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Abstract

Subclinical deficiency of pituitary hormones represents an intermediate situation among normal pituitary secretion
and overt hypopituitarism. Clinical hypopituitarism is associated with impaired morbidity and mortality, but there are
not many studies on these topics in the subclinical setting. Moreover, clinical manifestations and diagnosis criteria
are not well defined, so this entity is probably an underdiagnosed disorder. Long-term controlled studies are needed
to establish a correct definition of subclinical hypopituitarism and to know its clinical implications, optimal methods of
diagnosis, and indications for substitutive treatment. This review will focus on the evidence related to epidemiology,
clinical manifestations, diagnosis, and treatment of subclinical hypopituitarism.

J

Keywords: Hypopituitarism; Subclinical hypopituitarism; Pituitary
insufficiency; ~ Partial growth hormone deficiency; Partial
adrenocorticotropic hormone deficiency

Introduction

Hypopituitarism is the insufficient secretion of one or more
pituitary hormones caused by pituitary and/or hypothalamic disorders
[1]. Hormonal deficiency can be isolated or multiple, with the
gonadotropic and somatotropic axes the most frequently affected.
Clinical manifestations associated to hypopituitarism are often
nonspecific and will depend on the underlying disease, age, rate of
onset, and degree of hormonal defect. The clinical importance of
hypopituitarism is its association with increased mortality compared
with the general population and its association with increased
morbidity [2-7]. In fact, changes in body composition, glucose
intolerance, hypertension, or altered lipid profile have been detected in
these patients [8,9].

In clinical practice, we can observe intermediate situations between
established hormone deficiencies and normal pituitary function, which
could be considered milder or subclinical forms of hypopituitarism.
These conditions, although theoretically would not cause clear
symptoms, could be related to the mild impairment of morbidity and
mortality as clinical hypopituitarism. However, there is no consensus
on the methods of diagnosis and treatment in these subclinical cases.

In this article, we review the epidemiology, clinical manifestations,
diagnosis, and treatment of subclinical hormone pituitary deficiencies.

Epidemiology of Subclinical Hypopituitarism

There are few data available about the prevalence and incidence of
hypopituitarism in the general population. In a well-defined
population in the northwest of Spain, our group reported a prevalence
of hypopituitarism of 37.5 cases per 100,000 inhabitants and an

incidence of 2.07 cases per 100,000 inhabitants per year over a period
of 10 years (2000-2009) [10].

Data about the epidemiology of subclinical hypopituitarism have
not been reported in the general population, although there are studies
evaluating subclinical pituitary deficiencies in some specific subgroups
of patients. For example, subclinical hypopituitarism was detected in
29% of patients evaluated after 6 to 9 months of a traumatic brain
injury and in 77% of patients treated with cerebral radiotherapy [11].
There are studies that evaluated some isolated subclinical deficiencies.
Subclinical thyroid-stimulating hormone (TSH) deficiency was
reported in 20.3% of patients who were previously irradiated because
of head and neck tumors [12] and in 38% of patients with type 2
diabetes [13], using the thyrotropic releasing hormone (TRH) test for
diagnosis.

As previously mentioned, subclinical hypopituitarism does not
produce symptoms that can be seen, and the methods for diagnosis are
not well established. These conditions probably make subclinical
hypopituitarism an underdiagnosed disorder.

Causes of Subclinical Hypopituitarism

The etiology of subclinical hypopituitarism is the same as that of
clinical hypopituitarism [14] (Table 1). In adults, the most common
cause is a pituitary adenoma or its treatment (surgery or radiotherapy).
Benign pituitary adenomas, which are the most frequent pituitary
masses, and particularly macroadenomas (= 1 cm) are commonly
associated with hormone deficiencies. Probable mechanisms include
the compression of normal pituitary tissue, compression of the blood
flow, and interruption of hypothalamic-pituitary communication.

