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Laparoscopic surgery for pancreatic insulinomas: an update
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AbstrAct

Insulinomas are the most common functioning neuroendocrine tumors of the pancreas, oc-
curring in almost 1-4 per 1 million persons each year. In contrast to other pancreatic neu-
roendocrine tumors, they are usually benign and solitary at the time of diagnosis. Due to their 
benign nature, surgical excision is the treatment of choice, with excellent long-term results. 
The introduction of minimally invasive techniques in the surgical treatment of insulinoma has 
been gaining popularity due to shorter length of hospital stay and better cosmetic results, with 
serious complications being comparable to those of open surgery. Preoperative localization is 
of paramount importance in the determination of the appropriate surgical approach. Many 
invasive and non-invasive methods exist for localization of an insulinoma. A combination of 
these modalities is usually adequate to preoperatively localize the vast majority of tumors. 
Laparoscopic ultrasound is mandatory to localize these tumors intraoperatively. Despite ex-
tensive experience in highly specialized centers producing encouraging results, no randomized 
trials have been realized to conclusively validate these case series, this partly due to the rarity 
of insulinoma in the population. In this article we present the current state of laparoscopic 
management of insulinoma delineating still unanswered issues and we underscore some of the 
technical details of the most common laparoscopic procedures employed.
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INTRODUCTION

Pancreatic neuroendocrine tumors (PanNETs) are 
a rare group of neoplasms that originate from the 
endocrine portion of the pancreas. These tumors are 

further classified depending on whether they secrete 
compounds, resulting in symptoms, into functioning 
and non-functioning PanNETs.1 Insulinoma was the 
first PanNET to be identified nearly 90 years ago and 
it represents the majority of functioning PanNETs. 
The name denotes the tumor’s biological behavior and 
propensity to secrete considerable amounts of insulin, 
leading to clinical manifestations of hypoglycemia.

PanNETs as a whole constitute only about 1-2% of 
pancreatic tumors.2 Taking this into consideration, it 
is not surprising that attempts to estimate insulinoma 
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incidence in the general population have been beset 
with difficulties. Studies based on autopsy reports 
have indicated that clinically indolent insulinomas 
are exceedingly rare.3 Most epidemiological infor-
mation regarding the incidence of insulinomas in the 
general population is derived from Olmsted County, 
Minnesota, USA, and a retrospective study spanning 
six decades where incidence of insulinoma was esti-
mated at 4 cases per million per year.4 Of note is the 
upward trend in incidence in the last two decades of 
the study. This upward trend has been observed as 
regards several varieties of neuroendocrine tumors of 
the digestive tract, most likely indicating a refinement 
in diagnostic techniques.

Based on available patient series, there does not 
seem to be a predilection concerning sex, with insu-
linomas afflicting both genders equally. When sporadic 
(approximately 90%), insulinomas tend to be solitary 
tumors that can be treated effectively with limited re-
sections.4 By contrast, in multiple endocrine neoplasia 
(MEN) type 1 syndrome (4-10%) insulinomas tend 
to be multiple, have malignant potential (up to 25%) 
and usually require more complicated and extensive 
resections of pancreatic parenchyma.4-6 Conversely, 
approximately 10% of patients with MEN1 syndrome 
develop insulinomas.

Although sporadic insulinoma may occur through-
out life, the mean age at presentation is 47 years 
(range 8-82).7 In MEN1 the mean age at presentation 
is lower, at 25 years or less. Anatomical distribution 
may vary throughout the head, body and tail of the 
pancreas, but they are predominantly located in the 
body and the tail.4,6,8 The majority (90%) have a di-
ameter smaller than 2 cm, whereas malignant tumors 
are usually over 3 cm.9 Due to the fact that symptoms 
of hypoglycemia dominate the clinical picture early 
in the course of the disease the majority are small 
at the time of presentation and amenable to surgical 
resection.

Clinical suspicion of insulinoma is warranted in 
cases of hypoglycemia related symptoms, with ap-
proximately 75% of patients reporting symptoms in the 
fasting state.10 However, postprandial hypoglycemia 
can occur in conjunction with fasting hypoglycemia and 
in a minority of patients may be the only symptom.11 
Symptoms are categorized into the neuroglycopenic 

type, which result from dysfunction of the central 
nervous system due to a lack of glucose, its primary 
energy substrate, and the sympathoadrenal type which 
occur as part of the stress response and the subsequent 
release of catecholamines. During episodes of hypo-
glycemia patients may experience blurred vision and 
exhibit erratic behavior. Due to stimulation of the 
autonomic nervous system, diaphoresis, palpitations 
and excitability are all common presentations.11 In 
extreme cases excessive hypoglycemia may result 
in seizures and a comatose state.

Historically, Whipple’s triad has summarized the 
clinical picture and diagnosis of insulinoma (induction 
of the symptoms after fasting or exercise, a plasma glu-
cose <50mg/dl when symptomatic, relief of symptoms 
after administration of oral or intravenous glucose) 
and is still employed today to diagnose hypoglycemic 
disorders in non-diabetic patients.12 Diagnosis of an 
insulinoma is dependent on documenting inappropri-
ately elevated levels of insulin in the setting of low 
circulating levels of glucose. Specific criteria have 
been developed dependent on blood based tests to 
confirm the diagnosis.13 Once a state of incongruent 
hyperinsulinemia has been diagnosed, localization 
studies are necessary to visualize the tumor.

Therapeutic strategies for both benign and malignant 
insulinomas typically involve surgical management 
and/or percutaneous ablation of lesions, and in the 
case of metastatic disease chemotherapy.13,14 The first 
surgical procedure for the treatment of insulinoma was 
described in 1929.12 Depending on lesion localization 
and extent of disease, surgical options include enu-
cleation and/or excision of pancreatic parenchyma. 
Before the advent of minimally invasive surgical 
techniques and advanced imaging modalities, even 
simple enucleations in readily accessible areas of the 
pancreas entailed exposure of the pancreas through 
large abdominal incisions. Not uncommonly, diffi-
culty or uncertainty in intraoperative identification 
of lesions leads to conversion of a relatively simple 
procedure such as enucleation to extensive procedures 
(e.g. Whipple’s procedure) with high morbidity and 
mortality. Laparoscopic surgery and preoperative and 
intraoperative imaging modalities have completely 
transformed the treatment of insulinomas. Preservation 
of the pancreatic parenchyma is currently considered 
mandatory, as insulinomas have an excellent potential 
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for complete cure after surgical excision and because 
most are small, solitary and benign.4 A combination of 
preoperative imaging tests (invasive and non-invasive) 
and intraoperative ultrasound have made laparoscopic 
procedures for insulinoma technically feasible and 
safe in centers with a high level of expertise. Here 
we summarize and comment on current advances in 
the laparoscopic management of insulinomas.

LOCALIzATION Of The TUMOR

After detection of inappropriately high insulin 
levels imaging techniques are used to verify and 
localize the presence of a single or several insulino-
mas. Preoperative localization of the insulinoma is 
of utmost importance in the management of these 
neoplasms, since their location in the pancreas, their 
number and their relationship to important anatomi-
cal structures are the most important determinants of 
the surgical procedure selected. Traditionally, blind 
distal pancreatectomy used to be the standard surgi-
cal procedure when a tumor could not be visualized 
and/or palpated intraoperatively. However, advanced 
localization techniques have rendered blind resec-
tions for small and benign insulinomas obsolete.15 
As previously mentioned, insulinomas are usually 
benign and most patients remain disease-free following 
successful excision, even after prolonged follow-up. 
Therefore, extensive pancreatic resections are not 
currently indicated in these scenarios due to the as-
sociated perioperative and postoperative morbidity 
and mortality of such procedures. 

Several invasive and non-invasive imaging mo-
dalities are currently available and to a large degree 
choice of imaging test is dependent on local experi-
ence, availability and patient preference. Imaging 
studies provide crucial information regarding the 
location of the tumor, the extent of local invasion 
and the presence of metastatic lesions. The imaging 
studies include invasive and non-invasive tests for 
the preoperative localization of the insulinoma and 
laparoscopic ultrasound for intraoperative localization.

Non-invasive tests include spiral computed to-
mography (CT), magnetic resonance imaging (MRI), 
transabdominal ultrasound (US), pentetreotide scin-
tigraphy and positron emission tomography (PET) 
with fluorine-18-L-dihydroxyphenylalanine. In certain 

cases, a transabdominal US is the first test employed 
due to its universal availability, low cost compared to 
other techniques, lack of radiation exposure, patient 
compliance and ability to evaluate possible abdominal 
metastasis. Major drawbacks include its depend-
ence on operator expertise, difficulties in evaluating 
intra-abdominal structures in the obese patient and 
declining sensitivity with small diameter lesions (<2 
cm) and with tumors located in the tail of the pan-
creas.16,17 However, in certain high-volume centers 
detection by contrast-enhanced transabdominal US 
has been reported to be comparable to detection by 
conventional CT.18 

CT is the most commonly used non-invasive pre-
operative localization test. Contrast enhancement is 
routinely used and insulinomas are usually visualized 
as rounded, well-defined lesions. Previous large-scale 
studies evaluating CT sensitivity in insulinoma de-
tection have yielded modest results (approximately 
70%).19 However, developments in CT technology 
have drastically changed its usefulness as a first-line 
option in preoperative detection and previous mod-
est results are probably not indicative of the current 
state of the technology. Dynamic CT has supplanted 
conventional CT scanning as the modality of choice 
due its ability to better detect small lesions thus in-
creasing sensitivity to over 80%.20,21 Large-scale single 
institution studies have documented considerable 
improvement of sensitivity with the adoption of newer 
CT techniques.21 Added benefits of CT compared to 
transabdominal US include better visualization of the 
abdominal cavity in order to exclude metastasis or 
concurrent abdominal pathology and less subjective 
interpretation of imaging findings. Surgeons well 
versed in abdominal CT scans can also better visually 
comprehend tumor localization, thus leading to better 
preoperative planning. Obvious drawbacks include 
radiation exposure and in a small subset of susceptible 
patients severe and possibly life-threatening allergic 
reactions to the contrast medium. 

MRI is an additional study that can be employed, 
with various rates of success reported in the literature.22 
Its major drawback is patient compliance, therefore 
limiting its use as a first choice. However, published 
results suggest that MRI is of particular importance 
in small diameter insulinomas that are not detected 
by transabdominal US and CT.23,24 In T1-weighted 
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images insulinomas are low in signal intensity and 
relatively high in T2-weighted images (Figure 1).25 

Scintigraphy with pentetreotide is of limited use 
in sporadic insulinoma, since most insulinomas do 
not readily express a large number of somatostatin 
receptors. Sensitivity is approximately 40-50% for 
insulinoma, but it is of use in hereditary syndromes 
such as MEN1 where there is a high likelihood of 
other PanNETs.24,26

Invasive tests include endoscopic ultrasound (EUS), 
selective angiography and selective arterial calcium 
stimulation (SACS). Selective angiography was tra-
ditionally employed in previous decades as the gold 
standard for preoperative localization.27 Introduction 
of non-invasive techniques with similar or superior 
diagnostic accuracy have rendered this modality mostly 
obsolete due to its invasive nature and potential for 
severe morbidity. 

The SACS test constitutes an evolution of tradi-
tional transhepatic portal venous sampling. During 
this procedure, calcium gluconate is injected into the 
gastroduodenal, proper hepatic, splenic and superior 
mesenteric artery and hepatic venous blood is collected 
for evaluation of insulin levels.28 Selective catheteri-
zation of the aforementioned vessels permits reliable 
localization of insulinoma. However, anatomical vari-
ations of these vessels, which are not uncommon, can 

confound interpretation.29 SACS is of considerable 
importance in cases where other imaging modalities 
have failed to identify an insulinoma. In addition, it 
can be employed to distinguish between insulinoma 
and other very rare causes of hyperinsulinemic hy-
poglycemia such as nesidioblastosis.30,31 This test can 
distinguish whether insulin secretion is localized (as 
in the case of insulinoma) or spread throughout pan-
creatic tissue as in nesidioblastosis. Several reports 
have mentioned high levels of sensitivity reaching in 
some cases 100%.15,28,32 Obvious drawbacks include 
complications related to arterial catheterization, lack 
of availability and need for technical dexterity.

EUS, with reported sensitivity frequently over 
80%,13,26,33-35 is gradually gaining acceptance as an 
important adjuvant in preoperative evaluation of 
insulinoma and is considered the invasive test of 
choice if other non-invasive tests have failed to iden-
tify the tumor. EUS permits identification of lesions 
as small as 5mm in diameter.33 As is also the case in 
pancreatic adenocarcinoma, EUS yields important 
information regarding the lesion’s proximity to ma-
jor anatomic structures such as the major pancreatic 
duct and splenic vessels.36 EUS has been reported 
to be most accurate in tumors occurring in the head 
of the pancreas, while tumors at the tail are hardest 
to localize.37,38 Added benefits of EUS include the 
possibility for fine needle aspiration and cytological 
examination in circumstances where the diagnosis is in 
doubt and preoperative tattooing of the lesion/lesions 
to further assist in intraoperative identification (Figure 
2).39-42 Furthermore, EUS guided alcohol ablation of 
insulinoma has been reported in high-risk surgical 
patients with encouraging results.43 Disadvantages of 
the technique include the need for adequate patient 
sedation and operator subjectiveness. 

Currently there are no universally accepted guide-
lines as concerns preoperative imaging. Previous 
reports regarding non-invasive techniques have mostly 
involved older technologies that are steadily being 
replaced. In the case of CT and MRI, previous dis-
appointing results are most certainly a reflection of 
that fact. Retrospective studies frequently included 
tests conducted by both multidetector and single-slice 
scanners, thereby probably underestimating the diag-
nostic utility of CT.24 At our institution, in sporadic 
insulinoma where lesions tend to be solitary and 

figure 1. T1 weighted MRI visualizing a 2 cm insulinoma in the 
head of the pancreas.
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benign we routinely utilize dynamic abdominal CT 
scan as the first imaging modality due to high patient 
compliance and its potential to recognize metastatic 
disease. We prefer to bypass transabdominal US based 
on the fact that transabdominal US images are not as 
readily intelligible as CT images for the surgical team. 
In addition, dynamic CT scan has been reported to 
have higher sensitivity than transabdominal US and is 
not limited by the tumor’s location in the body or tail 
of the pancreas. If CT scan fails to localize the tumor 
or if there are concurrent hepatic lesions that cannot 
be adequately visualized on CT, we proceed with an 
MRI as an adjuvant modality. As a second step, we 
universally employ EUS to better evaluate the tumor’s 
location in relation to relevant anatomic structures 
such as the pancreatic duct and major blood vessels. 
EUS in addition allows for detection of lesions that 
may not be apparent on dynamic CT scan, especially 
at the head of the pancreas. Preoperative tattooing 
is always employed regardless of the availability of 
IOUS or a planned laparoscopic or open procedure. 
In our experience, in the overwhelming majority 
of cases these preoperative imaging modalities are 
sufficient for accurate localization and subsequent 
surgical planning. 

In most cases, the combination of various invasive 
and non-invasive modalities suffices to accurately 
determine preoperatively the anatomical location of 

sporadic insulinomas. In MEN1 special attention is 
focused on evaluating the presence or not of insulino-
mas or other PanNETs in the head of the pancreas, 
since in most cases distal pancreatectomy will be the 
procedure followed, thereby obviating the need for 
precise localization of lesions in the body or tail of 
the pancreas. 

However, in the era of laparoscopic surgery, pre-
operative planning has limitations during the actual 
surgical procedure. During the years before minimally 
invasive techniques, a relatively high percentage of 
insulinomas (as much as 10%) remained unidentifi-
able by bimanual palpation of the pancreas alone.44,45 
Intraoperative ultrasound (IOUS) is an invaluable 
and irreplaceable tool when pursuing both open and 
laparoscopic enucleation.15,46 In open exploration, 
the combination of preoperative localization and 
intraoperative palpation and IOUS can achieve suc-
cessful surgical resection in virtually all patients (83% 
to 98%).15,47 In a similar manner to EUS, it can relay 
information regarding tumor location and proximity 
to the pancreatic duct.48 In several series its sensitiv-
ity in localizing insulinoma is higher than 90% and 
considered superior to preoperative imaging studies, 
it being able to detect lesions as small as 2-3mm.15,49-51 
It is hence is easy to understand that in laparoscopic 
surgery where there is typically a loss of tactile sensa-
tion, IOUS gains even greater importance with results 
being comparable to IOUS in open surgery.52-54 A lack 
of laparoscopic IOUS, despite positive preoperative 
identification, has been cited as an important fac-
tor in the failure to intraoperatively identify lesions 
leading to increased incidences of conversion to open 
procedure.55,56 It should be noted, however, that even 
though IOUS boasts higher identification rates than 
the preoperative setting, there have been reports where 
laparoscopic IOUS has failed to detect a tumor which 
was positively identified in preoperative imaging.57

DeTeRMINATION Of OPeRATIve TeChNIqUe

Surgical excision of insulinoma remains the treat-
ment of choice.4,13,14 Traditional resections and paren-
chyma-sparing resections or a combination of both 
can be employed depending on indications. Factors 
that dictate the choice of procedure and should be 
addressed preoperatively are a diagnosis or not of 

figure 2. Laparoscopic view of an insulinoma on the anterior 
surface of the pancreas after tattooing with methylene blue dye 
by EUS.
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MEN1, the number of insulinomas, the tumor’s size, 
location in the pancreas and anatomical proximity to 
the major pancreatic duct and major blood vessels, and 
the likelihood of malignancy. As previously stated, 
the majority of insulinomas are sporadic and in turn 
most sporadic insulinomas are solitary and benign. 
Therefore, parenchyma-sparing procedures such as 
enucleation and central pancreatectomy are frequently 
performed in the management of sporadic insulinoma. 
Conversely, in MEN1 patients, due to the fact that the 
disease is regularly multifocal, a different strategy is 
employed and a distal pancreatectomy is the standard 
of care with or without enucleation of masses in the 
head of the pancreas.

OPeN OR LAPAROsCOPIC APPROACh?

Over the last two decades, minimally invasive 
techniques have been employed in the treatment 
of PanNETs with various levels of success.51,58-61 
Insulinomas constitute a distinct category, since the 
majority are benign, solitary and usually small in size 
at the time of diagnosis (<2cm). Thus, common sense 
dictates that they are more amenable to laparoscopic 
intervention than other PanNETs. Despite the fact that 
insulinomas are the most common functional PanNET, 
they still remain a rare clinical entity and consequently 
even large volume centers have a limited number of 
cases that are managed laparoscopically.51,57,60,62 To our 
knowledge, no randomized control studies comparing 
open and laparoscopic management of insulinomas 
have been performed and are probably unlikely to be 
performed due to the paucity of cases. The majority 
of reports that attempt to make direct comparisons 
are retrospective in nature and therefore have certain 
limitations.56,57,59,63 Due to the relatively small number 
of cases there is difficulty in demonstrating significant 
differences in important issues such as complications 
rates.19 Multicentric studies are plagued by inter-
institution variability in preoperative management 
and expertise in advanced laparoscopic techniques.64 
In addition, heterogeneity in most of these studies 
renders comparisons between open and laparoscopic 
approaches problematic.65 In certain large-scale stud-
ies, additional pancreatic pathologies are included 
thus making generalization of results difficult.59, 66-68 
Furthermore, since there are no randomized stud-
ies, these reports are susceptible to selection bias in 

regard to the patients who were chosen to undergo 
laparoscopic intervention. Of note is also the fact that 
laparoscopic management of PanNETs is still a nas-
cent discipline and most published studies have been 
undertaken in referral institutions with considerable 
experience in neuroendocrine pancreatic surgery and 
advanced laparoscopic techniques and that have access 
to various preoperative and intraoperative diagnostic 
modalities. Hence, it remains unclear if their findings 
can be extrapolated to other institutions which have 
extensive experience in open pancreatic surgery and 
other advanced laparoscopic procedures.

On a practical level, pancreatic surgery is techni-
cally vexing for a variety of reasons. The pancreas has 
a retroperitoneal position, in close proximity to major 
vessels and with a very fragile consistency that renders 
it extremely vulnerable to any manipulation (Figure 
3). Laparoscopy adds another layer of complexity 
eliminating tactile sensation and thus rendering iden-
tification of anatomical structures harder. Obviously, 
these types of procedures require extensive familiarity 
with open pancreatic surgery combined with a high 
level of laparoscopic dexterity. It is noteworthy that 
both open and laparoscopic resection of insulinoma 
share similar operative strategy.

What can be deduced from previous studies is that 
laparoscopic surgical management of insulinomas is 
feasible and safe in selected patients in institutions that 
have a high volume of PanNET cases. Randomized 
control studies are difficult to implement due to the 
rarity of the disease. 

figure 3. Transverse section of the pancreas indicating ana-
tomic relations with vital anatomic structures. (P: Pancreas; D: 
Duodenum; PV: Portal Vein; IVC: Inferior Vena Cava; A: Aorta; 
SMA: Superior Mesenteric Artery; S: Spleen).
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sURgICAL OPTIONs IN LAPAROsCOPy

The first laparoscopic attempts at insulinoma exci-
sion performed 20 years ago indicated that laparoscopic 
management was feasible and with an acceptable 
safety profile.61 Since then, numerous highly special-
ized centers have accrued experience in advanced 
laparoscopic techniques in pancreatic surgery and 
in these places most if not all procedures can be 
completed laparoscopically.51,57,62,69 Pancreaticoduo-
denectomy remains a relative exception due to its 
complexity but is technically feasible in specialized 
institutions presenting acceptable results compared 
to open pancreaticoduodenectomy.70,71 As a result, in 
high volume centers laparoscopic management has 
become the mainstay of surgical treatment due to sev-
eral factors, including shorter length of stay and better 
cosmetic results. Most cases in the literature involve 
enucleation of solitary lesions in the body or tail of 
the pancreas and distal pancreatectomy with or with-
out spleen preservation.51,59,62 A recent meta-analysis 
of large-scale studies indicated that approximately 
65% of laparoscopic procedures completed were 
enucleations and about 34% distal pancreatectomies, 
the remainder being pancreaticoduodenectomy and 
central pancreatectomy.19 Therefore, here we will fo-
cus on enucleation and distal pancreatectomy with or 
without spleen preservation in patients with sporadic 
insulinomas. MEN1-associated insulinomas represent 
a different type of surgical challenge for reasons that 
were alluded to previously. MEN1-associated insu-
linomas have a high malignancy potential and are 
frequently multifocal, while to a large extent there 
are other PanNETs concurrently present. However, 
several series have indicated that minimally invasive 
procedures can be employed with satisfactory results 
compared to open procedures.51,69,72

Current treatment guidelines strongly recommend 
enucleation in sporadic solitary insulinoma with a 
diameter <2cm on IOUS and if structural integrity 
of the pancreatic duct can be maintained.14 A 2-3mm 
distance from the pancreatic duct verified on IOUS is 
currently advised when attempting enucleation.13,73,74 
Larger tumors up to 3cm carry an increased risk 
for malignancy and increased rates of postoperative 
complications have been reported, thus consensus is 
lacking as to which approach is optimal.57,59,75 Past 
series have reported successful application of lapa-

roscopic techniques in the management of sporadic 
insulinomas located especially in the body or tail of 
the pancreas.51,60,62,69 Concerns giving rise to debate still 
persist in the management of solitary lesions located 
in the head of the pancreas due to complications (up 
to 64% may develop a fistula) after enucleation.76,77 
A review of the literature indicates that laparoscopic 
enucleation when employed in selected patients is 
a technically feasible procedure with comparable 
complication rates.51,57,63,71 The most common surgi-
cal complication is pancreatic fistula (7.2% in all 
types of laparoscopic procedures) with the majority 
occurring in laparoscopic enucleations.19 Rates of 
pancreatic fistula after laparoscopic enucleation for 
various pathologies are variable (13%-56%) and may 
depend on the location of the lesion and its pathol-
ogy.66,68,77 In early reports, proximity to major vessels 
such as the portal vein was considered a relative 
contraindication to laparoscopic enucleation.19 Recent 
case reports indicate that laparoscopic enucleation 
is feasible even in perilous anatomic positions, such 
as the posterior surface of the neck of the pancreas, 
indicating that with increased familiarity the extent 
of contraindications for laparoscopic enucleation is 
shrinking.78

Traditional pancreatectomies are usually carried 
out for solitary insulinomas when adequate distance 
from the pancreatic duct is not present. Distal or sub-
total pancreatectomies are also performed in MEN1 
procedures due to frequent multifocal disease, con-
current presence of other PanNETs and potential for 
underlying malignancy. 

Laparoscopic spleen-preserving pancreatectomy is 
gaining traction as a safe procedure.69,79,80 There are two 
approaches to spleen-preserving pancreatectomy, one 
entailing splenic vessel preservation and an alternative 
technique with splenic vessel resection.81,82 Due to the 
usually benign nature of insulinomas, splenic vessel 
preservation is advocated as a first-line treatment 
option.80,83 The spleen’s viability in splenic vessel 
resection is dependent on the blood supply of the 
short gastric vessels. Rates of splenic infarction are 
more common in this type of procedure but whether 
there is any clinical relevance remains to be seen.83-85

Here we briefly outline certain technical consid-
erations which are of importance when undertaking 
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laparoscopic management of insulinomas during 
enucleation and distal pancreatectomy. Due to the 
low frequency of laparoscopic pancreaticoduodenec-
tomy and central pancreatectomy, these will not be 
elaborated upon.

TeChNICAL AsPeCTs

Insulinomas of the body or tail  
of the pancreas 

Insulinomas tend to be compact and encapsulated, 
presenting a clear dissection plane between the tu-
mor and the surrounding pancreas.27 It is important 
to remove the tumor with the capsule completely to 
prevent a local recurrence. Once the tumor has been 
located and the relationship to the pancreatic duct has 
been defined, the decision for laparoscopic enucleation 
or distal pancreatectomy should be made. Tumors in 
the anterior or inferior surface of the pancreas require 
minimal mobilization, while lesions in the posterior 
or superior surface demand adequate mobilization 
of the body and tail. So if the lesion is visible on the 
anterior surface of the pancreas and appropriate for 
enucleation, it is dissected from the surrounding pan-
creatic tissue with diathermy or laparoscopic vessel 
sealing device (Figure 4). If the insulinoma is buried 
within the pancreas, the pancreatic tissue is opened 
at the appropriate site, just above the lesion, and the 
insulinoma is enucleated carefully, without causing 
any damage to the pancreatic duct. For lesions in the 
posterior surface, lifting of the inferior margin of the 
body of the pancreas is performed and if the splenic 
vein is in close proximity care is taken to isolate it 
from the tumor. Occasionally, enucleation is only 
possible after local resection of the adjacent portion 
of the vein. In this process, injury to the splenic artery 
must be avoided. After enucleation, the tumor bed 
must be examined for evidence of pancreatic duct 
injury. Tumors situated very distally in the splenic 
hilum are especially difficult to identify. In cases 
where visualization and ultrasound fail, a hand port 
can be used to allow palpation of the gland.

Insulinomas located in the distal portion of the 
tail of the pancreas or in very close proximity to the 
main pancreatic duct (<3mm) require distal pancrea-
tectomy.13 The technique of laparoscopic distal pan-
createctomy varies widely between different centers 

and surgeons. Distal pancreatectomy can be combined 
with splenectomy and with spleen preservation with 
or without preservation of the splenic vessels (Figure 
5 and 6).81 The key vascular structures in this opera-
tion are the superior mesenteric vein, splenic vein and 
artery, hepatic artery and inferior mesenteric vein. 
The anatomic landmark for medial mobilization of 
the pancreas is the superior mesenteric vein (SMV). 
Small and distal lesions do not require formal left 
pancreatectomy and in these cases the pancreas may 
be divided medial to the SMV. Once the pancreas is 
free inferiorly from its peritoneal attachments, from 
the SMV to the splenic hilum, dissection under the 
pancreas may be performed. In distal pancreatectomy 
with splenectomy the splenic vessels are divided. The 
splenic artery is stapled at any point during the opera-
tion. Ideally it is ligated a few centimeters beyond its 
origin at the celiac axis. It is important not to injure 
the hepatic artery during the ligation of the splenic 
artery. The splenic vessels can be divided along with 
the pancreas or separately depending on the thickness 
of the pancreatic parenchyma using lineal staplers.

Spleen preserving distal pancreatectomy is cur-

figure 4. Enucleation of an insulinoma on the inferior border of 
the body of the pancreas.
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rently the gold standard in benign pancreatic condi-
tions, even though they are technically demanding. 

