ART) are often the 
only therapy that can be proposed to over-
come infertility regardless of the underlying 
mechanisms (72). Of note is the fact that dise-
ases of the male gonad responsible for hypo-
gonadism are not frequently present in male 
infertility. For instance, Klinefelter’s syndrome, 
the most frequent genetic cause of non-ob-
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structive azoospermia (NOA), is found in a low 
percentage of infertile patients. In fact, NOA 
causes infertility only in 10-15% of infertile pa-
tients (73). For this reason, it is necessary to 
increase the research in the field of genetics 
and epigenetics (gene-environment inte-
ractions) of male infertility to provide the basis 
for the development of future etiology-based 
prevention and treatment (72). Undoubtedly 
not all causes of infertility are due to an endo-
crine disorder. However, the multidisciplinary 
approach with an endocrinologist expert in 
reproduction playing a central role is requi-
red for both the diagnosis and management 
of infertility. To understand the economic im-
pact of infertility on the healthcare system 
and patients, we have to consider the costs of 
a single ART cycle. The costs vary from $2,500 
up to $10,000 based on the direct and indirect 
costs and also on the costliness of the under-
lying healthcare system. Direct costs include 
medical consultations, ovulation stimulation 
drugs, laboratory and embryology services, ul-
trasound scanning, oocyte retrieval, and em-
bryo transfer, hospital charges, nursing and 
counseling services, and administrative and 
overhead charges. Indirect costs, on the other 
hand, are mainly related to the increased risk 
of multiple pregnancies associated with these 
procedures, resulting in an increment of the 
costs for the management of pregnancy and 
associated complications (74).

Gender Identity Disorders
Gender identity disorders or gender dyspho-
ria affects between 0.005 and 0.014% of bio-
logical males and 0.002-0.003% of biological 
females according to the DSM5 (75). Although 
infrequently, these disorders have a signifi-
cant social and economic impact. Indeed, 
people with gender dysphoria require mul-
tidisciplinary teams to manage the process 
that will lead to gender reassignment. The 
main medical figures involved are endocri-
nologists for the management of hormone 

therapy, psychiatrist, considering the higher 
rate of depression that afflicts these patients, 
and the surgeon for permanent sex change. 
Moreover, the costs associated with possible 
complications of the treatment must also be 
considered. Indeed, both hormonal and sur-
gical treatments are associated with greater 
risks of venous thromboembolism, bone mi-
neral density, pubertal suppression, etc. (76). 

PUBERTAL DISORDERS

Disorders of puberty include premature puber-
ty and pubertal delay. Precocious puberty is a 
condition characterized by the appearance of 
secondary sexual characteristics before the age 
of 8 years in girls and before 9 years of age in 
boys. It affects about 1/5000 children with a fe-
male-to-male ratio of 10:1 (77). Delayed puberty 
is a disorder that results in important psycholo-
gical stress for both affected patients and their 
parents. It is characterized in girls by a lack of 
breast development after 13 years of age or in 
presence of a difference of more than 4 years 
between thelarche and menarche. In boys, it 
is characterized by a lack of testicular enlarge-
ment after the age of 14 or by a difference of 
more than 4 years between the onset of testi-
cular development and the completion of the 
pubertal process. It affects approximately 2% 
of adolescents (78). About 60% of them has a 
constitutional delay in growth and puberty, 10% 
it is caused by central (hypothalamic or pitui-
tary disease) hypogonadism, 7% relates to pri-
mary hypogonadism, and finally, 20% is due to 
functional forms of hypogonadism (e.g., forms 
associated with chronic systemic diseases) (49).

METABOLIC DISEASES

The most prevalent metabolic alteration is re-
presented by dyslipidemia and in particular by 
hypercholesterolemia. This condition is asso-
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ciated with a twice greater risk of developing 
cardiovascular events compared to unaffected 
patients (79). For this reason, adequate mana-
gement is essential. In the United States, about 
53% of adult men have elevated LDL levels (79). In 
Italy, according to data from the Heart Project of 
the Istituto Superiore di Sanità, 21% of men and 
23% of women are hypercholesterolemic consi-
dering a population aged 34-74 years. In detail, 
36.6% of men and 36.3% of women with hyper-
cholesterolemia are unaware of their condition, 
40.9% of men and 42.8% of women know they 
are hypercholesterolemic but are not treated, 
and 6.1% of men and 7.3% of women are aware 
of their condition but are not adequately treated 
(80). These data show that much remains to be 
done in the early diagnosis and management of 
these patients to prevent future cardiovascular 
events. Among the genetic forms, those with the 
highest prevalence are familial hypercholestero-
lemia (heterozygous variant), 1 case per 200-250 
persons, and familial combined hyperlipidemia, 1 
case per 100-200 (81).
The other metabolic condition with health, social, 
and economic implications is DM. This disorder 
affects more than 425 million people worldwide 
(prevalence of 8.5%), of which only 5-10% can be 
attributed to type I DM (82). Approximately 5.2 
million deaths are attributable to DM globally, 
with amortality rate of 82.4 patients per 100,000. 
In particular, cardiovascular mortality is respon-
sible for 44% of deaths in patients with type 1 DM 
and 52% of deaths in type 2 DM (83). According to 
data from the 2019 ARNO Diabetes Observatory 
Report, between 6.2-7.2% of Italians are diabetic 
with about 4 million people with DM. However, 
another 1.5% appears to be undiagnosed, with 
approximately 1 million Italians unaware of being 
affected or not treated. Sixty-seven percent of 
DM cases involve patients over 65 years of age, 
1% have less than 20 years of age, and 32% are 
of working age (20-64 years). This highlights the 
significant socio-economic implications of this 
disease (84). In detail, about 1 in 6 diabetics are 
hospitalized at least once a year. The hospitali-

zation rate in diabetics is more than double that 
of non-diabetics with an average hospital stay of 
about 1.5 days longer in diabetics. The total cost 
of monitoring and treating DM is approximately 
$2,800, more than double that of a non-diabe-
tic. Furthermore, the cost attributable to com-
plications and comorbidities represents 90% of 
the total costs of the disease, while the mana-
gement of the metabolic aspects only 10%. This 
highlights the importance of early diagnosis and 
treatment of the disease to prevent the onset of 
complications (84).
The main condition, which is partly associated 
with the metabolic alterations described above, 
is represented by obesity. The prevalence and 
incidence of this phenomenon are increasing 
due to evolutionary, biological, psychological, 
sociological, economic, and institutional factors 
(85). According to the WHO, more than 1.9 billion 
people were obese in 2016 (86). In Italy, about 25 
million people are overweight and obese with a 
prevalence of obesity of 10.8% of the population 
(85). In 2017, overweight and obesity were re-
sponsible for 4.72 million deaths and 148 million 
years lived with disability reaching fourth place 
among the causes of death preceded only by 
hypertension, smoking, and hyperglycemia (85). 
Obesity is now responsible for a total cost of ap-
proximately 2 trillion dollars, which corresponds 
to 2.8% of the world gross domestic product with 
an impact on the global economy that overlaps 
that of smoking cigarettes. Excess body weight 
generates both significant direct costs, largely 
attributable to treatment and hospitalization 
for associated comorbidities, and indirect costs, 
related to loss of productivity due to illness and 
premature mortality (85). 

NEUROENDOCRINE TUMORS

Neuroendocrine tumors (NETs) are relatively 
rare tumors whose incidence, probably due to 
an improvement in diagnostic ability, seems to 
be increasing. In particular, the annual incidence 
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varies from 3.4 cases per 100,000 inhabitants in 
Germany to 10.3 cases per 100,000 inhabitants 
according to the Kentucky registry (87).
In Italy, from 1976 to 2010, the incidence of these 
tumors has increased from 0.7 to 5.3 cases per 
100,000 inhabitants (88). To date, there is no 
simple and universally accepted classification 
criterion for NETs, although, according to the 
WHO, 3 different grades can be distinguished 
based on mitotic count or Ki67. However, ac-
cording to the National Comprehensive Cancer 
Network (NCCN), sometimes the histological 
grade does not really correlate with their clini-
cal and aggressiveness. Therefore, clinical eva-
luation plays a fundamental role in the most 
appropriate therapeutic management (89). 
Sometimes, NETs secrete hormones with re-
sulting clinical manifestations. Among these, 
the carcinoid syndrome, due to serotonin se-
cretion, is the most frequent one (90). In most 
cases, NETs are sporadic, although in 20% of ca-
ses genetic abnormalities are associated with 
their occurrence. These include MEN 1 and 2, 
Von Hippel-Lindau (VHL) syndrome, neurofi-
bromatosis, and tuberous sclerosis (89). NETs 
localize most frequently in the gastrointestinal 
tract (62-67%) and the lungs (22-27%) (89). In 
particular, NETs of the gastroenteropancreatic 
tract include pancreatic NETs that, in turn, may 
be nonfunctioning (approximately 60-90% of 
cases) or functioning. Among the latter, insuli-
nomas (1-32 new cases per 1,000,000/year) and 
gastrinomas (0.5-21.5 new cases per 1,000,000/
year) are the most frequent. Gastrinomas locali-
ze in the duodenal level in 70% of cases and 25% 
of cases at the pancreatic level. In addition, ga-
strinomas are associated with MEN1 in 20-25% 
of cases. Other functioning pancreatic NETs are 
extremely rare and may secrete vasoactive in-
testinal peptide (VIP), glucagon, somatostatin, 
or serotonin (carcinoid syndrome). Even rarer 
are those that secrete other hormones such as 
ACTH, GH, and parathyroid hormone (91).
Pulmonary NETs include typical and atypical 
carcinoids, large-cell neuroendocrine carcino-

mas (LCNEC), and small-cell lung carcinomas 
(SCLC). The latter is the most aggressive and 
also th most frequent among lung NETs with 
a prognosis of few months. It is also the one 
most frequently associated with paraneoplastic 
syndromes, such as syndrome of inappropriate 
antidiuretic hormone, Cushing’s syndrome, 
hypercalcemia from parathyroid hormone-re-
lated peptide secretion, and neurological syn-
dromes (autoimmune neuropathies and ence-
phalomyelitis) (89).

OSTEOPOROSIS

Osteoporosis is associated with high morbidity 
and mortality. Each year, osteoporosis causes 
more than 8.9 million fractures, equivalent to 
one fracture every 3 seconds. In detail, 1 out of 3 
women older than 50 years and 1 out of 5 men 
older than 50 years develop fractures from 
osteoporosis (92). In Europe, disability due to 
osteoporosis is higher than that caused by 
tumors (excluding lung cancer) and is compa-
rable to or higher than that caused by chronic 
diseases, such as rheumatoid arthritis, asthma, 
and hypertensionrelated heart disease (92). In 
fact, fragility fractures rank fourth among cau-
ses of chronic morbidity after ischemic heart 
disease, dementia, and lung cancer but befo-
re chronic obstructive pulmonary disease and 
ischemic stroke. Moreover, hip fracture is asso-
ciated with a 20% risk of mortality in the first 
12 months after the event, whereas vertebral 
fractures are associated with an approxima-
tely 8-fold increase in age-adjusted mortality 
(93). In Italy, 3.2 million women and 0.8 million 
men have osteoporosis with a prevalence of 
23.1% women and 7% men older than 50 years 
(93). The health care costs associated with fra-
gility fractures are substantial. In Europe, con-
sidering Spain, Italy, France, Germany, United 
Kingdom, and Sweden, the cost amounts to 
approximately 37 billion dollars. In the United 
States and China, the costs are approximately 
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$22 billion. In Italy, in 2017, health expenditure 
was approximately $9.4 billion (94).

MULTIPLE ENDOCRINE
NEOPLASIA SYNDROMES

MEN syndromes are characterized by the oc-
currence of multiple neoplasms of endocrine 
glands that can be benign and malignant. The-
re are basically 3 main variants (MEN 1, MEN 2A, 
and MEN 2B) and some new entities, such as 
MEN 4 considered a variant of MEN 1 and fami-
lial medullary thyroid cancer (FMTC) conside-
red a variant of MEN 2A (95).
MEN 1 is rare, with an estimated prevalence 
of 2-3 cases per 100,000 people. It is due to 
mutations of the MEN1 gene that encodes for 
menin, a protein involved in the regulation of 
cell proliferation and differentiation, apoptosis, 
endocrine-metabolic functions, and mainte-
nance of genomic stability through DNA re-
pair. The endocrine glands more frequently 
involved in the neoplastic transformation are 
parathyroids, pancreatic islets, and anterior 
pituitary gland. In particular, the main disease 
present in almost 100% of the patients is pri-
mary hyperparathyroidism.
Gastroenteropancreatic endocrine (GEP) tu-
mors occur in 70-80%. In more than half of 
them, they are gastrinomas that, along with fo-
regut carcinoids, are the leading cause of mor-
bidity and mortality in these patients. Finally, 
pituitary tumors are found in 10-60% of patien-
ts and mainly they are prolactin-secreting pi-
tuitary macroadenomas (95–96). MEN 2 is rarer 
than MEN 1. In fact, the estimated prevalence 
of all variants combined is about 1 case per 
30,000 people. It is associated with mutations 
of the RET proto-oncogene encoding for a 
transmembrane receptor tyrosine kinase that 
physiologically, upon ligand binding, dimerizes 
initiating downstream pathways. When mu-
tated, the receptor is constitutively active. The 
main manifestation of all three variants is me-

dullary thyroid carcinoma, which unlike spora-
dic forms is usually bilateral, multicentric, and 
associated with C-cell hyperplasia (preneopla-
stic lesion). In addition to MTC, patients with 
MEN 2A can develop pheochromocytoma (also 
bilateral) in 50% of the cases and parathyroid 
hyperplasia in 25% of the cases.
More rarely, amyloid cutaneous lichen (10%), 
generally in the interscapular region, and Hir-
schsprung’s disease (2%) (agangliosis of the 
intestine) may be present. On the other hand, 
in patients with MEN 2B, in addition to MTC, 
pheochromocytoma can be observed in about 
50% of cases, and in almost 100% of cases, there 
is marfanoid habitus and mucosal neurinomas. 
In FMTC, MTC is present alone (95, 96).
The analysis of the RET gene is crucial not only 
for the diagnosis of MEN 2 but also for the pro-
gnostic role given the important genotype-phe-
notype association present in this disease. In 
fact, MEN 2A is the most frequent form and is 
associated with an intermediate aggressiveness 
of the disease. MEN 2B is the rarest but also the 
most aggressive. Finally, FMTC is considered the 
mildest variant since it does not present the 
other manifestations of MEN 2A (95–97). 
The QoL of patients with these syndromes is 
obviously impaired. Particularly in patients with 
MEN 1, the persistence of hyperparathyroidism 
after surgery, the need for numerous medical 
appointments, and sometimes the need to 
travel to reach centers specialized in the treat-
ment of these rare diseases, represent the fac-
tors that mostly affect the QoL of these patients 
(98). In addition, the economic burden that the-
se patients often have to bear together with the 
need to leave work for medical care contribute 
to aggravate the distress (99). In MEN 2, on the 
other hand, symptoms related to the presen-
ce of pheochromocytoma and/or parathyroid 
hyperplasia, possible complications associated 
with thyroidectomy and lymphadenectomy 
(hypothyroidism, laryngeal nerve palsy, and spi-
nal accessory nerve dysfunction), and the use 
of tyrosine kinase inhibitors in patients with 
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metastatic disease have been associated with 
significant QoL worsening (100). 