Although pituitary surgery is sometimes associated with some
degree of recovery in pituitary function, it can be a cause of hormone
deficit [15]. Tumor size, tumor infiltration, or surgeon experience are
some factors involved in the development of hypopituitarism.
Radiotherapy is another cause of hypopituitarism, and its effect is
dose-dependent. Newer methods of irradiation can lower the
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prevalence of subclinical hypopituitarism, although there is still risk
involved [16]. Other possible causes of subclinical hypopituitarism
include traumatic brain injury, Sheehan’s syndrome, infiltrative and
immunological diseases, and genetic disorders.

Pituitary tumours

- Adenomas

- Other pituitary tumours

Parasellar tumours

- Craniopharyngiomas

- Chordomas

- Germinomas

- Meningiomas

- Gliomas

- Metastases

- Others

Brain injury

- Neurosurgery

- Radiotherapy

- Traumatic brain injury

Vascular disease

- Pituitary apoplexy

- Sheehan’s syndrome

- Subarachnoid haemorrhage

- Stroke

Infiltrative and immunological disease

- Sarcoidosis

- Tuberculosis

- Histiocytosis

- Haemochromatosis

- Lymphocytic hypophysitis

Infections

- Meningitis

- Encephalitis

- Abscess

Genetic causes: mutations in PROP1, PIT1, HESX1, LHX4, LHX3, GH, Kallman
syndrome

Primary empty sella

Idiopathic

Table 1: Causes of subclinical hypopituitarism.

Clinical Manifestations of Subclinical Hypopituitarism

Subclinical growth hormone deficiency

Clinical manifestations of subclinical hypopituitarism varied based
on the age of onset, although the clinical course is usually insidious
and without specific symptoms, especially in adults.

In children, the main feature of growth hormone deficiency (GHD)
is decreased growth velocity and short height. However, in adulthood,
this deficiency can be unrecognized, because the symptoms can be
nonspecific. Adults with severe GHD can show changes in body
composition with increased fat mass and decreased muscle mass,
reduced bone mineral density, metabolic changes (glucose intolerance
and altered lipid profile), cardiac changes with premature
atherosclerosis and low energy, and reduced quality of life [17-21].

Patients with subclinical GHD could present some of the clinical
manifestations of severe GHD but with less intensity. It has been
shown that patients with intermediate values in stimulation tests
present changes in body composition at an intermediate degree
between healthy subjects and patients with severe GHD. Studies of
body composition have demonstrated that subjects with subclinical
GHD have increased fat mass, reduced lean body mass, and increased
skin-fold thickness [22]. This intermediate state has been also
associated with impaired insulin sensitivity, impaired lipid profile, and
carotid intima-media thickness [23,24]. These changes seem to be
related to IGF-I levels.

Another study found that, compared with healthy people, patients
who were insufficient in growth hormone (GH) had higher levels of
plasminogen activator inhibitor type-I (PAI-I), suggesting an increased
cardiovascular risk [25]. A more recent study showed a correlation
among the GH axis, the visceral adiposity index, and cardiometabolic
risk; thus, apparently healthy patients could have some degree of
visceral adipose dysfunction associated with GH and IGF-I levels, but
without overt GHD [26]. However, more investigations are needed to
support the association between subclinical GHD and increased
cardiovascular risk.

Subclinical gonadotropin deficiency

Symptoms of follicle stimulating hormone/luteinizing hormone
(FSH/LH) deficiency depend on the age at onset. Before the age of
puberty, males with FSH/LH deficiency have small penises and testes,
and women with FSH/LH deficiency have primary amenorrhea with
the absence of breast development. In adulthood, males show impaired
sexual function, reduction of testicular size, infertility, and weakness,
and women have menstrual irregularities or amenorrhoea and
infertility.

Subclinical gonadotropin deficiency is difficult to establish in
women by clinical features, because normal menstruation would
exclude it. However, men with subclinical gonadotropin deficiency can
have mild symptoms such as low sexual desire, erectile dysfunction,
and poor morning erection or fatigue, in relation with testosterone
levels [27].