In 1996, Kimura et al described a technique of spleen 
preserving distal pancreatectomy with preservation of 
the splenic artery and vein.82 Earlier, in 1988, Warshaw 
had described a technique of spleen-preserving distal 
pancreatectomy with transection of the splenic ves-
sels.81 During these operations care should be taken 
not to ligate the short gastric and the left gastrepip-
loic vessels. After dissecting the inferior pancreatic 
border from the retroperitoneum, visualization of 
the posterior surface of the pancreas is feasible. The 
SMV is identified as is the splenic vein since they 
form the portal vein. The splenic vessels have to be 
dissected circumferentially and have to be separated 
carefully from the pancreas. With the Warshaw tech-
nique, the splenic vessels are ligated at the side of 
the portomesenteric vein and the splenic hilum. After 
this procedure the sole remaining blood supply to the 
spleen is from the gastric and the left gastroepiploic 
vessels. The left gastroepiploic artery is suspected to 
play an important role in the prevention of postopera-
tive ischemia of the spleen. 

It is obvious that during a spleen-preserving opera-
tion the surgeon should always examine the splenic 
perfusion at the end of the procedure. A splenectomy 
has to be performed when signs of splenic ischemia 
are present. 

INsULINOMAs Of The heAD  
Of The PANCReAs 

The excisions of insulinomas of the pancreatic head 
are technically more demanding. An extensive Kocher 
maneuver is carried out to mobilize the head of the 
pancreas in insulinomas on both the anterior surface 
and posterior surface of the head. After appropriate 
exposure of the pancreas IOUS is performed. IOUS 
is used to identify the location of the tumor and its 
relation to the main pancreatic duct and the SMV. 
For tumors of the pancreatic head a hand port may 
be placed in the right subcostal area to help with mo-
bilization and gain the tactile sensation. Enucleations 
performed on the posterior surface of the head require 
extensive mobilization of the right hepatic lobe and 
right kidney. Lesions on the anterior surface of the 
head require extensive identification of various blood 
vessels. For lesions located along the inferior border 
of the head, the head is separated from the SMV and 

figure 5. Spleen preserving distal pancreatectomy with preser-
vation of the splenic vessels.

figure 6. Spleen preserving distal pancreatectomy with resec-
tion of splenic vessels.
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portal vein by ligating the small collaterals vessels. 
For tumors along the superior edge of the pancreatic 
head, the common hepatic artery is separated from 
the upper border of the pancreas. Enucleation is per-
formed from the pancreatic parenchyma using again 
diathermy or laparoscopic vessel sealing device. In 
all of these operations, after the enucleation the tumor 
bed is carefully examined and a drain is left in place. 

CONCLUsIONs

Insulinomas are rare tumors of the pancreas which 
mostly occur sporadically. They are commonly of a 
benign nature and respond excellently to surgical 
excision. From a surgical standpoint, localization 
of the tumor is of critical importance. Successful 
identification eliminates the need for blind resec-
tions of pancreatic tissue. However, no consensus 
has been attained for the preoperative localization of 
these tumors. Local availability and skill in specific 
invasive and non-invasive tests seem to determine 
the preoperative algorithm. Advances in minimally 
invasive surgical techniques have for the last two 
decades permitted the introduction of laparoscopic 
surgery in the treatment of this condition. Results have 
been encouraging and comparable to those of open 
surgical techniques. However, there is an absence of 
randomized control studies that would conclusively 
verify the conclusions of these studies. Another ques-
tion that has not been addressed is whether these 
results can be reproducible in institutions that are 
adept in open pancreatic surgery and other advanced 
laparoscopic procedures but do not encounter a large 
number of insulinomas in their surgical workload. 
From a technical standpoint, the same basic principles 
that dictate open surgical management are applicable 
to laparoscopic treatment. Identification and visuali-
zation of several vital structures is mandatory as is 
excellent knowledge of the anatomical landmarks by 
the surgical team. In its current state, laparoscopic 
management of insulinomas is a safe and reasonable 
option in high volume centers specializing in lapa-
roscopic pancreatic surgery. Availability of several 
preoperative imaging modalities and intraoperative 
US is mandatory when considering the laparoscopic 
approach to insulinomas. As has been the case with 
other advanced laparoscopic procedures, diffusion of 
knowledge and experience will doubtless make these 

types of procedures more common in the near future.
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AbstrAct
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INTRODUCTION

Cardiovascular disease (CVD) remains the leading 

cause of morbidity and mortality in patients with type 
2 diabetes mellitus (T2DM).1 Given that drugs used 
in the treatment of T2DM may have either beneficial 
or harmful cardiovascular (CV) effects, it is vital to 
ensure that these drugs have no deleterious CV effects 
and may actually improve CV outcomes. On this ac-
count, the Food and Drug Administration (FDA) in 
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2008 and the European Medicines Agency (EMA) 
in 2010 recommended that new compounds being 
developed for T2DM should undergo clinical trials 
to guarantee CV safety.2,3 However, the CV effects of 
most antidiabetic drugs are not as yet elucidated4 and 
there is little evidence from randomized trials regarding 
how best to treat T2DM in the CVD affected popula-
tion. The American Diabetes Association (ADA) and 
the European Association for the Study of Diabetes 
(EASD) have reported a consensus algorithm for 
managing T2DM5 in which metformin is the initial 
pharmacologic agent of choice combined with other 
drugs in double or triple therapy. Our review aims 
to summarize the CV issues related to the core drugs 
used in T2DM (Table 1) and to provide an overview 
of the status of the ongoing and upcoming clinical 
trials in this field. 

INsULIN 

Insulin is the primary treatment for type 1 dia-
betic patients and for type 2 diabetic patients whose 
hyperglycemia does not respond to other antidiabetic 
drugs.6 The initial step of insulin action occurs after 
its binding to the insulin receptor, which leads to the 
activation of two major pathways of considerable 
complexity: the mitogenic pathway, mediating the 
growth effects of insulin through the mitogen-activated 
protein kinase (MAPK), and the metabolic pathway 
which regulates nutrient metabolism by activation of 
phosphatidylinositol 3-kinase (PI3K). Different types 
of insulin are now available and categorized by their 
source and time of action.7 Some authors believe that 
individuals with insulin resistance, mainly affecting 
the PI3K pathway, need greater amounts of insulin 
to achieve a similar glycemic control, whilst MAPK 
pathway overstimulation leads to an acceleration of 
the atherosclerotic process within the vessel wall.8 
Older in vivo animal studies provided evidence of the 
atherogenic potential of insulin.9 Conversely, several 
studies have pointed to a possible anti-atherosclerotic 
effect of insulin mediated by nitric oxide release10 
as well as inhibition of pro-apoptotic signals11 and 
of platelet aggregation.12 However, at present there 
are no unequivocal clinical data about these effects, 
which may also depend on the physiological or else 
experimental circumstances. The main side effects 
insulin are hypoglycemia and weight gain, while se-

vere hypoglycemia can increase the risk of dementia, 
CV events and death.13 

CARDIOvAsCULAR sAfeTy Of INsULIN: 
evIDeNCe fROM sTUDIes

Several studies have reported an increase in CV 
risk and higher mortality,14 whereas others have dem-
onstrated a reduction in CV events, apart of their raise 
in the incidence of hypoglycemia.15 An observational 
study of patients on insulin plus metformin reported 
a higher risk of a composite effect of nonfatal CV 
and all-cause mortality among insulin therapy users 
compared to those administered sulfonylureas (SU) 
as an add-on therapy.16 However, significant bias 
might be present considering that patients with more 
severe disease are more likely to be treated with 
insulin. A recently published post hoc analysis of 
the action to control cardiovascular risk in diabetes 
(ACCORD) trial suggests that insulin dose did not 
play a role in the greater CV mortality in patients 
randomized to intensive glycemic control.17 In the 
sulfonylurea/insulin arm of the United Kingdom 
Prospective Diabetes Study (UKPDS), there was 
no association between the use of insulin and CVD 
incidents,18 even after 10 years of follow-up.19 The 
Outcome Reduction with Initial Glargine Intervention 
(ORIGIN) trial with the long-acting insulin glargine 
involved more than 12,000 patients with new-onset or 
early T2DM, impaired glucose tolerance or impaired 
fasting glucose, with a prior CV event or at high risk 
for CVD, who were randomized either to glargine 
or to standard care. The results demonstrated no as-
sociation with macrovascular events in both groups. 
However, there was a positive link to both weight 
gain and hypoglycemia.20 The ORIGIN trial and the 
recently published legacy effects (ORIGINALE) 
study followed up these patients for more 2.5 years 
and confirmed that insulin glargine had neutral ef-
fects on CV health.21 The hyperglycemia and its effect 
after acute myocardial infarction on cardiovascular 
outcomes in patients with type 2 diabetes mellitus 
(HEART2D) trial was designed to study the effects of 
either prandial (lispro) or basal (NPH twice daily or 
insulin glargine once daily) insulin on CV outcomes 
in 1,115 patients after myocardial infarction (MI). No 
differences in respect of CV events between prandial 
versus basal strategies were found.22 



172 S. PAREDES ET AL
Ta

bl
e 1

. M
ai

n 
ca

rd
io

va
sc

ul
ar

 ef
fe

ct
s o

f a
nt

id
ia

be
tic

 d
ru

gs
Dr

ug
W

eig
ht

sB
P

DB
P

LD
L-

c
h

DL
-c

Tg
Bl

oo
d 

ve
ss

els
h

ea
rt

In
fla

m
m

at
io

n 
O

ve
ra

ll 
Cv

 ef
fe

ct
In

su
lin

Ga
in

Ne
ut

ra
l

Ne
ut

ra
l

De
cr

ea
se

M
ix

ed
 re

su
lts

De
cr

ea
se

M
ay

 h
av

e a
nt

i-
at

he
ro

sc
le

ro
tic

 
ef

fe
ct

s

Ri
sk

 o
f h

yp
og

ly
ce

m
ia 

in
du

ce
d 

CV
 ef

fe
ct

s
M

ay
 in

hi
bi

t p
la

te
le

t 
ag

gr
eg

at
io

n
Un

ce
rta

in
, s

tu
di

es
 

ai
m

in
g 

CV
 sa

fe
ty

 
ar

e n
ee

de
d

M
et

fo
rm

in
Lo

ss
 o

r 
ne

ut
ra

l
De

cre
as

e 
or

 
ne

ut
ra

l

De
cr

ea
se

 
or

 n
eu

tra
l

De
cr

ea
se

In
cr

ea
se

De
cr

ea
se

En
do

th
el

ia
l 

pr
ot

ec
tio

n
M

ay
 h

av
e c

ar
di

op
ro

te
ct

iv
e 

ef
fe

ct
s (

at
te

nu
at

io
n 

of
 M

I 
siz

e a
nd

 im
pr

ov
ed

 L
VF

)

M
ay

 h
av

e a
nt

i-
in

fla
m

m
at

or
y 

an
d 

an
ti-

th
ro

m
bo

tic
 ef

fe
ct

s

Ap
pe

ar
s t

o 
be

 
be

ne
fic

ia
l

SU
Ga

in
Ne

ut
ra

l
Ne

ut
ra

l
Ne

ut
ra

l o
r 

de
cr

ea
se

De
cr

ea
se

Ne
ut

ra
l 

or
 

in
cr

ea
se

-

M
ay

 in
cr

ea
se

 ri
sk

 o
f C

V 
ev

en
ts 

(g
lic

la
zi

de
 an

d 
gl

im
ep

iri
de

 ap
pe

ar
 to

 b
e 

th
e s

af
es

t);
M

ay
 p

re
ve

nt
 is

ch
em

ic 
ca

rd
ia

c p
re

co
nd

iti
on

in
g 

af
te

r M
I (

ex
ce

pt
 

gl
im

ep
iri

de
);

Ri
sk

 o
f h

yp
og

ly
ce

m
ia 

in
du

ce
d 

CV
 ef

fe
ct

s

M
ay

 in
hi

bi
t p

la
te

le
t 

ag
gr

eg
at

io
n 

(g
lic

la
zi

de
)

M
ay

 in
cr

ea
se

 
CV

 ri
sk

, s
tu

di
es

 
ai

m
in

g 
CV

 sa
fe

ty
 

ar
e n

ee
de

d

TZ
D

Ga
in

 (f
at 

re
di

str
ib

ut
io

n,
 

m
ay

 d
ec

re
as

e 
vi

sc
er

al 
ad

ip
os

e 
tis

su
e)

De
cre

as
e 

or
 

ne
ut

ra
l

De
cr

ea
se

 
or

 n
eu

tra
l

Ro
sig

lit
az

on
e 

– 
in

cr
ea

se
s;

Pi
og

lit
az

on
e 

– 
ne

ut
ra

l 

In
cr

ea
se

De
cr

ea
se

M
ay

 h
av

e a
nt

i-
at

he
ro

sc
le

ro
tic

 
ef

fe
ct

s

Fl
ui

d 
re

te
nt

io
n 

an
d 

ed
em

a; 
Ro

sig
lit

az
on

e -
 m

ay
 

in
cr

ea
se

 ri
sk

 o
f M

I a
nd

 
HF

;
Pi

og
lit

az
on

e -
 m

ay
 

in
cr

ea
se

 ri
sk

 o
f H

F

M
ay

 h
av

e a
nt

i-
in

fla
m

m
at

or
y 

ef
fe

ct
Pi

og
lit

az
on

e 
ap

pe
ar

s t
o 

ha
ve

 a 
sa

fe
r p

ro
fil

e t
ha

n 
ro

sig
lit

az
on

e; 
ca

ut
io

n 
in

 p
at

ie
nt

s 
wi

th
 h

ea
rt 

di
se

as
e

DP
P-

4i
Ne

ut
ra

l
Ne

ut
ra

l 
or

 
m

od
es

t 
de

cr
ea

se

Ne
ut

ra
l 

or
 m

od
es

t 
de

cr
ea

se

Ne
ut

ra
l o

r 
de

cr
ea

se
Ne

ut
ra

l o
r 

in
cr

ea
se

De
cr

ea
se

M
ay

 h
av

e a
nt

i-
at

he
ro

sc
le

ro
tic

 
ef

fe
ct

s;
Va

so
di

la
tio

n

M
ay

 h
av

e c
ar

di
op

ro
te

ct
iv

e 
ef

fe
ct

s; 
Ho

sp
ita

liz
at

io
n 

fo
r 

HF
 (s

ax
ag

lip
tin

, r
es

ul
ts 

no
t 

co
nf

irm
ed

 w
ith

 si
ta

gl
ip

tin
)

M
ay

 h
av

e a
nt

i-
in

fla
m

m
at

or
y 

ef
fe

ct
M

ay
 im

pr
ov

e 
fib

rin
ol

ys
is

No
 ad

di
tio

na
l C

V 
ris

k;
 cl

in
ic

al
 tr

ia
ls 

on
go

in
g

GL
P-

1 
 

RA
Lo

ss
De

cre
as

e
De

cr
ea

se
 

or
 n

eu
tra

l
De

cr
ea

se
No

 
sig

ni
fic

an
t 

im
pr

ov
em

en
ts 

De
cr

ea
se

Va
so

di
la

tio
n;

M
ay

 im
pr

ov
e 

en
do

th
el

ia
l 

fu
nc

tio
n

M
ay

 h
av

e c
ar

di
op

ro
te

ct
iv

e 
ef

fe
ct

;
M

ay
 im

pr
ov

e L
VF

 an
d 

re
du

ce
 ar

rh
yt

hm
ia

s;
In

cr
ea

se
 in

 h
ea

rt 
ra

te 
(s

m
al

l i
nc

re
as

es
 o

f 
un

ce
rta

in
 si

gn
ifi

ca
nc

e)

An
ti-

in
fla

m
m

at
or

y 
an

d 
an

tit
hr

om
bo

tic
 

pr
op

er
tie

s

Ap
pe

ar
s t

o 
be

 
be

ne
fic

ia
l; 

cl
in

ic
al 

tri
al

s o
ng

oi
ng

SG
LT

2i
Lo

ss
De

cre
as

e
De

cr
ea

se
 

or
 n

eu
tra

l
In

cr
ea

se
In

cr
ea

se
De

cr
ea

se
M

ay
 im

pr
ov

e 
en

do
th

el
ia

l 
fu

nc
tio

n;
 

Re
du

ce
 ar

te
ria

l 
sti

ffn
es

s

No
 ef

fe
ct

 o
n 

he
ar

t r
at

e;
Ri

sk
 o

f v
ol

um
e d

ep
le

tio
n

M
ay

 d
ec

re
as

e C
V 

ris
k 

m
ar

ke
rs

 (e
x:

 
al

bu
m

in
ur

ia
, u

ric
 ac

id
)

Ap
pe

ar
s t

o 
be

 
be

ne
fic

ia
l; 

cl
in

ic
al 

tri
al

s o
ng

oi
ng

SU
: s

ul
fo

ny
lu

re
as

, T
ZD

: t
hi

az
ol

id
in

ed
io

ne
s; 

DP
P-

4i
: d

ip
ep

tid
yl

 p
ep

tid
as

e 4
 in

hi
bi

to
rs

; G
LP

-1
 R

A
: g

lu
ca

go
n-

lik
e p

ep
tid

e-
1 

re
ce

pt
or

 ag
on

is
ts

; S
G

LT
2-

i: 
so

di
um

-g
lu

co
se

 
tra

ns
po

rte
r-2

 in
hi

bi
to

rs
; S

BP
: s

ys
to

lic
 b

lo
od

 p
re

ss
ur

e;
 D

BP
: d

ia
sto

lic
 b

lo
od

 p
re

ss
ur

e;
 L

DL
-c

: L
ow

 d
en

sit
y 

lip
op

ro
te

in
 ch

ol
es

te
ro

l; 
HD

L-
c:

 h
ig

h 
de

ns
ity

 li
po

pr
ot

ei
n 

ch
ol

es
te

ro
l; 

TG
: t

rig
ly

ce
rid

es
; C

V:
 ca

rd
io

va
sc

ul
ar

; M
I: 

m
yo

ca
rd

ia
l i

nf
ar

ct
io

n;
 L

VF
: l

ef
t v

en
tri

cu
la

r f
un

ct
io

n,
 H

F:
 H

ea
rt 

fa
ilu

re
.



Cardiovascular safety in treating type 2 diabetes 173 

Insulin degludec is a novel basal insulin with a 
longer duration of action. In 2013, the FDA suspended 
approval of this insulin and requested additional CV 
outcomes data. The DEVOTE trial was designed to 
test its safety and efficiency in subjects with T2DM 
at high risk of CV events. Due to the satisfactory 
preliminary results, this trial has recently been ap-
proved by the FDA and is expected to be completed 
by September 2016.23

MeTfORMIN 

Metformin acts by reducing insulin resistance, par-
ticularly in the liver and skeletal muscle, suppressing 
hepatic gluconeogenesis and increasing insulin sensi-
tivity and peripheral glucose utilization.24 This drug 
has beneficial effects on lipid metabolism,24 causing a 
decrease in total cholesterol, Apo B concentrations and 
low-density lipoprotein (LDL) cholesterol (LDL-c)25 
and triglycerides (TG) and by increasing high-density 
lipoprotein (HDL) cholesterol (HDL-c).26 It has also 
been reported to cause a decrease in the proportion 
of small dense LDL particles.27 Metformin is also 
associated with weight loss.26 Metformin may have 
a moderate blood pressure (BP) lowering effect,28 
although the majority of studies have failed to identify 
any effect on BP.29 Metformin may be able to protect 
against diabetes-induced vascular disease,30 since it 
is able to decrease inflammation31 and preserve the 
endothelium,32 while it exhibits anti-thrombotic ef-
fects.33 On the other hand, metformin can cause folate 
malabsorption and vitamin B12 deficiency, which 
can lead to elevated homocysteine, an established 
risk factor for CVD.34 

CARDIOvAsCULAR sAfeTy Of MeTfORMIN: 
evIDeNCe fROM sTUDIes

The UK Prospective Diabetes Study (UKPDS) 
was a landmark study of the CV benefits of met-
formin, which demonstrated that, compared to the 
conventional-treatment group, metformin was able to 
reduce any diabetes-related endpoint, diabetes-related 
death and all-cause mortality. When compared to 
chlorpropamide, glibenclamide or insulin, metformin 
showed a more pronounced effect for any diabetes-
related endpoint, all-cause mortality and stroke.35 
Moreover, the metformin treated group displayed 

a sustained risk reduction for any diabetes-related 
endpoint, MI and death from any cause in the post-
trial follow-up.36 Metformin has been shown to lower 
all-cause mortality compared with other oral agents 
and insulin37 and to reduce composite CV endpoints 
compared with glipizide.38 It also appears to reduce the 
risk of macrovascular disease.39 Systematic reviews 
have revealed that treatment with metformin is as-
sociated with a decreased risk of CV mortality40 and 
with a significant reduction of CV events, especially 
in younger patients.41 However, in the A Diabetes 
Outcome Progression Trial (ADOPT) metformin 
did not demonstrate any advantage in terms of risk 
of death or CV events over glibenclamide or rosigli-
tazone.42 Moreover, the CV safety of metformin has 
been questioned since there is evidence of greater CV 
mortality when it is added to sulfonylurea.35 More 
specifically, a study found that patients treated with 
SU in combination with metformin were at higher 
risk of adverse CV outcomes than those treated with 
metformin alone.43 

A number of studies have pointed to beneficial 
effects of metformin in heart failure (HF), namely 
lower rates of mortality,44 mainly CV mortality,45 
and a lower risk of death and readmission for HF.46 
A recent systematic review has determined that met-
formin is at least as safe as other glucose-lowering 
treatments in patients with diabetes and HF, even in 
those with reduced left ventricular ejection fraction.47 
At present, metformin is recommended as first-line 
therapy in clinically stable patients with HF when 
their ventricular dysfunction is not severe.48 Among 
T2DM patients with documented coronary artery 
disease (CAD), metformin appears to be associated 
with lower mortality and CV risk than secretagogues.49

Several studies are in progress evaluating the po-
tential CV benefits of metformin. The METformin in 
DIastolic Dysfunction of MEtabolic syndrome (MET-
DIME) trial aims to evaluate if metformin added to the 
standard treatment of patients with metabolic syndrome 
(MS) is able to improve diastolic dysfunction.50 The 
Glycometabolic Intervention as an adjunct to Primary 
percutaneous intervention in ST elevation myocardial 
infarction (GIPS)-III trial aims to provide confirma-
tion that metformin is able to decrease infarct size, 
prevent adverse remodeling and ultimately improve 
systolic function.51 The Glucose Lowering In Non-
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diabetic hyperglycemia Trial (GLINT) was designed 
to establish the effectiveness and cost-effectiveness 
of metformin in preventing CV events in non-diabetic 
individuals with high glucose levels.52 

sULfONyLUReAs 

Sulfonylureas (SU) act by stimulating insulin re-
lease from pancreatic β-cells.53 SU also have a number 
of extra-pancreatic effects, although their clinical 
significance needs to be clarified.54 These drugs can 
reduce hepatic glucose production and hepatic insulin 
uptake and increase glucagon secretion by pancreatic 
α-cells.54,55 They increase insulin sensitivity in periph-
eral tissues55 as well as stimulate glucose utilization 
by these tissues.54,55 They may attenuate ischemically 
induced changes in cardiac electrical properties and 
prevent malignant arrhythmias.53 Gliclazide is able to 
reduce platelet adhesion, aggregation and hyperactiv-
ity and increase fibrinolysis.56 Gliclazide, in contrast 
to glyburide,53 is also thought to scavenge reactive 
oxygen species, thereby protecting pancreatic β-cells 
from apoptosis. Sulfonylurea treatment causes adverse 
effects, such as weight gain and hypoglycemia. The 
former usually ranges from 2 to 5 kg, whereas the latter 
is more likely to affect older individuals, those with 
impaired renal function or irregular meal schedules.57

In respect to CV risk safety, the main CV adverse 
effects of SU are weight gain and hypoglycemia, two 
important risk factors for CV adverse outcomes. The 
profiles of the different SU seem to slightly vary. 
In fact, hypoglycemia appears to be more frequent 
with glyburide,58 while glimepiride is associated 
with lower risk of hypoglycemia and less weight 
gain.59 According to a 2013 meta-analysis, SU can 
cause a slight reduction of HDL-c with no effects on 
BP and on the remaining lipid profile.60 However, a 
very recent meta-analysis revealed that SU have only 
a small effect on lipids, with a significant increase 
in both free fatty acids (FFA) and TG levels, and a 
decrease in LDL-c and HDL-c.61

CARDIOvAsCULAR sAfeTy Of sU: evIDeNCe 
fROM sTUDIes

No consistent evidence exists as to the association 
between SU use and risk of CVD in patients with 
T2DM. A meta-analysis revealed an increased risk of 

stroke and a significant increase in mortality, without 
affecting the overall incidence of major adverse cardiac 
events (MACE) with SU treatment.62 Another study 
has shown an increase in CV risk and mortality with 
all SU, except for gliclazide which was associated 
with a lower risk.63 In addition, in diabetic patients 
with documented CAD, glipizide and glyburide were 
associated with increased mortality,49 the latter probably 
because of its ability to impair ischemic precondition-
ing.64 SU have also been reported to reduce resting 
myocardial blood flow, to increase infarct size and to 
elicit proarrhythmic effects.65 Glimepiride however 
may be safer in patients with CVD, since it has no 
detrimental effects on ischemic preconditioning.59,64 SU 
seem to increase mortality when patients are submit-
ted to elective66 or emergency coronary angioplasty 
for acute MI.67 Globally, several retrospective stud-
ies have demonstrated that all-cause mortality68 and 
CV events and death69 are significantly increased in 
patients treated with SU compared with metformin. 

In the UKPDS, there was no increased mortality 
in the sulfonylurea-treated subjects;18 however, the 
addition of metformin to this group of patients was 
associated with an increased risk of diabetes-related 
death compared with sulfonylurea alone.70 A 2015 
study confirmed that treatment with a sulfonylurea 
plus metformin was associated with increased risks 
of CVD, MI and ischemic stroke.71 On the other hand, 
in the post-UKPDS, the sulfonylurea-insulin group 
exhibited a significant risk reduction of MI.19 Overall, 
large prospective randomized clinical trials72-74 did 
not report any increased CV mortality in patients 
treated with SU.