AUTOIMMUNE POLYENDOCRINE
SYNDROMES

APS is characterized by the development of 
multiple autoimmune endocrine diseases as-
sociated or not with autoimmune disease of 
non-endocrine organs. The association betwe-
en these diseases is not random but configu-
res 4 main clinical pictures. In detail, APS-1 is 
mainly characterized by the presence of at 
least two among chronic candidiasis, chronic 
hypoparathyroidism, and Addison’s disease.
APS-2 associates Addison’s disease with autoim-
mune thyroid diseases, and/or type 1 DM. APS-3 
is characterized by autoimmune thyroid disea-
ses associated with other autoimmune diseases 
(excluding Addison’s disease and/or hypopara-
thyroidism). Finally, APS-4 presents combina-
tions not included in the previous groups (101). 
APS-1 is a monogenic disease due to a mutation 
in a gene called autoimmune regulator with a 
prevalence ranging from 1:9000 inhabitants 
among the Iranian Jewish community, 1:25,000 
in Finland, 1:80,000-90,000 in Norway (101). In 
Italy, there is wide regional variability in the pre-
valence of this disease that about 1:14,400 in Sar-
dinia and 1:200,000 in northern Italy (102).
APS-2 is more common than APS-1 with 
an estimated incidence of 1.4-4.5 cases per 
100,000 inhabitants. It predominantly affects 
women (F/M ratio 2.7-3.7) and is very rare in 
children (101). Since autoimmune thyroid dise-
ases are quite frequent, affecting 7-8% of the 
general population, and considering that in 
the study by Betterle and colleagues in about 
half of these patients there is another autoim-
mune disease that does not include Addison’s 
disease and chronic hypoparathyroidism, we 
can estimate a prevalence of APS-3 to be 3.5-
4% of the total population (101).
APS-4 is rare and there are no studies that have 

evaluated its true incidence and prevalence 
(101). Another condition is the X-linked immune 
dysregulation, polyendocrinopathy, and ente-
ropathy (IPEX), an extremely rare inherited syn-
drome characterized by early-onset type 1 DM,
intractable diarrhea, and malabsorption due 
to autoimmune enteropathy and various for-
ms of dermatitis (eczematiform, ichthyosiform, 
or psoriasiform). It is due to mutation of the 
FOXP3 gene expressed in regulatory T cells 
involved in the control of the immune respon-
se. It occurs in childhood with a prevalence of 
about 1,000,000 inhabitants (103).
APS are diseases with considerable clinical im-
pact since they require multidisciplinary inter-
ventions, multiple hormone replacement the-
rapies, and the management of complications
such as adrenal (APS-1 and 2) and hypocalce-
mic crises (APS-1), cancer of the esophagus 
and mouth (APS-1), complications of DM (APS-
2), and infections (IPEX). Certainly, there is a 
need for further research in this area, especially 
to identify genetic mechanisms and environ-
mental triggers to tailor the therapy to the 
patient and identify immunomodulatory treat-
ments that block the autoimmune process be-
fore the irreversible organ damage occurs (103).

ENDOCRINE HYPERTENSION

Hypertension is a disorder that affects ap-
proximately 30% of the adult population. In 
most cases, hypertension is primary, also re-
ferred to as essential, whereas it is secondary 
in about 10% of cases. More than 15 endocrine 
diseases can cause secondary hypertension. 
These include primary aldosteronism, pheo-
chromocytoma, Cushing’s syndrome, thyroid 
disease, and hyperparathyroidism, acrome-
galy, and mineralocorticoid excess. Primary 
hyperaldosteronism is the most frequent 
form believed to be responsible for 5% of all 
cases of hypertension and 20% of cases of 
hypertension resistant to drug therapy (104). 
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For the epidemiological data of each of these di-
seases, please refer to the respective paragraphs.

ENDOCRINE DISEASES AND COVID-19

Knowledge suggests on the correlation betwe-
en endocrine disorders and COVID-19 is still 
quite scarce. Some evidence suggests a strong
correlation between SARS-CoV-2 infection and 
DM. Indeed, SARSCoV-2 infection aggravates 
inflammation and alters immune system re-
sponses, leading to difficulties in glycemic con-
trol and worsening insulin resistance. The viral 
infection increases also the risk of thromboem-
bolism and cardiorespiratory failure more in 
patients with DM than in patients without it. 
This helps, in part, to explain the poor progno-
sis of patients with DM (105).
The sex-related difference in the severity of CO-
VID-19 has an endocrine explanation. Indeed, 
host entry of SARS-CoV-2 is mediated by tran-
smembrane serine protease 2 (TMPRSS2), whose 
transcription is, in turn, promoted by the activa-
tion of the androgen receptor. For this reason, 
men have a more facilitated viral entry into host 
cells. Accordingly, conditions associated with 
increased sensitivity of the androgen receptor, 
such as androgenetic alopecia and prostate can-
cer, have been correlated with worse COVID-19 
outcomes and hospitalization (106). Furthermo-
re, in patients with prostate cancer, androgen 
deprivation therapy seems to have a protective 
role in contracting the infection and mitigating 
the COVID19 course (107). This evidence might 
explain both the low fatalities observed in pre-
pubertal children and the differences between 
sexes regarding SARS-CoV-2 infection (106). The-
refore, it could be hypothesized that in hypo-
gonadal patients with infection, testosterone 
replacement therapy could be administered at 
a lower dosage than generally used. However, 
it must also be taken into account that the viral 
infection itself may alter Leydig function thus 
compromising testosterone secretion. Moreover, 

the systemic inflammatory response is greater in 
patients with hypogonadism due to a lack of the 
immunosuppressive effects of testosterone. This 
could modify the duration and course of the
infection in these patients (108). The correla-
tion between sexual function, particularly ED 
and COVID-19 has also been recently investiga-
ted. In fact, Sansone and colleagues in a study 
conducted on 100 patients, showed that 25 pa-
tients who were infected with SARS-CoV2 had 
a higher prevalence of ED than the 75 healthy 
patients who were not infected. Furthermore, 
regression analysis confirmed that COVID-19 has 
a significant effect on the development of ED in-
dependently of other variables affecting erectile 
function, such as psychological status, age, and 
BMI (109). This association is probably due to the 
detrimental effect of the disease on endothelial 
function, whose integrity is, in turn, fundamental 
for the erective mechanism. In addition, the im-
pairment of pulmonary function, as well as the 
significant psychological impact that the SARS-
CoV 2 pandemic has had on the population, are 
factors that may contribute to the genesis of ED 
(110). On the other hand, the evidence on the pre-
sence of the virus in the seminal fluid is still con-
flicting (111). A recent study has shown an incre-
ased risk for patients with COVID-19 to develop 
oligo-crypto-azoospermia after recovery from 
the disease, suggesting the usefulness of reque-
sting sperm analysis to patients of reproductive 
age who were affected by COVID-19 (112).
Evidence on COVID-19 and pituitary and adre-
nal function are still scarce. Undoubtedly, pa-
tients with AI require more careful monitoring 
and increased doses of the replacement the-
rapy in case of SARS-CoV-2 infection. However, 
to date, there is no evidence of direct pituitary 
or hypothalamic effects by COVID-19 (113). The 
possibility that this association exists comes 
from previous evidence on SARS. In fact, 40% of 
patients with SARS were reported to have cen-
tral AI probably due to pituitary dysfunction. 
The insufficiency, however, resolved within one 
year after the infection (114). Since there is an 
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important homology between SARS and CO-
VID-19 viruses, it can be hypothesized a similar 
association between SARSCoV-2 infection and 
the risk of developing AI (113, 115).
Finally, a recent systematic review of 9 reviews 
concluded that patients with COVID-19 may 
develop thyroid dysfunction that includes 
thyrotoxicosis, hypothyroidism, and non-thyroi-
dal illness syndrome. However, it is not clear 
whether this association is directly attributable 
to the virus or is merely a consequence of the 
disease and/or its treatment. In fact, the use of 
heparin can increase the levels of non-esteri-
fied fatty acids that displace thyroxine and
triiodothyronine from the binding proteins, le-
ading to increased levels of FT4 and FT3. Corti-
costeroid therapy can also decrease TSH levels, 
reduce thyroxine-binding protein levels resul-
ting in increased FT4 levels, and inhibit the 
conversion of FT4 into FT3.
Furthermore, patients with thyroid disease do 
not have an increased risk of SARS-CoV-2 in-
fection and do not require COVID-19-adapted fol-
low-up. Some cases of subacute thyroiditis have 
been reported with a late consequence after 
SARS-CoV-2 infection, but further studies are ne-
eded to better clarify this aspect (116).

ENDOCRINE DISEASES DURING
PREGNANCY

The most frequent endocrine diseases in pre-
gnancy are gestational DM and thyroid diseases 
(Figure 1). In detail, gestational DM affects about 
7% of pregnancies and its inadequate manage-
ment is associated with important maternal-fe-
tal complications such as gestational hyperten-
sion, placental abruption, intrauterine growth 
retardation with intrauterine death, and conge-
nital malformation (119).
In line with the general population, the thyroid 
disease with the highest prevalence is thyroid 
nodule. Indeed, its diagnosis is made in about 5% 
of pregnancies. However, given the low percen-

tage of thyroid nodules that turn out to be ma-
lignant, their finding during gestation seldom 
requires urgent surgery or termination of pre-
gnancy (120). In contrast, thyroid dysfunctions 
are not common but clinically more severe. Ge-
stational hyperthyroidism occurs in 1-2 pregnan-
cies/1000 with a prevalence of about 0.2%.
The main causes of gestational hyperthyroidi-
sm are similar to those of the general popula-
tion except for the forms caused by an excess 
of human chorionic gonadotropin. In pregnant 
women, hyperthyroidism can promote gesta-
tional hypertension, miscarriage, and placental 
abruption, while in the newborn it can lead to 
low birth weight, prematurity, neonatal hyper-
thyroidism, and intrauterine death (120).
Hypothyroidism, on the other hand, has a higher 
prevalence. In its subclinical form, it affects 2.2% 
of pregnant women, while overt hypothyroi-
dism has a frequency in 0.3% of pregnancies. 
Hypothyroidism also promotes gestational 
hypertension, placental abruption, low birth wei-
ght, postpartum hemorrhage, congenital mal-
formations, and intrauterine death (120).
The prevalence of other endocrine disorders in 
pregnancy is extremely low since many endo-
crine diseases can alter the ovulatory process. 
For example, pituitary disorders are quite rare 
in pregnancy since both pituitary hyperfun-
ction (prolactinomas, acromegaly, Cushing’s 
disease, etc.) and hypofunction could com-
promise fertility. Indeed, very rare are the ca-
ses described in the literature of acromegalic 
women that got pregnant since the excess of 
growth hormone causes anovularity. The first 
case of normal pregnancy in an acromegalic 
patient was described in 1954. Hypopituitarism 
is also extremely rare and the few cases descri-
bed in the literature refer to women who have 
undergone ART cycles (121). The prevalence of 
primary hyperparathyroidism in pregnancy is 
around 0.15%. Hypoparathyroidism is also rare 
occurring mainly as a consequence of thyroi-
dectomy. As evidence of the rarity of the event, 
the first case of hypoparathyroidism in pregnan-
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cy was described in 1942 (121). As far as adrenal di-
seases, to date, about 200 cases of Cushing’s syn-
drome have been described in pregnant women 
(both ACTHdependent and ACTH-independent). 
The rarity of this disease in the gestational period 
derives from the fact that the hypercortisolism 
and hyperandrogenism present in Cushing’s 
syndrome alter fertility. Addison’s syndrome is 
also quite rare with a prevalence of approxima-
tely 1 case per 30,000 pregnancies. Even rarer is 
pheochromocytoma with a prevalence of 0.007% 
of pregnant women (121). 

CONCLUSIONS

Endocrine dysfunctions are chronic diseases 
with a relevant negative impact on the patients 
affected and considerable social and economic 
burden for the health system. Taken into account 
the data of prevalence above-reported to the Ita-
lian population or, for some diseases, to specific 
reference populations (boys <9 years and girls <8 
years for precocious puberty, adolescents with 

delayed puberty, postmenopausal women for 
menopausal disorders, women of childbearing 
age for female infertility and polycystic ovary 
syndrome, women aged 15-40 years for prema-
ture ovarian failure, and women and men >50 
years for osteoporosis), we evaluated the real 
epidemiological impact of the various diseases 
of endocrine interest (Table 2 and Figure 2). In 
particular, based on the graphical elaboration 
of the data, it does not a surprise that metabo-
lic diseases have the greatest impact on clinical 
practice and economic costs. Therefore, the role 
of the endocrinologist in the adequate manage-
ment of these patients is prominent.
Gonadal and sexual disorders rank second 
in this list (Figure 3). As above-mentioned 
considering the close associations of these 
conditions with systemic diseases and that 
sometimes they may escape diagnosis and 
treatment, the importance of andrological and 
gynecologic endocrinology results clear in re-
cognizing these patients to improve their QoL 
and to prevent future morbidity.

