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Introduction

Human immunodeficiency virus (HIV) can have profound impact on the function of
the pituitary gland. We have performed an electronic literature search using the fol-
lowing database: PubMed, Medline, Scopus, and Google Scholar. These databases were
searched using the keywords HIV, pituitary glands, cancer, pituitary apoplexy, and
infertility. HIV can cause hypopituitarism and also can lead to diabetes insipidus. The
impact can be slow and insidious, and diagnosis depends on high index of clinical sus-
picion. The effect on anterior pituitary gland can be associated with growth hormone
deficiency, hypothyroidism, adrenal insufficiency, premature menopause, erectile dys-
function, and infertility. HIV can cause pituitary apoplexy, and this should be treated as
an endocrine emergency. Importantly, HIV can be associated with pituitary lymphoma
and pituitary cancer. Therefore, joined management between HIV physicians, clinical
biochemists and endocrinologists may help in establishing pituitary dysfunction.

HIV has become a well-managed disease with the use
of cART, where it is now the long-term complications such

Human immunodeficiency virus (HIV) is an RNA (ribonu-
cleic acid) retrovirus with a prevalence of 37.9 million cases
worldwide! and can lead to the acquired immunodeficiency
syndrome (AIDS) if left unchecked. Due to these widespread
effects, HIV may present differently in different patients. If
there is a suspicion that a patient is infected with HIV, they
will be investigated using the serological HIV antibody and
p24 antigen tests.? Combined anti-retroviral therapy (cART)
is the mainstay of HIV treatment? and is divided into six sub-
classes of medications. These medications can also have side
effects on the patient such as the lipodystrophy syndrome
and increased risk of myocardial infarction.

DOI https://doi.org/
10.1055/s-0041-1723055
ISSN 0974-2727 .

published online
May 19, 2021

as cardiovascular disease that are forming the majority of
deaths in HIV patients.> With this, other complications such
as pituitary function dysfunction are becoming more preva-
lent. The pituitary gland is made up of two lobes, the ante-
rior and posterior separated by the intermediate lobe.® It is
named the “master gland” due to its widespread hormonal
function, providing essential homeostasis for the body.” The
anterior pituitary is responsible for the release of growth
hormone (GH), prolactin, follicle stimulating hormone (FSH),
luteinizing hormone (LH), thyroid stimulating hormone
(TSH), and adrenocorticotropic hormone (ACTH), while the
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posterior lobe releases oxytocin and antidiuretic hormone
(ADH).5 Therefore, with its widespread functions, HIV can
affect this gland in multiple ways, and this will be discussed
in this review. In addition, we have also included sections
about HIV’s role in pituitary apoplexy and pituitary cancer.

Methodology

This research project was conducted as a review article. The
authors searched on the literature using the following data-
base: pub Med, Medline, Scopus, and Google scholar. These
databases were searched using the keywords: HIV, pituitary,
pituitary cancer, hypopituitarism, apoplexy, and diabetes
insipidus. The authors searched also using combination of the
following terms ([HIV] AND [pituitary] AND [hypopituitar-
ism]) OR ([cancer] AND [apoplexy] AND [diabetes insipidus]).
The search based on studies published in English language
from November 1981 to January 2020, the abstracts, and
the articles were then screened. Articles were scanned and
read; further relevant references in the reference lists are also
included and data were extracted.

HIV and the Anterior Pituitary Lobe

The anterior pituitary as an organ helps to mediate multi-
ple physiological processes within the body such as growth,
metabolism, blood pressure balance, lactation, and repro-
duction.® Its centralized role allows it to be involved in many
homeostatic processes’ which means when there is an infec-
tion like HIV that affects the anterior pituitary, there are mul-
tiple physiological changes seen within the body.

Generally speaking, HIV has been proven to be linked
to hypopituitarism. There are several mechanisms
stated to cause hypopituitarism such as infection (e.g.,
Toxoplasmosis'®), neoplastic, or even iatrogenic through
cART." Therefore, it has been recommended to have radio-
logical imaging as a diagnostic tool when suspecting hypopi-
tuitarism in an HIV patient® to differentiate between different
pituitary causes. As well as these causes of hypopituitarism,
there has been evidence to prove that the secondary organ
failure caused by HIV such as in adrenal insufficiency'? and
hypothyroidism,'* may lead to an increase in pituitary activ-
ity, however the mechanism for this is still unknown.