Subclinical adrenocorticotropic hormone deficiency

Chronic corticotropin deficiency usually causes weight loss and
lethargy, although it can be asymptomatic if cortisol production is
enough for day-to-day activity. Therefore, patients with subclinical
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adrenocorticotropic hormone (ACTH) deficiency will probably present
symptoms only with concomitant stress or illness, when an increase in
cortisol secretion is required. In these situations, patients will present
typical symptoms of acute deficiency: nausea, vomiting, weakness,
hypotension and fever, abdominal pain, or hypovolemic shock in more
severe cases.

Subclinical thyroid-stimulating hormone deficiency

Subclinical hypothyroidism could be associated with similar
symptoms of overt deficiency: lack of energy, weakness, cold
intolerance, or constipation. In children, undiagnosed hypothyroidism
can be associated with mental and growth retardations, but mild
congenital TSH deficiency based on one patient diagnosed at 6 years of
age did not shown any impact on intellectual status or mental
development [28].

Subclinical primary hypothyroidism has been associated with
higher frequency of hypercholesterolemia, atherosclerosis, and
coronary heart disease, and with increased risk of coronary heart
events (especially in those with TSH>10 mUI/L) [29]. Nevertheless, no
studies are available as yet that evaluate the influence of milder TSH
deficiencies on the cardiovascular or metabolic systems.

Subclinical prolactin deficiency

Clinically, prolactin (PRL) deficiency is only characterized by the
impossibility to puerperal lactogenesis [30]. Most likely, subclinical
deficiency does not cause any symptoms.

Diagnosis of Subclinical Hypopituitarism

Subclinical growth hormonedeficiency

Diagnosis of GHD usually requires a stimulation test [31], although
it is not necessary in situations with known structural pituitary disease,
the presence of three other hormones deficiencies, and a low IGF-I
level. GHD can be interpreted as a continuum with a GH response to a
provocative test range from a normal GH response to severe GHD
(Table 2). The insulin tolerance test is the gold standard for diagnosis,
and a peak GH response <3 pug/L is indicative of severe deficiency in
adults [32], whereas a response over 7 ug/L is considered normal.
Peaks of GH response between these values represent intermediate
conditions of GHD.

Test Normal peak of GH response (ug/L) Severe deficiency (ug/L) Probably subclinical deficiency (ug/L)
Insulin tolerance test >7 <3 3-7

GHRH-arginine test >16.5 <9.1 9.1-16.5

GHRH-GHRP®6 test >20 <10 10-20

Table 2: Stimulation tests for diagnosis of GH deficiency.

The growth hormone releasing hormone (GHRH)-arginine test is
also employed for diagnosis with similar sensitivity and specificity than
theinsulin tolerance test. A peak of GH below 9.1 ug/L is necessary for
GHD diagnosis, and it is excluded when the GH response is >16.5
pg/L. Intermediate values would suggest mild impairment of GH
secretion [33,34]. These cutoffs values are dependent on body mass
index.

Another provocative test employed in the diagnosis of GHD is the
GHRH-GHRP6 test, which confirms diagnosis of GHD if the GH peak
is less than 10 pg/L and excludes deficiency if it is >20 ug/L [35]. Again,
levels between 10 and 20 pg/L could represent subclinical deficiency.

Besides the stimulation tests, other parameters can reflect GH
secretion as stimulated UC (area under curve) GH secretion. Values
above 1000 are indicative of normal secretion, and values less than 250
indicate a diagnosis of GHD; results between 250 and 1000 would
indicate subclinical secretion [36].

IGF-I levels have not showed utility for subclinical GHD diagnosis,
because low levels do not discriminate between normal and impaired
secretion [37]. However, a recent study has suggested that IGF-I SDS
(standard deviation score) can be used as marker of somatotropin
function and of hypopituitary severity [38], although more research is
needed specifically in the subclinical setting.