FIGURE 1 | Prevalence of the main endocrine diseases in pregnancy. In the elaboration of the pie chart, the prevalence data have 
been applied to the number of pregnancies in 2018 in Italy calculated as the sum of the number of deliveries, the number of mi-
scarriages, and the number of voluntary interruptions of pregnancy (117, 118).
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TABLE 2 | List of major endocrine diseases (in decreasing order of frequency).

DISEASE
1 Ultrasound detectable thyroid nodule 18 Malignant thyroid nodule
2 Obesity 19 Hyperparathyroidism
3 Dyslipidemia 20 POF
4 Thyroiditis 21 Delayed puberty
5 Diabetes mellitus type 2 22 Pituitary adenoma
6 Female osteoporosis 23 Hypopituitarism
7 Treated sexual dysfunction 24 Hypoparathyroidism
8 APS III 25 Addison’s Disease
9 Menopausal disorders 26 APS II
10 Female infertility 27 Congenital Adrenal Hyperplasia
11 Hypothyroidism 28 Gender Dysphoria
12 Male osteoporosis 29 MEN
13 PCOS 30 Early Puberty
14 Male infertility 31 APS I
15 Hyperthyroidism 32 Neuroendocrine tumors
16 Adult-onset hypogonadism (LOH) 33 IPEX
17 Diabetes mellitus type 1

FIGURE 2 | Prevalence of the main endocrine diseases in the Italian population. *The pre-
valence of hypercholesterolemia (the most frequent condition) was considered in the cal-
culation. **The total prevalence of sexual dysfunction is much higher than that of other 
conditions such as dyslipidemia and obesity. However, only 7% of men and women with 
sexual dysfunction are treated or otherwise see a physician for treatment of the disorder. 
***Menopause affects approximately 10,000,000 women. Of these, 80% report complaints 
related to the condition, but only 25% seek medical attention.
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FIGURE 3 | Impact of the macro-areas of endocrine interest in clinical practice. The metabolic macro-area is given by the sum of 
obesity and dyslipidemia data; the diabetes mellitus area encloses DM1 and DM2 data; the bone metabolism area collects preva-
lence data of male and female osteoporosis, hypoparathyroidism, and hyperparathyroidism; The sexual and gonadal area includes 
data on male and female infertility, LOH, PCOS, POF, severe menopausal disorders, treated male and female sexual dysfunction, 
early and delayed puberty, and gender dysphoria; Thyroid dysfunction area includes thyroiditis, hypothyroidism, hyperthyroidism, 
and malignant thyroid nodule (the prevalence of ultrasonographic nodular pathology was not considered to avoid to overestimate 
the problem. In fact, the most clinically significant nodules are those that are malignant on cytologic and/or histologic exami-
nation); General endocrinology area encompasses data regarding pituitary adenomas, hypopituitarism, adrenal incidentaloma, 
Addison’s disease, CAH, neuroendocrine tumors, ASP, MEN.

Metabolic area

Bone metabolism area

Thyroid dysfunction area

Diabetes area

Sexual and gonadal area

General endocrinology area

36%
10%

13%

10%
12%

19%

22



AUTHOR CONTRIBUTIONS
Conceptualization: AC and SLV. Writing—ori-
ginal draft preparation, AC. Writing—review 
and editing, AEC, AA, SLV. Visualization: EG. 
Data curation: LMN, RC, EG. Supervision, RAC, 
AA. Project administration, AEC and SLV. All 
authors contributed to the article and appro-
ved the submitted version. 

REFERENCES
1.    European Observatory of Health Policies and Systems. (2017) 

(Accessed access May/30/2021). (oecd-ilibrary.org).
2.   Roberts CG, Ladenson PW. Hypothyroidism. Lancet (2004) 

363(9411):793–803. doi: 10.1016/S0140-6736(04)15696-1.
3.     Ross DS, Burch HB, Cooper DS, Greenlee MC, Laurberg P, Maia 

AL, et al. 2016 American Thyroid Association Guidelines for Dia-
gnosis and Management of Hyperthyroidism and Other Cau-
ses of Thyrotoxicosis. Thyroid (2016) 26(10):1343–421. doi: 10.1089/
thy.2016.0229.

4.     Brandi ML, Bilezikian JP, Shoback D, Bouillon R, Clarke BL, Tha-
kker RV, et al. Management of Hypoparathyroidism: Summary 
Statement and Guidelines. J Clin Endocrinol Metab (2016) 
101(6):2273–83. doi: 10.1210/jc.2015-3907.

5.   Walker MD, Silverberg SJ. Primary Hyperparathyroidism. Nat 
Rev Endocrinol (2018) 14(2):115–25. doi: 10.1038/nrendo.2017.104.

6.   Bornstein SR, Allolio B, Arlt W, Barthel A, Don-Wauchope A, Ham-
mer GD, et al. Diagnosis and Treatment of Primary Adrenal Insuf-
ficiency: An Endocrine Society Clinical Practice Guideline. J Clin 
Endocrinol Metab (2016) 101(2):364–89. doi: 10.1210/jc.2015-1710.

7.    Nieman LK, Biller BM, Findling JW, Newell-Price J, Savage MO, 
Stewart PM, et al. The Diagnosis of Cushing’s Syndrome: An 
Endocrine Society Clinical Practice Guideline. J Clin Endocrinol 
Metab (2008) 93(5):1526–40. doi: 10.1210/jc.2008-0125.

8.    Funder JW, Carey RM, Mantero F, Murad MH, Reincke M, Shi-
bata H, et al. The Management of Primary Aldosteronism: Case 
Detection, Diagnosis, and Treatment: An Endocrine Society 
Clinical Practice Guideline. J Clin Endocrinol Metab (2016) 
101(5):1889–916. doi: 10.1210/jc.2015-4061.

9.    Lenders JW, Duh QY, Eisenhofer G, Gimenez-Roqueplo AP, Gre-
be SK, Murad MH, et al. Endocrine Society. Pheochromocytoma 
and Paraganglioma: An Endocrine Society Clinical Practice Gui-
deline. J Clin Endocrinol Metab (2014) 99(6):1915–42. doi: 10.1210/
jc.2014-1498.

10.  Katznelson L, Laws ERJr, Melmed S, Molitch ME, Murad MH, 
Utz A, et al. Endocrine Society. Acromegaly: An Endocrine So-
ciety Clinical Practice Guideline. J Clin Endocrinol Metab (2014) 
99(11):3933–51. doi: 10.1210/jc.2014-2700.

11.     Kargi AY, Merriam GR. Diagnosis and Treatment of Growth Hor-
mone Deficiency in Adults. Nat Rev Endocrinol (2013) 9(6):335–
45. doi: 10.1038/nrendo.2013.77.

12.   Nieschlag E. Late-Onset Hypogonadism: A Concept Comes of 
Age. Andrology (2020) 8(6):1506–11. doi: 10.1111/andr.12719.

13.    Chatterjee S, Khunti K, Davies MJ. Type 2 Diabetes. Lancet (2017) 
389 (10085):2239–51. doi: 10.1016/S0140-6736(17)30058-2.

14.   Molitch ME. Diagnosis and Treatment of Pituitary Adenomas: A 
Review. JAMA (2017) 317(5):516–24. doi: 10.1001/jama.2016.19699.

15.   Ntali G, Wass JA. Epidemiology, Clinical Presentation and Dia-
gnosis of Non-Functioning Pituitary Adenomas. Pituitary (2018) 
21(2):111–8. doi: 10.1007/s11102-018-0869-3.

16.   Fleseriu M, Hashim IA, Karavitaki N, Melmed S, Murad MH, Salva-
tori R, et al. Hormonal Replacement in Hypopituitarism in Adul-
ts: An Endocrine Society Clinical Practice Guideline. J Clin En-
docrinol Metab (2016) 101 (11):3888–921. doi: 10.1210/jc.2016-2118.

17.    National Institute for Health and Care Excellence (NICE) Guidan-
ce. Human Growth Hormone (Somatropin) for the Treatment 
of Growth Failure in Children (2010). Available at: https://www.
nice.org.uk/guidance/ta188/resources/human-growth-hormo-
ne-somatropin-for-the-treatment-ofgrowth-failure-in-chil-
dren-pdf-82598502860485 (Accessed access May/30/2021).

18.   Reed ML, Merriam GR, Kargi AY. Adult Growth Hormone Defi-
ciency - Benefits, Side Effects, and Risks of Growth Hormone 
Replacement. Front Endocrinol (Lausanne) (2013) 4:64. doi: 
10.3389/fendo.2013.00064.

19.   Molitch ME, Clemmons DR, Malozowski S, Merriam GR, Vance ML. 
Endocrine Society. Evaluation and Treatment of Adult Growth 
Hormone Deficiency: An Endocrine Society Clinical Practice Gui-
deline. J Clin Endocrinol Metab (2011) 96(6):1587–609. doi: 10.1210/
jc.2011-0179.

20.  Chabre O, Goichot B, Zenaty D, Bertherat J. Group 1. Epidemio-
logy of Primary and Secondary Adrenal Insufficiency: Prevalen-
ce and Incidence, Acute Adrenal Insufficiency, Long-Term Mor-
bidity and Mortality. Ann Endocrinol (Paris) (2017) 78(6):490–4. 
doi: 10.1016/j.ando.2017.10.010.

21.  Biermasz NR. The Burden of Disease for Pituitary Patients. 
Best Pract Res Clin Endocrinol Metab (2019) 33(2):101309. doi: 
10.1016/j.beem. 2019.101309.

22.  Taylor PN, Albrecht D, Scholz A, Gutierrez-Buey G, Lazarus JH, 
Dayan CM, et al. Global Epidemiology of Hyperthyroidism and 
Hypothyroidism. Nat Rev Endocrinol (2018) 14(5):301–16. doi: 
10.1038/nrendo.2018.18.

23.   Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Niki-
forov YE, et al. 2015 American Thyroid Association Management 
Guidelines for Adult Patients With Thyroid Nodules and Differen-
tiated Thyroid Cancer: The American Thyroid Association Guide-
lines Task Force on Thyroid Nodules and Differentiated Thyroid 
Cancer. Thyroid (2016) 26(1):1–133. doi: 10.1089/thy.2015.0020.

24.   Viola D, Elisei R. Management of Medullary Thyroid Cancer. En-
docrinol Metab Clin North Am (2019) 48(1):285–301. doi: 10.1016/j.
ecl.2018.11.006.

25.  Lise M, Franceschi S, Buzzoni C, Zambon P, Falcini F, Crocetti 
E, et al. Changes in the Incidence of Thyroid Cancer Between 
1991 and 2005 in Italy: A Geographical Analysis. Thyroid (2012) 
22(1):27–34. doi: 10.1089/thy.2011.0038.

26.  Grani G, Sponziello M, Pecce V, Ramundo V, Durante C. Con-
temporary Thyroid Nodule Evaluation and Management. J Clin 
Endocrinol Metab (2020) 105(9):2869–83. doi: 10.1210/clinem/
dgaa32.

27.  Ragusa F, Fallahi P, Elia G, Gonnella D, Paparo SR, Giusti C, et 
al. Hashimotos’ Thyroiditis: Epidemiology, Pathogenesis, Cli-
nic and Therapy. Best Pract Res Clin Endocrinol Metab (2019) 
33(6):101367. doi: 10.1016/ j.beem.2019.101367.

23



28.  Epicentro. L’epidemiologia Per La Sanità Pubblica. Istituto Su-
periore di Sanità. Le malattie tiroidee. Available at: https://www.
epicentro.iss.it/tiroide/ (Accessed access on May/30/2021).

29.  Roti E, Uberti Ed. Post-Partum Thyroiditis–A Clinical Update. 
Eur J Endocrinol (2002) 146(3):275–9. doi: 10.1530/eje.0.1460275.

30.   Slatosky J, Shipton B, Wahba H. Thyroiditis: Differential Diagnosis 
and Management. Am Fam Physician (2000) 61(4):1047–52, 1054.

31.   Fatourechi V, Aniszewski JP, Fatourechi GZ, Atkinson EJ, Jacob-
sen SJ. Clinical Features and Outcome of Subacute Thyroiditis in 
an Incidence Cohort: Olmsted County, Minnesota, Study. J Clin 
Endocrinol Metab (2003) 88(5):2100–5. doi: 10.1210/jc.2002-021799

32.   Lafontaine N, Learoyd D, Farrel S, Wong R. Suppurative Thyroi-
ditis: Systematic Review and Clinical Guidance. Clin Endocrinol 
(Oxf) (2021). doi: 10.1111/cen.14440.

33.  Giorda CB, Carnà P, Romeo F, Costa G, Tartaglino B, Gnavi R. 
Prevalence, Incidence and Associated Comorbidities of Trea-
ted Hypothyroidism: An Update From a European Population. 
Eur J Endocrinol (2017) 176(5):533–42. doi: 10.1530/EJE-16-0559.

34.  Caputo M, Pecere A, Sarro A, Mele C, Ucciero A, Pagano L, et 
al. Incidence and Prevalence of Hyperthyroidism: A Popula-
tion-Based Study in the Piedmont Region, Italy. Endocrine 
(2020) 69(1):107–12. doi: 10.1007/s12020-020-02222-7.

35.  Reiners C, Schneider P. Radioiodine Therapy of Thyroid Auto-
nomy. Eur J Nucl Med Mol Imaging (2002) 29 Suppl 2:S471–8. 
doi: 10.1007/s00259-002-0910-6.

36.  Kalra S, Unnikrishnan AG, Sahay R. The Global Burden of Thyroid 
Disease. Thyroid Res Pract (2013) 10:89–90. doi: 10.4103/0973-
0354.116129.