GH deficiency has been well-documented within HIV
patients.' The possible cause of this can be due to reduced
release’ and reduced response to stimuli by somatotropic
cells. Deficiency in other hormones such as ghrelin has also
been shown to cause this GH deficiency.!® These changes
are suggested to be due to HIV alone rather than a second-
ary cause such as opportunistic infection that may occur in
the immunocompromised patients. This can lead to different
symptoms within both adults and children who have HIV. In
children, it can lead to a failure to thrive!” which can also be
caused by GH insensitivity. Within adolescents, this decrease
in GH has shown to cause an increase in insulin and adipos-
ity.’® This decrease in GH and increase in adiposity lead to
HIV lipodystrophy. Adversely, within advanced HIV (where
there is wasting), GH levels are shown to have increased'
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which may be due to a GH resistance. In the future, therapies
aiming to increase GH might help to prevent metabolic syn-
drome or cardiovascular diseases? that are prevalent within
patients with HIV, thus improving prognosis for HIV patients.

Prolactin is also produced by anterior pituitary and its lev-
els were shown to be altered with HIV infection. Prolactin lev-
els are shown to be increased within patients with HIV.?! This
has repercussions on both the reproductive and the immune
system. In the immune system, the increase in prolactin
leads to immune system cell activity and it is theorized that
prolactin levels could predicate prognosis and allow for new
types of therapeutic management. Within the reproductive
system, this increase in prolactin may in certain cases cause
galactorrhea and gynecomastia and can be related to cART
therapy? as well.

Importantly, HIV can induce different changes in the
thyroid function. For instance, TSH levels are shown to be
both high and low with HIV patients. High TSH presents
with hypothyroidism'* and subclinical hypothyroidism;
however, the mechanism that causes this increase in TSH is
unknown.?® This trend in high TSH can correlate with CD4
level, thus the presence of worsening thyroid dysfunction
could be used as an indication of progression of HIV.>* Low
TSH, which is less prevalent in HIV compared with high
TSH,? is seen within hyperthyroidism. This has been stated
to be caused by both HIV directly and cART therapy as a
side effect. It must also be remembered that opportunistic
infections in HIV may also lead to sick euthyroid syndrome
which can also be a secondary cause of a decrease in TSH.
The clinical implications of these changes within TSH levels
(and subsequently Thyroxine T4 and T3) can be far reaching
within the body and means that management of HIV must
include thyroid function tests to help to reduce the likelihood
of these adverse effects.

As stated earlier, HIV is a known cause of adrenal insuf-
ficiency, which would lead to an increase in ACTH. There
are different theories of how this occurs within late and
early stage HIV. In the early stages, the high ACTH may be
due to corticotrophin releasing hormone production by
interleukin-1, whereas in later stages it can be due to a gluco-
corticoid resistance.?® This can also lead to electrolyte imbal-
ances due to its effects on aldosterone?” which can be further
exacerbated by HIV’s effect on the posterior pituitary (which
we speak about below).

As with some of other hormones, both a high and low level
of FSH and LH can be observed. An increase in FSH and LH is
commonly seen?® due to the well documented primary hypo-
gonadism caused by HIV. This increase in FSH can be further
exacerbated by being on cART. A low FSH and LH can also be
observed in primary hypogonadism.?® Again, this endocrine
abnormality can also occur due to secondary causes within
HIV such as neoplasms and infections to the hypothalamus.
Summary of the effect of HIV in the anterior pituitary gland
hormones can be seen in =Table 1.

HIV and the Posterior Pituitary Lobe
The posterior pituitary gland secretes ADH, that regulates

plasma osmolality and water balance, and oxytocin plays a
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role in the uterine contractions during birth and milk-ejection
in response to suckling in breastfeeding women.?

Anti-diuretic Hormone Function

Hyponatremia is a common electrolyte abnormality found in
HIV patients. This can be caused by syndrome of inappropri-
ate ADH secretion (SIADH), which has been associated with
mortality and morbidity in HIV patients. This syndrome is
due to excessive ADH release from the posterior pituitary that
results in increased renal reabsorption, causing this electro-
lyte abnormality. Opportunistic infections of the respiratory
system that are seen in HIV can induce SIADH. The mecha-
nism behind this is unclear, but it is shown that the resulting
hypoxemia and hypercapnia, can stimulate the nonosmotic
release of ADH from the posterior pituitary. Alongside this,
cortisol has an inhibitory effect on ADH release. Therefore,
as HIV is associated with adrenal insufficiency as discussed
earlier in this article, leading to low cortisol levels, this can
be another possible mechanism by which increased ADH lev-
els and hyponatremia are seen in the HIV population. SIADH
can be treated with fluid restriction in most cases, and min-
eralocorticoid replacement if the cause is cortisol insuffi-
ciency.*® A further retrospective cohort study, investigated
whether hyponatremia due to ADH dysfunction should be
used as a marker for disease severity in HIV-positive patients.
They concluded it was associated with a lower CD4 cell count,
a higher prevalence of AIDS and increased hospitalization
rates, arguing that monitoring this could improve patient
outcomes.’! Therefore, screening and treatment of underly-
ing cause of SIADH in individuals living with HIV is essential.
Importantly, HIV can also be associated with ADH deficiency