ThIAzOLIDINeDIONes

Thiazolidinediones (TZD) are ligands of the tran-
scription factor peroxisome proliferator-activated 
receptor γ (PPAR-γ) and act as insulin sensitizers.75 
Rosiglitazone was withdrawn from the European 
market by the EMA in September 2010 because of 
its CV risks;76 nonetheless, it continues to be used in 
the USA. In respect to pioglitazone, it is not recom-
mended as first-line therapy either by the EMA77 or 
by FDA.78

TZD have the potential to modulate several CV 
risk factors, including lipids, BP, inflammatory bio-
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markers, endothelial function and fibrinolytic status.79 
Both pioglitazone and rosiglitazone can cause an 
increase in HDL-c.75 LDL-c levels seem to remain 
unchanged with pioglitazone but to increase with 
rosiglitazone.75 Interestingly, both drugs seem able to 
increase LDL-c size particles.80 Pioglitazone decreases 
TG levels75 but has no effect on postprandial TG.81 
Although reports on the effect of rosiglitazone on 
TG are conflicting,75,80 it seems to be able to decrease 
their postprandial values.82 Rosiglitazone is also able 
to decrease FFA.82 TZD use is associated with weight 
gain,80 in subcutaneous rather than in visceral adipose 
tissue, and causes a reduction in liver fat.83 Data on 
the effect of TZD in BP have shown conflicting re-
sults, with some studies indicating improvements in 
BP control84 and others exhibiting no effect.85 Other 
studies have suggested potential anti-atherogenic 
effects for TZD.86 TZD adverse effects also include 
fluid retention and edema and, in fact, an increased 
risk of HF is the main CV concern with TZD use.87

CARDIOvAsCULAR sAfeTy Of TzD: 
evIDeNCe fROM sTUDIes

The Diabetes REduction Assessment with ramipril 
and rosiglitazone Medication (DREAM) trial found 
no increase in CV event rates with rosiglitazone, al-
though the rosiglitazone group developed significantly 
more HF events.88 The Rosiglitazone Evaluated for 
CV Outcomes in Oral Agent Combination Therapy 
for T2DM (RECORD) trial showed that rosiglitazone 
does not increase the risk of overall CV morbidity or 
mortality; nevertheless, it confirmed an increased risk 
of HF.89 In spite of this, issues related to trial design 
and data integrity led FDA to call for an independent 
reevaluation of the RECORD data, which reported 
similar results.90 A 2007 meta-analysis demonstrated 
that rosiglitazone was associated with a significant 
increase in the risk of MI and death from CV causes.91 
In 2010, the same authors repeated the meta-analysis 
and found an increased risk for MI, albeit less than 
before, and found no increased risk for CV mortality.92 
Other meta-analysis have suggested that rosiglitazone 
is associated with a significantly increased risk of MI 
and HF, without a significantly increased risk of CV 
mortality.93,94 The bypass angioplasty revasculariza-
tion investigation 2 diabetes (BARI 2D) trial in 2013 
reported that among patients with T2DM and CAD, 

rosiglitazone is not associated with an increase in 
major ischemic CV events.95

The PROspective pioglitAzone clinical trial in 
macroVascular events (PROactive) study has shown 
that in T2DM patients at high risk for macrovascu-
lar events, pioglitazone significantly reduced a pre-
specified secondary endpoint composed of death, 
non-fatal MI and stroke.96 It is important to note that 
in the pioglitazone group, there was an increased rate 
of any reported HF and HF leading to hospitalization, 
even though the rate of fatal HF was similar in both 
groups.96 In a subgroup analysis of the PROactive 
study, pioglitazone significantly decreased the risk of 
recurrent stroke97 and of fatal and nonfatal MI and acute 
coronary syndrome98 in high-risk patients with T2DM. 
Corroborating this, a meta-analysis has revealed that 
pioglitazone is associated with a significantly lower 
risk of death, MI or stroke in patients with T2DM.99 
HF is increased by pioglitazone, although there is 
no increase in the associated mortality.99 However, a 
recent study reported that pioglitazone treatment did 
not produce any significant reductions in the rate of 
primary CV events.100

Both pioglitazone and rosiglitazone seem to increase 
the risk of HF; nonetheless, the risk of CV death is 
not increased.101 Additionally, in a recent cochrane 
meta-analysis, PPAR-γ agonists were shown to reduce 
recurrent stroke and total events of CV death, as well 
as improving insulin sensitivity and carotid plaques 
stabilization.102

DIPePTIDyL PePTIDAse-4 INhIBITORs 

Five dipeptidyl peptidase-4 (DPP-4) inhibitors 
(DPP-4i), also named gliptins, are now available in 
Europe and worldwide (except vildagliptin in the 
USA): sitagliptin, saxagliptin, linagliptin, vildagliptin 
and alogliptin. Other DPP-4i are available only in 
Asia, namely anagliptin and teneligliptin, which are 
licensed in Japan, and gemigliptin in Korea. Other 
members of this class are in clinical development, 
including trelagliptin.103

Incretin hormones, such as glucagon-like pep-
tide-1 (GLP-1) and glucose-dependent insulinotropic 
peptide (GIP), are released from the gut in response 
to meals and are rapidly degraded by DPP-4. GLP-1 
stimulates insulin and suppresses glucagon secretion, 



176 S. PAREDES ET AL

slows gastric emptying and enhances satiety leading 
to a decrease in food intake.104 The pharmacologic 
inhibition of DPP-4 allows extension of the biological 
effect of incretins. In addition to metabolic effects, 
DPP4 inhibition has been described as having other 
pleiotropic effects in the CV system related to several 
non-incretin substrates, like cytokines, chemokines 
and neuropeptides involved in inflammation, immu-
nity and vascular function.105 One of the best known 
substrates is stromal-derived factor-1a responsible for 
endothelial progenitor cells recruitment and vascular 
repair following ischemic injury.106 Potent vasodila-
tors, as for example substance P and bradykinin, are 
also degraded by DPP-4 and may improve fibrinolysis 
by stimulating tissue plasminogen activator (tPA).107 
Due to the multiple functions of these substances their 
ultimate role in disease prevention is still unclear.108

DPP-4i may have a beneficial role both in hyper-
tension and dyslipidemia, major risk factors for CVD. 
Human studies have indicated that DPP-4 inhibition 
allows endothelium-dependent relaxation mediated 
by nitric oxide, a molecule with important implica-
tions for BP.109 A meta-analysis pointed to a favorable 
effect of DPP-4i on cholesterol reduction, providing 
a small but significant reduction of CV risk.110 This 
class also has a low risk of causing hypoglycemia or 
weight gain.111 

CARDIOvAsCULAR sAfeTy Of DPP-4 
INhIBITORs: evIDeNCe fROM sTUDIes

Although not all of them, several studies on ex-
perimental animals have found that DPP-4 inhibi-
tion improves cardiac function. In animal models 
with diabetes and atherosclerosis, DPP-4 inhibition 
reduced atherosclerotic lesions and the expression 
of proinflammatory cytokines in these lesions,112 as 
well as monocyte activation and chemotaxis.113 In 
humans, patients not responding to metformin treated 
with sitagliptin or vildagliptin had a decrease in the 
intima media thickness of the carotid artery, a sur-
rogate marker for early atherosclerosis.114 

Some studies have suggested an increased risk of 
hospital admission for HF in patients on DPP-4i,115 
albeit the mechanism of action remains controver-
sial.116 There is no clear evidence of differences among 
drugs of this class. It is likely that the risk is greater in 

certain sub-populations of patients; however, current 
evidence is not yet sufficient to identify susceptible 
patients.117 

The Saxagliptin Assessment of Vascular Outcomes 
recorded in patients with diabetes mellitus-Thrombol-
ysis in Myocardial Infarction (SAVOR-TIMI) study 
evaluated 16,492 patients with T2DM, who had a 
history of, or were at risk for, CV events, that received 
saxagliptin or placebo. The study showed that the 
use of saxagliptin did not alter the rate of ischemic 
events; however, the rate of hospitalization for HF 
was increased.118 It is important to note that this was 
a secondary composite endpoint and further evalua-
tion is needed. The EXAmination of CV outcoMes 
with alogliptIN versus standard of carE (EXAMINE) 
study was a randomized, double-blind trial with 5,380 
patients with T2DM who had required hospitalization 
during the previous 15 to 90 days due to either acute 
MI or unstable angina. Alogliptin did not increase 
MACE, including MI, stroke or HF, compared to 
patients receiving placebo.119 The TECOS trial evaluat-
ing CV outcomes with sitagliptin was a randomized 
double-blinded trial involving 14,671 patients with 
T2DM and established CVD who added sitagliptin 
or placebo to their usual therapy. Recently published, 
this study showed that adding sitagliptin to therapy 
did not increase the risk of MACE, hospitalization for 
HF or other adverse events.120 Another recent study 
has suggested that, according to a pooled analysis of 
trials, linagliptin is not associated with increased CV 
risk versus active comparators or placebo in patients 
with T2DM.121 

Currently there are other ongoing randomized 
clinical trials comparing DPP-4i versus placebo added 
to conventional therapy in patients with T2DM. The 
CArdiovascular safety and renal microvascular out-
comE study with LINAgliptin in patients with T2DM 
(CARMELINA), lasting till 2018, has been designed to 
assess the long-term impact on CV morbidity, mortality 
and renal function of treatment with linagliptin.122 The 
CARdiovascular outcome trial of LINAgliptin versus 
glimepiride in patients with T2DM (CAROLINA) is 
a trial ongoing since 2010 comprising a comparison 
of a sulfonylurea with a DPP-4i. This trial is expected 
to provide considerable insight as it is unique in 
comparing head-to-head add-on therapy.123
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gLUCAgON-LIKe PePTIDe-1 ReCePTOR 
AgONIsTs

The actions of GLP-1 are mediated through the 
GLP-1 receptor (GLP-1R) that is expressed in pan-
creatic islet cells and in peripheral tissues.104 As a 
result of the wide distribution of GLP-1R, GLP-1 
seems to exert extra-pancreatic actions that can have 
beneficial effects on the CV, gastrointestinal and 
central nervous systems.124 Currently, the GLP-1R 
agonists (GLP-1 RA) approved for the treatment of 
T2DM are albuglutide, dulaglutide, exenatide and 
extended release exenatide, liraglutide and lixisena-
tide.125 Taspoglutide was stopped in phase III studies 
due to the unexpectedly high hypersensitivity reac-
tions reported.126 Semaglutide and efpeglenatide are 
currently in development and are, respectively, in 
phase III and II of clinical trials.127,128 

GLP-1 RA treatment seems to be associated with 
a favorable impact on several CV risk factors, namely 
BP, lipid profile and weight. In fact, several meta-
analyses have demonstrated that GLP-1 RA treat-
ment is associated with significant weight loss129-132 
and beneficial effects on lipid profile, decreasing 
LDL-c and TG.131,133 These drugs are able to reduce 
systolic BP (SBP), but not diastolic BP (DBP);132,134 
nonetheless, they also seem to be associated with 
a small increase in heart rate.132 Monotherapy with 
GLP-1 RA does not increase the risk of hypoglycemia 
in comparison with placebo, although is associated 
with higher frequencies of hypoglycemia when in 
combination with SU.129,130 It has also been reported 
that β-cell function was improved with GLP-1 RA 
(HOMA-B, proinsulin-to-insulin ratio).131

Several studies have supported a cardioprotective 
effect of native GLP-1 and GLP-1 RA on the vascular 
endothelium and myocardium, including vasodilation 
and anti-inflammatory effects.135-137 Evidence from 
clinical trials has shown that GLP-1 and GLP-1 RA 
can improve both left ventricular and endothelial 
functions and reduce arrhythmias in patients with 
or without diabetes and with coronary artery bypass 
graft, chronic HF and CAD.138-140

CARDIOvAsCULAR sAfeTy Of gLP-1: 
evIDeNCe fROM sTUDIes

Although pinpointing that drug or those drugs 

that will provide CV protection remains elusive, 
the available data confirm the CV safety of GLP-1 
RA. Ongoing randomized large-scale trials will be 
important to consolidate the results obtained so far. 
Indeed, several GLP-1 RA are undergoing long-term 
randomized trials to assess their CV safety – ELIXA 
(lixisenatide),141 LEADER (liraglutide),142 SUSTAIN 
6 (semaglutide),143 REWIND (dulaglutide),144 and 
EXSCEL (exenatide extended release).145 

At present, only the Evaluation of Lixisenatide in 
Acute Coronary Syndrome (ELIXA) study is com-
plete.141 Preliminary results were recently announced 
and have confirmed that the CV-safety profile of 
lixisenatide is non-inferior, although not superior, 
to placebo.146 Despite the limitations, meta-analyses 
performed to ascertain CV outcomes are also a source 
of evidence concerning CV safety. The results exclude, 
at least in the short term, any increase in CV morbidity 
and mortality in comparison with placebo or other 
active drugs.134,147,148 Besides, placebo-controlled trials 
have demonstrated that patients treated with GLP-1 
RA have a lower incidence of MACE, CV mortality 
and all-cause mortality.134.148

sODIUM-gLUCOse TRANsPORTeR-2 
INhIBITORs 

The sodium-glucose transporter-2 (SGLT-2) inhibi-
tors (SGLT-2i) are a new class of antidiabetic agents 
that inhibit glucose reabsorption from the kidney 
increasing urinary glucose excretion.149 The FDA and 
EMA have approved three inhibitors, canagliflozin, 
dapagliflozin and empagliflozin, with several oth-
ers being under late-stage clinical development.150 
Ipragliflozin, tofogliflozin and luseogliflozin have 
been approved for the treatment of T2DM in Japan.151 
Other compounds remain in development,152 as well 
as Lx4211, a dual sodium-glucose transporter 1 and 
2 inhibitor,153 and ISIS – 388626, an antisense oligo-
nucleotide (ASO) designed to block the expression 
of the SGLT2 gene in vivo.152 SGLT-2i protect the 
proximal tubular cells, most likely by blocking glu-
cose entry into the cell,54 and indirectly reduce insulin 
secretion, improve insulin sensitivity and increase the 
peripheral glucose uptake.155 This drug acts indepen-
dently of the severity of insulin resistance and β-cell 
failure;149 nonetheless, as the glomerular filtration 
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rate declines, its efficacy decreases.156 Recent reports 
have suggested that SGLT2i may increase the risk of 
developing diabetic ketoacidosis (DKA),157 although 
the pathophysiological mechanisms involved are not 
well defined. Selection of patients for this drug should 
therefore be carefully made.

In addition to lowering blood glucose, SGLT-2i 
may benefit such CV parameters as BP, weight and 
lipid profile.149,151 In many studies, SGLT-2i have 
shown a consistent reduction in SBP,158 with a less 
consistent reduction in DBP,159 and without a com-
pensatory increase in heart rate.149 These drugs also 
seem to improve endothelial function160 and to reduce 
arterial stiffness.161 SGLT2i promote glucose excretion 
in the urine, corresponding to a caloric loss of 200 to 
300 kilocalories per day and leading to weight loss.162 
SGLT-2i reduce total body weight, predominantly by 
reducing fat mass, visceral adipose tissue and subcu-
taneous adipose tissue.163 Plasma lipids are affected 
by SGLT-2i, which cause an increase in HDL-c and 
in LDL-c and a reduction in TG levels.149 To what 
extent these lipid changes translate into potential CV 
effects remains to be clarified, although they seem 
not to increase CV risk given the balanced effect of 
reduced hyperglycemia, BP and weight. Several studies 
have reported a reduction in urinary albumin excre-
tion164 and also in uric acid serum levels.162 Whether 
these effects contribute to a beneficial CV outcome 
is a question that will hopefully be answered through 
further studies.

This class of drugs has a low potential to induce 
hypoglycemia,158 unless used with SU or insulin.151 
SGLT-2i can also have a role in nephroprotection by 
preventing glomerular hyperfiltration;154 nevertheless, 
to what extent these effects may contribute to a renal 
or CV beneficial outcome is yet to be established.

CARDIOvAsCULAR sAfeTy Of sgLT-2I: 
evIDeNCe fROM sTUDIes

The recently published EMPA-REG OUTCOME 
study presented exciting CV results with empagliflo-
zin.165 In fact, empagliflozin was shown to signifi-
cantly reduce deaths among patients with T2DM and 
established CVD when compared with placebo. These 
patients exhibited a 14% reduction in the three-point 
MACE primary endpoint. This effect was mainly 

due to the benefits related to CV death, since em-
pagliflozin did not reduce the rate of nonfatal MI 
or nonfatal strokes. Overall, this drug displayed a 
38% reduction in CV death and a 32% reduction in 
all-cause mortality. A significant reduction in the key 
secondary endpoint, which was the primary composite 
endpoint plus hospitalization for unstable angina, 
was also apparent, as well as a 35% reduction in HF 
hospitalization. Interestingly, these effects occurred 
early in the trial.165 The diuretic effect is possibly the 
main factor responsible for these results, although in 
the long term the effect upon glycemia, BP and weight 
may also contribute to it. Recently, one study used 
the Archimedes Model to predict 20-year outcomes 
and found significant reductions in the risk of MI, 
stroke, CV death and all causes of death with SGLT-
2i treatment versus standard care.166 Nevertheless, 
to confirm these results, several trials are now in 
progress in order to evaluate the CV safety of the 
other SGLT-2i.150 The Multicenter Trial to Evaluate 
the Effect of Dapagliflozin on the Incidence of Car-
diovascular Events (DECLARE-TIMI58), expected 
to be finished in 2019, was designed to evaluate the 
effect of dapagliflozin on the incidence of CV events.167 
The Canagliflozin Cardiovascular Assessment Study 
(CANVAS), expected to complete data collection in 
2017, was also designed to evaluate the effects of cana-
gliflozin on MACE.168 The cardiovascular outcomes 
following treatment with ertugliflozin in participants 
with T2DM and established vascular disease trial was 
designed to assess the CV safety of ertugliflozin and 
it is expected to be completed in 2021.169

CONCLUsION AND CLINICAL IMPLICATIONs

This review analyzes the CV effects of antidia-
betic drugs while outlining the evidence available 
and enumerating the ongoing trials. Several drugs 
are now available to treat T2DM. Metformin, with 
solid evidence of having beneficial CV effects, is the 
first-line therapy for these patients. The direct heart 
benefits of metformin, under study in several trials, 
if confirmed, will reinforce the position of this drug 
as first-line therapy. Nonetheless, when metformin 
alone is not enough, other drugs are needed. Accord-
ing to the ADA/EASD algorithm, all drugs herein 
discussed are valid as second- and third-line therapy. 
The choice will also be based on the characteristics 
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of the patient. As diabetic patients are at high risk 
for CV morbidity and mortality, taking into account 
the CV safety of these drugs certainly constitutes 
knowledge of crucial importance to all clinicians 
dealing with this condition. 
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INTRODUCTION

Ghrelin is a gut peptide composed of 28 amino acids 
mostly secreted by the gastric fundus mucosa. It was 
isolated and described in 1999 by Kojima et al and 

ghrelin is a gut peptide composed of 28 
amino acids mostly secreted in the gas-
tric fundus mucosa. It was isolated and 
described in 1999 by Kojima et al.1 and 
only three years later its specific receptor, 
ghsR1a, was also identified.2 ghrelin, the 
endogenous ligand for the gh secretagogue 
receptor, is the only peripheral orexigenic 
hormone that activates the receptors to be 
found especially in the appetite center (hy-
pothalamus and pituitary gland). ghrelin is 
present in human plasma in two forms: an 
inactive form known as deacylated ghrelin, 
and an active form called acylated ghrelin 
synthesized under the action of ghrelin 
O-acyltransferase enzyme (gOAT). The 
literature even mentions an extremely 
complex ghrelin/ gOAT / ghsR system3 
involved in the regulation of human en-
ergy, metabolism and adaptation of energy 
homeostasis to environmental changes. In 
humans, there is a preprandial rise and a 
postprandial fall in plasma ghrelin levels, 
which strongly suggest that the peptide 
plays a physiological role in meal initia-
tion and may be employed in determining 
the amount and quality of ingested food. 
Besides the stimulation of food intake, 
ghrelin determines a decrease in energy 
expenditure and promotes the storage of 
fatty acids in adipocytes. Thus, in the hu-
man body ghrelin induces a positive energy 
balance, an increased adiposity gain, as well 
as an increase in caloric storage, seen as an 
adaptive mechanism to caloric restriction 
conditions. In the current world context, 
when we are witnessing an increasing avail-
ability of food and a reduction of energy 
expenditure to a minimum level, these 
mechanisms have become pathogenic. As 
a consequence, the hypothesis that ghrelin 
is involved in the current obesity epidemic 
has been embraced by many scholars and 
researchers
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three years later its specific receptor, GH secretagogue 
receptor 1a (GHSR1a), was identified. Ghrelin, the 
endogenous ligand for GHSR1a, is the only peripheral 
orexigenic hormone that activates receptors localized 
in the appetite centers in hypothalamus. Ghrelin is 
present in human plasma in two forms: an inactive 
form known as deacylated ghrelin, and an active 
form, the acylated ghrelin synthesized under the ac-
tion of ghrelin O-acyltransferase enzyme (GOAT). 
The literature additionally mentions an extremely 
complex ghrelin/GOAT/GHSR system involved in the 
regulation of human energy and metabolism and the 
adaptation of energy homeostasis to environmental 
changes. In humans, there is a preprandial rise and 
a postprandial fall in plasma ghrelin levels, which 
strongly suggest that the peptide plays a physiological 
role in meal initiation, while it is also employed in 
determining the amount and quality of ingested food. 
Besides the stimulation of food intake, ghrelin brings 
about a decrease in energy expenditure and promotes 
the storage of fatty acids in adipocytes. Thus, in the 
human body ghrelin induces a positive energy balance, 
an increased adiposity gain, as well as an increase 
in caloric storage, seen as an adaptive mechanism to 
caloric restriction conditions. In the current global 
context when we are witnessing an increasing avail-
ability of food and a reduction of energy expenditure 
to a minimum level, these mechanisms have become 
pathogenic. As a consequence, the hypothesis that 
ghrelin is involved in the current obesity epidemic 
has been embraced by many scholars and research-
ers. This review aims to analyze currently existing 
data on ghrelin involvement in regulating the human 
body energy balance.

ghReLIN – A PeRIPheRAL ORexIgeNIC 
PePTIDe WITh CeNTRAL ACTION

It is known and has been abundantly demonstrated 
that in both animals and human subjects, ghrelin 
increases appetite and stimulates food intake in a 
GH-independent manner1 through its specific recep-
tor GHSR1a.2 Numerous data in the literature have 
supported findings providing evidence that, besides 
exerting an orexigenic effect, this ghrelin/GOAT/GHSR 
system is involved in regulating energy metabolism 
and its adjustment to energy balance changes.3 The 
circulating levels of ghrelin are elevated during fasting 

and before meals4-6 and decline postprandially,5-7 which 
implies that ghrelin plays a significant role in initiating 
food intake.8 The increased level of ghrelin during 
fasting9 is a unique phenomenon in human physiol-
ogy, which contrasts with the secretion levels of most 
gut hormones that increase during nutrient intake and 
decrease during fasting.8 Another peculiarity of ghrelin 
is that although it is a peripherally-secreted peptide 
in the gastrointestinal tract, it has major effects upon 
the central nervous system (CNS).1 Ghrelin is synthe-
sized and secreted primarily in the stomach10 (oxintic 
mucosa X/A-like cells are immunoreactive cells for 
ghrelin, being more numerous in the gastric fundus 
and progressively decreasing towards the pylorus11), 
but low levels of ghrelin expression can also be found 
in other tissues such as the bowel, pancreas, kidney, 
ovary or brain.12 Accordingly, positive immunoreac-
tivity for ghrelin was described in the hypothalamic 
arcuate nucleus,1 an extremely important region for 
appetite control, and in the internuclear space of the 
lateral hypothalamus, hypothalamic arcuate, ventro-
medial, dorsomedial and paraventricular nuclei and 
ependymal layer of the third ventricle.13 To exert its 
orexigenic action, ghrelin reaches the hypothalamus 
in three different ways: systemically by crossing the 
blood-brain barrier, via the vagal afferents and via 
local hypothalamic synthesis and secretion, thereby 
exerting paracrine actions.14

In humans initiating meals voluntarily without 
time- and food-related cues, plasma ghrelin levels 
increase before meals and display a temporal profile 
similar to hunger scores,15 once again confirming the 
hypothesis that ghrelin is a physiological meal initia-
tor. Food intake or gastric/enteral feeding causes the 
suppression of circulating ghrelin levels.16 Moreover, 
the composition of ingested foods appears to influ-
ence ghrelin secretion, albeit the published studies 
report conflicting results in this regard. In fact, two 
different situations have been observed: more signifi-
cantly decreased levels of ghrelin after the ingestion 
of proteins and carbohydrates than those observed 
after the ingestion of lipids;17,18 lower ghrelin levels 
after lipids that after carbohydrate or protein intake.19

However, most research teams have concluded 
that the circulating levels of ghrelin decrease after 
meals regardless of the type of nutrients consumed 
(carbohydrates and proteins still remaining the most 



188 L. MIHALACHE ET AL

potent inhibitors),20 these interprandial changes in 
circulating ghrelin levels being found only in normal 
weight individuals.21 Ghrelin is the only currently 
known orexigenic gastrointestinal peptide which, in 
addition to appetite stimulation, increases the number 
of meals and also shortens latency to eat.20 Ghrelin-
induced hyperphagia was hence considered as one 
of the mechanisms involved in the development of 
overweight.

Recent studies have demonstrated that ghrelin 
also acts on the dopaminergic regions of the limbic 
system.22 Moreover, ghrelin stimulates brain activ-
ity in certain regions involved in controlling eating 
behaviour, such as the amygdale and the orbitofrontal 
cortex.23-25 Thus, besides the demonstrated classic 
effect of appetite stimulation through hypothalamic 
circuits, ghrelin may be involved in regulating eating 
behaviour.16

Ghrelin stimulates food intake in an acute manner, 
inducing meal initiation.26 Initially, many experimental 
studies on laboratory animals showed that the admin-
istration of ghrelin increased the urge to eat and look 
for food,27 without influencing the hedonic aspects of 
eating. But at the central level there are nuclei express-
ing ghrelin receptors that are associated with the intake 
of high-palatability foods. This may explain why in 
a food preference test the central administration of 
ghrelin shifts food choice towards a hyperlipid diet.28 
Therefore, ghrelin stimulates the intake of high energy 
density, high-fat, high-palatability foods, regardless 
of the type of nutrient normally preferred.20 Ghrelin 
administration in laboratory mice caused increasing 
intake of palatable saccharin solutions and preference 
for food with saccharin.29 In normal human subjects, 
ghrelin administration, besides increasing appetite and 
caloric intake, also stimulates imagination of favourite 
meals30 and external visual stimuli represented by 
hedonic foods increases ghrelin levels.31 In addition 
to meal initiation, ghrelin increases meal duration and 
size in the context of regularly scheduled meals.32 The 
distribution of specific receptors for ghrelin as well 
as the study of MRI images confirm the hypothesis 
that ghrelin not only stimulates appetite but is also 
involved in regulating the hedonic aspects of eating: 
the preference for palatable foods, the motivation to 
obtain one’s preferred foods, the reward value/effect 
of one’s preferred foods and the actual purchase of 

foods.33,34 Recent data indicate that ghrelin also influ-
ences behaviours related to motivational aspects of 
eating. Thus, currently existing evidence suggests 
that the ghrelin/GOAT/GHSR1a system is closely 
linked to pathways involved in reward aspects of food 
intake, additionally and partially separated from those 
determining food intake initiation.35 Mediation of this 
eating behaviour response by ghrelin is accomplished 
through the dopaminergic neural network extending 
from the ventral tegmental area and other brain nuclei 
and finally resulting in food intake depending on its 
reward aspects.36

Hence, at the mesolimbic level, ghrelin would 
produce increased hedonic aspects of eating and in-
crease motivation to seek and procure food, initiating 
anticipatory activity and foraging behaviours.35 Based 
on these aspects, some researchers have proposed the 
clinical use of ghrelin in cases in which increased 
levels of food intake may be beneficial, such as elderly 
patients with nutritional deficiencies37 or with anorexia 
associated with different consumption diseases.38

Ghrelin is considered an orexigenic signal (gut-
brain) for the control of appetite and energy balance 
in healthy individuals. GHSR1a, the ghrelin-specific 
receptor, binds acylated ghrelin and mainly induces the 
release of the growth hormone from the somatotropic 
cells in the anterior pituitary gland. Via the vagus 
nerve or directly at the central level, ghrelin activates 
the neurons in the arcuate nucleus (ARC nucleus) 
secreting orexigenic peptides—neuropeptide Y (NPY) 
and agouti-related peptide (AgRP)39—and inhibits the 
anorexigenic neurons secreting pro-opiomelanocortin 
and α-melanocyte-stimulating hormone. Orexigenic 
signals act via adenosine monophosphate-activated 
protein kinase (AMPK) and increase the dopaminergic 
transmission from the ventral tegmental area to the 
nucleus accumbens, enhancing the reward signals.40 
Therefore, the binding of ghrelin to its specific receptor 
GHSR1a will lead to an increase in intracellular calcium 
concentration, with consequent activation of CaMKK2 
(calmodulin kinase-kinase 2), which will phosphoryl-
ate AMPK.41 In its turn, AMPK will phosphorylate 
and inhibit acetyl-coenzyme A carboxylase, resulting 
in decreased levels of malonyl-CoA and subsequent 
activation of carnitine-palmitoyltransferase-1.42 The 
end result of this long series of enzymatic reactions 
is increased mitochondrial β-oxidation, with the gen-
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eration of reactive oxygen species and stimulation of 
uncoupling protein 2 (UCP2),43 which will stimulate 
NPY/AgRP transcription.44 

In pathologic states, ghrelin may be decreased (in 
obesity) or increased (in anorexia nervosa, cachexia 
or Prader-Willi syndrome), which promotes specula-
tion about the therapeutic applications of both ghrelin 
agonists and antagonists in these states.45 It is hence 
evident that the metabolic status plays a key role 
in ghrelin function. Ghrelin activates NPY/agouti-
related protein (AgRP) neurons through fatty acid 
oxidation and maintains NPY/AgRP cell function 
during extended periods of negative energy balance. 
Meanwhile, ghrelin is also required to maintain normal 
blood sugar levels during severe caloric restriction. 
Ghrelin is a key modulator of energy metabolism 
during starvation or long periods of negative energy 
balance. Recent studies have shown that in patients 
with diet-induced obesity (DIO) there is resistance 
to ghrelin in the arcuate NPY/AgRP neurons. In this 
case, the level of circulating ghrelin, the overall level 
of ghrelin as well as that of the GOAT mRNA in the 
stomach and that of the GHSR in the hypothalamus 
are all decreased.46

ghReLIN – A RegULATOR Of 
gAsTROINTesTINAL fUNCTIONs

Acylated ghrelin is a potent stimulator of gastric 
secretion and motility.47 On the one hand, ghrelin 
stimulates the secretion of gastric acid and digestive 
enzymes in the digestive organs within the digestive/
gastrointestinal (GI) tract (stomach, intestine, and 
pancreas).48,49 On the other hand, ghrelin reduces the 
gastrointestinal transit time of ingested nutrients, ac-
celerating gastric emptying and stimulating the motility 
in the small intestine and colon.50 These prokinetic 
and prosecretory effects, coupled with the modula-
tion of eating behaviour actually facilitate digestion 
and absorption processes.8 However, by decreasing 
the intestinal transit time, ghrelin limits the feedback 
from digestive tract/GI satiety signals, which should 
determine termination of food intake.20

ghReLIN AND WeIghT sTATUs

The energy homeostasis/balance of the human 
body and therefore its weight stability is reached 

when there is a balance between energy intake and 
expenditure, the two arms of the energy balance. As a 
result, weight loss will occur when the caloric intake is 
decreased and/or the energy expenditure is increased, 
while weight gain will occur when the caloric intake 
is increased and/or the energy expenditure is reduced. 
Due to its appetite stimulating effect, ghrelin is an 
enteroendocrine peptide that induces weight gain and 
adiposity.51,52 Interestingly enough, there is also a 
preferential effect on fat intake that has recently been 
demonstrated.28 Additionally, ghrelin would seem to 
promote adipose tissue deposition,39 reduced energy 
expenditure and more efficient storage of lipids.39,53 
It can be said that ghrelin acts to protect the energy 
resources of the body when these are available (de-
fensive role, protecting against hypoglycaemia that 
may occur in conditions of prolonged caloric restric-
tion),54 to redirect the metabolism to storing excess 
calories for later use in case of food insufficiency. 
Some authors have suggested that ghrelin is the fac-
tor that modulates feeding behaviour towards energy 
accumulation,50,55 which is not beneficial to the human 
body in the current circumstances, as we often wit-
ness at the individual level a positive energy balance 
oriented to excessive caloric intake associated with 
reduced energy expenditure mainly because of our 
present-day sedentary lifestyle. Thus, what should be 
a protective mechanism against starvation is currently 
a pathological mechanism geared towards obesity 
and its complications.