37.  Cianferotti L, Parri S, Gronchi G, Marcucci G, Cipriani C, Pepe 
J, et al. Prevalence of Chronic Hypoparathyroidism in a Medi-
terranean Region as Estimated by the Analysis of Anonymous 
Healthcare Database. Calcif Tissue Int (2018) 103(2):144–50. doi: 
10.1007/s00223-018-0405-5.

38.   Bollerslev J, Schalin-Jäntti C, Rejnmark L, Siggelkow H, Morre-
au H, Thakker R, et al. MANAGEMENT OF ENDOCRINE DISE-
ASE: Unmet Therapeutic, Educational and Scientific Needs in 
Parathyroid Disorders. Eur J Endocrinol (2019) 181(3):P1–P19. doi: 
10.1530/EJE-19-0316.

39.   Adami S, Marcocci C, Gatti D. Epidemiology of Primary Hyperpara-
thyroidism in Europe. J Bone Miner Res (2002) 17 Suppl 2:N18–23.

40.  Fassnacht M, Arlt W, Bancos I, Dralle H, Newell-Price J, Sahdev 
A, et al. Management of Adrenal Incidentalomas: European 
Society of Endocrinology Clinical Practice Guideline in Colla-
boration With the European Network for the Study of Adrenal 
Tumors. Eur J Endocrinol (2016) 175(2):G1–G34. doi: 10.1530/EJE-
16-0467.

41.   Reincke M, Beuschlein F, Bornstein S, Eisenhofer G, Fassnacht 
M, Reisch N, et al. The Adrenal Gland: Central Relay in Health 
and Disease. Exp Clin Endocrinol Diabetes (2019) 127(2-03):81–3. 
doi: 10.1055/a-0752-4176.

42. Gialluisi A, Menabò S, Baldazzi L, Casula L, Meloni A, Farci MC, 
et al. A Genetic Epidemiology Study of Congenital Adrenal 
Hyperplasia in Italy. Clin Genet (2018) 93(2):223–7. doi: 10.1111/
cge.13078.

43.   Betterle C, Presotto F, Furmaniak J. Epidemiology, Pathogene-
sis, and Diagnosis of Addison’s Disease in Adults. J Endocrinol 
Invest (2019) 42 (12):1407–33. doi: 10.1007/s40618-019-01079-6.

44. Gunnarsson C, Ryan MP, Marelli C, Baker ER, Stewart PM, 

Johannsson G, et al. Health Care Burden in Patients With Adre-
nal Insufficiency. J Endocr Soc (2017) 1(5):512–23. doi: 10.1210/
js.2016-1064.

45.  American Association of Neurological Surgeons. Cushing’s Syn-
drome/Disease. Available at: https://www.aans.org/Patients/
Neurosurgical-Conditions-and-Treatments/Cushings-Disease 
(Accessed access May/30/2021).

46.   Sharma ST, Nieman LK, Feelders RA. Cushing’s Syndrome: Epi-
demiology and Developments in Disease Management. Clin 
Epidemiol (2015) 7:281–93. doi: 10.2147/CLEP.S44336.

47.  Pivonello R, De Martino MC, De Leo M, Simeoli C, Colao A. 
Cushing’s Disease: The Burden of Illness. Endocrine (2017) 
56(1):10–8. doi: 10.1007/s12020-016-0984-8.

48.  Broder MS, Neary MP, Chang E, Ludlam WH. Incremental He-
althcare Resource Utilization and Costs in US Patients With 
Cushing’s Disease Compared With Diabetes Mellitus and Popu-
lation Controls. Pituitary (2015) 18(6):796–802. doi: 10.1007/s11102-
015-0654-5.

49.  Salonia A, Rastrelli G, Hackett G, Seminara SB, Huhtaniemi IT, 
Rey RA, et al. Paediatric and Adult-Onset Male Hypogonadi-
sm. Nat Rev Dis Primers (2019) 5(1):38. doi: 10.1038/s41572-019-
0087-y.

50. Manecksha RP, Fitzpatrick JM. Epidemiology of Testicular 
Cancer. BJU Int (2009) 104(9 Pt B):1329–33. doi: 10.1111/j.1464-
410X.2009.08854.x.

51.  The Numbers of Cancer in Italy. Available at: https://aiom.it/
wp-content/uploads/2020/10/2020_Numeri_Cancro-operato-
ri-web.pdf (Accessed access May/30/2021).

52.   Yeo S, Holl K, Peñaherrera N, Wissinger U, Anstee K, Wyn R. Bur-
den of Male Hypogonadism and Major Comorbidities, and the 
Clinical, Economic, and Humanistic Benefits of Testosterone 
Therapy: A Narrative Review. Clinicoecon Outcomes Res (2021) 
13:31–8. doi: 10.2147/CEOR.S285434.

53. Livingston M, Kalansooriya A, Hartland AJ, Ramachandran S, 
Heald A. Serum Testosterone Levels in Male Hypogonadism: 
Why and When to Check-A Review. Int J Clin Pract (2017) 
71(11):e12995. doi: 10.1111/ijcp.12995.

54. Porst H, Montorsi F, Rosen RC, Gaynor L, Grupe S, Alexan-
der J. The Premature Ejaculation Prevalence and Attitudes 
(PEPA) Survey: Prevalence, Comorbidities and Professional 
Help-Seeking. Eur Urol (2007) 51:816–24. doi: 10.1016/j.euru-
ro.2006.07.004.

55.   Montorsi F. Prevalence of Premature Ejaculation: A Global and 
Regional Perspective. J Sex Med (2005) 2 Suppl 2:96–102. doi: 
10.1111/j.1743-6109.2005.20369.x.

56.   Balon R. Burden of Sexual Dysfunction. J Sex Marital Ther (2017) 
43(1):49–55. doi: 10.1080/0092623X.2015.1113597.

57.  McKinlay JB. The Worldwide Prevalence and Epidemiology of 
Erectile Dysfunction. Int J Impot Res (2000) 12 Suppl 4:S6–S11. 
doi: 10.1038/sj.ijir.3900567.

58.  Allen MS, Walter EE. Erectile Dysfunction: An Umbrella Re-
view of Meta-Analyses of Risk-Factors, Treatment, and Pre-
valence Outcomes. J Sex Med (2019) 16(4):531–41. doi: 10.1016/j.
jsxm.2019.01.314.

59. Parazzini F, Menchini Fabris F, Bortolotti A, Calabrò A, Cha-
tenoud L, Colli E, et al. Frequency and Determinants of 
Erectile Dysfunction in Italy. Eur Urol (2000) 37(1):43–9. doi: 
10.1159/000020098.

24



60.  Kubin M, Wagner G, Fugl-Meyer AR. Epidemiology of Erecti-
le Dysfunction. Int J Impot Res (2003) 15(1):63–71. doi: 10.1038/
sj.ijir.3900949.

61.   Haller-Kikkatalo K, Uibo R, Kurg A, Salumets A. The Prevalen-
ce and Phenotypic Characteristics of Spontaneous Premature 
Ovarian Failure: A General Population Registry-Based Study. 
Hum Reprod (2015) 30(5):1229–38. doi: 10.1093/humrep/dev021.

62.  Wolf WM, Wattick RA, Kinkade ON, Olfert MD. Geographical 
Prevalence of Polycystic Ovary Syndrome as Determined by 
Region and Race/Ethnicity. Int J Environ Res Public Health 
(2018) 15(11):2589. doi: 10.3390/ijerph15112589.

63.  Karakas SE. New Biomarkers for Diagnosis and Management of 
Polycystic Ovary Syndrome. Clin Chim Acta (2017) 471:248–53. 
doi: 10.1016/j.cca.2017.06.009.

64.  ACOG Practice Bulletin No. 108: Polycystic Ovary Syndrome. Ob-
stet Gynecol (2009) 114(4):936. doi: 10.1097/AOG.0b013e3181bd12cb.

65.  Palacios S, Castaño R, Grazziotin A. Epidemiology of Female 
Sexual Dysfunction. Maturitas (2009) 63(2):119–23. doi: 10.1016/j.
maturitas.2009.04.002.

66.  Shifren JL, Monz BU, Russo PA, Segreti A, Johannes CB. Sexual 
Problems and Distress in United States Women: Prevalence 
and Correlates. Obstet Gynecol (2008) 112:970–8. doi: 10.1097/
AOG.0b013e3181898cdb.

67.  Dennerstein L, Koochaki P, Barton I, Graziottin A. Hypoactive 
Sexual Desire Disorder in Menopausal Women: A Survey of 
Western European Women. J Sex Med (2006) 3:212–22. doi: 
10.1111/j.1743-6109.2006.00215.x.

68. Hill K. The Demography of Menopause. Maturitas (1996) 
23(2):113–27. doi: 10.1016/0378-5122(95)00968-x.

69.  Pinkerton JV. Hormone Therapy for Postmenopausal Women. 
N Engl J Med (2020) 382(5):446–55. doi: 10.1056/NEJMcp1714787

70.   Agarwal A, Mulgund A, Hamada A, Chyatte MR. A Unique View 
on Male Infertility Around the Globe. Reprod Biol Endocrinol 
(2015) 13:37. doi: 10.1186/s12958-015-0032-1.

71.  Mascarenhas MN, Flaxman SR, Boerma T, Vanderpoel S, Stevens 
GA. National, Regional, and Global Trends in Infertility Prevalence 
Since 1990: A Systematic Analysis of 277 Health Surveys. PloS Med 
(2012) 9(12): e1001356. doi: 10.1371/journal.pmed.1001356.

72.   Krausz C. Male Infertility: Pathogenesis and Clinical Diagnosis. 
Best Pract Res Clin Endocrinol Metab (2011) 25(2):271–85. doi: 
10.1016/j.beem.2010.08.006.

73.   Cocuzza M, Alvarenga C, Pagani R. The Epidemiology and Etio-
logy of Azoospermia. Clinics (Sao Paulo) (2013) 68 Suppl 1(Suppl 
1):15–26. doi: 10.6061/clinics/2013(sup01)03.

74.  Connolly MP, Hoorens S, Chambers GM. ESHRE Reproduction and 
Society Task Force. The Costs and Consequences of Assisted Re-
productive Technology: An Economic Perspective. Hum Reprod 
Update (2010) 16 (6):603–13. doi: 10.1093/humupd/dmq013.

75.  American Psychiatric Association. Diagnostic and Statistical 
Manual of Mental Disorders (DSM-5) (2013).

76.   Garg G, Elshimy G, Marwaha R. Gender Dysphoria. In: StatPe-
arls [Internet]. Treasure Island (FL: StatPearls Publishing (2020).

77.   Cesario SK, Hughes LA. Precocious Puberty: A Comprehensive 
Review of Literature. J Obstet Gynecol Neonatal Nurs (2007) 
36(3):263–74. doi: 10.1111/j.1552-6909.2007.00145.x.

78.   Dye AM, Nelson GB, Diaz-Thomas A. Delayed Puberty. Pediatr 
Ann (2018) 47(1):e16–22. doi: 10.3928/19382359-20171215-01.

79.   Karr S. Epidemiology and Management of Hyperlipidemia. Am 

J Manag Care (2017) 23(9 Suppl):S139–48.
80.  Istituto superiore di sanità. Heart Project: Epidemiology and 

Prevention of Brain and Cardiovascular Diseases. Available at: 
http://www.cuore.iss.it/ indagini/CuoreData (Accessed access 
May/30/2021).

81.   Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Ba-
dimon L, et al. 2019 ESC/EAS Guidelines for the Management 
of Dyslipidaemias: Lipid Modification to Reduce Cardiovascu-
lar Risk. ESC Scientific Document Group. Eur Heart J (2020) 
41(1):111–88. doi: 10.1093/eurheartj/ehz455.

82.  International Diabetes Federation. IDF Diabetes Atlas (2019). 
Available at: http://www.diabetesatlas.org (Accessed access 
May/30/2021).

83.   Glovaci D, Fan W, Wong ND. Epidemiology of Diabetes Mellitus 
and Cardiovascular Disease. Curr Cardiol Rep (2019) 21(4):21. doi: 
10.1007/s11886-019-1107-y. 

84.  ARNO Diabetes 2019 Observatory Report. Available at: https://
www.siditalia.it/clinica/linee-guida-societari/send/80-line-
e-guida-documenti-societari/5025-rapporto-arno-diabe-
te-2019 (Accessed access May/30/2021).

85. IBDO Foundation. Istat “1° Italian Obesity Barometer Re-
port” (2019). Available at: http://www.ibdo.it/pdf/OBESITY-RE-
PORT-2019.pdf (Accessed access May/30/2021).

86. WHO. (2016). Available at: https://www.who.int/news-room/
fact-sheets/detail/obesity-and-overweight (Accessed access 
May/30/2021).

87.  Chauhan A, Yu Q, Ray N, Farooqui Z, Huang B, Durbin EB, et 
al. Global Burden of Neuroendocrine Tumors and Changing 
Incidence in Kentucky. Oncotarget (2018) 9(27):19245–54. doi: 
10.18632/oncotarget.24983.

88.  Fanello S, Mangone L, Sacchettini C, Vicentini M, Pinto CAIR-
TUM WORKING GROUP. Variety of Hormones Produced by 
Rare Neuroendocrine Tumors (NETs): Examination of Epide-
miology and Prognostic Factors for NETs in Italy. J Clin Oncol 
(2016) 34:e15656. doi: 10.1200/JCO.2016.34.15_suppl.e15656.

89.   Oronsky B, Ma PC, Morgensztern D, Carter CA. Nothing But Net: 
A Review of Neuroendocrine Tumors and Carcinomas. Neopla-
sia (2017) 19(12):991–1002. doi: 10.1016/j.neo.2017.09.002.

90. Ito T, Lee L, Jensen RT. Carcinoid-Syndrome: Recent Ad-
vances, Current Status and Controversies. Curr Opin En-
docrinol Diabetes Obes (2018) 25 (1):22–35. doi: 10.1097/
MED.0000000000000376.

91.  Falconi M, Eriksson B, Kaltsas G, Bartsch DK, Capdevila J, Caplin M, 
et al. ENETS Consensus Guidelines Update for the Management 
of Patients With Functional Pancreatic Neuroendocrine Tumors 
and Non-Functional Pancreatic Neuroendocrine Tumors. Neuro-
endocrinology (2016) 103 (2):153–71. doi: 10.1159/000443171.