Table 1 A summary of the effect of HIV on the function of
the anterior part of the pituitary gland

Hormone| Main effect of HIV on hormone/condition

Condition

Growth Reduction in hormone levels.'

hormone

Prolactin Increase in hormone levels.??

ACTH Increase in hormone levels.?®

Thyroid Increase and decrease of TSH depending on

hormones secondary factors.
Increase and decrease in T4 and T3 levels
depending on secondary factors.?>?

FSH and LH Increase in FSH and LH.®?

Estrogen Decrease in hormone levels.%

Testosterone Decrease in hormone levels.*

Menopause Women may reach menopause at earlier ages®
and have worse symptoms.®

Erectile Higher risk of erectile dysfunction in HIV-

dysfunction seropositive men.®

Impact on Fertility rates are lower in both women® and

fertility men.*’

Abbreviations: ACTH, adrenocorticotropic hormone; FSH, follicle stim-
ulating hormone; HIV, human immunodeficiency virus; LH, luteinizing
hormone, TSH, thyroid stimulating hormone.
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(central diabetes insipidus). For instance, in post-mortems
of HIV-encephalitic patients compared with HIV-negative
controls, 52% of them showed a decrease of ADH immuno-
reactive neurons compared with their controls and this was
thought to explain the lower ADH levels released from the
posterior pituitary gland.*? Peripheral diabetes insipidus can
be due to the damage of the collecting ducts in the kidney
or due to resistance to the action of ADH. =Table 2 provides
summary of different studies that explain the two types of
diabetes insipidus

Oxytocin

A study that looked at the hypothalamus in patients with
AIDS compared with HIV-negative controls, concluded that
there was a 40% less oxytocin-expressing neurons in the AIDS
participants.®® Furthermore, in the same study that looked at
post-mortem HIV encephalitic patients that noted a decrease
in ADH, a bigger decrease in oxytocin was also observed.
They documented sparse oxytocin immunoreactivity that
decreased oxytocin levels.?? However, there has been a lack
of studies on how HIV affects oxytocin directly at the pos-
terior pituitary. It has been suggested that oxytocin forms
a part of the neuroendocrine stress response alongside the
hypothalamic-pituitary-adrenal axis. A study tried to utilize
this to investigate how oxytocin, cortisol, and noradrena-
line were affected in HIV-positive ethnic minority women.
This took into account sociodemographic characteristics and
stress measures that included their stress perception. It con-
cluded that at low levels of oxytocin, there was an inverse
association between CD4+ cell count, but at high levels it was
a positive association.>* Therefore, the study was inconclu-
sive. Moreover, if we consider the physiological function of
oxytocin for breastfeeding and parturition,® no remarkable
changes were reported in these physiological functions in

Table 2 Different studies showing the different types of
diabetes insipidus with HIV

Central diabetes
insipidus (main finding
of the study) references

Contributions of HIV infec-
tion in the hypothalamus
and substance abuse/use
to HPT dysregulation.
Langford et al, 201132

Diabetes Insipidus as a
complication of crypto-
coccal meningitis in an
HIV-infected patient
Juffermans et al, 2002%

Diabetes insipidus and
hypopituitarism in HIV: an
unexpected cause.
Tavares Bello et al, 2017°

Peripheral diabetes insipidus
(main finding of the study)
references

Nephrogenic diabetes insipidus as
the first manifestation of ectopic
ACTH syndrome in an HIV infected
patient

Fiorot Costalonga et al, 2016°

Latrogenic nephrogenic diabetes
insipidus
Singh, 2003

Fanconi syndrome and nephro-
genic diabetes insipidus associated
with didanosine therapy in HIV
infection: a case report and litera-
ture review

D'Ythurbide et al, 2007¢'