Ghrelin acting through GHS-R theoretically causes 
weight gain based on the increase in height of individu-
als and/or lean tissue, similar to GH administration. 
Basically, the available data clearly demonstrate that 
central or peripheral administration of ghrelin increases 
the body fat mass,26 adipogenesis and lipogenesis (by 
increasing PPARγ level), with concomitant reduction 
of lipolysis and use of lipids as energy substrates.56 
It is worth mentioning that these adipogenic effects 
appear to be independent from the orexigenic effect of 
ghrelin,8,57 this being all the more interesting because 
of its influence on energy metabolism. Data derived 
from studies on laboratory animals show, in fact, an 
effect of stimulating differentiation and proliferation 
of preadipocytes.58

Plasma ghrelin levels are negatively correlated 
with body mass index and body fat percentage, being 
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considered a “reverse adiposity signal”.20 Accordingly, 
recent studies have demonstrated that obese people have 
low ghrelin levels,59 while patients with anorexia have 
high plasma ghrelin levels60 compared with healthy 
normal weight subjects. Moreover, variations in body 
weight (weight gain or loss) were observed to lead 
to compensatory responses of ghrelin levels.56 For 
example, weight loss (whether resulting from reduced 
food intake or increased energy expenditure through 
physical activity) is accompanied by an increase in 
ghrelin level.61 In its turn, weight gain (due to exces-
sive caloric intake, high-fat diets, or else iatrogenic or 
pregnancy-related)56,62 is accompanied by a decrease 
in ghrelin levels. Reduced ghrelin secretion in obese 
patients was found to be an adaptive mechanism 
to a long-term positive energy balance. Although 
circulating plasma ghrelin levels are low in obese 
people, a lack of postprandial ghrelin suppression 
was observed, which could contribute to increased 
food intake in these people.49

Obesity, especially diet-induced obesity (DIO), 
would produce resistance to ghrelin both peripherally 
and centrally. In the stomach, ghrelin-secreting cells 
stop responding to such stimuli as norepinephrine 
and glucose and central appetite can no longer be 
increased by the alteration of neural circuits regu-
lating homeostatic feeding and reward processing 
pathways. Diets inducing weight loss reduce this 
resistance, pointing to possible defence mechanisms 
of body weight set-point established during times of 
food availability.63 Voluntary weight loss secondary 
to low-calorie diets is accompanied by an increase 
in circulating ghrelin levels, leading to increased 
hunger sensation and therefore food intake.64 As a 
result, attractive hypotheses have been put forward 
regarding the mechanism of repetitive weight gain in 
patients on cyclic diets, which can partially explain 
the present obesity epidemic.

It was noted that in obesity leptin levels are in-
creased, while ghrelin levels are decreased,60 which 
points to the adaptation of these two hormones to 
the positive energy balance and not necessarily their 
involvement in the determinism of obesity.

The conflicting results regarding ghrelin levels 
after metabolic surgery must be mentioned. In this 
situation, postsurgical weight loss caused different 

fluctuations in ghrelin levels: either an increase65,66 
or a decrease in plasma ghrelin67,68 or, in some cases, 
no changes.69 This variability in circulating ghrelin 
levels after metabolic surgery attracted the interest 
of numerous research teams in attempting to eluci-
date the mechanisms of postoperative weight loss. 
Several mechanisms have been proposed to explain 
these conflicting results:70 either the differences in 
the surgical techniques employed that are related to 
the manipulation of the digestive tract and removal of 
certain portions involved or not in ghrelin secretion; 
or individual differences in the speed of postsurgical 
weight loss and in reaching a relatively stable body 
mass index. Recent data even demonstrate that high 
preoperative circulating ghrelin levels could identify 
patients with a susceptibility to weight regain1-2 years 
after metabolic surgery.71 Further studies are needed 
to confirm/refute these hypotheses and to clarify the 
mechanisms of weight loss following metabolic surgery 
and, more crucially, the mechanisms for maintaining 
the new weight in the long term.

One exception that is frequently mentioned in the 
literature is that of patients with Prader-Willi syndrome 
who, although obese, have circulating ghrelin levels 
much higher compared to normal weight individu-
als (a condition termed by some authors “hereditary 
hyperghrelinemia”).8 Moreover, these patients do 
not present the postprandial ghrelin kinetics: the 
circulating level is not reduced after food intake or 
the decline is much less compared to obese or normal 
weight individuals.60 The above initial data produced 
enthusiasm among some authors who have suggested 
that these may explain, at least partially, the increased 
appetite (almost uncontrollable) of these patients and 
the high incidence of obesity. However, although 
research has continued, the consequences of high 
levels of ghrelin in these patients are still unclear and 
controversial. Nevertheless, recent studies confirm that 
total levels of plasma ghrelin are highest in children 
with Prader-Willi syndrome early in life when they 
are characterized, during the nutritional phases, by 
reduced appetite and reduced food intake, i.e. long 
before the onset of hyperphagia,72 while changing 
plasma ghrelin levels were not associated with a 
transition to the hyperphagic phase.73 It is noteworthy 
that both studies mentioned analyzed total plasma 
and not acylated ghrelin. However, other hypotheses 
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have arisen to explain the increased appetite of these 
patients and excessive weight gain which propose 
that it concerns alterations of cortical and subcortical 
regions involved in reward aspects of eating along with 
other neural circuits (abnormal or delayed develop-
ment of effective pathways of this hormone, altered 
sensitivity of the neural transmission).73,74 

ghReLIN AND INTeRMeDIARy MeTABOLIsMs

Ghrelin is a gastrointestinal peptide with a major 
role in the regulation of glucose homeostasis as an inte-
gral part of body energy metabolism. Both ghrelin and 
its receptors are also present in pancreatic islet cells,75 
implying that ghrelin exerts paracrine and autocrine 
actions in the pancreas.76 Consequently, the interest 
of many research teams has been directed towards 
investigating the role of ghrelin in the regulation of 
glucose homeostasis. In this regard, in vitro and in 
vivo studies involving both animals and humans were 
conducted to elucidate the ghrelin-insulin-glucagon 
interactions. As to the action of ghrelin on plasma 
insulin levels, the results are also contradictory, with 
some studies showing that ghrelin stimulates insu-
lin secretion in the presence of hyperglycemia9,77,78 
and others finding no change in insulinemia under 
normoglycemic conditions.79-81 There are also stud-
ies that demonstrate the hyperglycemic effect of 
ghrelin secondary to decreased insulin secretion,79,82 
thus indicating that ghrelin may be a diabetogenic 
factor.83 However, the various effects of ghrelin on 
insulin secretion reported in the literature seem to 
correlate with the individual level of glycemic con-
trol.84,85 If we look at the studies in their entirety, the 
published results demonstrate that acute administra-
tion of physiological and pharmacological doses of 
ghrelin inhibits glucose-dependent insulin secretion,80,86 
while supraphysiological doses of ghrelin may even 
decrease peripheral insulin sensitivity.87 The long-
term effects of ghrelin on carbohydrate metabolism 
have undergone fewer studies in humans. The use 
of a ghrelin mimetic for 1 year resulted in increased 
basal glucose level and decreased insulin sensitivity 
estimated by the Quicki index.88 In its turn, circulating 
ghrelin levels are influenced by insulinemia levels. A 
recent study in healthy volunteers demonstrated that 
acylated ghrelin levels are low under hyperinsuline-
mia conditions, followed by a subsequent increase in 

plasma ghrelin levels.89 The authors even suggested 
that this fluctuation in ghrelin levels in response to 
acute hyperinsulemia would contribute to a rise of 
hunger sensation and therefore of food intake which 
are indeed observed after episodes of hypoglycemia.89

Studies in animal models have demonstrated that 
ghrelin increases hepatic glucose production62 by 
activating the gluconeogenic processes and/or via 
GH (which in its turn causes an increased hepatic 
glucose production).57 Concomitantly, ghrelin blocks 
the ability of insulin to suppress endogenous glucose 
production.62 Additionally, ghrelin inhibits the secre-
tion of adiponectin (acting as an insulin sensitizer) 
and stimulates the secretion of counterregulatory 
hormones (glucagon, cortisol, GH, adrenaline). Data 
in the literature have also indicated the existence of a 
feedback loop between ghrelin and glucagon.57 Thus, 
ghrelin directly stimulates glucagon secretion from 
pancreatic α cells (via GHS-R),90 while glucagon 
stimulates ghrelin secretion under nutrient-deficient 
conditions.91 Studies on laboratory animals have 
revealed that under the action of acyl-ghrelin, fat is 
stored not only in adipose tissue but also the liver,39 
where an increase in triacylglycerol content and genes 
involved in hepatic lipogenesis was found.92

A recent study published by Gagnon et al. brought 
up for discussion a new aspect of ghrelin involvement 
in glucose regulation, the authors demonstrating that 
ghrelin increases the secretion of GLP-1 (glucagon like 
peptide 1), thereby improving glucose tolerance.93 They 
concluded that ghrelin is a “GLP-1 secretagogue”.93

All these results emphasize the complexity of the 
relationship between ghrelin and pancreatic β-cell; 
however, this is a topic that is still open for research. 
For this reason, although initial data related to ghrelin 
involvement in appetite control have attracted a great 
amount of interest as a potential therapeutic option in 
weight control, most researchers are cautious about 
its actual use until the involvement of ghrelin in car-
bohydrate metabolism has been elucidated.

ghReLIN AND eNeRgy exPeNDITURe

Besides its major influence on energy intake, ghrelin 
exerts important effects on energy expenditure. Studies 
on laboratory mice have shown that administration of 
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anti-ghrelin antibodies increases energy expenditure,57 
this demonstrating the complex role they play in the 
adjustment of body energy balance by acting on both 
components (both caloric intake and reduced energy 
consumption). Ghrelin receptor GHS-R is an impor-
tant regulator of thermogenesis.57 The ablation of this 
receptor increases energy expenditure by increasing 
thermogenesis in brown adipose tissue (by uncoupling 
oxidative phosphorylation from electron transport 
chain due to increased UCP1expression),52,94 which 
is independent of food intake or physical activity.57 
This finding has significant practical implications 
since it has been proposed that GHS-R antagonists 
may represent a new therapeutic class effective in 
obesity94 and not requiring restrictive diets or physi-
cal activity.

In addition to decreased thermogenesis, ghrelin 
also decreases energy expenditure by reducing the 
activity of the sympathetic nervous system (SNS), 
especially in brown adipose tissue.95

Another aspect, possibly less studied, is that of ghre-
lin as a potential clinical marker of catabolism.60 This 
hypothesis was based on the findings that increased 

circulating ghrelin levels are found in patients with 
cachexia associated with chronic heart failure, liver 
cirrhosis or neoplastic disease, and in patients with 
chemotherapy-induced anorexia (all these conditions 
being characterized by hypercatabolism).62 It had been 
experimentally demonstrated that GH secretagogues 
have the ability to reverse the catabolic effects and to 
improve the somatotroph axis alterations and protein 
catabolism in patients with severe, prolonged diseases 
characterized by hypercatabolism.96 Due to its anabolic 
effects, GH has already been used to prevent muscle 
loss associated with surgical stress, sepsis, HIV/
AIDS and malignancies.97 In this respect, ghrelin, 
or any other compound stimulating GH secretion, 
would improve the therapeutic outcomes in these 
patients, particularly in elderly patients in whom the 
association of reduced GH secretion, reduced muscle 
mass and anorexia is often present. Studies aimed at 
evaluating the efficacy of ghrelin treatment in patients 
with anorexia-cachexia syndrome associated with 
neoplastic disease are needed, as a so-called resist-
ance to ghrelin has been suggested.

In conclusion, circulating ghrelin level in humans 
are low under conditions of positive energy balance, 

Table 1. The main effects of ghrelin that can influence energy metabolism 

Food intake1,35 ↑ appetite/↑ food intake
↑ hedonic aspect of eating
↑ motivation to obtain food
↑ food seeking behaviours 

Gastrointestinal function47-50 ↑ gastric motility
↑ gastric acid secretion and digestive enzymes

Adipose tissue 26,39,53,58 ↑ lipogenesis
↑ adipogenesis (↑ differentiation and proliferation of preadipocytes) 
↓ lipid oxidation

Intermediary metabolisms57,62,79,82,90,92,93 ↓ insulin secretion
↑ hepatic gluconeogenesis
↓ insulin sensitivity 
↑ glucagon secretion
↑ hepatic lipogenesis
GLP-1 secretagogue

Energy expenditure52,57,94,95 ↓ energy expenditure
↓ thermogenesis in BAT
↓ sympathetic nervous system in BAT
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either in acute conditions (food intake) or chronic 
conditions (obesity). Elevated circulating ghrelin 
levels are found in fasting conditions and in patients 
with anorexia of various causes. One can therefore 
conclude that ghrelin levels correlate inversely with 
body energy stores. The increased levels of ghrelin 
right before meals suggests that it is a meal initiator 
or hunger signal, being involved in meal duration 
and size and in the hedonic aspects of nutrition. The 
administration of ghrelin generates a positive energy 
balance and increases adiposity while reducing energy 
expenditure. However, ghrelin seems to exert more 
complex effects (summarized in Table 1), playing 
a major role in the modulation of intermediary me-
tabolisms and their integration into the metabolic 
economy of our body. Simultaneously, ghrelin has 
a central role in controlling the energy balance, in-
tegrating the peripheral signals and central effectors 
that determine our eating behaviour.
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Comparison of color-Doppler and qualitative  
and quantitative strain-elastography for differentiation  
of thyroid nodules in daily practice
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AbstrAct

OBJeCTIve: strain-elastography provides a new ultrasound-based method that can offer 
information about the stiffness of thyroid nodules as an indicator of malignancy. The aim of 
our study was to compare the utility of color-Doppler and strain-elastography in differentiating 
between benign and malignant nodules. DesIgN AND MeThODs: 77 thyroid nodules (70 
benign and 7 malignant) from 70 unselected patients (48 female/22 male, mean age 49.7±14.3 
years) were evaluated with color-Doppler and elastography based on a five-scale elastogram 
score for qualitative elastography and strain ratio for quantitative elastography. As reference 
tissue we chose normal thyroid tissue [strain ratio a (sR a)] and cervical muscles [strain ratio 
b (sR b)]. The cytological or histological results were used as a reference standard. Diagnostic 
performances of qualitative and quantitative elastography were compared using ROC curves. 
ResULTs: vascularization score 3 or 4 was associated with malignancy (p=0.024) as well as 
elastogram score 4 or 5 (p=0.070, n.s.s.). sR a was indicatively higher and sR b lower in the 
group of malignant nodules (p=0.065 and p=0.246, n.s.s.). The best cut-off points predicting 
malignancy were 3.32 for sR a (66.7% sensitivity, 83.3% specificity) and 0.10 for sR b (71.4% 
sensitivity, 67.1% specificity). CONCLUsION: In our study, the accuracy of elastography did 
not surpass other sonographic parameters in differentiating thyroid nodules. The technique 
can play a role as a supplementary parameter in assessment of malignancy to improve diag-
nostic efficacy. The best parameter is sR a, but sR b can serve as an alternative if sR a is not 
assessable.
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INTRODUCTION 

Ultrasound is the most important diagnostic tool 
to detect thyroid pathologies. Thyroid nodules occur 
with a prevalence of 35-45% and are therefore very 
frequently detected during ultrasound examination.1 

Malignant diseases however account only for 4%-6% 
of all thyroid nodules.2 The accuracy of conventional 
ultrasound in the differentiation between benign and 
malignant nodules is not very high.3 Fine-needle-
aspiration (FNA) as an additional tool to optimize 
cancer diagnosis has some limitations as well. The 
result depends on the expertise of the cytologist and 
a significant number of findings remain indetermi-
nate.4 Therefore, evaluation of further sonographic 
parameters for differentiation of benign and malignant 
thyroid nodules is still of importance. Manual palpa-
tion is the basic approach to detect thyroid nodules 
since a hard consistency upon palpation is associated 
with malignancy. In recent years, real-time strain-
elastography (SE) has become established as a new 
ultrasound method allowing an objective determination 
of tissue stiffness. The tissue deformation is produced 
by an external palpation with the probe. The result 
is coded in color-scale images displayed over the B-
mode images, which are related to tissue stiffness. For 
classification, on the one hand a visual categorical 
score is used. On the other hand, regions of interest 
(ROIs) can be drawn over target areas and adjacent 
healthy thyroid tissue to calculate a semiquantitative 
strain ratio (SR) coefficient.5 

In the past few years, some studies have analyzed 
the diagnostic accuracy of elastogram scores as well 
as SR in thyroid nodules. However, most published 
studies have used qualitative SE score analysis. Only 
a minority of data provide a quantitative analysis of 
SR. Therefore, a recent meta-analysis has stressed 
the need for greater use of SR measurement in fu-
ture studies.6 In addition, there has been till now no 
standardized elastographic score and methods vary 
between different studies. Thus, the aim of our study 
was to characterize the efficacy of elastograms in 
different pathological nodules and assess the utility 
of qualitative and quantitative SE in differentiating 
benign from malignant thyroid nodules in unselected 
patients attending an endocrinological outpatient 
clinic. 

sUBJeCTs AND MeThODs

Patients
We prospectively examined 110 patients admitted 

to the Department of Endocrinology and Diabetology 
of the University of Munich for further examination 
of thyroid nodules. Exclusion criteria were age be-
low 18 years, previous surgical or radiation therapy 
in the neck, nodule size below 5 mm, completely 
cystic lesions, nodules with macrocalcifications and 
lack of written informed consent. In 40 patients 44 
nodules showing typical benign features on ultra-
sound examination without compressive symptoms 
were identified. Therefore, these patients did not 
undergo FNA or surgery. Finally, 70 patients with 77 
nodules were enrolled in the next stage of the study 
(48 female/22 male, mean age 49.7±14.3 years). The 
volumes of the nodules ranged from 4 ml to 110 ml. 
Sixty-four patients were sent to surgery and in 6 
patients FNA of the thyroid nodule was performed. 
The cytological or histological results were used as a 
reference standard. Patients with negative FNA were 
observed over a minimum of 6 months with control 
ultrasound to confirm the benign nature of the nodule. 
All patients provided written informed consent for 
the study protocol before enrollment. The study was 
conducted according to the Declaration of Helsinki 
(DRKS ID 00007796).

Conventional ultrasound and SE
Conventional ultrasound and SE were performed 

using the same linear 10-MHz probe (Hitachi Medical 
Systems, EUB-8500, Tokyo, Japan). SE examination 
was performed following the conventional B-mode 
session. The probe was placed on the slightly ex-
tended neck with light pressure. All examinations 
and documentations were performed by one skilled 
sonographer with 8 years of experience in ultrasound 
and 3 years of experience in elastography.

The target nodule was evaluated for size, posi-
tion within the lobe, echogenicity, margin, internal 
microcalcifications, halo sign and cystic components. 
Nodule size was measured in three dimensions [depth 
(D), width (W) and length (L)] from two section scans 
(transverse and sagittal). Subsequent volume (V) was 
calculated by the formula of the ellipsoid as V = D 
× W × L (in cm) × 0.524. Blood flow pattern was 
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judged with color-Doppler on a five-point scale: 0 no 
detectable flow, 1 partial peripheral flow, 2 complete 
peripheral flow, 3 rare internal flow, 4 rich internal 
flow. A score of 3 and 4 showing internal flow was 
judged as sign of malignancy.

Evaluation based on elastogram scores
To provide an adequate elastogram image, pressure 

degree was illustrated on a four-point numerical scale, 
which was displayed laterally on the elastogram. An 
appropriate pressure was defined as a pressure ranging 
from levels 3-4 on the scale during the examinations. 
The ultrasound elastogram was displayed over the 
B-mode image on a color map that ranges from red 
(softest components) to blue (hardest components). 
Each evaluation of the elastogram score was repeated 
by means of compression and relaxation cycles at least 
three times until the findings were confirmed to be 
reproducible for the investigator. The elastographic 
score was assigned according to the color pattern 
of the nodule, with a classification into a five-point 
categorical scale (score 1: homogenously green, score 
2: predominantly green with a few blue areas at the 
margin of the nodule, score 3: predominantly green 
with a few blue areas in the center of the nodule, score 
4: predominantly inhomogeneous blue with a few 
green areas, score 5: homogeneously blue) (Figure 
1 a-b). Based on previous results, it was postulated 
that a score of 4 and 5 with predominantly hard areas 
indicates malignancy.7 

Evaluation based on SR 
A region of interest (ROI) A was placed inside the 

nodule. Then, a ROI B was selected at the same depth 
as the target lesion as reference in normal thyroid tissue 
SR a. As second reference tissue we chose cervical 
muscles SR b, which appeared homogeneously blue. 
Additionally, we measured SR b in 30 thyroid lobes 
of healthy volunteers as reference for a standard value 
(Figure 1c). SR coefficient was calculated in real 
time by the ultrasound software. SR coefficient was 
measured 3 times in each nodule for both reference 
tissues and mean value was used for analysis. Images 
were saved on an electronic documentation system. 

Statistical analysis
Data with normal distribution are expressed as 

mean ± standard deviation. We compared the distribu-

tion of patient characteristics between the groups of 
benign and malignant nodules using a non-parametric 
t-test (Mann-Whitney-U-Test) for quantitative vari-
ables and Pearson’s Chi-square test in the event of 
categorical variables. Statistical significance was 
assumed for p <0.050. Receiver operating character-
istic (ROC) curves were analyzed and the diagnostic 
performance of different variables was expressed as 
the area under the curve (AUC). Statistical analysis 
was performed using SPSS software (Version 15.0; 
SPSS Inc., Chicago, USA).

ResULTs

In total, 70 benign and 7 malignant nodules were 
diagnosed. In the group of benign nodules histol-
ogy showed 62 nodular goiters and 8 adenomas. 
Among the malignant lesions 3 follicular carcinomas, 
2 medullary carcinomas, 1 papillary carcinoma and 
1 metastatic breast carcinoma were detected. There 
was no statistically significant difference regarding 
the volume of the nodules between the two groups. 
A vascularization score of 3 or 4 in color-Doppler 
evaluation was significantly associated with malig-
nancy (57% vs 16%, p=0.024).

Elastogram score and SR
Among the group of benign nodules 77% were 

scored 1-3 in the visual elastogram score; however, 16 
(23%) nodules were scored 4 or 5, suggesting already 
present malignancy. Three out of the 7 malignant le-
sions (43%) were scored between 1-3, including 2 cases 
of follicular carcinoma and 1 metastatic carcinoma. 
The remaining 4 (57%) malignant cases (1 follicular 
carcinoma, 2 medullary carcinomas and 1 papillary 
carcinoma) showed hard elastogram scores of 4 or 5, 
indicating malignancy. The mean value of SR a was 
indicatively higher in the group of malignant nodules 
(3.80±1.95 vs. 3.45±5.35, p=0.065). SR b was lower 
in malignant than in benign nodules, but the differ-
ence was not statistically significant (0.15±0.09 vs. 
0.20±0.33, p=0.246) (Table 1).

ROC analysis
The AUC of the elastography score was 0.683 

and the AUC of SR a and b was 0.731 and 0.635, 
respectively. Comparison of ROC curves between 
the different parameters is shown in Figure 2. The 
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figure 1. Examples of elastograms with representative elastogram scores. a. A case of nodular goiter. Elastogram was scored 2. SR a 
was 2.26. b. A case of medullary carcinoma with elasticity score 4. SR a was 12.61. c. Evaluation of SR b = 0.38 in a benign nodule 
with reference ROI in normal cervical muscle.
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best cut-off point for differentiation of benign from 
malignant nodules was 3.5 for the elastogram score 
with a sensitivity of 57.1% and specificity of 77.1%. 
For SR a the best cut-off point was 3.32 (sensitivity 

of 66.7% and specificity of 83.3%) and 0.10 for SR 
(b) (sensitivity of 71.4% and specificity of 67.1%) 
(Table 2).

DIsCUssION AND CONCLUsION

For assessment of malignancy in thyroid nodules 
no conventional US parameter has a diagnostic ac-
curacy higher than 75%.1 Nevertheless, in national 
guidelines ultrasound is recommended as the main 
diagnostic tool in the management of thyroid nod-
ules.8,9 SE provides a new ultrasound-based method 
that can offer information about the hardness of the 
nodule as an indicator of malignancy. 

A recent meta-analysis showed an overall mean 
sensitivity for differentiation of thyroid nodules of 79% 
for the elastogram score and 85% for SR assessment. 
The overall specificity was 77% for the elastogram 
score and 80% for SR assessment.6 SR assessment 
achieved higher results than the elastography score, 
but the difference was not significant. In our study 
the sensitivity was only 57% and 67% for the elas-
togram score and SR assessment with a comparable 
specificity of 77% and 83%, respectively. Sun et al. 
observed a high heterogeneity among the data for 
the elastography score as well as SR.6 Sensitivity 
of the elastography score differed between 36% and 
100%,10,11 whereas for SR assessment sensitivity was 
estimated between 69% and 98%.12,13 These divergent 
findings include a number of publications that report 
less promising results, thus raising the question of the 
real clinical utility of ultrasound SE.12,14 Numerous 
studies demonstrated high sensitivities in a highly 
selected population with a prevalence of malignancy 
up to 46%.13 In this respect, the present study is limited 
to a low malignancy rate of 9%, which may result 
in a lower sensitivity. However, it probably reflects 
the real situation in daily clinical practice more ac-
curately than other studies selecting a high number 
of malignant tumors. 