92.  International osteoporosis foundation. Available at: https://www. 
osteoporosis.foundation/facts-statistics/epidemiology-of-oste-
oporosis-andfragility-fractures (Accessed access May/30/2021).

93. BROKEN BONES, BROKEN LIVES: A Roadmap to Solve the 
Fragility Fracture Crisis in Italy. Available at: https://www.oste-
oporosis.foundation/sites/iofbonehealth/f iles/2019-06/4.%20
2018_EU6Italy_Report_BrokenBonesBrokenLives_English.pdf 
(Accessed access May/30/2021).

94. International osteoporosis foundation. IOF Compendium of 
Osteoporosis. Available at: https://www.osteoporosis.founda-
tion/sites/iofbonehealth/files/2020-01/IOFCompendium-of-O-

25



steoporosis-web-V02.pdf (Accessed access May/30/2021).
95.  Romei C, Pardi E, Cetani F, Elisei R. Genetic and Clinical Fea-

tures of Multiple Endocrine Neoplasia Types 1 and 2. J Oncol 
(2012) 2012:705036. doi: 10.1155/2012/705036.

96.  Brandi ML, Gagel RF, Angeli A, Bilezikian JP, Beck-Peccoz P, 
Bordi C, et al. Guidelines for Diagnosis and Therapy of MEN 
Type 1 and Type 2. J Clin Endocrinol Metab (2001) 86(12):5658–
71. doi: 10.1210/jcem.86.12.8070.

97.   Wells SAJr, Pacini F, Robinson BG, Santoro M. Multiple Endo-
crine Neoplasia Type 2 and Familial Medullary Thyroid Carcino-
ma: An Update. J Clin Endocrinol Metab (2013) 98(8):3149–64. 
doi: 10.1210/jc.2013-1204.

98.   Goswami S, Peipert BJ, Helenowski I, Yount SE, Sturgeon C. Di-
sease and Treatment Factors Associated With Lower Quality of 
Life Scores in Adults With Multiple Endocrine Neoplasia Type I. 
Surgery (2017) 162(6):1270–7. doi: 10.1016/j.surg.2017.07.023.

99.  Van Leeuwaarde RS, Pieterman CRC, May AM, Dekkers OM, 
van der Horst-Schrivers AN, Hermus AR, et al. Health-Rela-
ted Quality of Life in Patients With Multiple Endocrine Ne-
oplasia Type 1. Neuroendocrinology (2021) 111 (3):288–96. doi: 
10.1159/000508374.

100. Correa FA, Farias EC, Castroneves LA, Lourenço DMJr, Hoff AO. 
Quality of Life and Coping in Multiple Endocrine Neoplasia Type 
2. J Endocr Soc (2019) 3(6):1167–74. doi: 10.1210/js.2018-00371.

101. Betterle C, Zanchetta R. Update on Autoimmune Polyendocri-
ne Syndromes (APS). Acta Biomed (2003) 74(1):9–33.

102. Meloni A, Perniola R, Faà V, Corvaglia E, Cao A, RosatelliMC. De-
lineation of the Molecular Defects in the AIRE Gene in Autoim-
mune Polyendocrinopathy-Candidiasis-Ectodermal Dystrophy 
Patients From Southern Italy. J Clin Endocrinol Metab (2002) 
87(2):841–6. doi: 10.1210/jcem.87.2.8209.

103. Husebye ES, Anderson MS, Kämpe O. Autoimmune Polyen-
docrine Syndromes. N Engl JMed (2018) 378(12):1132–41. doi: 
10.1056/NEJMra1713301.

104. De Silva T, Cosentino G, Ganji S, Riera-Gonzalez A, Hsia DS. En-
docrine Causes of Hypertension. Curr Hypertens Rep (2020) 
22(11):97. doi: 10.1007/s11906-020-01108-3.

105. Muniangi-Muhitu H, Akalestou E, Salem V, Misra S, Oliver NS, 
Rutter GA. Covid-19 and Diabetes: A Complex Bidirectional Re-
lationship. Front Endocrinol (Lausanne) (2020) 11:582936. doi: 
10.3389/fendo.2020.582936.

106. Mohamed MS, Moulin TC, Schiöth HB. Sex Differences in CO-
VID-19: The Role of Androgens in Disease Severity and Progres-
sion. Endocrine (2021) 71 (1):3–8. doi: 10.1007/s12020-020-02536-6.

107. La Vignera S, Cannarella R, Condorelli RA, Torre F, Aversa A, 
Calogero AE. SARS-CoV-2: The Endocrinological Protective 
Clinical Model Derived From Patients With Prostate Cancer. 
Ther Adv Endocrinol Metab (2020) 11:2042018820942385. doi: 
10.1177/2042018820942385.

108. La Vignera S, Cannarella R, Condorelli RA, Torre F, Aversa A, Ca-
logero AE. Sex-Specific SARS-CoV-2 Mortality: Among Hormo-
ne-Modulated ACE2 Expression, Risk of Venous Thromboem-
bolism and Hypovitaminosis D. Int J Mol Sci (2020) 21(8):2948. 
doi: 10.3390/ijms21082948.

109. Sansone A, Mollaioli D, Ciocca G, Colonnello E, Limoncin E, Ba-
lercia G, et al. “Mask Up to Keep it Up”: Preliminary Evidence of 
the Association Between Erectile Dysfunction and COVID-19. 
Andrology (2021). doi: 10.1111/andr.13003.

110.  Sansone A, Mollaioli D, Ciocca G, Limoncin E, Colonnello E, Vena 

W, et al. Addressing Male Sexual and Reproductive Health in the 
Wake of COVID-19 Outbreak. J Endocrinol Invest (2021) 44(2):223–
31. doi: 10.1007/s40618-020-01350-1.

111.  Paoli D, Pallotti F, Turriziani O, Mazzuti L, Antonelli G, Lenzi A, et 
al. SARSCoV-2 Presence in Seminal Fluid: Myth or Reality. An-
drology (2021) 9 (1):23–6. doi: 10.1111/andr.12825.

112.  Gacci M, Coppi M, Baldi E, Sebastianelli A, Zaccaro C, Morselli S, 
et al. Semen Impairment and Occurrence of SARS-CoV-2 Virus 
in Semen After Recovery From COVID-19. Hum Reprod (2021) 
36(6):1520–9. doi: 10.1093/ humrep/deab026.

113. Lundholm MD, Poku C, Emanuele N, Emanuele MA, Lopez N. 
SARS-CoV-2 (COVID-19) and the Endocrine System. J Endocr 
Soc (2020) 4(11):bvaa144. doi: 10.1210/jendso/bvaa144.

114. Leow MK, Kwek DS, Ng AW, Ong KC, Kaw GJ, Lee LS. Hypo-
cortisolism in Survivors of Severe Acute Respiratory Syndro-
me (SARS). Clin Endocrinol (Oxf) (2005) 63(2):197–202. doi: 
10.1111/j.1365-2265.2005.02325.x.

115.  Mongioì LM, Barbagallo F, Condorelli RA, Cannarella R, Aversa 
A, La Vignera S, et al. Possible Long-Term Endocrine-Metabolic 
Complications in COVID-19: Lesson From the SARS Model. En-
docrine (2020) 68(3):467–70. doi: 10.1007/s12020-020-02349-7.

116.  Trimboli P, Camponovo C, Scappaticcio L, Bellastella G, Piccar-
do A, RotondiM. Thyroid Sequelae of COVID-19: A Systematic 
Review of Reviews. Rev Endocr Metab Disord (2021) 22(2):485–
91. doi: 10.1007/s11154-021-09653-1.

117. Birth Rate and Fertility of Resident Population. Available at: 
https://www.istat.it/it/f iles//2019/11/Report_natalit%C3%A0_
anno2018_def.pdf (Accessed access May/30/2021).

118. Miscarriages and Voluntary Terminations of Pregnancy. Avai-
lable at: http://dati.istat.it/Index.aspx?DataSetCode=DCIS_
ABORTISPONTR (Accessed May/30/2021).

119.  Italian Standards for the Treatment of Diabetes Mellitus (2018). 
Available at: https://www.siditalia.it/pdf/Standard%20di%20
Cura%20AMD%20-%20SID%202018_protetto.pdf (Accessed 
access May/30/2021).

120. National SIGO Reference Guidelines Thyroid and Pregnancy. 
Available at: https://www.sigo.it/wp-content/uploads/2015/10/
tiroide_grav1.pdf (Accessed May/30/2021).

121.  Calina D, Docea AO, Golokhvast KS, Sifakis S, Tsatsakis A, Makri-
giannakis A. Management of Endocrinopathies in Pregnancy: 
A Review of Current Evidence. Int J Environ.

Conflict of Interest: The authors declare that the research 
was conducted in the absence of any commercial or fi-
nancial relationships that could be construed as a poten-
tial conflict of interest. 

Copyright © 2021 Crafa, Calogero, Cannarella, Mon-
gioi’, Condorelli, Greco, Aversa and La Vignera. This is an 
open-access article distributed under the terms of the 
Creative Commons Attribution License (CC BY). The use, 
distribution or reproduction in other forums is permitted, 
provided the original author(s) and the copyright ow-
ner(s) are credited and that the original publication in this 
journal is cited, in accordance with accepted academic 
practice. No use, distribution or reproduction is permitted 
which does not comply with these terms.

26



1. INTRODUCTION 

Physical examinations represent a milestone in 
the clinical management of a patient, guiding 
the clinician towards better use of diagnostic te-
sts and a reduction in the demand for unneces-
sary laboratory and instrumental tests [1]. Does 
this also apply to Endocrinology?
We present an overview of the main clinical signs 
encountered during the common clinical practice 

by endocrinologists, highlighting their diagnostic 
and, in some cases, even prognostic roles.

2. MAIN PALPATORY SIGNS ASSOCIATED 
WITH ENDOCRINE DISEASES

Palpatory Signs in Thyroid Diseases 
Physical examination certainly plays a key role in 
the diagnosis of thyroid diseases.
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The presence of goiter, suitable correlated to 
the patient’s symptoms, allows us to suspect 
the presence of thyroid functional abnormali-
ties (hypothyroidism or thyrotoxicosis) which 
can then be confirmed by hormonal tests. A pal-
pable, painful goiter in patients with fever and 
initial symptoms of thyrotoxicosis suggests the 
presence of subacute thyroiditis.
Adequate palpation can also identify the pre-
sence of nodules although it is not possible to 
distinguish a cystic nodule from a solid one by 
simple palpation. However, palpation of a very 
hard and firm nodule, possibly associated with 
later cervical lymphadenopathy, increases the 
suspicion of neoplastic disease. The presence of 
several palpatory nodules associated with symp-
toms of thyrotoxicosis suggests the presence of 
a toxic multinodular goiter, while a single nodule 
with symptoms of thyrotoxicosis suggests the 
presence of Plummer’s adenoma. Finally, the 
presence of Pemberton’s sign positivity, cha-
racterized by the appearance of facial conge-
stion and respiratory distress when the patient 
is asked to raise his arms, may be indicative of an 
endothoracic goiter that compresses the veins 
and trachea due to the narrowing of the superior 
thoracic entrance caused by the maneuver. The-
refore, thyroid palpation cannot be neglected in 
the management of patients with symptoms 
referable to thyroid dysfunction [2]. Palpation of 
the neck may also reveal the presence of thyro-
glossal duct cysts that present as a painless, mo-
bile mass of the midline of the neck, 75% of cases 
located inferior to the hyoid bone and showing 
movement with protrusion of the tongue [3].
Another important palpatory sign associated 
with thyroid dysfunction is pretibial myxedema. 
Its presence increases the suspicion of hyper-
thyroidism and, in particular, of Graves’s disease 
(GD). This form of non‐pulsating edema is not li-
mited to the pretibial region and can also appear 
in other locations such as forearms, shoulders, 
arms, palms, upper back, and neck. Therefore, it 
can also be referred to as thyroid dermopathy. It 
has a prevalence of 4.3% of patients with GD ri-

sing to 15% in patients who also have ophthalmo-
pathy. It is characterized by the presence of bi-
lateral, asymmetrical, non‐puncturing, painless, 
and erythematous nodules and plaques due to 
the deposition of mucopolysaccharides, in par-
ticular, hyaluronic acid in the papillary and reti-
cular dermis with extension into the subcutis [4].