Abbreviations: ACTH, adrenocorticotropic hormone; HIV, human immu-
nodeficiency virus; HPT, hypothalamus-pituitary-thyroid.
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women living with HIV. Research is more focused on defin-
ing the risk of mother-to-child transmission for HIV-positive
women on CcART.?® Current NICE guidance suggests that
women on cART with a viral load < 400 copies per mL, or
women with any antiretroviral therapy with < 50 copies per
mL can have vaginal deliveries as HIV transmission risk is the
same as caesarean sections.’’” Hence it is established these
physiological functions are not hindered by HIV infection,
with the emphasis in the literature being on transmission.
It suggests that oxytocin levels are still being produced at
an adequate level in those living with HIV, to counteract the
arguments made when HIV affects the hypothalamic level.
However, further research is needed to assess the interaction
between oxytocin and HIV.

HIV and Pituitary Apoplexy

Pituitary apoplexy is a hemorrhage or infarction of the pitu-
itary gland, most commonly occurring in the presence of a
pituitary tumor.*® It can present with headaches, vomiting,
visual abnormalities and hypopituitarism. These symptoms
can occur directly (as said previously due to a tumor) or due
to secondary infections that may mimic pituitary apoplexy.*

There have been many reported cases within literature to
demonstrate this. For example, a B cell lymphoma presented
with symptoms of pituitary apoplexy.*’ The pathophysiol-
ogy behind this indicates that tumors, such as the previously
mentioned lymphoma, tend to invade the suprasellar region
above the pituitary leading to interruption of the blood flow
into the pituitary. This therefore leads to infarctions leading
to apoplexy. This invasion can also compress the optic chiasm
leading to visual defects. It is also important to remember
that pituitary apoplexy may further exacerbate symptoms of
previous hypopituitarism by causing hormonal abnormali-
ties such as GHs deficiency.*!

Due to the immunosuppressant nature of HIV, a patient may
be at risk of infections which can also cause pituitary apoplexy.
For instance, tuberculosis (TB) can also infect the pituitary and
result in hypopituitarism. Other infections that present with
these symptoms are meningitis and cytomegalovirus.* It is also
possible for infections and tumors affecting the pituitary,* to
present together within an HIV patient leading to both pathol-
ogies causing infarcts, which could then cause a patient to have
symptoms of apoplexy. Interestingly, one study suggested that
the increase in incidence of AIDS may cause an increase in pitu-
itary TB,*" which may then lead to increase in pituitary apo-
plexy cases in AIDS patients.

To investigate apoplexy relating to HIV, there are two con-
current pathways of investigation. One is to do general inves-
tigations that would occur with each case of apoplexy and the
other is to investigate the specific cause of the apoplexy. The
gold standard for general investigation would be magnetic
resonance imaging (MRI)* (computed tomography should be
done if MRI not possible). This should be in conjunction with
bloods tests** to check for any endocrine and biochemical
derangement that may present. Specific investigations would
be related to the cause of the apoplexy itself and would need
clinical judgment to facilitate which investigations to order.
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For example, TB screening tests or polymerase chain reaction
for TB and cytomegalovirus, respectively.

In patient’s management with pituitary apoplexy, there
can be either surgical or medical interventions. However,
first the patient must be stabilized immediately and given
steroid therapy (such as hydrocortisone).* The decision to
which type of intervention to take should be done promptly
in a multidisciplinary team (MDT) format which will ide-
ally comprise of the appropriate specialists. If there is no
indication for surgery, a conservative medial management
should be taken. If there is a severe deterioration of visual
acuity or severe visual field defects,* a surgical approach
should be taken. In regard to HIV patient with pituitary
apoplexy, the appropriate HIV team within the hospital
should be involved within the patient’s MDT (no benefit
of cART, in HIV patient with pituitary apoplexy). Regular
follow-up with the appropriate teams would be necessary
after discharge.

HIV, Cancers, and Pituitary Function

HIV is regarded as a risk factor for several cancers, includ-
ing AIDS defining cancers such as Kaposi’s sarcoma, invasive
cervical cancer, primary central nervous system lymphomas,
and non-Hodgkin’s lymphoma. While this risk has decreased
due to the advances in cART,* several studies have been
undertaken to explore the relationship between HIV and
cancers affecting the pituitary gland.