Table 1. Ultrasound and elastography features in the groups of benign 
and malignant nodules according to final histology

n=77
Benign 

nodules (n=70)
Malignant 

nodules (n=7)
p

Volume (ml) 7.8 ± 8.8 16.0 ± 22.9 0.328

Vascularization
 0-2
 3-4

59 (84%)
11 (16%)

3 (43%)
4 (57%)

0.024

Elastogram Score
 1-3
 4-5

54 (77%)
16 (23%)

3 (43%)
4 (57%)

0.070

Strain Ratio
 SR a
 SR b

3.45 ± 5.35
0.20 ± 0.33

3.80 ± 1.95
0.15 ± 0.09

0.065
0.246

Table 2. AUC analysis for the different parameters
Parameter AUC Cut-off point sensitivity specificity 95% CI
Elasto-Score 0.683 3.50 57.1% 77.1% 0.487-0.878
SR a 0.731 3.32 66.7% 83.3% 0.526-0.935
SR b 0.635 0.10 71.4% 67.1% 0.474-0.796

figure 2. Comparison of the Receiver Operating Characteristic 
(ROC) curves between SR a, b and elastogram score.
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Malignant nodules in our collective had a higher 
elastogram score and SR a compared to benign results. 
However, the difference in elastogram score was not 
statistically significant, which is in contrast to the 
vascularization score. SR a was indicatively higher 
in the group of malignant nodules and showed a con-
siderable trend towards significance (p=0.069). The 
probable reason for this borderline result is a relatively 
high number of follicular carcinomas (3/7) within the 
group of malignant nodules, whereas in most other 
studies the malignant masses were mainly papillary 
carcinomas.15,16 In the meta-analysis of Sun et al only a 
total of 11 follicular carcinomas were reported, leading 
to 10 missed diagnoses by elastography evaluation.6 
In our patients two follicular carcinomas displayed 
features of benign nodules in qualitative and quan-
titative elastography evaluation. Only one follicular 
carcinoma showed conclusive malignant results in 
conventional ultrasound as well as in elastography 
evaluation, probably due to advanced tumor stage. 
For small follicular carcinomas elastography seems 
not to be an effective diagnostic tool. 

The AUC of SR a was higher than that of the elas-
togram score (0.731 vs. 0.697), which is in accordance 
with other results revealing a better accuracy for SR 
than for the qualitative elastogram score.15 Several 
studies used special offline software-systems for 
quantitative analysis, which are not feasible in daily 
practice.10,17 Quantitative real-time elastography up 
to now has been investigated in four studies using 
SR comparing thyroid nodule to normal thyroid tis-
sue.13,15,16,18 Cut-off levels were described in a range 
between 3.79 and 6.66. So far, no precise cut-off point 
for nodule-to-gland SR has been defined. Therefore, 
Sun et al underlined the need for further studies 
investigating the efficacy of SR to differentiate be-
tween thyroid nodules.6 Our results reveal 3.32 as 
the best cut-off point for nodule-to-gland SR, which 
is in line with most of the results proposing cut-off 
levels between 3.79 and 4.22.13,15,18 Nevertheless, 
further evaluation of SR measurement is needed to 
determine the optimal cut-off value. 

To date, only two studies have calculated the 
nodule-to-muscle SR.19,20 A cut-off value of 1.5 was 
described as a predictor of malignancy in the study 
of Kagoya et al.19 The parameter showed a sensitivity 
of 90% and a specificity of only 50%.19 The study of 

Aydin et al revealed a cut-off value of 1.85.20 Diag-
nostic performance for SR measurement showed a 
sensitivity of 96% and a specificity of 93% with good 
agreement between parenchyma-to-nodule SR and 
muscle-to-nodule SR. Only one follicular carcinoma 
was found among the malignant cases (4%), which 
might explain the higher diagnostic accuracy achieved 
in this study compared to our work.20 

Our data revealed a cut-off below 0.10 to assess 
malignancy. The variability between these results may 
be due to the fact that the elasticity of cervical muscles 
can vary depending on the patients position. In the 
center of the muscles we usually find homogeneously 
blue areas in elastogram images. By choosing these 
areas as reference, we have achieved reproducible 
results between malignant nodules, benign nodules 
and normal tissue. However, measurements were not 
significantly different and the AUC was lower than 
for nodule-to-gland SR. Furthermore, in the study of 
Aydin et al, sonoelastography was performed using 
a different ultrasound system (Aplio XG, Toshiba), 
whereas Kagoya’s and our work was conducted with 
the more common Hitachi system. The cut-off levels 
of SR may not be directly comparable between the 
two systems and standard values still have to be 
evaluated in further studies.

Since we also included multinodular goiters in our 
study, in 9% of the patients nodule-to-gland SR was not 
quantifiable because of a lack of normal thyroid tissue. 
Several studies included only a single solid nodule 
within one thyroid lobe for elastography evaluation.21 
This selection may also account for better results in 
these studies. Determination of nodule-to-muscle SR 
as an alternative technique enables quantitative SE 
measurement even in multinodular goiters, which is a 
frequent clinical finding. Hence, it is of great interest 
to further evaluate this method in more cases and to 
optimize cut-off values.

Recently, the first results in shear wave elastog-
raphy of thyroid nodules as an alternative method 
of elastography were described.22,23 This method can 
provide dynamic quantitative measurement of tissue 
stiffness. Shear wave speed is reported to be higher in 
malignant than in benign nodules mainly investigated 
in patients submitted to surgery.23 Evaluation in a study 
population representing daily clinical practice as well 
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as correlation with SR measurement is lacking up 
to now. Therefore, it remains unclear whether shear 
wave elastography is superior to strain elastography. 

In conclusion, strain elastography has been un-
der continuous development over the past few years 
and is of considerable relevance in the diagnosis of 
thyroid nodules. It is convenient and fast in clinical 
use. However, in spite of the initial optimism, sev-
eral studies reporting less promising results must be 
mentioned. The use of this technique can play a role 
as a supplementary parameter together with conven-
tional ultrasound criteria in assessment of malignancy. 
Therefore, it can help to determine which nodule 
meets concordant criteria of benignancy and can be 
followed up and in which case FNA is needed. Fur-
thermore, it may be used to guide follow-up of FNA 
negative lesions.24 Some limitations need to be taken 
into account, e.g. the technique seems insufficient 
to reliably detect follicular carcinomas. Addition-
ally, our results verify that intranodular blood-flow 
demonstrated on color flow Doppler is also a finding 
strongly predicting malignancy and should not be 
disregarded in favor of new developments. In our 
investigation, a cut-off point of 3.32 for nodule-to-
gland SR and 0.10 for nodule-to-muscle SR achieved 
the best results for differentiation of thyroid nodules. 
To optimize the validity of the method in the future, 
a generally accepted standardized elastogram score 
as well as the determination of cut-off values for SR 
measurement are needed.
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AbstrAct

OBJeCTIve: The determination of the normal range of 25-hydroxyvitamin D [25-(Oh)D], 
though currently based on suppression of PTh levels, still remains a controversial issue. The 
25-(Oh)D levels exhibit gender and seasonal variability, the latter attributed in part to changes 
of insolation. DesIgN: The aim of this cross-sectional study was to estimate the levels of 25-
(Oh)D on the island of Crete and their correlation with metabolic, hormonal and bone turno-
ver parameters. The study was performed over a period of five years and involved 8,183 male 
and female individuals (8,042 analyzed). ResULTs: Our results are as follows: (1) 25-(Oh)D 
was significantly lower than expected (19.48±9.51 and 18.01±9.01 (ng/mL+sD) in males and 
females, respectively); (2) seasonal variation of 25-(Oh)D was observed in both sexes (females 
< males), with values peaking in August; (3) a decline of 25-(Oh)D was evident with advanc-
ing age, with lower levels in females compared to males up to menopause and no apparent 
difference between the genders thereafter; (4) levels of 25-(Oh)D were lower in renal function 
impairment, diabetes/insulin resistance and inflammation, while no correlation was detectable 
in thyroid dysfunction; (5) normalization of PTh levels was observed at ~20 ng/mL 25-(Oh)D. 
At the same cut-off level, a significant decrease of all measured bone turnover indices (b-ALP, 
osteocalcin and CTx) was evident. CONCLUsION: Based on the above data, it appears that 
a cut-off level of 25-(Oh)D close to 20 ng/mL better reflects the physiology of our population. 

Key words: Bone metabolic biomarkers, Cut-off values, Vitamin D deficiency, PTH, 25-(OH)vitamin D
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INTRODUCTION

The steroid hormone/vitamin D (VitD) exists in two 

forms, D2 (ergocalciferol) and D3 (cholecalciferol). 
The former is obtained from food (plant-derived, 
mainly mushrooms), while the latter is naturally syn-
thesized in the skin, through exposure to ultraviolet 
light, and also ingested in the diet (animal-derived, 
mainly fatty fish, eggs, liver).1,2 Both forms are used 
for food fortification (dairy products, cereals and juice) 
and in VitD supplements. In humans, the endogenous 
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production by the skin following exposure to sunlight 
UV radiation represents the main source of VitD.1 

The principal biological effect of VitD is on growth 
and remodeling of the skeleton by enhancing intestinal 
calcium absorption.3 Recently though, the discovery 
of the almost ubiquitous distribution of VDR and 
cytochrome P450 27B1 in the human body4 suggests 
that local conversion of 25-hydroxyvitamin D [25-
(OH)D] to its hormonally active 1,25-dihydroxy form 
[1,25-(OH)2D] may have multiple biological roles in 
almost all tissues, beyond the skeleton. More specifi-
cally, VitD appears to have a pivotal role in the regula-
tion of cell growth, proliferation, differentiation and 
apoptosis, as well as various immunological functions 
and is thus implicated in several pathophysiological 
conditions, including cancer, diabetes, cardiovascular 
disease, multiple sclerosis, other autoimmune diseases 
and neuropsychiatric disorders.4-8

VitD deficiency or insufficiency may be due to 
reduced intake/bioavailability (obesity or malabsorp-
tion), decreased direct sunlight exposure or hepatic 
and/or renal disease.9,10 The subsequent decline in 
intestinal calcium and phosphorus absorption may 
lead to increased PTH levels, resulting in secondary 
hyperparathyroidism and consequently depletion of 
the bones of calcium in order to maintain normocal-
cemia.1 Therefore, in addition to the levels of circu-
lating calcium and phosphate, PTH and biomarkers 
of bone turnover are useful indicators of VitD status, 
although their levels do not linearly follow 25-(OH)
D fluctuations.

The generally accepted normal cut-off levels for 
25-(OH)D have been set at >30 ng/mL to ensure 
optimal effects on calcium economy and skeletal 
health.11 This rationale is based on maximal intestinal 
calcium absorption and nadir concentrations of para-
thyroid hormone (PTH), reported to be achievable at 
25-(OH)D levels of approximately 30-40 ng/mL,12-15 
and is underscored by the updated recommendations 
of the US Endocrine Society.1 However, both tenets 
have recently been challenged:16-19 The boundary for 
clinically relevant VitD deficiency, characterized by 
osteopenia and rickets/ osteomalacia, has traditionally 
been set at 10 ng/mL 25-(OH)D,17,20 a point recently 
disputed by the US Endocrine Society, that has raised 
the VitD deficiency threshold to 20 ng/mL 25-(OH)D.1 

25-(OH)D “insufficiency” spans the range between the 
frank deficiency threshold and the lower normal level 
(traditionally 10-30 ng/mL), indicating inadequate 
stores for optimal VitD functions, but generally not 
associated with overt clinical symptoms.21

VitD overall status in vivo is best estimated by the 
concentration of serum total 25-(OH)D, i.e. the sum 
of 25-(OH)D2+25-(OH)D3.1 Fully automated plat-
forms have been developed and concerns stemming 
from the lack of agreement regarding the methods 
used to measure VitD are being abated by advances 
in methodology and availability of accurate calibra-
tion materials and quality assessment programs.8,15 

Abundant evidence exists that VitD deficiency 
and insufficiency have emerged as a global health 
threat across all ethnicities and age groups, with ap-
proximately 1 billion people estimated to be affected 
worldwide, the Mediterranean region being no excep-
tion in spite of the high insolation (total amount of 
solar radiation energy received per surface area) of 
the area.11,22 The aim of this cross-sectional study was 
to determine the total serum 25-(OH)D levels on the 
island of Crete, Greece, an area with high insolation. 
In addition, we sought to explore 25-(OH)D associa-
tion with biomarkers of diabetes, metabolic syndrome, 
inflammation and bone remodeling, as well as the 
influence of season change and gender. Finally, we 
attempted to establish a 25-(OH)D threshold for our 
population and to compare it with the internationally 
proposed cut-offs for VitD sufficiency. 

MATeRIALs AND MeThODs

Population
The Department of Clinical Chemistry-Bio-

chemistry at the University Hospital of Heraklion 
is the regional reference center for VitD assays. We 
therefore retrieved 25-(OH)D measurements blind-
ly from the Laboratory Information System (LIS) 
of the Hospital, without any patient identification. 
Our cohort included 8,183 total 25-(OH)D results, 
measured in our Department during a 5-year time 
period, between August 2009 and May 2014. Of the 
8,183 subjects, 2,789 were hospital inpatients and 
5,394 outpatients. The inpatients were hospitalized 
in diverse departments: endocrinology (n=1398), 



Vitamin D and calcium homeostatic indices 207 

paediatrics (n=337), rheumatology (n=201), internal 
medicine (n=169), nephrology (n=126), orthopaedics 
(n=109), paediatric oncology (n=91), haematology 
(n=81), oncology (n=70), neurology (n=57), surgery 
(n=48), gastroenterology (n=30), pulmonary medicine 
(n=25), cardiology (n=22), psychiatry (n=10), obstet-
rics/gynecology (n=10, excluding pregnant women), 
dermatology (n=5). The outpatients were prescribed 
routine testing for VitD status. For the purpose of 
our study, we stratified this population according to 
age, sex (Table 1) and season of the year when the 
analysis was performed. Age was not available for 
141 subjects (43 males and 98 females, 85 outpatients 
and 56 inpatients) and their results were discarded 
from all further analyses.

Laboratory assays
Details of all laboratory methods together with 

their reference intervals and the number of patients 
for whom results were available are presented in Table 
2. These include routine biochemical workout tests 
(glucose, urea, creatinine, albumin, calcium, phosphate, 
triglycerides, total cholesterol, HDL cholesterol, LDL 

cholesterol), glycated hemoglobin A1c (HbA1c), 
C-reactive protein (CRP), hormonal determinations 
(intact PTH, TSH, insulin), bone turnover biomark-
ers (bone-specific isoform of alkaline phosphatase 
(b-ALP as activity and ostase as mass), N-Mid os-
teocalcin (OC), C-terminal telopeptide of type I col-
lagen (CTX), urine free deoxypyridinoline crosslinks 
[Dpd]), tumor markers (CEA, CA 19-9, CA 125) and 
virology indices (HBsAg, HIV1/2, HCV). However, 
as tumor markers and virology indices were available 
in a very small sub-group of our data, we waived 
their further analysis. The laboratories performing 
the above mentioned assays participated in External 
Quality Assurance Services programs for the entire 
duration of the study and the observed deviation in 
Levey-Jennings charts was lower than +1SD for all 
analytes measured.

Biochemical monitoring of the rate of bone turnover 
is assessed by measurement of specific biomarkers 
in the blood and/or urine, either proteins or enzymes 
released during bone formation, or degradation products 
released during bone resorption.23 The bone-specific 

Table 1. This table displays the results of all individuals included in the present study. Subjects were additionally stratified by gender and age 
groups (see Results for further details). For each parameter, the number of assayed subjects is presented, together with mean±SD and range
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isoform of alkaline phosphatase is a biomarker of bone 
formation not affected by diet and renal function and 
exhibiting low inter-individual variability. Its main 

disadvantage is that changes can lag by several weeks, 
thus making it unsuitable for initial follow-up of an-
tiresorptive therapy. Osteocalcin (OC), produced by 

Table 1. (continued) 
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osteoblasts and incorporated into the bone matrix during 
bone formation and also released into the circulation 
from the matrix during bone resorption, is considered 
a marker of bone turnover. Its main advantages are 
tissue-specificity and relatively low within-individual 
variation, while its principal disadvantage concerns 
the instability of the intact molecule, which is rapidly 
degraded. The large N-terminal/midregion fragment 
(N-Mid, aa 1-43) appears to be considerably more 
stable.24 The C-terminal crosslinked telopeptide of 
type I collagen (CTX) is the bone resorption marker 
of choice, recommended by the International Os-
teoporosis Foundation (IOF) and the International 
Federation of Clinical Chemistry and Laboratory 
Medicine (IFCC).25 β-CTX levels are indicative of 
the degree of the breakdown of mature type I collagen 
and are the preferred marker for monitoring the start 
of antiresorptive therapy. The main disadvantage 
stems from its large circadian variation, necessitating 
a morning fasting sample for accurate interpretation 
of results. The urine free deoxypyridinoline cross-
links (Dpd), released when mature type I collagen is 
degraded, are tissue-specific and not influenced by 
the diet. The main disadvantage is the necessity of a 
24-hour urine sample and the need to correct results 
for creatinine excretion. 

As a general procedure, a blood sample was col-
lected from each subject; the blood was allowed to clot 
and serum was separated by centrifugation, with the 
exception of HbA1c which was determined in whole 
blood. Testing was performed on the day of blood 
collection for routine biochemistry, HbA1c, CRP and 
hormonal measurements. Serum and 24-hour urine 
samples for 25-(OH)D and bone turnover biomarkers 
measurements were frozen at -20oC after collection 
and tested later, as assays for these parameters are 
performed on a weekly basis. All assays were per-
formed according to the manufacturers’ instructions.

Validation of the serum total 25-(OH)D  
assay used in our study

Prior to analysis, we confirmed that our assay 
actually measured the total amount of 25-(OH)D. 
For this purpose, we collected and pooled samples 
in which measured values were >30 ng/mL. One 
volume of saturated trichloroacetic acid (TCA) was 
added to four volumes of sample and the resulting 
mixture was vortexed and centrifuged. The addition 
of TCA causes protein precipitation and release of 
any bound (micro)molecules, including 25-(OH)D. 
The resulting supernatant was buffered with the 25-
(OH)D assay buffer (200 μL supernatant plus 500 

Table 2. Assay characteristics of methods used in the present study, together with reference range and units of measurement
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μL of buffer) in order to restore pH, necessary for 
the correct performance of the immunoassay and as-
sayed again for 25-(OH)D. Taking all dilutions into 
account, the recovery was 109±8%, suggesting that 
in our assay the majority of protein-bound 25-(OH)D 
was released from proteins and hence our data should 
represent total 25-(OH)D.

Statistical analysis
The analysis was performed with the SPSS V21 

program. All data were normalized by z-transformation 
((parameter value-mean)/SD) prior to any statistical 
test. However, for the readers’ convenience, non-
transformed values are reported in the Tables and 
Figures. For the comparison of the two groups, we used 
a t-test with unequal variance; for the comparison of 
multiple groups, we used one or two ways ANOVA, as 
appropriate, with Bonferroni-correction for post-hoc 
analyses. Multivariate analysis was used for group 
comparisons, the confounders being detailed in the 
Results section. Subjects were stratified by decade 
of age or by classification into four age groups (0-20, 
21-50, 51-70, >70 y), for some analyses, as detailed 
in the Results section. Menopausal age for female 
individuals was arbitrarily set at 50 years. 25(OH)VitD 
values were stratified into the following groups: <10, 
10-15, 15-20, 20-25, 25-30, >30 ng/mL. Correlations 
were analyzed by extracting the Pearson coefficient. 
For logistic regression, all variables were coded as 
low (0), normal (1) or high (2), the cut-offs being 
presented in Table 2. Stepwise backward parameter 
elimination was performed, with p<0.05 for entry 
and p>0.1 for the removal of parameters. In all tests 
a p<0.05 was considered as significant. 

ResULTs 

Distribution of total 25-(OH)D values

Effect of age and gender

Of the 8,042 individuals included in the study, 1,663 
were males (20.7%) and 6,379 females (79.3%). In 
both groups, mean 25-(OH)D levels were unexpectedly 
low for a population living in a Mediterranean region. 
Mean 25-(OH)D concentration was 19.48±9.51 (ng/
mL+SD) in males and 18.01±9.01 (ng/mL+SD) in 
females. A comparison of inpatients and outpatients 
yielded similar results; therefore we combined these 

two groups and performed the analysis on the total 
population of our study. Age distribution of mean total 
25-(OH)D values (Figure 1A) showed that the high-
est values were present in children and adolescents 
of both genders (mean values for males=24.2±9.75, 
females=23.15±10.67 ng/mL; mean±SD), while a 
progressive and significant (p<0.001) decrease with 
age was evident. The mean concentration of serum 
25-(OH)D in the elderly (>70 years) was significantly 
lower compared to the other age groups (mean±SD 
values for males=15.29±48.50, females=15.77±8.67 
ng/mL, p<0.001 in both cases) and the lowest observed 
in our subjects. An inverse linear trend was apparent 
with advancing age, being more evident in subjects 
over 70 years. 

An interesting observation was that despite the 
high percentage of sunny days on the island of Crete, 
21% of our population was severely VitD deficient 
according to the standard criteria of our method, 
exhibiting levels below 10 ng/mL 25-(OH)D. Ad-
ditionally, a significant (p=0.02) difference between 
sexes was evident in that the levels of 25-(OH)D were 
significantly lower in females compared to males, up 
to the age of 50 years. Thereafter, 25-(OH)D levels 
did not differ between genders (Figure 1A).

Seasonal variation

25-(OH)D levels depend on sun exposure, which 
fluctuates with the seasons.2,10,26-28 In our cohort also, 
a significant seasonal variation of 25-(OH)D was 
evident (p<0.001) (Figure 1B, Table 3). Interest-
ingly, there was one major peak throughout the year, 
with values significantly increasing from April to 
August and linearly decreasing thereafter, roughly 
corresponding to maximum insolation and UV index 
on the island of Crete (source http://www.bing.com/
search?q=weather). This profile remained unchanged 
throughout the five years of the study. It is of note 
that 25-(OH)D levels in December were still signifi-
cantly higher compared to those in January-March 
(p=0.002). Restricting the analysis to subjects aged 
<50 years, in which the gender difference was sig-
nificant, resulted in two parallel month-distribution 
curves, this suggesting a similar variation of 25-(OH)
D concentration between sexes and confirming the 
major effect of sunshine on endogenous VitD pro-
duction (Figure 1C). 
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Correlation of total 25-(OH)D levels with 
PTH and bone turnover biomarkers

As a second step, we explored possible univariate 
correlations between 25-(OH)D and parameters of 
bone metabolism and turnover (Ca, P, PTH, b-ALP, 
Ostase, N-Mid-Osteocalcin and D-Pyrilinks; Figure 
2A). We confirmed the well-established10,29,30 strong 

positive correlation between circulating 25-(OH)
D levels and Ca and P, together with a significant 
inverse correlation with PTH16,31 (ANOVA p<0.001, 
for all three) (Figure 2B, Table 3). In addition, we 
observed a weak but significant correlation between 
25-(OH)D and osteocalcin and CTX (p=0.03 and 
0.003, respectively) (Table 3). 

figure 1. 25-(OH)D significantly varies with age, season and gender. A. Mean ± SE variation of 25-(OH)D concentration in male (blue 
curve) and female individuals (red curve), as a function of age. Subjects have been divided by decades of age, except for individuals be-
tween 0 and 20 and over 70 years. Values were significantly different (p<0.001) among different age-groups. Females always had lower 
values than males (p<0.001), until menopause, arbitrarily set at 50 years of age. According to these results, we have further constructed 
four different age-groups (see Table 1), representing children and adolescents (age 0-20), adults (age 20-50), middle-aged (age 50-70) 
and elderly (>70 years). B. and C. Monthly fluctuation of mean±SE values of 20-(OH)D variations in the whole population (B) and 
in individuals ≤ 50 years (premenopausal females and corresponding males) (C). Month values were significantly different (p<0.001), 
with females always lower than corresponding males. 

Table 3. Univariate correlation between 25-(OH)D and bone metabolism parameters. Pearson’s correlation coefficient of normalized (z-
transformed) values is presented, together with the number of subjects in parenthesis and statistical significance. Significant correlations are 
denoted in bold characters
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Since significant differences in circulating 25-
(OH)D levels were observed between sexes and age-
groups, we used these two factors as confounders in 
multivariate analysis, with 25-(OH)D groups as the 
grouping variable. Ca, P and PTH varied significantly 
compared to with 25-(OH)D levels (p<0.001 for all 
three parameters, Figure 2B). PTH levels decreased 
sharply (p<0.001) until 25-(OH)D levels reached 
~20 ng/mL, at which threshold normalization was 
attained (dotted line) and further decreased in a slow, 
not statistically significant, manner thereafter. From 
~20 ng/mL 25-(OH)D, a plateau in Ca levels was also 
observed, while P gradually increased with increasing 
25-(OH)D levels. A mean 25-(OH)D concentration 
of 19.854 ng/mL (confidence interval 19.292-20.416 
ng/mL, corrected for gender and age differences) 
was sufficient to normalize PTH levels (p<0.001), 

with Ca levels of 9.86 mg/dL (CI 8.01-8.91) and P 
concentrations of 3.70 mg/dL (CI 3.66-3.75).

Levels of 25-(OH)D were inversely correlated 
with b-ALP, ostase, CTX and osteocalcin (p<0.001 
for all analytes) in a multivariate model with age and 
gender as confounders. No significant changes for 
D-pyrilinks were found, most probably due to the 
extremely small number of available results (n=94). 
Nevertheless, it should be stressed that all bone turno-
ver biomarkers varied within their normal reference 
interval (Figure 2C). 

Correlation of total 25-(OH)D  
with metabolic parameters

25-(OH)D serum concentrations were correlated 
with a number of metabolic parameters, after correct-

figure 2. 25-(OH)D correlates with bone-metabolic indices. A. Heatmap of normalized (z-transformed) values of bone metabolism-
related parameters. In the vertical axes, individuals were sorted by gender and age groups. B. Variation (mean±SE) of intact PTH (black 
line), calcium and phosphate (red and green line respectively), as a function of 25-(OH)D groups, as detailed in the ordinate. Dotted line 
shows the upper normal cut-off value for PTH. All three parameters vary significantly among groups (p<0.001). As detailed in Table 
1 and the Results section, PTH decreases significantly up to a 25-(OH)D concentration of 20 ng/mL, and non-significantly thereafter. 
At the same threshold, calcium serum concentrations reach a plateau. C. Bone metabolic indices, as a function of 25-(OH)D concen-
tration (mean±SE). Osteocalcin, bone-specific alkaline phosphatase activity (b-ALP) and C-terminal telopeptide of type I collagen 
(CTX), bone turnover, formation and resorption markers (black, red and green lines) are significantly (p<0.001) decreased as 25-(OH)
D increases, in multivariate analysis with age and gender as confounders. As presented, at 25-(OH)D levels ~20 ng/mL, the maximum 
significant decrease is observed, for all parameters. It is noteworthy, however, that all three indices vary within their normal range, at 
all 25-(OH)D concentrations.
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ing for gender, age and seasonal variations (Figure 
3, Table 4).

A significant negative correlation between 25-
(OH)D and glucose, as well as HbA1c, was observed 
(p<0.001 for both). The absence of any correlation 
with insulin was probably due to the extremely small 
number of available insulin data (n=115).

A significant negative correlation between 25-
(OH)D and biochemical markers of renal function 
was evidenced (urea and creatinine, p<0.001).

A significant negative correlation was noted be-
tween 25-(OH)D and both circulating triglycerides and 
total cholesterol (p<0.001 for both), but no associations 
were apparent with either HDL or LDL cholesterol. 
However, a significant negative correlation between 
25-(OH)D and the total/HDL cholesterol ratio (cut-off 
value 5,32 p<0.001) was observed.

No correlation between 25-(OH)VitD and TSH 
was found.

Finally, a strong positive correlation (p<0.001) 
was evident between 25-(OH)D and albumin.

Taken together, these data suggest that 25-(OH)D is 
decreased: (i) in patients with impaired renal function 
(reflected by elevated urea and creatinine levels), (ii) 
in patients with a biochemical profile indicative of 
metabolic syndrome (increased glucose, triglycerides 
and total cholesterol levels), (iii) in patients with overt 
diabetes (reflected by increased HbA1c).

Lastly, we performed a logistic regression of 25-
(OH)D with a number of serum metabolic analytes. 
The cut-off level for 25-(OH)D was set at 20 ng/
mL, based on our results on PTH and bone turnover 
indices. Only the significant analytes retained by the 
model, after backward elimination, are represented in 
Figure 4A. We conclude that a significant probability 
for decreased total 25-(OH)D, as expressed by odds 
ratios, is expected in overt diabetic fasting glucose 
levels (>126 mg/dL), and elevated cholesterol and 
creatinine levels, compatible with metabolic disease 

figure 3. Metabolic parameters vary significantly with 25-(OH)D concentration. A. Heatmap of normalized (z-transformed) values 
of metabolic parameters. In the vertical axes, individuals were sorted by gender and age groups. Glucose and HbA1c (B), urea and 
creatinine (C), cholesterol and triglycerides (D) are presented (mean±SE) as a function of 25-(OH)D groups (concentration ranges are 
presented in the ordinate). All changes are significant in a multivariate analysis (p<0.001), with age and gender as confounders. e. To-
tal/HDL cholesterol ratio (cut-off level <5 32) also varies significantly (p<0.001) with circulating 25-(OH)D, in a multivariate analysis, 
with the same confounders.
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and impaired renal function. It is of interest to note 
that borderline glucose levels (>100 mg/dL) were not 
associated with a probability of decreased 25-(OH)D 
concentration (OR 0.983, CI 0.793-1.218). Finally, a 
decreased albumin concentration (indicative of liver 
damage or inflammation) also predicted low levels 
of 25-(OH)D (see below and Figure 4B). 