2.1. Palpatory Signs in Scrotal Diseases
For the evaluation of the infertile male, one of the 
signs that most correlates with sperm function is 
the low testicular volume (<12 mL). Most of the 
testicular volume depends on the proliferation 
of germ cells and the enlargement of semini-
ferous tubules during puberty. Therefore, sper-
matogenic impairment can be suspected in the 
presence of low testicular volume. The lower the 
testicular volume, the greater the damage to the 
germ cell component [5]. Furthermore, particu-
larly small testes (bilateral testicular volume ≤ 5 
mL) with increased consistency suggest the pre-
sence of Klinefelter syndrome, to be confirmed 
by sperm analysis, the hormonal profile of hyper-
gonadotropic hypogonadism, and genetic tests 
[6]. On the other hand, in the case of children 
who come to the endocrinologist’s attention due 
to growth retardation and developmental delay 
of secondary sexual characteristics, the presen-
ce of a low testicular volume (<4 mL) indicates 
the presence of an abnormal pubertal process. 
However, it is difficult to distinguish the presen-
ce of hypogonadotropic hypogonadism or a con-
stitutional delay in puberty based on the testicu-
lar volume alone, and gonadotropin levels are 
not much help. Measurements of anti‐Müllerian 
hormone (AMH) and inhibin B, markers of Sertoli 
cell function, could help guide the diagnosis. In-
deed, the presence of age‐related normal levels 
of AMH and inhibin B suggests constitutional 
delay, while subnormal levels suggest congeni-
tal hypogonadotropic hypogonadism. However, 
to date, the diagnosis of certainty can only be 
made after puberty or by genetic analysis [7].
In addition to assessing testicular volume, scrotal 
palpation allows for the detection and suspicion 
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of many other abnormalities. For example, the 
presence of acute scrotal pain associated with 
the sensation of scrotal mass or swelling may 
lead to suspicion of testicular torsion or epidi-
dymitis‐orchitis. However, in these cases, only a 
scrotal ultrasound scan allows a differential dia-
gnosis of certainty. Another cause of acute testi-
cular pain is torsion of the testicular appendage. 
In these cases, the pain is less acute and the 
scrotal edema less pronounced than in testicular 
torsion, and the sign of the blue dot, indicative of 
the necrosis of the testicular appendix, may so-
metimes be evident [8].
In addition to the palpable masses associated 
with pain, testicular palpation may allow us to su-
spect, especially in young adults with a history of 
cryptorchidism or other risk factors, the presence 
of tumor masses that generally present themsel-
ves as single and firm nodularity [8]. Among the 
scrotal palpable masses, the hydrocele, which can 
be differentiated from other testicular masses by 
transillumination of the fluid with a torch, and the 
varicocele are also recognizable [8]. The latter is 
the dilation of the pampiniform plexus veins and 
in advanced forms, is related to abnormalities of 
seminal fluid and infertility. In particular, varicoce-
le must be evaluated in orthostatism and clinically 
it can be classified according to the Dubin‐Amelar 
classification in three different degrees. In detail, 
varicocele is first degree when it is palpable only 
at the Valsalva’s maneuver, second degree when 
it is palpable even at rest, and third degree when 
visible through the scrotal skin [9].
The scrotal physical examination allows for the 
evaluation of the integrity of the epididymal 
structures and highlights the possible presence 
of epididymal cysts or vas deferens agenesis whi-
ch could cause obstructive azoospermia [10]. Si-
milarly, digital‐rectal exploration of the prostate 
could highlight the presence of median prostate 
cysts, in turn, considered a potentially reversible 
cause of infertility due to obstruction. In these 
cases, semen analysis with evidence of low semi-
nal fluid pH and low volume further supports the 
diagnostic hypothesis [10].

Finally, exploration of the inguinal canal during 
scrotal palpation may also allow for evidence of an 
inguinal hernia [8]. 

2.2. Palpatory Signs in Other Endocrinologic‐
Andrological Diseases 
In evaluating the child’s development, a key role is 
also played by the evaluation of the size of the pe-
nis. In particular, the presence of a penis diameter 
<2.5 standard deviation (SD) below the average for 
age is indicative of micropenis. For a correct mea-
surement, the penis should be measured when it 
is fully extended, with the foreskin retracted and 
holding the glans between the thumb and fore-
finger. The measurement is taken from the pubic 
branch to the distal tip of the glans penis on the 
dorsal side. Crucial during the measurement is to 
press the suprapubic fat pad as much as possible 
inward to exclude a “buried penis”. Since penile 
development largely depends on adequate deve-
lopment of the hypothalamic‐pituitary‐gonadal 
axis, any conditions of hyper‐ or hypogonadotro-
pic hypogonadism must be excluded in cases 
of micropenis. Furthermore, growth hormone 
deficiency/resistance or abnormalities of the an-
drogen receptor function may also be associated 
with this condition. When all diseases are exclu-
ded, one can speak of idiopathic micropenis [11].
Finally, a mention deserves gynecomastia. It is 
the benign proliferation of mammary glandular 
tissue in men. Although it is common and gene-
rally unrelated to abnormalities in childhood and 
adolescence, it can be a sign of many diseases in 
adulthood. Gynecomastia occurs when there is 
an imbalance between testosterone (T) and 17ß‐
estradiol (E2) [12,13].
Therefore, all forms of central or primary hypo-
testosteronemia can lower the T/E2 ratio and 
hence must be excluded. Other common causes 
include obesity, which increases estrogen levels 
due to the aromatase action of visceral fat. In 
turn, estrogens increase SHBG levels and exert 
negative feedback at the hypothalamic‐pituitary 
level with a consequent decrease in testostero-
ne levels and a further reduction in the T/E2 ratio. 
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Other causes of gynecomastia are renal failure, 
which causes hypotestosteronemia and hyper-
prolactinemia, and liver failure, which is associa-
ted with increased SHBG levels and consequent 
reduction in testosterone levels and impaired 
estrogen metabolism. Furthermore, the use of 
anti‐androgenic drugs, such as spironolacto-
ne, could play a role in these patients. Another 
serious condition, which can be suspected in 
presence of gynecomastia, is a testicular tumor 
secreting hCG.
This hormone, having an LH‐like action, stimu-
lates the activity of testicular aromatase, incre-
asing estrogen secretion that results in breast 
proliferation. Therefore, in the case of gynecoma-
stia, a careful evaluation of the gonadal hormone 
profile (LH, FSH, total testosterone, SHBG, albu-
min, and E2), the hepatic and renal function, and 
a testicular ultrasound should be carried out for 
an early diagnosis of these diseases.
Furthermore, in the case of gynecomastia, a ca-
reful drug history is necessary to exclude the use 
of drugs that can alter the T/E2 ratio, such as an-
tiandrogens, and psychoactive drugs (haloperi-
dol, etc.), protonic pump inhibitors, etc. Further-
more, the abuse of illicit substances, including 
cannabis and alcohol, which have a direct inhibi-
tory effect on the hypothalamus‐pituitary‐testi-
cular axis, must also be excluded [12, 13]. Finally, 
an abnormal thyroid function can also cause gy-
necomastia. Thyrotoxicosis by increasing SHBG
levels leads to a reduction in free testosterone 
levels and a compensatory increase in testicular
steroidogenesis and aromatase activity, resul-
ting in a T/E2 imbalance. On the other hand, 
hypothyroidism lowers testosterone levels by 
causing hyperprolactinemia [12, 13].
The main goal of the breast examination is to 
distinguish true gynecomastia from pseudo gy-
necomastia (or lipomastia), which is extremely 
common in obese individuals. It is also necessary 
to rule out possible breast cancer. It is necessary 
to inspect the skin and nipple and to evaluate, 
the size, consistency, and laterality of the lesion, 
as well as the presence of any adenopathy in the 

axillary cavity. Finally, the presence of galactor-
rhea must also be sought by lightly pressing the 
gland. The latter manifestation is rare in patients 
with gynecomastia, but when present it may in-
dicate the presence of hyperprolactinemia.
Glandular tissue is often bilateral and is percei-
ved as an elastic, soft, sometimes tender mass, 
usually located concentrically behind the areola. 
In contrast, breast cancer is typically a unilateral 
hard mass located primarily outside the areolar 
area, occasionally accompanied by skin changes, 
ulceration, nipple retraction or bleeding, and 
possible axillary lymphadenopathy. The differen-
tial diagnosis between gynecomastia and lipo-
mastia becomes more complex in the case of gy-
necomastia, which has been present for several 
years and has undergone a process of fibrosis. In 
this case, the instrumental diagnostic examina-
tion allows a differential diagnosis between the 
two conditions [13]. 

3. MAIN DERMATOLOGICAL SIGNS 
ASSOCIATED WITH ENDOCRINE DISEASES

3.1. Dermatologic Signs in Cushing Syndrome
Several dermatological signs contribute to orien-
ting the suspicion towards an endocrine disease. 
For instance, striae rubrae and the buffalo hump 
are among the cutaneous signs with the greatest 
predictive diagnostic value. Both are strongly re-
lated to Cushing’s syndrome. The buffalo hump 
is caused by the relevant role of hypercortisolism 
in the reorganization of body fat, which leads to 
centripetal obesity and the accumulation of fat 
on the face (resulting in the typical moon face), 
in the supraclavicular region, and the retronucal
region (resulting in the buffalo hump). Striae ru-
brae are purple streaks characterized by a width 
>1 cm, commonly localized on the abdomen and 
lower flanks. They can also occur on the upper 
arms, shoulders, armpits, breasts, hips, buttocks, 
and upper thighs [14]. Their pathogenesis deri-
ves from the ability of excess glucocorticoids 
to inhibit the function of fibroblasts involved in 
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the production of extracellular matrix proteins 
(such as proteoglycans) that play a fundamen-
tal for the skin. Furthermore, collagen turnover 
is impaired. As a result, the skin becomes thin-
ner, atrophic, brittle, and less elastic, favoring the 
formation of stretch marks [15]. These striae are 
virtually pathognomonic of Cushing’s syndrome 
since they differ from those of obese or pregnant 
women which are generally pink or reddish and 
thinner [14]. If the presence of Cushing’s syndro-
me is suspected, other skin manifestations may 
also allow differentiation between ACTH‐depen-
dent and independent forms. In fact, skin hyper-
pigmentation and hirsutism are often present in 
the former, although hirsutism can also be pre-
sent in adrenal adenomas or carcinomas due to 
the mixed production of cortisol and androgens 
[14]. When the evolution and severity of symp-
toms is particularly rapid, with a predominance 
of catabolic symptoms with purple striae, pres-
sure sores, osteoporosis, profound hypokalemia, 
and severe hypertension with edema, an ectopic 
Cushing syndrome should be searched for [16]. 

3.2. The Role of Skin Pigmentation Changes 
in Endocrine Diseases
Changes in skin pigmentation play an important 
role in endocrine diseases. Several and even rare 
syndromes are associated with skin manifesta-
tions and endocrine dysfunctions.
For example, café‐au‐lait macules are often 
found in numerous rare genetic syndromes that 
are associated with endocrinological abnorma-
lities. They are often the first clinical manifesta-
tion of numerous RASopathies such as neuro-
fibromatosis type 1 and Noonan syndrome [17]. 
Also, in McCune Albright syndrome the first cli-
nical manifestation is often represented by these 
spots, which are usually fewer in number and lar-
ger in diameter, with darker pigmentation and 
more irregular borders, than those in patients 
with NF. They are mainly located in the poste-
rior neck, base of the spine, trunk, and face [18]. 
Other skin pigmentation, such as lentiginosis, 
may also be present in forms of Noonan syndro-

me associated with lentiginosis (formerly known 
as LEOPARD syndrome) [17]. Even more rarely, 
the presence of freckles and hyperpigmented 
skin macules (e.g., ephelides or blue nevi) in 
association with the presence of myxomas (cu-
taneous or otherwise) and nodular hyperplasia 
of the adrenal gland or GH‐ or ACTH‐secreting 
pituitary adenomas suggests the presence of a 
Carney complex [19].
Other skin manifestations are much more com-
mon. For example, skin hyperpigmentation, 
mentioned above for ACTH‐dependent Cushing 
disease, is also a sign of primary adrenal insuffi-
ciency. In this case, elevated levels of ACTH can 
cross‐react with the melanocortin receptor 1 on 
melanocytes, stimulating them. Furthermore, 
since ACTH originates from proopiomelanocor-
tin (POMC), an increase in melano‐stimulatory 
hormones results from the cleavage of POMC. 
In detail, hyperpigmentation is usually generali-
zed. However, it is more pronounced in the are-
as most exposed to the sun. Moreover, surface 
of the skin under pressure (elbows and knees), 
around the nipples, and the genital region, are 
also affected. It can also be present on mucosal 
surfaces such as the tongue, oral mucosa, and 
the inner part of the lips [20]. Another disease 
with pronounced skin hyperpigmentation is 
Nelson’s syndrome, which results from elevated 
ACTH levels that generally occur in patients with 
treatment‐refractory Cushing’s disease under-
going bilateral adrenalectomy [21].
Skin hypopigmentation and, in particular the 
presence of vitiligo, should also be an alarm sign 
for the patient in whom the endocrinologic di-
sease is suspected. Vitiligo is closely associated 
with the development of autoimmune thyroi-
ditis, so much so that in patients with this skin 
sign, the search for anti‐thyroid antibodies and 
the evaluation of the function of this gland is 
recommended [22]. However, other autoimmu-
ne diseases such as diabetes mellitus type 1 and 
Addison’s disease can be associated with vitiligo.
When several of these endocrine autoimmune 
manifestations are concomitantly present, an 
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autoimmune polyendocrine syndrome can be 
diagnosed. Therefore, vitiligo could be a sign of a 
much more complex clinical condition [23]. 