HIV-associated cancers have been documented to affect
pituitary gland functions to produce a variety of presenta-
tions. For instance, a case report showed that the presence of
polydipsia, polyuria, and severe dehydration in HIV patient
was found to be due to advanced primary CNS lymphoma
(PCNSL) of diffuse large B cell type.® Primary CNS lymphoma
is otherwise a rare intracranial neoplasm, especially that of
primary pituitary origin.*s Importantly, poorly managed HIV
due to lack of compliance with cART and immunodeficiency
are the main risk for PCNSL.4’

Importantly, in narrative review it was concluded that
pituitary dysfunction in HIV patients is likely due to pri-
mary lymphoma of the pituitary gland. It concluded that
endocrine dysfunction was one of the most common pre-
senting features as reported in 50% of the cases, alongside
headaches and visual symptoms.* Lymphoma in HIV can
have different presentations. For instance, a female had a
history of infertility for 5 years and more recently amenor-
rhea, galactorrhea, and neurological disorders. An endocri-
nological evaluation showed low levels of FSH and LH, with
otherwise normal hormonal levels. After diagnostic workup
stereotactic biopsy was performed to reveal the underlying
pituitary lymphoma.*® Furthermore, it has been shown that
different hormones of the pituitary gland can be affected by
these neoplasms, where a case of primary pituitary T-cell
lymphoma in a 47-year-old male caused low levels of ACTH
and FSH to be extremely low (LH was undetectable).>® Hence,
as endocrine dysfunction is a common presentation of this
cancer in immunocompetent individuals, whose risk of get-
ting this malignancy is lower than HIV-positive patients; it is
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always important to think of this as a differential in the HIV
population that are showing hormonal changes.

Despite the fact that brain lesions associated with HIV
are PCNSL and toxoplasmosis,® the prevalence in non-
AIDS defining intracranial malignancies such as glioblas-
toma multiforme (GBM) has risen in the HIV population.>
A case report showed an immunocompetent 62-year-old
male with malignant glioma. He presented with nausea
and vomiting, decreased, blurred, and double vision along
with headache. On endocrinological evaluation, his ACTH
levels were low with everything else within normal lim-
its. The tumor compressed the optic chiasm explaining
the visual symptoms the man presented with. In general,
it is reported in the literature that these tumors present
with signs of headache, intracranial focal lesions, and a
reduction in pituitary hormones.>* In an article studying
these tumors specifically in HIV patients, it concluded that
there is an increased incidence of GBM compared with
the general population. In 21 cases that Hall and Short>
looked over, the mean CD4 count at GBM presentation was
400/mm? (moderately immunosuppressed), and they had a
median HIV diagnosis of 3 years. It was shown that in HIV-
patients this tumor occurs at an earlier age and was con-
cluded the management to be the same as non-HIV GBM
patients with surgery, chemotherapy, and radiotherapy,
alongside cART. This is because survival is dictated by the
tumor, not the HIV-status. Therefore, in individuals living
with HIV and presented with neurological and endocrino-
logical signs who has good adherence to cART, it is import-
ant that intracranial lesions are included in the differential
diagnosis, as it is not just AIDS-defining tumors that are
now being seen.

Combined Anti-retroviral Therapy and Pituitary
Function

The antiretroviral medication can also have negative
impact in the pituitary function. For instance, nevirapine,
ritonavir, or abacavir sulfate appeared not to influence GH
level.> Furthermore, nelfinavir (protease inhibitor) was shown
to sensitize pituitary adenoma cells to ionizing radiation but
no impact on prolactin secretion.’® However, in certain cases
with galactorrhea and gynecomastia, this was attributed to
an increase in prolactin related to a cART.?? Treatment with
CART therapy can be associated with both low or high TSH?%,
Administration of cART for 2 years appeared to have no impact
on the free testosterone.”” While other studies suggested res-
toration of sexual function after administration of antiretro-
viral medication.®®>° In certain patient cART can be associated
with high FSH.? The effect of cART on the posterior pituitary
lobe can be seen in terms of possible association in some
patients with diabetes inspidious,®*¢! but majority of women
on cART still can have normal vaginal delivery without need
for synthetic oxytocin.*’ Overall, antiretroviral medication is
well tolerated in majority of individuals with HIV, but clini-
cians need to be aware that certain patients may respond in
different ways in particular in relation to pituitary functions.
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Fig. 1 The complex impact of HIV on the pituitary gland. HIV, human
immunodeficiency virus.

Conclusion

HIV can have complex impact on the function of the pituitary
gland (summary can be seen in =Fig. 1). There are many
potential direct and indirect effects of HIV on pituitary func-
tion and this needs to be addressed, monitored, and managed
in proper clinical settings. Effective multidisciplinary collab-
oration between clinical biochemists, HIV physicians, and
endocrinologists will lead to better management of patients
and better future research in this field.
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