Total 25-(OH)D and inflammation

The levels of albumin correlated positively with 
25-(OH)D. In order to decipher whether this was the 

result of inflammation (albumin reduction is an acute 
phase marker of inflammation), we examined the 
relationship between 25-(OH)D and albumin against 
the prototype biomarker of inflammation, C-reactive 
protein (CRP) (Figure 4B, Table 4). In our dataset, a 
CRP value was available in 1,148 subjects. A signifi-
cant correlation of 25-(OH)D with albumin and CRP 
was evident (p<0.001 for both). These data were also 
found in our logistic regression analysis, with odds 
ratios 0.090 (95% CI 0.031-0.260) and 0.697 (95% 
CI 0.451-1.076) for CRP, indicating a probability of 

Table 4. Univariate correlation between 25-(OH)D and metabolic parameters. Pearson’s correlation coefficient of normalized (z-transformed) 
values is presented, together with the number of subjects in parenthesis and statistical significance. Significant correlations are denoted in 
bold characters.

figure 4. A. Results of binary logistic regression between 25-(OH)D high/low levels (cut-off set at 20 ng/mL) and all biological pa-
rameters included in our study. For all parameters low/normal/high coding was used, based on cut-off values presented in Table 2. 
Backward stepwise elimination of parameters (p to exclude= 0.10) was performed, and only significant parameters are shown (as Odd 
Ratios and 95% confidence intervals). B. Correlation of 25-(OH)D levels and indices of inflammation. Figure depicts the variation of 
albumin (blue curve) and CRP (red curve) as a function of 25-(OH)D groups, presented in the ordinate (mean±SE).
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decreased 25-(OH)D when albumin levels were <3.5 
g/dL and CRP levels were >0.8 mg/dL, confirming 
the association of decreased 25-(OH)D with inflam-
mation. Notably, in a univariate analysis (with gender, 
age and season as confounders), a significant (p<0.05) 
correlation of 25-(OH)D with normal CRP variation 
(cut-off <0.8) was also evidenced.

DIsCUssION 

In the present study, we performed a cross-sectional 
analysis of 8,042 single measurements of serum total 
25-(OH)D over a 5-year period on the island of Crete. 
We investigated the effects of seasonal fluctuation, 
age and gender on circulating levels of 25-(OH)D and 
attempted to establish correlations with a number of 
biochemical indices of inflammation, metabolic syn-
drome and diabetes, as well as with PTH and several 
biomarkers of bone turnover. Furthermore, as no dietary 
products are fortified with calcium and VitD in Greece 
(with the exception of infants’ and children’s milk) 
and 66% of our subjects were outpatients, our data 
represent a valid estimate of the general population 
of a large Mediterranean island adhering, in principle, 
to the traditional Mediterranean diet.

The globally reported seasonal fluctuation of 25-
(OH)D levels,28,33-41 attributed to cutaneous synthesis 
of VitD being affected by geographical location and 
season,2,26,27,42 was also observed in our cohort. Con-
sequently, given this universally observed seasonal 
variation of VitD levels, caution should be exercised 
when single “snapshot” measurements of 25-(OH)
D form the basis for recommendations on VitD sup-
plementation and associations with various health 
outcomes.43 Furthermore, in agreement with other 
large population-based studies,44-46 our data revealed 
a linear decline of circulating 25-(OH)D levels with 
advancing age. The highest values, observed in chil-
dren and adolescents of both genders, probably reflect 
VitD and calcium-fortified milk consumption in the 
0-20 years age category. The progressive decrease 
thereafter may be explained by either avoidance of 
exposure to direct sunlight (or use of sunscreens) 
with advancing age because of skin cancer concerns, 
or drastic decrease of mobility due to orthopedic 
or other health problems and the well-documented 
reduction of the ability of the ageing skin to synthe-

size VitD precursors,11,27 coupled with dietary habits 
that seldom include VitD-rich foods and the absence 
of fortified products in Greece. One should also be 
aware of the age-related PTH increase, together with 
the physiological loss of bone mass with age, which 
might confound correlations between VitD status and 
bone remodeling laboratory indices.47-49 The reverse 
phenomenon has been reported in Finland where ad-
vancing age has been associated with higher 25-(OH)
D values in both sexes up to the age of 80 and was 
attributed to an “active pensioner” outdoor lifestyle, 
increased consumption of fatty fish, as well as dairy 
product fortification and VitD supplement use.20,50

Consistent with previous studies,20,38,40,51-54 25-(OH)
D levels in females were found to be lower compared 
to males, up to the age of 50 years; thereafter the levels 
of 25-(OH)D were not different from those of males. A 
plausible explanation might include VitD and calcium 
supplementation in post-menopausal women together 
with changes in circulating estrogen levels, as well 
as lifestyle factors not addressed in this study (e.g. 
differences in sun exposure, diet and BMI between 
sexes).52,55 Indeed, 25-(OH)D has been significantly 
and positively associated with total testosterone and 
SHBG levels before and after adjustment for age 
and ethnicity,56 although VitD supplementation per 
se does not appear to influence testosterone levels.57 
In addition, short-term administration of testosterone 
does not appear to alter 25-(OH)D levels.58 

The most intriguing finding of our study was the 
suboptimal 25-(OH)D values observed in both genders 
(males=19.48±9.51 and females=18.01±9.01, ng/
mL±SD), contrary to what would be expected in an 
area with abundant sunshine and a population prone 
to outdoor activities. This is in line with other studies 
indicating that 25-(OH)D levels in Mediterranean 
countries,12,55,59-64 and in Greece specifically,28,64 are 
often surprisingly low, with reported levels as low 
as 9.4 ng/mL in males and 8.5 ng/mL in females in 
autumn.65 Our results are also in agreement with 
published reports suggesting that insolation in a cer-
tain region may not be the sole, or even an accurate, 
predictor of the VitD status.28,59,66,67 Along the same 
lines, an unexpected inverse north-south gradient 
for VitD levels in Europe is often reported,41,59 with 
25-(OH)D levels positively correlated with latitude, 
and is primarily attributed to dietary habits (higher 
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consumption of VitD-rich foods in the north), supple-
mentation (Greece presented the lowest mean supple-
ment intake, 2% in men and 6.7% in women),68 and 
differences in the population’s skin pigmentation.55 
The opposite has also been observed in the “SUpplé-
mentation en VItamines et Minéraux AntioXydants” 
study (SUVIMAX, 1994) in 35-65 year-old French 
adults, with reported mean serum levels of 17.2 ng/
mL in the north versus 37.6 ng/mL in the south.12 
The above discrepancies could be attributed to dif-
ferences in methodologies employed, populations 
tested, season of sample collection and, certainly, 
nutritional, anthropometric, sociodemographic and 
genetic factors, known to influence VitD status.52,55

The well-documented inverse relationship between 
PTH and 25-(OH)D16,31 was also evident in our dataset 
and the intersection point, where PTH levels normal-
ized, was at approximately 20 ng/mL of 25-(OH)D 
in both sexes. Of course, low levels of VitD cause 
secondary hyperparathyroidism, which preserves 
normocalcemia at the expense of bone health;69 on the 
other hand, the 25-(OH)D concentration below which 
high levels of PTH ensue is not well established and 
a widely discrepant range (10-49 ng/mL) has been 
reported.52,70 It is worthy of note that other studies, 
one of them from Greece,28 using a VitD loading 
test and the locally weighed regression scatterplot 
smoothing (LOWESS) method between PTH and 
25-(OH)D, concluded that the lower normal levels 
for 25-(OH)D in their population were 2228 and 20 ng/
mL,71 comparable with those reported in the present 
study. The interrelationship between PTH and VitD 
levels is always interwoven with calcium intake and 
absorption, parameters that are difficult to measure 
in everyday clinical practice.29,52 Therefore, while 
the major biological effect of PTH in our cohort was 
manifested at 25-(OH)D levels below 20 ng/mL, we 
recognize that potentially harmful non-skeletal effects 
at 25-(OH)D concentrations between 20-30 ng/mL 
cannot be excluded, albeit below the sensitivity of 
bone metabolic indices, which always varied within 
their normal range.

We further observed weak significant negative 
correlations with two biochemical indices of bone 
metabolism, osteocalcin (bone turnover) and CTX 
(bone resorption), by applying the 25-(OH)D level 

corresponding to PTH normalization in our cohort (20 
ng/mL) as a cut-off. These correlations were main-
tained in multivariate analysis, with age and sex as 
confounders. Our results are in agreement with those 
reported in the Longitudinal Aging Study Amsterdam 
(LASA), that serum osteocalcin and urinary deoxypyr-
idinoline, another resorption marker, decreased with 
increasing serum 25-(OH)D up to 16 ng/mL. Other 
groups have also observed that markers of bone re-
sorption show the biggest rise when 25-(OH)D levels 
fall below 20 ng/mL41,72-74 and acceleration of bone 
turnover due to secondary hyperparathyroidism has 
been reported at 25-(OH)D levels of less than 6 ng/
mL.17 The documented inverse relationship between 
bone-specific alkaline phosphatase and 25-(OH)D 
levels33,41,73,75 was also evident in our cohort, although 
variations were strictly within the normal reference 
range. It is noteworthy that significant changes in 
biomarkers of bone turnover are not always evident, 
despite an observed increase in 25-(OH)D levels and 
concomitant decrease in PTH levels when administer-
ing supplementation with oral VitD.76,77

As has been reported by others,78,79 a negative 
correlation between 25-(OH)D levels and glucose, 
triglycerides and total cholesterol was apparent in 
our population, confirming that higher serum con-
centrations of 25-(OH)D tend to be associated with 
a more favorable lipid profile. Literature reports on 
the association between VitD and total cholesterol are 
often discrepant, even when extensive adjustments 
for confounding factors (particularly BMI) have been 
applied,45,80,81 while the association between VitD and 
triglycerides is consistently reported as negative,82 
with two exceptions concerning adolescent girls.83,84 
Interestingly, no significant correlation between 25-
(OH)D levels and HDL cholesterol was observed 
in our cohort, consistent with existing literature.79,85 
However, this element is debated in the majority of 
cross-sectional studies,82,86 while interventional studies 
demonstrated minor effects of VitD supplementation 
on lipid variables,82,87 particularly on serum HDL.88 It 
is of interest that the total/HDL cholesterol atheroscle-
rotic ratio (normally <5)32 was negatively correlated 
with 25-(OH)D concentrations, further confirming 
the protective effects of VitD on vascular health.82,89,90

Another finding, which further corroborated the in-
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verse correlation of 25-(OH)D with metabolic disease/
diabetes in our analysis, was the negative association 
between 25-(OH)D levels and HbA1c values. This 
inverse association is supported by other published 
reports20,91-93 and the seasonal variation of 25-(OH)
D levels is inversely mirrored by HbA1c, with the 
lowest levels observed in the summer.94 Indeed, low 
levels of 25-(OH)D are considered a risk factor for 
the development of insulin resistance and diabetes,4,95 
although the preventive effect of VitD supplementation 
has not yet been fully established.96-98 One should bear 
in mind that although low levels of 25-(OH)D have 
been linked to the metabolic syndrome, obesity, dia-
betes, myocardial infarction and other cardiovascular 
diseases and despite the fact that overall cardiovascular 
death and manifestations of cardiovascular events are 
more frequent in the winter, when 25-(OH)D levels 
are at their lowest, associations have not been proven 
to be causal.78,94,99-103

No correlation was evident between TSH levels 
and 25-(OH)D groups in our population, in spite of 
reported associations between 25-(OH)D and thyroid 
function.104

Decreased levels of 25-(OH)D are a common find-
ing in patients with impaired kidney function,105,106 
which was also obvious in our dataset. Chronic kid-
ney disease (CKD) is characterized by secondary 
hyperparathyroidism, which progresses with gradual 
deterioration of renal function and is partially attrib-
uted to the derangement of VitD metabolism.107 VitD 
has an expanded role in renal physiology, through 
both classical and non-classical actions, and appears 
to affect disease progression and mortality in CKD 
patients.108,109

The inverse association between VitD status and 
inflammation has been described in published re-
ports110,111 and was also evident in our population, 
through correlations of 25-(OH)D with albumin and 
CRP levels, even within the normal reference range 
for CRP. The immunomodulatory and anti-inflam-
matory properties of VitD are among its earliest and 
best described non-classical actions.112-117 Indeed, 
the acute-phase response has been linked to an early 
and sharp decrease in circulating 25-(OH)D levels, 
which correlates with inverse changes in CRP and 
persists even after resolution of the inflammatory 

reaction.110,118,119 Practically all studies evaluating the 
association between 25-(OH)D levels and acute-phase 
response have reported a concomitant decrease in 
serum albumin.110,111 This observed decline in serum 
25-(OH)D concentration has been attributed to several 
mechanisms, including decreased levels of carrier 
proteins, increased conversion of 25-(OH)D to its 
active 1,25 form and acute fluid shift.111 Inflammation-
related hypovitaminosis D is difficult to interpret 
since the causality/consequence is unclear and both 
the biological implications and clinical relevance of 
this correlation are presently not known. A recent hy-
pothesis proposes that low VitD levels (coupled with 
increased 1,25-(OH)2D concentrations) are a conse-
quence rather than the cause of chronic inflammation, 
provoked by occult intracellular infection.120,121 Finally, 
the association of decreased 25-(OH)D levels with the 
various components of the metabolic syndrome and, 
as a result, low-grade metabolic inflammation could 
be yet another confounder,20,122 further supporting the 
proposed anti-inflammatory actions of VitD.123

Several variables are known to affect VitD status 
in a given population, including sun exposure, use of 
sunscreens, nutritional habits, anthropometric indices 
and lifestyle features, such as outdoor activity, smok-
ing and alcohol consumption. There are no cultural 
restrictions, as in the Arab world for females, on sun 
exposure or excessive clothing in Crete, and moder-
ate sun exposure through daily-life activities appears 
to adequately improve VitD status.67 Food sources 
rich in VitD are not routinely consumed in Greece, 
fortified products are absent (with the exception of 
infants’ and children’s milk) and vitamin supplemen-
tation is uncommon. On the other hand, adequate 
calcium intake protects from the development of 
hyperparathyroidism when VitD status is suboptimal 
and in this situation low 25-(OH)D levels are associ-
ated with lower than expected PTH levels.16,124 We 
can assume that calcium intake is adequate in our 
population due to high availability and consumption 
of dairy products.125,126 Regarding adiposity indices, 
a negative association between levels of 25-(OH)D 
and overweight/obesity is well established44,67,127-131 
and more pronounced with percentage of body fat 
rather than body mass index (BMI). Underweight, 
though not as extensively explored, may also be 
negatively related to VitD status.51,67 In overweight/
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obese subjects, the upper PTH value has also been 
reported to be higher than in lean individuals124 and 
obesity may also possibly blunt 25-(OH)D seasonal 
variation.132 Physical activity per se, and not as a sur-
rogate marker for sun exposure, may also be linked to 
higher VitD status.67,133 Smoking is inversely related 
to 25-(OH)D levels in most studies,134,135 although 
no association has also been reported.136,137 Smoking 
is also associated with lower PTH levels,138 blunted 
1,25-(OH)2D-PTH axis and impairment of calcium 
absorption.139 Excessive alcohol consumption is linked 
to lower 25-(OH)D concentrations,140 but moderate 
intake is consistently reported to relate to better VitD 
status.30,67,131,141,142

Strengths of our study include the large number 
of subjects for whom 25-(OH)D measurements were 
available and the wide age distribution, which lead 
us to consider our cohort as being representative of 
the general population of a Mediterranean island. The 
inherent limitations of our work lie in its retrospec-
tive design and the mixed population studied (in- and 
outpatients), although no significant differences be-
tween the two groups were found. In addition, since 
inpatients represented various hospital departments, 
our data are not skewed by the results of a certain in-
hospital unit and do not promote any given pathology. 
All data were extracted from the Hospital LIS system 
and as a consequence we cannot provide information 
on additional parameters influencing 25-(OH)D cir-
culating levels, as detailed above, or on the medical 
history of our subjects. The demographic group of 
our study was primarily composed of women (79%), 
which could account for lower VitD status.20,38,40,51-53 
However, 25-(OH)D levels were below 20 ng/mL 
for both sexes and no sex-related differences in PTH 
concentrations were observed. 

It is worth mentioning that even when most of the 
determinants known to influence VitD status are taken 
into account, the individual variability of 25-(OH)D 
levels is difficult to explain.137 The genetic component 
is emerging as a strong predictor, as polymorphisms 
within various genes involved in the metabolic path-
way of VitD (VitD-binding protein, megalin, cubilin, 
CYP27B1, CYP24A1, VDR) may explain not only 
a substantial percentage of the interindividual vari-
ability of 25-(OH)D, but also its association with 
major clinical outcomes5,18,67,143,144

Several recently published reports challenge the 
established “normal” cut-off point for 25-(OH)D 
sufficiency.19,21 According to the NHANES 2005-
2006 findings, the mean 25-(OH)D concentration is 
approximately 24 ng/mL in most age groups. Further-
more, the US Institute of Medicine (IOM) in 2011 
concluded that serum 25-(OH)D levels >20 ng/mL are 
sufficient for almost the entire (97.5%) population, 
at least as regards Caucasians.15 

In conclusion, our data lead us to adopt the In-
stitute of Medicine’s 2011 guidelines regarding the 
normal reference range for serum total 25-(OH)D 
and to propose setting the normal low level for 25-
(OH)D to indicate sufficiency at 20 ng/mL, at least 
for the population of Crete. In addition, our study 
also raises questions as to the use of “snapshot” 
single-measurements of 25-(OH)D levels when at-
tempting to demonstrate health risks associated with 
VitD deficiency and their outcomes, consistent with 
the recommendation of Anthony Norman that “nor-
mal 25-(OH)D serum levels” are those that support 
all VDR-containing target organs in all the world’s 
population groups.145
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AbstrAct

BACKgROUND: somatostatin analogs (ssA) are now considered standard therapy for acro-
megaly, as primary or adjunctive treatment after pituitary surgery. OBJeCTIve: To evaluate 
the efficacy of ssA and the effect of dose escalation in non-operated patients with acromegaly 
as compared to patients treated after pituitary surgery in a Romanian tertiary care center. 
DesIgN: Retrospective study of 73 consecutively evaluated patients with acromegaly treated 
with ssA, divided into 2 groups: 11 patients (4M/7f, 21-62 years) with primary treatment and 
62 patients (22M/40f, 21-68 years) treated after surgery. They received Octreotide LAR 20–30 
mg i.m./28 days or Lanreotide sR 30 mg i.m./14/10/7 days. Random serum growth hormone 
(GH) was measured using IRMA, sensitivity 0.2-0.01 μg/L IGF-1 was measured using different 
assays and compared with ULN for age and sex. RESULTS: Overall, random GH ≤2.5 μg/L 
was attained in 39 patients (53.4%) and optimal GH ≤1 ng/mL) in 30 patients (41%), while 
normal IGF-1 was recorded in 22/72 patients (30.5%). The final random GH ≤2.5 μg/L was 
achieved in 27.2% of non-operated patients (3/11) as compared with 58% (36/62) of patients 
treated medically after pituitary surgery, p<0.05. escalation of doses of ssA applied in 43 
patients improved the number of controlled patients by 5 (12.1%, p=0.059) and the number 
of optimally controlled patients by 9.7%. Of the 8 patients who switched from Lanreotide to 
Octreotide, 2 patients achieved gh normalization. CONCLUsION: The rate of biochemical 
control via ssA treatment in patients with acromegaly could be improved by rise of the ssA 
dose or by debulking surgery. Occasionally, substituting one ssA for another may be of benefit. 
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INTRODUCTION

Acromegaly is a rare disease usually caused by 
a GH-secreting pituitary adenoma producing excess 
growth hormone (GH) and insulin-like growth factor 
1 (IGF-1). Uncontrolled acromegaly is associated 
with a two- to threefold increase in mortality com-
pared with age- and sex-matched healthy controls.1-3 
Death is due predominantly to cardio-cerebrovascular 
disease, respiratory disease and, in some studies, to 
malignancy.3 Controlling GH and IGF-1 hypersecre-
tion is the primary goal of treatment in order to lower 
mortality rates. Earlier studies have indicated that 
random GH <2.5 µg/L (measured by radioimmu-
noassays) and normal serum IGF-1 are both correlated 
with a standardized mortality ratio close to that of the 
general population,2 the effect of GH normalization 
being more extensively reported in the literature.3 

Recent consensus guidelines recommend more 
stringent values for ‘cure’ or control of acromegaly, 
i.e. random GH levels below 1 µg/L or OGTT nadir 
GH <1 µg/L or even <0.4 µg/L (if measured by ul-
trasensitive immunoassays) and normal age-related 
IGF-1 levels.4,5 Treatment of acromegaly frequently 
requires a multimodality approach to control disease 
progression. Besides pituitary surgery, with better 
results being achieved in dedicated neurosurgical 
centers,6 somatostatin receptor ligands (somato-
statin analogs, SSA) are now considered standard 
therapy for acromegaly, either as primary or ad-
junctive treatment. They suppress GH secretion by 
the pituitary and GH-secreting adenomas, decrease 
binding to hepatocyte GH receptors, inhibit hepatic 
IGF-1 synthesis and control tumor growth.7 Clinical 
studies with the most extensively used depot SSA, 
Octreotide LAR (OCT) and Lanreotide slow-release 
(LAN) have shown variable results.8 Conventional 
doses of Octreotide LAR (20–30 mg/month) induced 
biochemical control (GH levels <2.5 µg/L) between 
42% and 72% and IGF-1 normalization in 38–67% 
of patients, respectively,9–11 while Lanreotide slow 
release (SR) reduced plasma GH levels in 49–54% 
of patients and normalized IGF-1 levels in 51–59% 
of patients.12,13 Clinically significant tumor shrinkage 
has been reported in 66% of patients treated with 
OCT-LAN14 and in 32% of patients treated with 
LAN-SR or Autogel.15 Escalation of the SSA doses 
has been shown to improve biochemical control in 

patients resistant to conventional doses9,10,13 while 
demonstrating a similar tolerability profile.16

We analyzed retrospectively, in an unselected 
population of Romanian patients with acromegaly 
assessed in a single center, the efficacy of SSA treat-
ment and the effect of progressive increase of SSA 
doses in patients not surgically treated as compared 
to patients treated with SSA after pituitary surgery.

PATIeNTs AND MeThODs

We evaluated 73 patients with acromegaly treated 
with SSA, admitted to the Department of Neuroen-
docrinology between 2007 and 2012. Patients with 
acromegaly and hyperprolactinemia treated with stable 
doses of dopamine-agonist were not excluded. The 
diagnosis of acromegaly was defined in all patients 
by high serum GH levels not suppressible <1 µg/L 
after 75 g–2 h glucose load (OGTT) and high plasma 
IGF-1 levels for age.

Patients were divided into 2 groups
Group A included 11 patients with pre-surgery 

treatment with SSA: 4 men, 7 women, median age 
at diagnosis 42.0 years (range 21–62 years); one of 
these patients had had previous pituitary radiotherapy 
(high-voltage radiotherapy) 19 years before the SSA 
treatment and linear accelerator gamma-knife radio-
therapy 7 months before the SSA treatment. Based on 
pituitary imaging, 10 patients had a macroadenoma, 
1 patient had a microadenoma and in 5 patients the 
tumors had signs of invasion into the surrounding 
structures.

Group B included 62 patients who received treat-
ment with SSA after pituitary surgery. Forty-one of 
these patients had also had previous radiotherapy. There 
were 22 men and 40 women, median age at diagnosis 
40.50 years (range 21–68 years). Before surgery, 57 
patients had a macroadenoma (in 21 patients with 
signs of invasion into the surrounding structures), 4 
patients had a microadenoma, while in 1 patient the 
initial tumor volume is unknown. At initiation of the 
SSA treatment, 35 patients had pituitary remnants ≥1 
cm, 27 patients <1 cm.

All patients signed an informed consent form 
to approve diagnostic testing, treatment decision, 
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methods for follow-up and treatment of the data for 
scientific purposes.

Treatment
In Romania, treatment with SSA is supported by 

the National Health Insurance House for patients with 
active acromegaly after pituitary surgery ± radio-
therapy or as primary therapy only for patients with 
macroadenomas >2 cm in diameter or with clear signs 
of tumor invasion into the surrounding tissues. The 
patients were not selected for therapy based on their 
response to an acute test to Octreotide 0.1 mg s.c.

The somatostatin analogs used were Octreotide 
– long-acting release (OCT- LAR) at doses of 20 – 
30 mg i.m. at 28-day intervals or Lanreotide – slow 
release (LAN – SR) at doses of 30 mg i.m. at 14, 10 
or 7-day intervals. In all but 2 patients, the treatment 
was started with the lowest dose and was increased 
in patients who did not normalize GH and/or IGF-1, 
this determined after assessment of the response at 3-6 
months. In 43 patients the response to treatment was 
assessed both on the low (OCT 20 mg i.m./28 days or 
LAN 30 mg i.m./14 days) and the higher dose (OCT 
30 mg i.m./28 days or LAN 30 mg i.m./10 or 7 days). 
Thirty-seven patients had been initially treated with 
LAN-SR, 36 patients with OCT-LAR. Nine patients 
received both drugs consecutively and the responses 
to each treatment were compared.

Criteria for disease control 
The patients were considered controlled if fasting 

GH levels were ≤2.5 μg/L in the presence of normal 
IGF-1 levels for sex and age. The subgroup of patients 
having at least one GH level ≤1 μg/L (either fasting 
or after 75g-OGTT) in the presence of normal IGF-
1 levels for sex and age was considered optimally 
controlled, as recommended by the latest diagnosis 
guidelines for acromegaly.4 During the study period, 
GH levels were determined in our center by different 
immunoradiometric assays. The assays sensitivity 
ranged accordingly (from 0.2 to 0.01 µg/L). Random 
GH levels were measured either as a mean of a GH 
daily curve (4 samplings at 4 hours interval) or in the 
baseline blood sample from 75 g-OGTT.

Serum IGF-1 was measured by different com-
mercial assays in different laboratories. IGF-1 data 
are shown as measured serum values and as the ratio 

with the upper limit of the normal range for sex and 
age in each assay (ULN; normal ≤1).

SSA treatment side-effects

Data were retrieved from the medical files of the 
patients.

Tumor evaluation

Tumor size was measured in the majority of pa-
tients via computed tomography (CT) or via magnetic 
resonance imaging (MRI) studies. The images were 
reviewed by two experienced radiologists (D.H and 
A.D.). We calculated the tumor area using the ellip-
soid formula (coronal vertical × transversal diameter 
× π/4). A reduction of at least 25% of the tumor area 
after treatment was considered significant.

Statistical analyses
The data were analyzed using SPSS software 

(version 11.0; SPSS Inc., Chicago, IL) and are re-
ported as mean ± standard deviation for variables 
with normal distribution or as median [range] in the 
case of deviations from normality. The ANOVA model 
and 2-tailed Student’s t-test were used to compare 
the variables with a normally distributed value; the 
Mann-Whitney test was used for the parameters with 
skewed distribution. Spearman’s coefficients with a 
95% confidence interval were calculated for correla-
tions. Multivariate regression analysis then identified 
independent predictive parameters. The comparison 
between baseline and the final data was performed 
by the Wilcoxon matched pair test. The χ2 test was 
used for categorical variables. P <0.05 was considered 
statistically significant.

ResULTs

The characteristics of the patients and their tumors 
before treatment with somatostatin analogs are sum-
marized in Table 1. 