3.3. Piliferous Evaluation in Endocrinology
Another sign that is a frequent reason for endo-
crinological consultation, affecting between 4.3 
and 10.8% of women, is hirsutism. It should be 
assessed using the Ferriman‐Gallwey index (FGi). 
An FGi > 8 is indicative of hirsutism [24]. Howe-
ver, race and ethnicity must also be considered 
in the evaluation of FGi. Scores of 8 or higher are 
considered hirsutism in white and black British 
and U.S. women. Conversely, in Mediterranean, 
Hispanic, and Middle Eastern women, a score 
of 9 or higher is considered abnormal. Scores of 
six or higher are indicative of hirsutism in South 
American women. Finally, in Asian women, even 
scores equal to or higher than 2 also allow the 
diagnosis of hirsutism to be made. Scores up to 
15 indicate mild hirsutism, while scores above 25 
indicate severe hirsutism.
The main limitation of this system is that its eva-
luation is subjective. It also does not take into 
account any locally high scores or reductions in 
scores resulting from previous cosmetic treat-
ments [25]. Several conditions associated with in-
creased production of androgens can be respon-
sible for hirsutism. In detail, the presence of this 
sign in association with ovulatory dysfunction 
and/or polycystic ovarian morphology should 
lead us to suspect PCOS and, in this case, it will 
be necessary to evaluate the metabolic features 
and the cardiovascular risk of these patients [24]. 
In fact, in these women, insulin resistance and 
hyperinsulinemia by acting directly on the ova-
rian theca cells may contribute to the pathoge-
nesis of hirsutism [26]. Another disease that can 
cause hirsutism is congenital adrenal hyperpla-
sia, non‐classical variant. To confirm its presence, 
it is necessary to measure 17aOH‐progesterone 
levels, which must exceed 10 ng/mL at baseline 
or after stimulation with ACTH. Once the disea-
se has been confirmed biochemically, it is useful 
to search for 21‐hydroxylase mutations. Rarer are 

the forms associated with 11ß‐hydroxylase mu-
tations, which are characterized by high levels 
of 11‐deoxycortisol [27]. Once these conditions 
are ruled out, we may be faced with idiopathic 
hyperandrogenism if androgen levels are high 
or idiopathic hirsutism if these hormones are 
in the normal range. It is important to exclude 
the intake of drugs that cause hirsutism, such as 
phenothiazines, glucocorticoids, and anabolic 
agents. Finally, before diagnosing hirsutism as 
idiopathic, it is also important to rule out other 
rare endocrine diseases associated to hirsutism. 
These include the aforementioned Cushing’s 
syndrome, acromegaly, or androgen‐secreting 
adrenal or ovarian tumors [24]. However, in the 
case of androgen‐secreting malignant tumors, 
we are often faced with forms of severe hirsuti-
sm that do not respond to therapy and which are 
often accompanied by other signs of virilization 
such as hypertrophy of the clitoris, deepening of 
the voice, and increased trophism of the muscle 
masses [25].
Hirsutism must be differentiated from hypertri-
chosis. While in hirsutism, there is an overgrowth 
of androgen‐sensitive hair in a male pattern, in 
hypertrichosis there is a growth of terminal hair 
in areas where they are not normally present, re-
gardless of whether they are regions sensitive to 
the effects of androgens. Therefore, in the ma-
nagement of a patient who comes to the clini-
cian’s attention, it is first necessary to distinguish 
between these two conditions. There are several 
congenital and acquired causes of hypertrichosis 
and among them are also recognized endocrine 
causes. In particular, hypothyroidism can be asso-
ciated mainly in children with an alteration of the 
hair on the scalp, which can become coarse, dull, 
and brittle. This condition reverses with the initia-
tion of L‐thyroxine replacement therapy.
In addition, areas of hypertrichosis can be obser-
ved in hyperthyroidism at the plaques of pretibial 
myxedema. Another condition that can lead to 
hypertrichosis and is also associated with endo-
crine abnormalities is represented by the POEMS 
syndrome (polyneuropathy, organomegaly, endo-
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crinopathy, M protein, and skin changes) [28].
Unlike hirsutism, in men, the presence of a re-
duction in the percentage of body hair, espe-
cially in the pubic and axillary region, as well as 
a reduction in the growth rate of the beard and 
therefore in the frequency of shaving, could be 
signs of low testosterone levels.
Therefore, in these cases, the clinician must inve-
stigate the presence of decreased libido, erecti-
le dysfunction, and other signs and symptoms 
compatible with hypogonadism [29]. 

3.4. Acne and its Relevance in Endocrine Diseases
Closely associated with hirsutism from the etio-
pathological point of view is acne. Indeed, this 
condition too can be seen in diseases that incre-
ase androgen production such as PCOS, NCCAH, 
and androgen‐secreting tumors. Furthermore, 
in cases of hypercortisolism such as in Cushing’s 
syndrome, steroid acne can be observed. It is 
characterized by erythematous, monomorphic 
papules or small pustules distributed along the 
upper part of the trunk, the proximal upper ex-
tremities, the neck, and the face [30].

3.5. Acanthosis Nigricans in Endocrinology
Of extreme interest among the dermatological 
signs of endocrine disorders is acanthosis nigri-
cans, described in Section 5 for the close associa-
tion between the pathogenesis of this sign and 
metabolic alterations [31].

3.6. Other Signs Associated with Rare Endocrine 
Diseases
Among the dermatological manifestations that 
best correlate with an endocrinological disea-
se is the necrolytic migratory erythema (NME). 
Indeed, this is often the first sign that leads to 
suspect the presence of a glucagonoma, a rare 
endocrinologic disorder. It appears as a bullous 
and itchy dermatosis that evolves over a few we-
eks into patches or plaques with irregular edges, 
crusts ulcerations, and peeling. When these le-
sions fade, the skin sometimes takes on an ecze-
matous and psoriasiform appearance. It may be 

diffuse or isolated to the perioral region, trunk, 
groin, intergluteal region, genital area, and lower 
extremities. The pathogenesis may in part be at-
tributed to hyperglucagonemia, which results in 
increasing hepatocyte gluconeogenesis and li-
polysis leading to hypoaminoacidemia, which in 
turn is associated with NME. Furthermore, hyper-
glucagonemia can contribute to increasing levels 
of arachidonic acid, prostaglandins, and leuko-
trienes, predisposing the inflammatory reaction 
typical of this dermatosis. Confirming the role of 
hyperglucagonemia, surgical removal of gluca-
gonomas, or stabilization of glucagon levels with 
drugs helps resolve the rash. However, other me-
chanisms could also contribute to its pathogene-
sis and explain why even in psedoglucagonoma 
syndrome, where glucagon levels are normal, 
NME may still be present. In particular, malnutri-
tion can contribute to the development of NME. 
The deficiency of zinc, protein, amino acids, and 
essential fatty acids can cause NME‐like derma-
titis [32]. Finally, it should be mentioned the skin 
flushing, in particular on the face, telangiectasia, 
and pellagra‐like lesions that, in a patient with 
profuse diarrhea and asthma‐like symptoms, can 
orient the clinician toward the suspicion of a car-
cinoid syndrome [33]. 

4. MAIN ANTHROPOMETRIC SIGNS 
ASSOCIATED WITH ENDOCRINE DISORDERS

4.1. The Enuchoid Habitus in the Evaluation of 
the Hypothalamic‐Pituitary‐Gonadal Axis
Among the anthropometric signs that best 
correlate with the presence of endocrine dise-
ases is the eunuchoid habitus. Tall stature, un-
derweight, long upper and lower limbs, and an 
arm span of more than 5 cm longer than height 
characterize this phenotype. It can also be asso-
ciated with changes in primary and secondary 
sexual characteristics and/or metabolic parame-
ters and altered fat mass distribution [34]. Re-
garding the latter, the distribution of fat largely 
depends on the levels of circulating sex hormo-
nes. In particular, testosterone hinders adipoge-
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nesis while estrogens stimulate the proliferation 
of preadipocytes both in the subcutaneous and 
visceral abdominal level, and progestins stimu-
late their differentiation. Therefore, testosterone 
is essential not only for the trophism of muscle 
masses but also for the different distribution 
of fat between men and women. When hypo-
gonadism occurs at developmental age, testo-
sterone deficiency is associated with relative 
hyperestrogenism that promotes fat deposition 
at the lower body level, particularly around the 
hips and thighs, leading to gynoid obesity [35]. 
The presence of eunuchoid habitus, associated 
or not with gynoid obesity, allows the endocrino-
logist to suspect the diagnosis of hypogonadism, 
which can then be confirmed by investigating 
the sex steroid profile of these people. Further-
more, the measurement of the gonadotropin 
levels reveals whether the hypogonadism is of 
testicular or hypothalamic‐pituitary origin [34]. 

4.2. Main Anthropometric Signs in Diseases of 
the GH‐IGF1 Axis
The presence of an increase in the size of the ex-
tremities, associated with pronounced protrusion 
of the frontal bumps, arching, and thickening of 
the eyebrows, enlargement of the nose and ears, 
thickening of the lips, skin wrinkles, nasolabial 
folds, and mandibular prognathism lead to dental 
malocclusion and increased interdental spacing, 
an acromegaly may be suspected. These altera-
tions are partly attributable to soft tissue swelling 
which in turn is associated with the deposition of 
glycosaminoglycans, increased connective tissue 
collagen production, and the edema that occurs 
in this condition. Macroglossia is also common 
and contributes to the development of obstructi-
ve sleep apnea, which is a major complication of 
this disease. All of these signs are often subtle in 
their appearance and therefore general practitio-
ner, as well as patients and their families, do not 
pay attention to these changes [36]. When GH 
overproduction occurs before epiphyseal cartila-
ge welding, a condition of gigantism is determi-
ned, characterized by a height greater than three 

SD per age or more than two SD beyond the tar-
get height calculated from the parental height. 
Furthermore, also in these patients, there is acral 
enlargement and alteration of facial features [36].
In case of a reduction in height from four to ten 
standard deviations from the average height for 
age a GH deficiency or a resistance to its action 
like GH insensitivity syndromes (such as Laron 
syndrome) could be suspected. In detail, this re-
duction seems to be more marked in patients 
with GH insensitivity syndromes than in those 
with congenital GH deficiency. In addition, patien-
ts with Laron syndrome show an upper to lower 
segment ratio above normal for sex and age, de-
noting short limbs for the trunk size. Other signs 
that allow suspecting GH insensitivity syndromes, 
as well as GH deficiency, are some common facial 
abnormalities (e.g., protruding forehead due to re-
duced development of the face bone, sparse and 
bristly hair, and crowded teeth that frequently be-
come decayed) [37]. These signs are often associa-
ted with a reduction in volume of genitalia with 
delayed puberty, although the complete pubertal 
development would seem to have been achieved 
regularly in these patients [38]. 

4.3. Anthropometric Signs Associated with 
Hypothyroidism
In patients with periorbital edema and loss of 
the outer third of the eyebrows, a lowering of the 
upper eyelid, nose enlargement, lips thickening 
and macroglossia other signs and symptoms of 
hypothyroidism should be looked for. These signs 
are mostly attributable to the accumulation of 
mucopolysaccharides in the dermis, which cause 
the so‐called myxedema or secondary to a decre-
ase in sympathetic stimulation (such as lowering 
of eyelid) [4]. 

5. MAIN PHYSICAL SINGS ASSOCIATED 
WITH METABOLIC DISORDERS

5.1. Waist Circumference and Waist‐to‐Hip 
Ratio as Predictors of Cardiovascular Risk
The waist circumference is among the signs with 
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an important role from the prognostic point of 
view. It is a useful tool for assessing the severity of 
obesity. Indeed, differently from the body mass 
index (BMI), waist circumference allows the iden-
tification of patients with an increased risk of de-
veloping obesity‐related chronic complications, 
such as cardiovascular diseases and diabetes 
mellitus [39]. Indeed, this parameter correlates 
better with visceral adipose tissue, which in turn 
has a close relationship with cardiovascular and 
metabolic risk. Therefore, a measurement of the 
waist circumference must always be carried out 
in the semiological evaluation of a patient as it 
represents a sign of pivotal relevance [39].
Similarly, increased waist‐to‐hip ratio (WHR) cor-
relates significantly with cardiometabolic risk 
and the likelihood of developing myocardial in-
farction. It shows the presence of visceral adipo-
sity even in those subjects where there is no ob-
vious increase in body weight [40]. In particular, 
as established by the World Health Organization, 
the cardiometabolic risk is substantially incre-
ased when the waist circumference is >102 cm 
in men and >88 cm in women. As regards WHR, 
the risk is significantly increased when it is >0.9 
in men and >0.85 in women [41].
Moreover, in women of childbearing age, an in-
crease in these two indices would also appear to 
correlate with an increased risk of having polycy-
stic ovary syndrome (PCOS), thus directing the 
clinician to study this condition [42].

5.2. Acanthosis Nigricans as a Sign of Metabolic 
Dysfunction in Endocrine Diseases
Acanthosis nigricans is another metabolic sign 
that correlates significantly with obesity and in-
sulin resistance, allowing suspecting disorders 
related to this sign, such as diabetes mellitus, me-
tabolic syndrome, and PCOS [31]. Its prevalence va-
ries significantly among populations being much 
more frequent in African‐Americans followed by 
Hispanics, Asians, and much fewer Caucasians 
[43]. Acanthosis nigricans is characterized by the 
presence of dark, velvety papillomatous plaques 
of hyperkeratosis. The pathogenesis depends on 

hyperinsulinemia, which directly and indirectly 
stimulates the IGF1 receptor (IGF1R) on the surface 
of keratinocytes and fibroblasts, stimulating their 
proliferation [31].
Adequate pharmacological anamnesis might 
also be useful in the clinical characterization of 
this sign, since the use of drugs that cause hype-
rinsulinemia, such as glucocorticoids, niacin, 
estrogen‐progestogen therapies, and protease 
inhibitors, may lead to its appearance [44]. In ad-
dition to metabolic syndrome and obesity, acan-
thosis nigricans may be present in some other 
endocrine diseases that impair glucose meta-
bolism. These include Cushing syndrome and 
acromegaly. Male hypogonadism, which causes 
visceral adiposity and consequently metabolic 
dysfunctions, can also be associated with its pre-
sence. Therefore, the presence of acanthosis ni-
gricans in the neck, eyelids, lips, axillae, mucosal
surfaces, dorsal hands, and flexural areas in the 
groin, knees, and elbows should always be sou-
ght in patients with suspected endocrine/meta-
bolic disorders [43]. 