In children, subclinical GHD is more difficult to define, although
there is at least one case of a child diagnosed after an insulin tolerance
test, in whom growth and development was normal [39].

Subclinical gonadotropin deficiency

Hypogonadotropic hypogonadism is diagnosed with a low serum
testosterone and/or estradiol concentration and the absence of
increased FSH and LH. However, the diagnosis of subclinical states is
difficult to define.

In women, normal menstruation cycles exclude gonadotropin
deficiency, and there is not a cutoff that establishes subclinical
deficiency in patients with normal menstruation. In men, subclinical
deficiency would be defined as normal testosterone levels with FSH or
LH below the 5th percentile that may be associated with the initial
symptoms previously described [40].

Subclinical adrenocorticotropic hormone deficiency

Low cortisol levels in the morning of <80 nmol/L indicate complete
ACTH deficiency, whereas levels >400 nmol/L are completely normal.
A subclinical corticotropic deficiency would be characterized by
normal basal cortisol and ACTH levels, but with an insufficient
response to the stimulation test (<500 nmol/L). The insulin tolerance
test is the gold standard for detection of central adrenal failure [41],
although the low-dose ACTH stimulation test (1 pg) has demonstrated
a strong correlation with the ITT with fewer side effects [42]. The high
dose of ACTH, 250 pg, can be also used but it is less sensitive for early
diagnosis of chronic ACTH deficiency with normal basal cortisol
levels. An optimal threshold for subclinical deficiency with this test has
not been established.
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In subjects with traumatic brain injury, subclinical ACTH deficiency
has been also defined as basal ACTH or cortisol levels below the 5th
percentile [39], but without sufficient evidence.

Subclinical thyroid-stimulating hormonedeficiency

In contrast with the other axis, stimulation tests are not used in
clinical practice to diagnosis TSH deficiency, so subclinical cases can
go unrecognized. The TRH test would be an option to detect
intermediate defects. In fact, in patients with diabetes type 2 without
pituitary disease and normal basal levels of TSH and free T4 and T3,
this test detected impaired TSH secretion in approximately 38% of
patients, considered as subclinical hypopituitarism [13].

In patients with traumatic brain damage, subclinical TSH deficiency
has been defined as low free-T4 (<5 percentile) with normal total-T4
or vice versa [39].

Subclinical PRL deficiency

The TRH test can be used for PRL diagnosis in patients with low
PRL levels. A Turkish study showed that the TRH test was more
compatible with postpartum agalactia than with PRL levels to detect
lactotroph deficiency, particularly in patients with PRL basal levels
between 4 and 7.8 ng/ml [43].

Treatment of subclinical hypopituitarism

There is not much data about GH treatment in subclinical defects.
A Brazilian study showed that treatment with recombinant human GH
in children with mild GHD (defined as GH peak of 5 to 10 ng/mL after
the stimulation test) achieved height gain. Height-SDS after the first
year of treatment was higher in children with mild deficiency
compared with those with severe deficiency, but no difference was
found at the last assessment. Differences in GH doses were not
observed [44].

Regarding subclinical ACTH deficiency, there is a study that
concludes that conventional replacement with 10 mg twice daily of
hydrocortisone in these patients produces hypercortisolemia [45], so
treatment should avoid physiological conditions without stress.

There are no data for or against substitutive treatment in patients
with subclinical TSH and with gonadotropin deficiency. Long-term
randomized studies analyzing the impact of substitutive treatment in
subclinical deficiencies are needed.

In conclusion, subclinical hypopituitarism is an entity not well
defined and probably underdiagnosed because of the lack of specific
symptoms and well-defined criteria for diagnosis. Long-term
controlled studies are needed to investigate the main symptoms of
these patients, the implications in morbidity and mortality, the best
method for diagnosis, and the specific cut-offs and need/benefits of
substitutive treatment.
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