SSA efficacy on GH and IGF-1 secretion
The patients were evaluated before and during 

treatment with SSA for a period of 16 ± 10.5 months 
(range 3–44 months). At the final evaluation, 45 patients 
(62%) were on high-dose SSA. SSA treatment induced 
a significant decrease of random serum GH (median) 
from 7.8 μg/L [1.2–176] to 2.3 μg/L [0.1–71.1], p 
<0.001, and of serum IGF-1 (median) from 2.48 × 
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Table 1. Baseline characteristics of patients with acromegaly treated with somatostatin analogs (SSA)
ssA before surgery

N = 11
ssA after surgery

N = 62
p

Age at diagnosis (median, range) (years) 42.00 [21 – 62] 40.50 [21 – 68] NS
Sex 4 M : 7 F 22 M : 40 F NS
Previous radiotherapy, n (%) 1 (9.09) 41 (66.12) 0.001
SSA treatment duration (median, range) (months) 9.00 [3 – 17] 15.00 [3 – 44] 0.007
Tumor size at diagnosis (n) 10 macro, 1 micro (<1 cm) 57 macro, 4 micro, 1 unknown NS
Tumor size before SSA (n) 9 macro, 2 micro 42 macro, 20 micro NS
Tumor area at diagnosis (median, range) (cm2) 3.41 [0.51-9.97] (n = 9) 1.89 [0.5-13.06] (n = 58) NS
Tumor area before SSA(median, range) (cm2) 3.43 [0.51-9.97] 0.64 [0.5-9.80] <0.05
Invasive tumor, n (%) 5 (45.4) 21 (33.8) NS
Random serum GH before SSA (median, range) (µg/L) 25.10 [4.35-176] 6.80 [1.2-162] 0.09
Serum IGF-1 before SSA, × ULN (median, range) 3.56 [2.30-7.40] 2.20 [0.5-9.40] <0.05
Treatment LAN-SR: 1

OCT-LAR: 10
LAN-SR: 36

OCT-LAR: 26
Both consecutively: 9

Legend: ULN = IGF-1 upper limit of normal range for age, macro -macroadenoma, micro -microadenoma

Table 2. Results of the treatment with somatostatin analogs before or after pituitary surgery in patients with acromegaly 
ssA before surgery

N = 11
ssA after surgery

N = 62
p

Random serum GH μg/L, median [range] 12.10 [0.46 – 71.1] 2.0 [0.1 – 64.0] <0.05

Serum IGF-1 × ULN, median [range] 2.30 [1.5 – 4.8] 0.49 [0.4 – 4.1] <0.001

Random serum GH ≤2.5 μg/L, no. (%)  3 / 11 (27.2%) 36 / 62 (58.0%) <0.05

Any serum GH ≤1 μg/L, no. (%) 1 / 11 (9%) 29 / 62 (46.7%) <0.05

Normal serum IGF-1, no. (%) 0 22 / 61 (36.0%) <0.05

Controlled patients, no. (%) 0 18 / 61 (29.5%) 0.06

Optimally controlled patients, no. (%) 0 19 / 61 (31.1%) <0.05
Legend: Controlled patients = random serum GH ≤2.5 μg/L and normal IGF-1 for age; optimally controlled patients = any serum GH 
≤1 μg/L and normal IGF-1 for age; no.: number; SSA: somatostatin analogs.

ULN [0.5–9.4] to 1.46 × ULN [0.49–4.8], p <0.001.

Overall, random GH ≤2.5 μg/L was recorded at the 
last evaluation in 39 patients (53%) and optimal GH 
(any random or OGTT GH ≤1 μg/L) in 30 patients 
(41%), while normal IGF-1 was recorded in 22 pa-
tients (31%). Both GH ≤2.5 μg/L and normal IGF-1 
were recorded in 18 patients (25%) and optimal GH 
and normal IGF-1 in 19 patients (26%). 

The pre-treatment tumor area and random serum 
GH levels before treatment were independently pre-

dictive for post-treatment GH levels (coeff. B=2.58, 
95% CI [1.22–3.93], p <0.001, and coeff. B=0.23, 
95% CI [0.14–0.31], p <0.001, respectively). 

SSA efficacy in patients treated  
before or after pituitary surgery

The comparison between operated and non-operated 
patients treated with SSA therapy is shown in Table 
1 (baseline characteristics before treatment), Table 2 
(efficacy of the treatment) and Figure 1.
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Group A

Eleven patients who underwent SSA treatment 
without previous pituitary surgery had a follow-up 
of 9.0 ± 4.3 months (range 3–17) and 8 (73%) were 
on high-dose SSA at the last evaluation. Random GH 
(median) decreased during SSA from 25.10 μg/L [4.35 
– 176] to 12.10 μg/L [0.46–71.1], p=0.09 (Figure 1). 
IGF-1 (median) decreased from 3.56 × ULN [2.3 – 
7.4] to 2.30 × ULN [1.5 – 4.8], p<0.05. 

In group A, post-treatment GH levels were inde-
pendently influenced by post-treatment tumor area 
(coeff. B=6.6, 95% CI [2.34 – 11.03], p=0.008) and 
with age at diagnosis (coeff. B=-0.95, 95% CI [-1.82 
– -0.09], p=0.03), i.e. younger age and larger tumor 
area were correlated to higher post-treatment GH lev-
els. Post-treatment IGF-1 levels were independently 
related to post-treatment tumor area (coeff. B=0.35, 
95%CI [0.12 – 0.59], p=0.008)

Group B

Sixty-two patients treated after pituitary surgery 
were followed for a period of 17.2±10.8 months (3–44), 
longer than for non-operated patients (p <0.05). The 
percentage of patients on high-dose SSA at the last 
evaluation was 60%, similar to that in non-operated 
patients. Thirty-six patients were assessed on treat-
ment with LAN-SR and 26 patients on treatment 

with OCT-LAR. 

Random GH levels (median) decreased from 6.8 
μg/L [1.2–162] to 2.0 μg/L [0.1–64], p <0.01; IGF-1 
levels (median) decreased from 2.20 × ULN [0.5–9.4] 
to 0.49 × ULN [0.4 – 4.1], p<0.01. 

In group B, post-treatment GH levels correlated 
independently only with pre-treatment GH levels, 
coeff. B=0.21, 95%CI [0.11–0.30], p<0.001. Post-
treatment IGF-1 levels correlated with pre-treatment 
IGF-1 levels (coeff. B=0.28, 95%CI [0.15 – 0.42], 
p <0.001) and were inversely correlated to age at 
diagnosis (coeff. B= -0.02, 95% CI [-0.04 – -0.006], 
p=0.008).

Although pre-SSA treatment random GH levels 
were not significantly different in operated versus 
non-operated patients, pre-treatment IGF1 levels were 
higher in the non-operated group (Table 1). 

The efficacy of SSA treatment was better in pa-
tients who underwent pituitary surgery before SSA 
treatment, as compared to primary SSA treatment: the 
operated patients achieved lower GH and IGF-1 levels 
and there were more patients with ‘safe’ random GH 
≤2.5 μg/L, with any serum GH ≤l μg/L, with IGF-1 
normalization or optimal disease control (any serum 
GH ≤l μg/L and normal IGF-1) (Table 2). 

figure 1. Random serum GH levels (left) and IGF-1 levels (right) before and during treatment with somatostatin analogs (SSA) in 
patients with acromegaly with or without a previous pituitary surgery. *p<0.01, #p <0.05, ^p <0.001 for levels recorded before SSA 
versus those during SSA.
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Effect of SSA dose increase on GH  
and IGF-1 secretion

Αn increase in the SSA dosage was recorded in 
43 patients: 8 patients from group A (OCT-LAR 30 
mg in all patients) and 35 patients from group B 

(OCT-LAR 30 mg in 17 patients, LAN-SR 30 mg at 
7 days in 14 patients and LAN-SR 30 mg at 10 days 
in 4 patients). The results are presented in Table 3 
and Figure 2. 

High-dose SSA induced a significant supplemen-

Table 3. Treatment efficacy of low-dose versus high-dose somatostatin analogs in patients with acromegaly 
Parameter Before ssA vs  

low-dose ssA
p1 Low-dose vs  

high-dose ssA
p2

Random serum GH (μg/L) 
Median [range]

7.8 [1.2-176]
3.60 [0.10-98.70]

n = 71
<0.01

4.70 [0.29-98.70]
3.35 [0.24-64]

n = 43
<0.05

Serum IGF-1 × ULN
Mean ± SD 

2.8 ± 1.5
1.9 ± 1.2
n = 65

<0.001
2.3 ± 1.2

1.9 ± 1.04
n = 41

<0.05

Random serum GH ≤2.5 μg/L, no./no. evaluable patients (%) 10 / 71 (14.0%)
29 / 71 (40.8%)

<0.001
10 / 43 (23.2%)
19 / 43 (44.1%)

0.06

Any serum GH ≤1 μg/L, no./no. evaluable patients (%) 2 / 71 (2.8%)
25 / 71 (35.2%)

<0.001
4 / 43 (9.3%)

10 / 43 (23.2%)
NS

Normal serum IGF-1, no./no. evaluable patients (%) 1 / 65 (1.5%)
18 / 65 (27.6%)

<0.001
4 / 41 (9.7%)

7 / 41 (17.0%)
NS

Controlled patients, no./no. evaluable patients (%) 0 / 65 (0.0%)
12 / 65 (18.4%)

<0.001
0 / 41 (0.0%)

5 / 41 (12.1%)
0.059

Optimally controlled patients, no./no. evaluable patients (%) 0 / 65 (0.0%)
13 / 65 (20.0%)

<0.001
0 / 41 (0.0%)
4 / 41 (9.7%)

NS

Controlled patients = random serum GH ≤2.5 μg/L and normal IGF-1 for age; optimally controlled patients = any serum GH ≤1 μg/L 
and normal IGF-1 for age; p1 = comparison between values before SSA and those after low-dose SSA; p2 = comparison between 
values on low-dose SSA and those on high-dose SSA; no.: number; SSA: somatostatin analogs.

figure 2. Random serum GH levels (A) and IGF-1 levels (B) before and during treatment with low-dose and high-dose somatostatin 
analogs (SSA) in patients with acromegaly.
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tary decrease of random GH levels and of IGF-1 
(xULN), an excess of random GH normalization 
in 19% of patients, of optimal GH normalization in 
14% of patients and of IGF-1 normalization in 9% 
of patients. High-dose SSA improved the number of 
controlled patients by 12% (p=0.059) and the number 
of optimally controlled patients by 9.7%. 

In patients evaluated during both low-dose and 
high-dose SSA (n=43 for GH and 40 for IGF-1), the 
percentage decrease of random serum GH after high-
dose SSA (52 ± 37%) was significantly higher than 
after low-dose SSA (39 ± 32%, p <0.05), while IGF-1 
had a non-significant change (35 ± 26% compared 
to 31 ± 28%).

High-dose SSA tended to decrease random GH 
levels (p=0.059) and IGF-1 (× ULN) (p=0.066) more 
than low-dose SSA, especially in patients who un-
derwent pituitary surgery (Figure 3), where it also 
improved the number of controlled patients by 5 
(15%) (p=0.053). 

Comparison of LAN-SR with OCT-LAR  
in previously operated patients

An indirect comparison of the two somatostatin 
analogs in previously operated patients was possible, 
since 36 patients were evaluated on LAN-SR (36 
patients on low dose, 23 patients on high dose) and 
26 patients were evaluated on OCT-LAR (24 patients 
on low dose, 14 on high dose).

The 2 groups did not differ significantly regarding 
age at diagnosis, tumor characteristics (initial and 
pretreatment tumor area, invasiveness, % of macroad-
enomas), pre-treatment random serum GH and IGF-1 
levels, although previous radiotherapy was recorded 
in more patients with LAN-SR (30 patients, 83%) than 
in those with OCT-LAR (11 patients, 42%), p <0.01.

Treatment efficacy was similar in both groups, 
i.e. GH levels, IGF-1 levels and the percentage of 
GH or IGF-1 decrease, whether on low-dose or on 
high-dose SSA (data not shown).

The frequency of side effects was similar in patients 
treated with LAN versus OCT. The most common 
complaints, mild in intensity, were: diarrhea in 3 
patients (4.1%), constipation in 2 patients (2.7%), 
floating, abdominal pain in 2 patients (2.7%), nausea 
in 1 patient (1.3%), and arthralgia in 1 patient (1.7%). 
Cholelithiasis, including biliary sludge, was detected 
by ultrasound in 21/73 patients (28%), hyperglycemia 
in patients without previous diabetes and glucose 
intolerance was detected in 11 patients (15%), mod-
est hematologic disorders in 13 patients (17.8%), 1 
transient eczema in 1 patient (1.7%). 

Comparison of LAN-SR with OCT-LAR  
in the same patient

In 9 patients with previous pituitary surgery one 
drug was replaced by the other one due to insuf-
ficient control of the disease (in all 9) and to a skin 

figure 3. Random serum GH levels (A) and IGF-1 levels (B) before and during treatment with low-dose and high-dose somatostatin 
analogs (SSA) in patients with acromegaly with or without previous pituitary surgery.
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reaction. There were 5 women and 4 men, all with 
macroadenomas at diagnosis; age at diagnosis was 36 
years (22–42 years). We compared similar doses for 
both drugs, (low doses in 3 patients, high doses in 6 
patients) after similar periods of treatment with each 
drug (3–6 months). All but 1 patient switched from 
LAN-SR to OCT-LAR. In the patient who switched 
from OCT to LAN, random GH decreased from 2.59 
μg/L after the first drug to 2.1 μg/L on the second 
drug, while IGF-1 decreased from 3.76 × ULN to 
2.4 × ULN.

In 8 patients who switched from LAN to OCT, 
there was a non-significant reduction of random GH 
and IGF-1, but GH normalization occurred in 2 more 
patients (25%) and disease control was attained in 2 
patients (25%) (Table 4). 

DIsCUssION

SSA efficacy on GH and IGF-1 secretion 
Treatment goals in acromegaly include normali-

zation of serum GH and IGF-1 levels, tumor disap-
pearance with normal pituitary function and, finally, 
improved survival. Surgery is usually the first-line 
treatment, but frequently adjunctive medical treat-

ment with SSA is used. “Real life” studies with SSA 
(as our study) reported lower rates of GH and IGF-1 
normalization than the controlled ones.5 In a large 
UK cohort, ‘safe’ GH levels actually achieved across 
all courses of medical therapy were around 75% of 
cases even in long-term medical treatment courses 
(>3 years), while GH and IGF-1 both normalized in 
no more than 55% on SSA.17 A meta-analysis review-
ing more than 600 patients showed GH levels <2.5 
μg/L and normal IGF-1 in 57% and 67% of patients, 
respectively, on Octreotide LAR, and in 48% and 47%, 
respectively, on Lanreotide depot.18 In the data from the 
Belgian Register of Acromegaly,19 adjunctive medical 
therapy post-surgery and/or radiotherapy normalized 
IGF-1 in 53%, GH in 59% and both parameters in 
42% of 121 patients. Similarly, in our population of 
73 unselected Romanian patients with acromegaly, 
followed for 16 months, control of GH was attained 
in 53.4% and normal IGF-1 was recorded in 30.5% 
of patients. However, according to the latest recom-
mended criteria for disease control, both parameters 
were normalized only in a quarter of the patients.

The reasons for this apparent “resistance” to SSA 
could be the lack of compliance of the patient to the 
therapy, inconsistent monitoring, insufficient dose, 

Table 4. Effect of changing LAN-SR with OCT-LAR due to lack of disease control in patients with acromegaly 

Patient
Random serum GH (μg/L) serum Igf-1 (× ULN)

Before 
ssA 1

On 
ssA 1

Washout
(months)

Before 
ssA 2

On 
ssA 2

Before 
ssA 1

On 
ssA 1

Before 
ssA 2

On 
ssA2

1 146 24.5 3 146 18.7 4 3 4 3.67
2 19.5 3.6 3 5.9 1.3 2 1.1 2.22 0.98
3 5.2 7.2 3 11.4 1.2 3.3 3.18 3.39 1.46
4 3.5 7.4 0 3.5 3.3 2.23 2.07 2.23 1.63
5 6.3 1.6 0 6.3 0.5 1.5 1.5 1.5 0.57
6 7.6 2.5 9 4.9 0.77 1.91 1.87 2.23 1.97
7 160 36.9 8(Re-op) 70.6 64 2.9 2.52 2.93 3.07
8 11.2 21.13 4 14.6 21.1 2.97 2.79 2.8 1.92
Mean ± sD 44.9±67 13.1±13 33±51 13.8±22 2.6±0.8 2.2±0.7 2.6±0.8 1.9±1
Normal GH ≤2.5 μg/L/Normal IGF-1 - 2 - 4 - - - 2
Controlled disease - - - 2
Optimally controlled - - - 1
In patient no.7, GH before the first treatment was measured in a different laboratory than the other assessments; the patient was re-
operated transphenoidally during the wash-out period (Re-op).
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availability of certain therapies (e.g., in Romania the 
use of SSA as primary therapy is authorized only for 
large macroadenomas), inter- and intra-variability of 
common assays for GH and/or IGF-1, tumor phenotype 
or real drug resistance.20 The most important factor 
influencing the treatment outcome is pretreatment GH 
level, as has been shown in this study and in others.17

SSA efficacy in patients treated before  
or after pituitary surgery

Although some studies reported that preopera-
tive SSA treatment could result in better surgical 
cure rate in patients with acromegaly, other studies 
did not support these findings (cited in19,21). A recent 
meta-analysis of 35 studies enrolling 2629 patients 
showed that surgery was associated with a higher 
remission rate than primary SSA treatment (67% vs 
45%; P <0.02), especially in long-term follow-up.22 
SSA pretreatment seems to be beneficial mainly in 
centers recording a low neurosurgical cure rate.23

In our center, patients treated with SSA after pi-
tuitary surgery achieved significantly lower GH and 
IGF-1 levels, while there was a higher percentage of 
patients with GH ≤2.5 μg/L and with optimal disease 
control (29%), compared to the primary SSA treatment 
group, in which none of the patients was optimally 
controlled. The percentage of patients treated with 
high-dose SSA was similar between the two groups. 

Possible explanations for the better results in oper-
ated patients could be a significantly longer duration 
of SSA treatment (average 17 vs 9 months), a smaller 
tumor mass at treatment initiation (1.2 vs 3.8 cm2) or 
more frequent radiotherapy (in 66% vs 9% of patients) 
in this group. The small number of patients treated 
pre-operatively11 is also a limit of this comparison. 
However, it appears that pituitary surgery and radio-
therapy, albeit apparently unsuccessful, may enhance 
the control achieved on SSA treatment, as has also 
been suggested by other authors.17

Effect of SSA dose increase on GH  
and IGF1 secretion

Recent guidelines suggest that in patients with 
inadequate control after 6 months of SSA treatment, 
dose escalation of SRL therapy should be performed 
at 3-month intervals based on patient response.5 There 

was no increase in the incidence of the adverse events 
with SSA dose escalation, compared with conven-
tional doses, even on high doses of SSA (e.g., OCT 
LAR up to 60 mg/28h).4,15 A 2-year dose-escalation 
study using Octreotide LAR as first-line therapy in 
56 patients with acromegaly demonstrated a clear 
benefit of dose increase from 20 mg/month to up to 
40 mg/month: 86% of patients attained GH levels 
of <2.5 μg/L, 84% achieved normal IGF-1 levels 
and 21/32 (65%) of inadequately controlled patients 
finally achieved remission.24 Similarly, in our patients 
high-dose SSA used in 43/73 patients improved the 
number of controlled patients by 5 (12.1%, p=0.059). 

Comparison of LAN-SR with OCT-LAR 
In this study we observed that OCT-LAR and 

LAN-SR are equivalent in reducing GH and IGF-1 
levels in operated patients. In 8 patients who switched 
from LAN-SR to OCT-LAR due to incomplete or 
lack of disease control, 2 of the patients (25%) at-
tained disease control and 2 additional patients (25%) 
achieved GH normalization after a similar period of 
follow-up for both drugs and concordant dose level. 
However, this was not a controlled or head-to-head 
study and confounding factors cannot be systematically 
excluded. Data from switching or crossover studies 
in the literature show that Octreotide LAR efficacy 
seems to be generally similar to that of Lanreotide ATG 
and modestly better than that of Lanreotide SR.25–27

CONCLUsION

Our study confirmed that somatostatin analogs 
are effective in the biochemical control of Romanian 
patients with acromegaly in about 50% of the cases. 
The treatment response rate could be improved by 
escalation of the SSA dose or by debulking surgery. 
Occasionally, substituting one somatostatin analog 
to another has shown some benefit.
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AbstrAct

OBJeCTIve: Congenital adrenal hyperplasia (CAh) is an endocrine autosomal recessive dis-
order with various symptoms of diverse severity. Mild hyperandrogenemia is the most common 
clinical feature in non-classic CAh patients and 95% of the cases are identified by mutations in 
the CYP21A2 gene. In the present study, the second most common cause for non-classic CAh 
(NC-CAH), 11β-hydroxylase deficiency due to mutations in the CYP11B1 gene, is investigated. 
DesIgN: screening of the CYP21A2 and CYP11B1 genes by direct sequencing was carried out 
for the detection of possible genetic defects in patients with suspected CAh. ResULTs: It was 
observed that CYP11B1 variants co-exist only in rare cases along with mutations in CYP21A2 
in patients clinically diagnosed with CAh. A total of 23 NC-CAh female patients out of 75 were 
identified with only one mutation in the CYP21A2 gene. The novel CYP11B1 gene mutation, 
p.val484Asp, was identified in a patient with CAh in the heterozygous state. The structural 
characterization of the novel p.val484Asp was found to likely cause distortion of the surround-
ing beta sheet and indirect destabilization of the cavity that occurs on the opposite face of the 
structural elements, leading to partial impairment of the enzymatic activity. CONCLUsIONs: 
CYP21A2 gene mutations are the most frequent genetic defects in cases of NC-CAh even when 
these patients are in the heterozygous state. These mutations have a diverse phenotype giving 
rise to a variable extent of cortisol synthesis impairment; it is also clear that CYP11B1 mutants 
are a rare type of defects causing CAh.
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INTRODUCTION

Congenital adrenal hyperplasia (CAH) is an en-
docrine autosomal recessive disorder characterized 
by the inability of the adrenal cortex to synthesize 
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cortisol, which stimulates the secretion of ACTH. 
Elevated levels of ACTH cause adrenal hyperplasia 
due to the induction of adrenocortical growth.1 Ster-
oid precursors are overproduced and deflected into 
the androgen pathway.2 Mutations in the CYP21A2 
gene that cause 21-hydroxylase deficiency are the 
most common cause of the disease and account for 
approximately 95% of CAH patients. The second 
most common cause of CAH is 11β-hydroxylase 
deficiency due to mutations in the CYP11B1 gene. 
In some rare cases, CAH can be due to mutations 
in the following genes: CYP11B2, CYP17, HSD3B2 
and STAR.3

11β-hydroxylase isozymes encoded by the CYP11B1 
and CYP11B2 genes4 are members of the cytochrome 
450 superfamily and are located on human chromo-
some 8q, at a distance of approximately 40 kb.4 Both 
genes have nine exons and are 95% identical in coding 
regions and 90% in introns,5 with a 440 bp insertion in 
intron 5 of CYP11B2 being their biggest difference.2 
CYP11B1 and CYP11B2 encode for proteins that share 
approximately 93% homology.2 The CYP11B1 gene 
encodes a protein with only 11β-hydroxylase activity. 
It catalyzes the synthesis of cortisol and is regulated 
by ACTH.6 CYP11B2 is responsible for aldosterone 
synthesis. It encodes a protein with 18-hydroxylase 
and 18-oxydase activities and much lower activity of 
11β-hydroxylase. Thus it is known as “aldosterone 
synthase” and is regulated by angiotensin II and K+ 

serum levels.5 CYP11B1 mutations are responsible for 
11β-hydroxylase deficiency6 with over 90 reported 
disease-causing CYP11B1 mutations.7,8 Recombination 
between these two homologous genes is common, 
resulting in a chimeric gene which usually encodes for 
a protein with aldosterone synthase activity regulated 
by ACTH, the CYP11B1 promoter.5 Nevertheless, 
the opposite case has been reported by Hampf et al 
concerning a chimeric gene encoding cortisol from the 
CYP11B2 promoter.5 Mutations in the CYP11B1 gene 
cause 11β-hydroxylase deficiency, which is similar 
to 21-hydroxylase deficiency in the accumulation 
of steroid precursors due to stimulation of ACTH, 
and shift towards the androgen synthesis pathway 
(Table 1).9

CYP11B1 and CYP21A2 gene mutations give rise to 
hyperandrogenemia which is the most common clini-
cal outcome for NC-CAH patients. Since CYP21A2 
mutations account for 95% of CAH cases, it is not 
common practice for patients with hyperandrogen-
emia symptoms to undergo CYP11B1 screening.10,11 
In this report, 75 patients with mild hyperandrogen-
emia identified with a single or no CYP21A2 gene 
mutations were evaluated further with screening for 
CYP11B1. The evaluation of CYP11B1 involvement 
in hyperandrogenemia can contribute to improved 
treatment strategies but also potentially reassesses 
the diagnostic criteria. In this report we examine the 
novel CYP11B1 gene mutation.

Table 1. A representation of the clinical features observed in patients with 21-OHD, 11-OHD and Aldosterone Synthase Deficiency. As can 
be observed by the table below there are no similar clinical characteristics between 11-OHD and Aldosterone Synthase Deficiency

21- hydroxylase deficiency 
(CYP21A2)

11β- hydroxylase deficiency
(CYP11B1)

Aldosterone synthase deficiency
(CYP11B2)

Normal Cortisol

Hypertension

Hypotension

Hyperkalemia

Hypokalemia

Hyperandrogonemia
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sUBJeCTs AND MeThODs

Subjects
Seventy-five female patients of Greek-Cypriot 

origin with mild symptoms of hyperandrogenemia 
participated in this study and written informed consent 
was obtained from all patients. Group A included 
37 females who displayed a premature adrenarche 
phenotype and group B consisted of 38 individuals 
with polycystic ovary syndrome who were selected 
for sequencing.

Hormonal assays 
Blood for hormone analyses was drawn after an 

overnight fast. Serum/plasma was either assayed 
immediately or frozen for later use. Standard recom-
mended biochemical methods for measured parameters 
were employed.

DNA amplification and sequence analysis. 
Genomic DNA was isolated from peripheral whole 

blood and the desired regions were amplified by 
polymerase chain reaction in reaction volumes of 
20μl using 100ng genomic DNA. The CYP21A2 and 
CYP11B1 genes were analyzed according to a cascade 
strategy as previously described.12-14 The CYP21A2 
gene primers P1-P4813 were used to amplify the frag-
ment containing the -370 bp CYP21A2 promoter, the 
5’ untranslated region of the CYP21A2 gene that is 
mainly located in the first 167 nucleotides upstream 
the ATG codon and the 3’ untranslated region that is 
536 nucleotides downstream from the TGA stop codon 
of the CYP21A2 gene.14 Meanwhile, the CYP11B1 
region was amplified using 2 sets of primers, avoid-
ing the homologous CYP11B2 gene, which were then 
sequenced using sequencing primers that cover exons 
1-2, 3–5 and 6-9, as previously described.9,15

MLPA analysis
All samples underwent DNA analysis using the 

multiplex ligation-dependent probe amplification 
(MLPA) technique (MRC Holland, Amsterdam, The 
Netherlands). MLPA was employed to investigate in 
the CYP21A2 gene deleterious defects such as large 
gene deletions and large gene conversions which 
are harbored in the pseudogene CYP21P and can be 
transferred to the functional gene by homologous 
recombination.

Structural analysis
The characterization of the novel CYP11B1 mu-

tation protein structure was based upon the UniProt 
(Universal Protein Resource) P15538 structure of 
CYP11B2, that shares 93% sequence identity, using 
the PROMALS3D construct alignment database.16,17 
The CYP11B1 secondary structure elements were 
annotated with standard cytochrome P450 struc-
tural features [25a], as described in the alignment 
of CYP11A and CYP11B P450s.18 The structure of 
CYP11B1 both wild type (V484) and mutant (V484D) 
was modelled on crystal structures of CYP11B2; pdb 
ID 4FDH (CYP11B2 crystallized in complex with 
heme and fadrozole) and pdb ID 4DVQ (CYP11B2 
crystallized in complex with heme and 21-hydroxy-
progesterone).19 CYP11B1 was modelled using the 
protein-BLAST alignment [27a] with CYP11B2 us-
ing both 4FDH and 4DVQ structures as a template 
via modelling software Modeller version 9.11.20,21 
Of the twenty model structures generated the model 
with the lowest objective score was selected and 
used for structural analysis. The mutant V484D was 
modelled in the same manner. The structural analysis 
was carried out using the PyMOL Molecular Graphics 
System, Version 1.3, Schrödinger, LLC, for structure 
visualization and residue conformation assessment. 
The residues in close proximity to the heme and 
steroid moiety were identified using PIC22 LigPlot23 
and EBI pdb analysis suite PDBsum.24

Statistical analysis
A comparison was carried out between the female 

patients of group A with PA who were heterozygous 
for CYP21A2 mutations and the patients of group 
B with polycystic ovary syndrome (PCOS) using a 
chi-square test. A significance level of 0.05 was used 
to establish statistical significance. The statistical 
analyses were performed using SAS software Version 
9.2, SAS Institute Inc., Cary, NC, USA.