5.3. Signs Associated with Lipid Metabolism 
Abnormalities
As regards lipid metabolism, various signs direct 
the clinician towards the presence of dyslipide-
mia and in some cases towards the suspicion of 
a hereditary condition. These include xanthomas, 
which are lesions located in the connective tissue 
of the skin or tendons and fascia. They are made 
of macrophages that incorporate LDL cholesterol 
particles, leading to the formation of foam cells 
[45]. The presence of some types of xanthomas 
sometimes plays a pathognomonic role, as in the 
case of dysbetalipoproteinemia, characterized by 
the presence of striatum palmar xanthoma [45]. 
Tendon and tuberous xanthomas are characteri-
stic of autosomal dominant hypercholesterole-
mia, especially if they appear at a young age [46]. 
However, they also occur in some rare conditions, 
such as cerebrotendinous xanthomatosis and fa-
milial β‐sitosterolemia. Furthermore, the presence 
of tendon xanthomas in familial hypercholestero-
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lemia appears to be associated with a two to four 
times greater risk of cardiovascular disease [45]. 
On the other hand, eruptive xanthomas are fre-
quently found in severe hypertriglyceridemia and 
carry a high risk of acute pancreatitis or type 2 dia-
betes mellitus [45].
The most frequent form of xanthoma is eyelid 
xanthelasma. When present in children in asso-
ciation with corneal arch and tuberous or tendon 
xanthomas, autosomal dominant hypercholeste-
rolemia maybe suspected. Generally, however, 
their frequency increases in the population over 
50 years of age and their presence has a negative 
predictive role since they are associated with the 
presence of significantly higher levels of athero-
genic LDL and a significantly higher risk of athe-
rosclerosis than controls. Therefore, patients with 
these formations must be carefully monitored for 
the prevention of cardiovascular risk [47].
Another sign related to hyperlipidemia is the cor-
neal arch. This is caused by the deposition of lipids 
in the peripheral region of the corneal stroma. The 
width of the ring appears to be related to the se-
verity of dyslipidemia and the duration of the con-
dition. This deposition results in the formation of a 
gray‐white or yellowish ring approximately 1 mm 
in diameter separated from the limbic margin 
by the Vogt lucid interval, a 0.3–1 mm wide area 
of the clear cornea. The deposition of lipids in the 
periphery of the cornea is due to the fact that this 
area is the one that receives most of the perfusion 
of the limbal vascular system. It is generally bilate-
ral, whereas unilateral forms are seen on the con-
tralateral side to that of a carotid artery occlusion, 
reinforcing the importance of limbic vascularity in 
the genesis of this condition. Prevalence increa-
ses with age and is higher in men. In addition to 
age, its presence is also related to alcohol intake, 
diabetes mellitus, smoking, blood pressure, BMI, 
and obesity. The correlation with dyslipidemia is 
demonstrated by the fact that ring extension ap-
pears to correlate with the duration and severity 
of LDL cholesterol levels and with an altered LDL/
HDL cholesterol ratio [48]. As with xanthelasma 
and tendon xanthomas, its onset at a young age 

suggests the presence of familial hypercholeste-
rolemia, which should be investigated by genetic 
testing and promptly treated [48].
Again, from the metabolic point of view, another 
sign with a prognostic and predictive role for se-
verer diseases is hepatomegaly. It is often related 
to the accumulation of fat in the liver. When pre-
sent, therefore, it is necessary to exclude the pos-
sibility of alcohol abuse and, if not, the presence 
of non‐alcoholic fatty liver disease (NAFLD) can be 
suspected. This condition is strongly associated 
with obesity, metabolic syndrome, and an incre-
ased risk of developing serious diseases, such as 
liver cirrhosis and hepatocarcinoma.
Furthermore, patients with NAFLD appear to 
have a higher prevalence of DM, which in turn is 
associated with worsening of the clinical condi-
tion. Diagnosis is generally based on ultrasound 
examination and evaluation of non‐invasive sco-
res, although the diagnosis of certainty can only 
be made by biopsy. Therefore, in obese patients, 
the presence of hepatomegaly is associated with 
an increased risk of metabolic and hepatic co-
morbidities [49]. Another rare endocrine disease 
associated with visceromegaly, including hepato-
megaly, is acromegaly. However, other signs and 
symptoms generally allow one to suspect its pre-
sence (see Section 4) [50]. 

6. OTHER SIGNS ASSOCIATED WITH 
ENDOCRINE DISEASES

6.1. Signs of Hypocalcemia
Trousseau and Chvostek signs are two funda-
mental signs to be sought in case of suspected 
hypocalcemia. Indeed, they are caused by the in-
creased neuromuscular irritability, in turn related 
with the low calcium levels. When hypocalcemia‐
induced neuromuscular hyperexcitability is latent, 
looking for these two signs allows the diagnosis 
to be confirmed. The first can be evoked with a 
sphygmomanometer, which is inflated slightly 
above the patient’s systolic pressure. Ischemia 
resulting from occlusion of the brachial artery 
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results in flexion of the wrist joint and metacar-
pophalangeal joints, flexion of the fingers, and ad-
duction of the thumb (obstetrician’s hand). In the 
sign of Chvostek, on the other hand, the percus-
sion of a point located in front of the earlobe and 
under the zygomatic process causes contraction 
of the muscles of the ipsilateral face [51].

6.2. Ophtalmological Evaluation in Invasive 
Diseases of the Hypothalamic‐Pituitary Unit
In patients who report reduced visual acuity up 
to bitemporal hemianopsia, compression of the 
chiasma by a pituitary adenoma may be su-
spected. Indeed, large adenomas can compress 
the optic chiasm and consequently the retinal 
nasal fibers, causing a reduction in the visual 
field. This reduction is often associated with di-
plopia. The presence of this additional sign in-
dicates the extension of the adenoma towards 
the cavernous sinus and the consequent com-
pression of the oculomotor nerves. Therefore, all 

of these signs also have a prognostic role regar-
ding the radicality of a possible surgical removal, 
since they indicate the extension of adenomas 
towards important cerebral structures [52]. 

7. CONCLUDING REMARKS

In conclusion, physical examinations still play a 
key role in good endocrine clinical practice to-
day. In fact, since hormones are essential in re-
gulating the physiological processes of various 
organs and apparatuses of our body, their imba-
lance can lead to the onset of various physical si-
gns that can guide the clinician towards specific 
diagnoses. This reduces the time and cost requi-
red to reach a diagnosis. Additionally, in some ca-
ses, they may be among the first physical signs 
of serious illnesses or play an important progno-
stic role in the development of future morbidity 
and mortality (Table 1).
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TABLE 1 | Main physical signs in the clinical evaluation of patients with endocrine/metabolic diseases and their
                  possible diagnostic significance.

CATEGORY TYPE OF SIGN ASSOCIATED FINDINGS DIAGNOSTIC SUSPICION

PALPATORY 
SIGNS

Goiter Hormonal dysfunction Hypothyroidism or Hyper-
thyroidism

Painful goiter Fever, initial symptoms of  thyrotoxicosis, and 
previous viral infection Subacute thyroiditis

Firm nodule Lymphadenopathy Thyroid cancer

Pemberton’s sign Endothoracic goiter

Mobile midline mass 
of the neck Movement with protrusion of the tongue Thyroglossal duct cysts

Pretibial myxedema Thyrotoxicosis Hyperthyroidism

Small testis Reduced activation of the hypothalamic‐pitui-
tary‐gonadal axis or reduced function of testis

Pubertal growth retardation
or hypogonadism

Small firm testis Hypergonadotropic hypogonadism
Prepubertal primary testicu-
lopathy (such as Klinefelter 
syndrome)

Acute scrotal pain
Scrotal swelling Testicular torsion, orchitis, 

epididymites

Blue dot sign Torsion of the testicle 
appendix

Testis firm nodule History of cryptorchidism and/or young age Testis cancer

Scrotal mass
Liquid transillumination with a torch Hydrocele

Reflux at Valsalva’s maneuver or visible varices Varicocele
Absence of vas defe-
rens at palpation

Obstructive azoospermia and 
Cystic Fibrosis

Micropenis

Low gonadotropin and testosterone levels Hypogonadotropic 
hypogonadism

High gonadotropin and low testosterone levels Hypergonadotropic 
hypogonadism

Low GH and IGF1 levels GH deficiency

High GH and low IGF1 levels GHIS

Gynecomastia

Low gonadotropin and testosterone levels Hypogonadotropic 
hypogonadism

High gonadotropin and low testosterone levels Prolactinoma

Altered kidney parameters with high prolactin 
and low testosterone levels Renal failure

Altered liver parameters with low testosterone 
and high estrogen levels Liver failure

Testis firm nodule and βhCG high levels Testis cancer

Exclude use of drugs altering 
testosterone levels and illicit 
drugs abuse
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TABLE 1 | Main physical signs in the clinical evaluation of patients with endocrine/metabolic diseases and their
                  possible diagnostic significance.

CATEGORY TYPE OF SIGN ASSOCIATED FINDINGS DIAGNOSTIC SUSPICION

PALPATORY 
SIGNS

Goiter Hormonal dysfunction Hypothyroidism or Hyper-
thyroidism

Painful goiter Fever, initial symptoms of  thyrotoxicosis, and 
previous viral infection Subacute thyroiditis

Firm nodule Lymphadenopathy Thyroid cancer

Pemberton’s sign Endothoracic goiter

Mobile midline mass 
of the neck Movement with protrusion of the tongue Thyroglossal duct cysts

Pretibial myxedema Thyrotoxicosis Hyperthyroidism

Small testis Reduced activation of the hypothalamic‐pitui-
tary‐gonadal axis or reduced function of testis

Pubertal growth retardation
or hypogonadism

Small firm testis Hypergonadotropic hypogonadism
Prepubertal primary testicu-
lopathy (such as Klinefelter 
syndrome)

Acute scrotal pain
Scrotal swelling Testicular torsion, orchitis, 

epididymites

Blue dot sign Torsion of the testicle 
appendix

Testis firm nodule History of cryptorchidism and/or young age Testis cancer

Scrotal mass
Liquid transillumination with a torch Hydrocele

Reflux at Valsalva’s maneuver or visible varices Varicocele
Absence of vas defe-
rens at palpation

Obstructive azoospermia and 
Cystic Fibrosis

Micropenis

Low gonadotropin and testosterone levels Hypogonadotropic 
hypogonadism

High gonadotropin and low testosterone levels Hypergonadotropic 
hypogonadism

Low GH and IGF1 levels GH deficiency

High GH and low IGF1 levels GHIS

Gynecomastia

Low gonadotropin and testosterone levels Hypogonadotropic 
hypogonadism

High gonadotropin and low testosterone levels Prolactinoma

Altered kidney parameters with high prolactin 
and low testosterone levels Renal failure

Altered liver parameters with low testosterone 
and high estrogen levels Liver failure

Testis firm nodule and βhCG high levels Testis cancer

Exclude use of drugs altering 
testosterone levels and illicit 
drugs abuse

DERMATOLOGICAL
SIGNS

Striae rubrae

Buffalo hump, moon face, high urinary cortisol 
levels, and lack of suppression in Nugent’s test Cushing’s syndrome

Predominance of catabolic symptoms with 
pressure sores, osteoporosis, profound hypokale-
mia, and severe hypertension with edema, high 
urinary cortisol levels and lack of suppression in 
Nugent’s test

Ectopic Cushing’s 
syndrome

Hyperpigmen-
tation

Fatigue, dizziness, nausea, vomiting, low blood 
pressure, high ACTH levels

Primary adrenal 
insufficiency

History of bilateral adrenectomy for refractory 
Cushing’s disease Nelson’s syndrome

Vitiligo

Check for thyroid autoim-
munity and for symptoms 
associated to other gland
autoimmune disease

Hirsutism

Ovulatory dysfunction and/or polycystic ovarian 
morphology PCOS

17aOH‐progesterone levels >10 ng/mL at baseli-
ne or after stimulation with ACTH NCCAH

Only hyperandrogenism Idiopathic hyperandrogenism

No hyperandrogenism or other signs Idiopathic hirsutism

Signs of virilization such as hypertrophy of the 
clitoris, deepening of the voice, and increased 
trophism of the muscle masses

Androgen‐secreting tumors

Hypertrichosis

Other signs of hypothyroidism Hypothyroidism

Pretibial myxedema Hyperthyroidism

Polyneuropathy, organomegaly, endocrinopathy, 
M protein, and other skin changes POEMS syndrome

Acne

Ovulatory dysfunction and/or polycystic ovarian 
morphology, hirsutism PCOS

17aOH‐progesterone levels >10 ng/mL at baseli-
ne or after stimulation with ACTH, hirsutism NCCAH

Buffalo hump, moon face, striae rubrae, high 
urinary cortisol levels and lack of suppression in 
Nugent’s test

Cushing’s syndrome

NME High glucagon levels, hypoaminoacidemia Glucagonoma

Skin flushing Telangiectasia, and pellagra‐like lesions and 
asthma like symptoms Carcinoid syndrome
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ANTHROPOMETRIC
SIGNS

Eunuchoid habitus Low gonadotropin and testosterone levels, 
gynoid obesity

Hypogonadotropic 
hypogonadism

High gonadotropin and low testosterone levels, 
gynoid obesity

Hypergonadotropic 
hypogonadism

Overgrowth of the
extremities

Pronounced protrusion of the frontal bumps, ar-
ching and thickening of the eyebrows, enlarge-
ment of the nose and ears, thickening of the lips, 
skin wrinkles, nasolabial folds, and mandibular 
prognathism, macroglossia, visceromegaly

Acromegalia

Short stature, pro-
truding forehead,
sparse and bristly
hair, and crowded
teeth

High GH and low IGF1 GHIS

Low GH and IGF1 GH deficiency

Periorbital edema
Loss of the outer third of the eyebrows, lowering 
of the upper eyelid, enlarged nose, thickened 
lips, macroglossia

Hypothyroidism

SINGS ASSOCIATED
WITH METABOLIC
DISORDERS

Waist circumference 
and WHR

Obesity Increased cardiovascular
risk

Ovulatory dysfunction and/or polycystic ovarian 
morphology, hirsutism PCOS

Decreased libido, erectile dysfunction, low 
testosterone levels Hypogonadism

Acanthosis 
nigricans

Ovulatory dysfunction and/or polycystic ovarian 
morphology, hirsutism PCOS

Hyperglycemia Diabetes
Buffalo hump, moon face, striae rubrae, high 
urinary cortisol levels, and lack of suppression in 
Nugent’s test

Cushing’s syndrome

Decreased libido, erectile dysfunction, low 
testosterone levels Hypogonadism

Overgrowth of the extremities, pronounced 
protrusion of the frontal bumps, arching and 
thickening of the eyebrows, enlargement
of the nose and ears, thickening of the lips, skin
wrinkles, nasolabial folds, and mandibular pro-
gnathism, macroglossia, visceromegaly

Acromegalia

Palmar xanthoma Dysbetalipoproteinemia
Tendon and tube-
rous xanthomas Young age, high cholesterol levels Autosomal dominant hyper-

cholesterolemia
Eruptive xanthomas Severe hypertriglyceridemia

Corneal arch Young age, high cholesterol levels Autosomal dominant hyper-
cholesterolemia

OTHER 
SIGNS

Trousseau sign Paresthesias Hypocalcemia

Chvostek sign Paresthesias Hypocalcemia
Visual reduction up
to bitemporal
hemianopsia

Diplopia Optic chiasm compression
by pituitary adenoma
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