ResULTs

Genetic screening
Of  the 75 female patients selected belonging 

to group A with PA and group B with PCOS, 23 
(30.66%) were found heterozygous for CYP21A2 
gene mutations, whereas the remaining 52 (69.33%) 
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had no CYP21A2 mutations (supplementary Table 1). 
Sixteen (43.2%) out of the 37 patients of group A with 
PA were found heterozygous for CYP21A2 mutations 
vs 7/38 (18.4%) patients of group B with PCOS (p-
value <0.020). Genetic screening for CYP11B1 gene 
mutations revealed one heterozygous patient with the 
novel mutation, p.Val484Asp. One patient was identi-
fied with the known CYP11B1 variant, p.Arg43Gln, 
and the severe CYP21A2 mutation, p.Gln318Ter. The 
p.Gln318Ter mutation has a strong association with a 
trimodular haplotype which is non-disease causing.25 
Therefore, the p.Gln318Ter was verified, in addition 
to Sanger sequencing, using MLPA analysis.

Patient 1 is a female adolescent of Greek/Cy-
priot origin who was initially presented at the age of 
7½ years with obesity (BMI: +2.23 SDS) and with 
premature adrenarche. She had pubic hair at Tanner 
stage 3 and axilary hair at Tanner stage 2 as well as 
body odor. Her bone age was advanced by 2 years 
according to the Greulich and Pyle method. She had 
normal blood pressure for age and height. Her fasting 
glucose, electrolytes, kidney function, lipid profile, 
liver and thyroid function tests were within the normal 
levels for age. Her baseline cortisol, insulin, 17-hy-
droxyprogesterone (17-OHP), androstenedione and 
DHEA-S were at normal levels, ACTH levels were 
42 pg/ml and 11-deoxycortisol levels 105 ng/dl, i.e. 
both within the normal range for age. She started 
menstruating at the age of 11 years and, at this point, 
her BMI was dramatically increased. At the age of 12 
she was obese with BMI +2.8 SDS and she presented 
with acanthosis nigricans, acne and oligomenorrhea. 
She had no hypertension. Her baseline 17-OHP was 
slightly elevated (1.8ng/ml, range: 0.2-1.2ng/ml) 
and she developed insulin resistance, evaluated by 
homeostatic model assessment (HOMA >2). The 
rest of her baseline hormonal and biochemical tests 
were within the normal ranges. She refused ACTH 
and OGTT tests. She was advised to start dieting and 
exercising and she was commenced on treatment with 
metformin. This female adolescent is also a carrier 
of the severe p.Gln318Ter mutation in the CYP21A2 
gene and, according to the bibliography, this mutation 
in heterozygosity could cause hyperandrogenemia. It 
seems that these mutations coexist and act synergisti-
cally in the premature adrenarche phenotype. 

The patient with the novel CYP11B1 mutation in 

heterozygosity, Patient 2, is a Greek-Cypriot female 
who initially presented at the age of 18 years due 
to oligomenorrhea and androgenic alopecia. She 
mentioned early adrenarche at the age of 8 years and 
menarche at the age of 12 years. She had had irregular 
menses since then. On the day of presentation her 
BMI was 27 kg/m2 and she had no hypertension. She 
was diagnosed with PCOS according to the Androgen 
Excess Society criteria.26 She had normal levels of 
electrolytes and normal kidney and liver function. 
Her fasting glucose, insulin, morning cortisol and 
17-OHP levels were unremarkable (17OHP: 0.5ng/
ml/l, range:0.2-1.2). She had elevated delta 4-an-
drostenedione (Δ4) (5.4ng/ml, range:0.3-3.3) and 
slightly elevated DHEA-S (dehydroepiandrosterone 
-sulphate) (12.10μmol/L, range:0.94-11.67), measured 
on the 4th day of a spontaneous menstrual cycle. She 
was treated with a hormonal combination contracep-
tive pill. Genetic screening for both CYP21A2 and 
CYP11B1 mutations revealed a novel mutation on 
the CYP11B1 gene. This mutation is located at codon 
484 and replaces a non-polar hydrophobic amino acid 
(valine) for a positively charged polar amino acid 
(aspartic acid) in one of the two alleles.

Structural characterization
CYP11B proteins are steroid binding enzymes 

whose activity is dependent on colocalization of a heme 
molecule. Predominantly helical in composition, the 
helices arrange to form a deep cavity around the heme 
molecule and adjacently placed steroid substrate.18 

As previously discussed, the CYP11B1 and CY-
P11B2 genes are arranged tandemly and encode pro-
teins of 93% identity; nevertheless, the functions of 
these highly homologous proteins are distinct.19 This 
distinction between CYP11B isoforms arises from the 
binding of different steroid substrates. 

The novel mutation identified in Patient 2 is not 
located within the binding cavity but is surface fac-
ing arranged on one of the few beta strands. The apo 
form of the amino acid is a valine which is conserved 
between CYP11B1 and CYP11B2, as are many of 
the amino acid networks in close proximity to this 
residue in the crystal structure(s) 4FDH and 4DVQ. 
These residues are located on the same beta strand 
β4-1 (K482, M483 and Y485), adjacent beta strand 
β4-2 (R490, P491 and S/G492), the beta hairpin loop 



Non-classic CAH due to a novel CYP11B1 gene mutation 239 

(S486) and one residue from a loop between helices 
αA’ and αA at position E62. Of these compactly ar-
ranged residues only one is varied between C11B1 
and C11B2, that is, G492 and S492, respectively 
(Figure 1). 

Valine 484 is localized on the surface face of a 
beta strand, β4-1, along with K482, M483 and Y485 
amino acids and adjacent to beta strand β4-2 and in 
close proximity to the αA’ and αA loops. This region 
is not considered to have any steroid binding role but 
is within Van der Waals contact (approximately 5Å 
proximity30) to the hydrophobic residues F487 and 
I488 that is conserved between both CYP11B1 and 
CYP11B2 (Figure 1). It is apparent that the model 
we have produced of CYP11B1 based on the CY-
P11B2-Heme-Fadrozole complex contains the same 
hydrophobic-rich binding cavity. An electrostatic 
clash between the acidic aspartate at position 484 
and glutamate at position 62 may indirectly cause 
destabilization of the binding cavity on the opposite 
face of the structural elements. It is postulated that 
the repulsion between electronegative oxygen moie-
ties of D484 and E62 may cause a distortion on the 
surrounding beta sheet which includes residues F487 
and I488 of the steroid binding pocket, thus indirectly 
destabilizing the binding of the steroid to CYP11B.

DIsCUssION

CAH is a condition with diverse severity of symp-
toms that can be explained by various CAH causing 
genes. However, most importantly there are different 
types of mutations in the same gene that can cause 
from full to partial impairment of enzymatic activity. 
The combination of different types of CAH mutations 
affects the level of clinical expression of the disease.27 
Patient 1 did not have elevated 17-OHP levels as ob-
served with other heterozygous NC-CAH cases with 
a single p.Gln318Ter mutation;2,8-29 on the other hand, 
a higher than normal 17-OHP level might have been 
observed after ACTH stimulation. The p.Arg43Gln 
variant replaced a positively charged polar amino acid 
with an uncharged polar glutamine. This variation was 
initially characterized as non-causative,5 but later on 
Barr et al and Parajes et al characterized this variant 
as causative with approximately 10-50% reduction of 
efficiency, leading to a mild phenotype.30-32 Although 

figure 1. A) Wild Type crystal structure of CYP11B2. B) Wild 
type homology model of CYP11B1. C) Mutant V484D homolo-
gy model of CYP11B1. Residue 484 valine in A) and B) and as-
partate in C) shown in red with residues in close proximity (5Å 
or less) indicated by dashed lines: E62, yellow; K482, green; 
M483, salmon; Y485, cyan; S486, pink; R490, orange; P491, 
mauve; and S492 (CYP11B2) or G492 (CYP11B1), blue. The 
crystal structure is based on 4FDH. Based on the crystallized 
structure of CYP11B2 S486 is part of the beta hairpin loop and 
shares interatomic interactions with its neighboring residues. 
Residues K482, M483 and Y485 are located on the same beta 
strand β4-1 but adjacent to the beta strand β4-2 with residues 
R490, P491 and S/G492 and the beta hairpin loop that consist 
the S486 and one residue from a loop between helices αA’ and 
αA at position E62. Within these compactly arranged residues of 
these beta hairpin loop structures, G492 of CYP11B1 is replaced 
with S492 of CYP11B2.
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the different physical properties of the amino acids are 
a major reason for the changes in enzymatic activity, 
the short distance of a variation to an active site of 
the enzyme can also be causative. In 2001, Belkina 
et al studied the three-dimensional structures of the 
CYP11B1 and CYP11B2 genes and proposed the I helix 
of 11β-hydroxylase as the putative active site.33 Since 
the variant p.Arg43Gln is located within the N-term31 
and not within the helix I, Barr et al assumed that this 
specific variant disturbs a substrate recognition site or 
influences the flexibility of the enzyme and disrupts 
the substrate-active site combination.30 It should also 
be noted that p.Arg43Gln changes a basic arginine 
amino acid into a neutral polar glutamine amino acid, 
suggesting functional protein impairment. 

Patient 2 was found to be a symptomatic carrier of 
the novel p.Val484Asp mutation and it can be assumed 
that this mutation contributes to the partial enzyme 
impairment. The specific mutation exchanges a non-
polar valine hydrophobic amino acid for a positively 
charged polar aspartic acid amino acid at codon region 
484, causing PCOS. Neighboring codons Tyr485 and 
Ile488 are parts of the active CYP11B1 gene site.33 It 
can therefore be predicted that mutation p.Val484Asp 
affects the local conformation and disturbs the ef-
ficiency of 11β-hydroxylase thereby contributing 
to the patient’s phenotype. Interestingly, in silico 
mutation analyses that were performed initially us-
ing Provean software34 predicted a deleterious effect 
of the p.Val484Asp alteration on CYP11B1 function 
(Table 2).

Genetic screening for CYP11B1 mutations in 75 
Greek-Cypriot female patients with mild symptoms of 
hyperandrogenemia included: Group A with 37 females 
who displayed a premature adrenarche phenotype, 
and group B with 38 females with polycystic ovary 
syndrome all of whom had been previously exam-
ined for mutations in the CYP21A2 gene. Of the 75 
patients, 23 were found to be heterozygotes, whereas 
the remaining 52 had no CYP21A2 mutations. The 

finding from our previous study that demonstrating 
the frequency of the underlying genetic CYP21A2 
defects in the Cypriot population to be one of high-
est ever reported and with an allelic frequency of 
1:10 corroborated the observed heterozygotes of the 
present study.35 Several studies have demonstrated 
CYP11B1 gene defects to be rare, therefore, it is not 
surprising that of the patients tested in the present 
study only three NC-CAH patients were identified 
with CYP11B1 gene mutations.3,8,36

The detection of only two carriers of 11β-hydroxylase 
deficiency mutations among female patients with mild 
hyperandrogenemia is consistent with other studies 
and demonstrates that CYP11B1 gene mutations ac-
count for a small minority of cases in females with 
hyperandrogenism.37 The novel p.Val484Asp mutation 
was found to cause a distortion of the surrounding beta 
sheet and also to result indirectly in destabilization of 
the binding cavity that occurs on the opposite face of 
the structural elements, leading to partial impairment 
of the enzymatic activity. Reporting novel mutations 
and even combinations are of great importance as 
such information can enable a clearer diagnosis and 
contributes to a better treatment modality. Understand-
ing the extent of cortisol synthesis impairment caused 
by specific mutations but also due to a combination 
of mutations is essential for correct diagnosis, prog-
nosis and treatment. In this report we examine the 
deleterious effect of a novel CYP11B1 mutation and, 
in addition, how heterozygosity in CYP21A2 as well 
as cases with no identified mutations could lead to a 
NC-CAH phenotype similar to that observed in the 
most prevalent type of the disorder with two identi-
fied mutations.
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INTRODUCTION

The tern “null cell” adenoma was first proposed by 
Kovacs et al in 1980 to designate pituitary adenomas 
lacking clinical, biochemical and morphologic mark-
ers, which would permit disclosure of their cellular 
origin. This original study was based on a series of 
surgically removed pituitary adenomas, which were 
unassociated clinically or biochemically with hormone 
secretion in excess. By immunohistochemistry, a 
substantial majority of these chromophobic tumors 
contained no adenohypophysial hormones. Electron 

microscopy also failed to reveal their morphogen-
esis.1 However, in our material only a small subset 
of nonfunctioning adenomas was immunonegative 
for all pituitary hormones.

The aim of our study was to reexamine nonfunction-
ing pituitary adenomas, diagnosed as null cell, which 
were initially immunonegative for α- and β-subunits 
of gonadotropin hormones. To investigate gonadotro-
pin hormone production by null cell adenomas, we 
repeated the immunohistochemistry using advanced 
techniques, including the sensitive catalyzed tyramide 
signal amplification (TSA) technique, combined with 
a polymer antibody containing detection system.

MATeRIAL AND MeThODs

Among 1492 surgically removed pituitary ad-
enomas, collected at the National Pituitary Tumor 
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Reference Center, 51 (3.4%) were chromophobic, 
PAS-negative and negative for all pituitary hormones, 
null cell adenomas. In addition, all 51 adenomas were 
nonfunctioning, since patients harboring these tumors 
showed no clinical signs or symptoms attributed to 
GH-, PRL-, ACTH-, or TSH-hypersecretion. For this 
study, 10 of these adenomas were randomly selected.

The initial diagnosis was based on immunohisto-
chemistry using the standard avidin-biotin-peroxidase 
(ABC) method, after enzymatic pretreatment with 
pronase to reveal the hidden antigenic sites. Polyclonal 
antisera were directed against growth hormone (GH), 
prolactin (PRL), adrenocortinotropin (ACTH) and 
β-subunit of thyrotropin hormone (β-TSH), β-follicle 
stimulating hormone (β-FSH), β-luteinizing hormone 
(β-LH) and α-subunit of glycoprotein hormone (α-SU). 
The working dilutions ranged from 1:200 to 1:2.000. 
All antisera were provided by the National Hormone 
and Peptide Program (NHPP, Torrance CA, USA). 
Details of the method were described previously.2

In the current study, immunohistochemistry was 
repeated using the same pretreatment with pronase 
and the same dilutions for all pituitary hormone an-
tisera. The next day, sections were treated with a 
signal amplification system, comprising peroxidase 
catalyzed deposition of biotinylated TSA kit (Dako A/S, 
Glostrup Denmark), followed by the one-step EnVi-
sion polymer detection system (Dako A/S, Glostrup 
Denmark) as a secondary link to DAB chromogen.3,4 
Two sets, each one of 7 sections from gonadotroph 
adenomas, known as positive for β-FSH β-LH and 
α-SU and negative for the remaining hormones (GH, 
PRL, β-TSH and ACTH), served as controls. They 
were immunostained together with the study group 
of the 10 null cell adenomas followed by TAS and 
detection system procedures. Sections from the first set 
immunostained with the 7 pituitary hormone antisera 
served as positive controls. Sections of the second 
set, where the primary antisera were substituted by 
buffer solution, served as negative controls.

For electron microscopy, samples from the ad-
enomas were fixed in glutaraldehyde, postfixed in 
osmium tetroxide and embedded in Epon-Araldite. 
Ultrathin sections stained with uranyl acetate and 
lead citrate were examined on either a Philips 300 
or a 410-LS electron microscope.2

ResULTs

Immunohistochemical studies
After application of the TSA technique, all 10 tumors 

became positive for pituitary α- and β-gonadotropin 
hormone subunits. The immunoreactivity was hetero-
geneous regarding the distribution, extent and staining 
intensity (Figure 1). Immunostains were diffuse in 
the cytoplasm, often with enhancement along cyto-
plasmic membranes (Figure 2). In some tumors, the 
attenuated cytoplasmic processes of adenoma cells 

figure 1. Adenoma strongly positive for beta-LH. Immunoreac-
tivity depicting cytoplasmic granularity is heterogeneous. Some 
cells show enhancement along cytoplasmic membranes (TSA- 
EnVision system, original magnification 20×).

figure 2. Adenoma strongly positive for beta-FSH. Some cells 
show elongated cytoplasmic processes, characteristic for gly-
coprotein hormone cell differentiation (TSA- EnVision system, 
original magnification 20×).
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were highlighted. In addition, the immunoreactivity 
in several cells of the positive control specimens of 
gonadotroph adenomas that was previously mild to 
moderate became more intense (Figure 3). Immu-
nostains were negative for the remaining pituitary 
hormones (GH, PRL, ACTH and β-TSH) in all studied 
cases and positive controls. Negative controls were 
immunonegative for all pituitary hormones.

Electron microscopic studies:
All adenomas demonstrated poorly developed 

cytoplasmic membranous organelles including a few 
scattered lamellar arrays of rough endoplasmic re-
ticulum and Golgi apparatus saccules. The cytoplasm 
contained sparse and small secretory granules meas-
uring up to 200 nm in some tumors with a tendency 
to distribution along cytoplasmic membranes. The 
number and volume density of cytoplasmic mito-
chondria was variably increased. 

DIsCUssION

By definition, adenomas unassociated with signs 
and clinical symptoms are classified as nonfunctioning 
or silent; the latter are immunoreactive for pituitary 
hormones, which are responsible for endocrine syn-
dromes. Up to 30-35% of adenohypophysial tumors 
are nonfunctioning macroadenomas, currently repre-
senting the most common in both clinical and surgi-

cal series. They present with mass effect symptoms 
and hypopituitarism.5 They comprise a heterogene-
ous group of adenohypophysial tumors, consisting 
mostly of chromophobic null cell and gonadotroph 
adenomas. The remaining unusual types include the 
silent GH-, PRL- and TSH-producing adenomas, the 
silent corticotroph adenomas subtype 1 and 2 and the 
rare acidophil stem cell adenoma and silent subtype 
3 plurihormonal adenoma.6,7

Null cell and gonadotroph adenomas share simi-
larities in histology and ultrastructure. By histology, 
they are chromophobic and PAS negative tumors 
consisting of small ovoid or polar shaped cells, often 
with perisinusoidal arrangement and pseudo-rosette 
formation. By electron microscopy they show variably-
developed rough endoplasmic reticulum and Golgi 
apparatus saccules and contain small and sparse se-
cretory granules measuring up to 200nm. Based on 
the abundance of accumulated mitochondria, they 
are divided into oncocytic (oncocytomas) and non-
oncocytic tumors. However, this distinction is not of 
clinical relevance.6 

The original designation coined by Kovacs et al 
in 1980 of “null cell” adenomas was based on 56 
nonfunctioning tumors among 343 surgically removed 
pituitary adenomas. Based on the perosidase-antiperox-
idase immunoenzymatic (PAP) immunohistochemical 
method, they contained no adenohypophysial hor-
mones, although electron microscopy showed sparse 
and small secretory granules.1 However, later studies 
have definitely shown that null cell adenomas release 
β-FSH or β-LH in dispersed cell tissue cultures.9,10,11 
More advanced molecular studies carried out via 
Northern blot technique12,13 and by in situ hybridiza-
tion.14-16 have shown that they may express mRNA 
of α- and/or β-FSH or β-LH.

Gonadotroph adenomas were thought to be very 
rare in the past, particularly before application of 
immunohistochemistry.17,18 In a detailed comparative 
study of 300 null cell adenomas, oncocytomas and 
gonadotroph adenomas were analyzed by immunohis-
tochemistry for gonadotropin hormone subunits. It was 
found that at least 23% of tumors initially diagnosed 
as null cell adenomas and 28% as oncocytomas could 
be considered gonadotroph adenomas.8 By electron 
microscopy, some of these adenomas showed tiny 

figure 3. Control gonadotroph adenoma case. Almost all cells 
are immunoreactive for alpha-SU. Several previously mild to 
moderate positive cells became strongly immunoreactive after 
TSA (TSA- EnVision system, original magnification 20×).
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secretory granules along cytoplasmic membranes, 
often accumulating in the attenuated cytoplasmic 
processes. These findings, originally described in 
TSH-secreting adenomas and referred to as “a sign 
of glycoprotein hormone cell differentiation”, can be 
observed in gonadotroph adenomas as well. In this 
study the authors concluded: “...the ever constricted 
category of null cell adenoma will someday find as 
little place in the nosology of pituitary adenomas 
as does the term chromophobic adenoma”. It was 
therefore speculated that null cell and gonadotroph 
adenomas belong to the same entity.8 

During the last two decades, advanced immuno-
histochemical techniques utilizing more sensitive 
detection systems such as ABC have replaced the 
classic PAP method. This technique, in conjunc-
tion with pretreatment with proteolytic digestion to 
retrieve the hidden antigenic sites due to fixation 
in formalin, has led to more frequent detection of 
gonadotropin hormone subunits.8 More recently, the 
EnVision detection system, a peroxidase-conjugated 
polymer backbone, which also carries secondary an-
tibody molecules directed against rabbit and mouse 
immunoglobulins, was introduced. The main ad-
vantages of this system include high sensitivity for 
routine immunohistochemistry and elimination of 
background staining.18 As a result, among clinically 
nonfunctioning pituitary adenohypophysial tumors, the 
diagnosis of null cell adenoma gradually diminished 
in favor of gonadotroph adenoma.8,18,19 Meanwhile, 
catalyzed signal amplification systems such as TSA 
were introduced as a complementary system to improve 
immunohistochemistry.20 Sanno et al (1996) have 
demonstrated that the latter technique is extremely 
sensitive.21,22 In their studies detecting gonadotropin 
subunits in gonadotroph cells of normal pituitaries, 
they have noted that catalyzed signal amplification 
systems are 1000-fold more sensitive than the stand-
ard indirect PAP method and 100-fold more than the 
standard ABC method.22 In the present study, we first 
applied the TSA technique combined with a second-
ary polymer antibody containing detection EnVision 
system to detect pituitary hormones. We were able 
to detect gonadotropin subunits in all adenomas that 
were initially completely immunonegative and thus 
reported as null cell adenomas. Therefore, we were 
able to reclassify them as gonadotroph adenomas.

In the original paper introducing the term “null 
cell” adenoma, the authors stated: “…with increas-
ing knowledge, appropriate markers will be found 
and, with the use of more sophisticated methodology 
currently unavailable, the number of diagnosed null 
cell adenoma cases will diminish”.1 The reason that 
null cell adenomas were negative for gonadotropin 
hormone subunits is mostly attributed to the low sen-
sitivity of immunohistochemical systems that were 
not sufficient to detect the low amount of protein 
hormones stored within the sparse and tiny secretory 
granules. Therefore, routine immunohistochemistry, 
even after pretreatment with proteolytic digestion, 
was not adequate to detect gonadotropin hormone 
subunits in all cases. Another problem related to 
the reproducibility of immunohistochemistry is the 
selection of antibodies used. Obviously, monoclonal 
antibodies have high specificity but low sensitivity. 
In contrast, polyclonal antisera are very sensitive, 
although they might show cross-reactivity for other 
pituitary hormones. In the current study, given that 
adenomas were selectively positive for gonadotropin 
hormone subunits and negative for all remaining 
pituitary hormones, the problem of specificity is 
beyond any further discussion.

In conclusion, using currently available advanced 
and sensitive immunohistochemical protocols, we 
were able to prove that so-called “null cell” adenomas 
produce α- or/and β-FSH or β-LH subunits and thus 
are gonadotroph adenomas in origin. We therefore 
suggest that the term gonadotroph be applied to any 
adenoma positive for α-SU or/and β-LH or β-FSH, 
and negative for GH, PRL, ACTH and β-TSH, irre-
spective of the number of immunoreactive cells and 
of staining intensity. However, the term “null cell” 
adenoma should be reserved for routine diagnosis 
when immunohistochemistry is negative for all pi-
tuitary hormones.
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AbstrAct

OBJeCTIve: To address the rapid influence of testosterone (T) on neuromuscular perfor-
mance, we compared the T and physical performance responses of adults exposed to a physi-
cal and psychological stimulus. DesIgN: A group of healthy men (n=12) and women (n=14) 
each completed three treatments using a randomised, crossover design: exercise involving five 
× ten-second cycle sprints, viewing a video clip with aggressive content and a control session. 
salivary T concentrations, hand-grip strength (hgs) and countermovement jump peak power 
(CMJ PP) were assessed before and 15 minutes after each session. ResULTs: The relative 
changes in T (17±29%) and CMJ PP (-0.1±4.4%) following sprint exercise were superior to 
the aggressive video (-6.3±19%, -2.2±5.9%) and control (-4.8±23%, -2.8±4.4%) treatments, 
respectively (p ≤0.05). Pre-treatment T levels correlated (r= -0.58 to -0.61, p <0.05) with the T 
responses of men (sprint exercise) and women (sprint exercise, aggressive video), but no variables 
were significantly correlated with the relative changes in hgs or CMJ PP. CONCLUsIONs: 
sprint exercise promoted a general rise in T and maintained CMJ PP, relative to the video 
and control treatments. In both sexes, those individuals with higher pre-test T levels tended to 
produce smaller T responses to one or more treatments. These data highlight the importance 
of stimulus selection and individual predispositions when attempting to acutely modify T and 
associated physical performance.
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INTRODUCTION

Considerable research has examined the steroid 
testosterone (T) and its role in mediating athletic 
performance and training adaptation (see reviews).1,2 
The traditional viewpoint is that T helps to control 
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muscle size and subsequent force development,1,2 but 
it now appears that transient physiological elevations 
in T concentrations are less important to protein me-
tabolism and muscle growth than previously thought.3 
Still, T might contribute to, or support, many other 
neuromuscular (e.g. motor system drive, calcium 
signalling, muscle properties) and psychological (e.g. 
mood, cognition) functions1 to regulate athletic per-
formance on a rapid timescale. Consequently, there 
is much interest in developing practical strategies to 
acutely modify T availability and thereafter physical 
performance.4 

Physical exercise provides an effective tool for 
enhancing T release and indices of muscle perfor-
mance.5-8 For example, a morning exercise bout (i.e. 
sprints, weight training) improved afternoon T secretion 
and the physical abilities of male athletes.6 Similarly, 
better training outcomes were achieved by combin-
ing arm and leg exercises to elevate physiological 
hormones (including T) during repeated workouts,7,8 
and by prescribing resistance-exercise workouts that 
maximised the T responses of individual athletes.9 
Testosterone is also responsive to high-intensity sprint 
cycling (e.g. 2×10 seconds, 1×40 seconds), with in-
creases of 9-28% demonstrated in both trained and 
untrained male populations.5,10-12 Moreover, the T 
changes occurring are often accompanied by rapid 
improvements in physical strength5 and power.11 Thus, 
this type of exercise could provide a brief, practical 
and effective stimulus for improving these outcomes. 

Psychological stimuli in the form of video foot-
age provides another practical tool for stimulating 
T release in men10,13-15 with added links to physical 
performance.16 In the latter work, the watching of short 
video clips (i.e. aggressive, humorous, motivational, 
erotic) elevated T levels and improved subsequent 
voluntary strength in professional athletes.16 In ad-
dition, the individual changes in T and strength were 
strongly related (r = 0.85) across all video clips.16 The 
aggressive video provided the most effective stimulus 
for achievement of these outcomes. In healthy men 
(non-athletes), exposure to the same type of video also 
produced a marginal T increase of 8-12%,10,17 as did 
an aggressive video game.18 To our knowledge, no 
studies have examined whether an aggressive video 
can improve T availability and physical performance 
in healthy adults, nor how this treatment compares 
to a physical stimulus.

Similarly to men, acute elevations in T concentra-
tions have been demonstrated in women undertaking 
different forms of exercise (e.g. resistance, intermittent 
and prolonged cycling)19-21 and when viewing selected 
video images (e.g. violence, attractive men).15,22 In 
fact, women can exhibit similar relative changes in 
T concentrations to men when exposed to a physical 
and/or psychological challenge.15,23 This means that 
both sexes can access similar relative amounts of T 
with an appropriate stimulus, despite women having 
less than half the amount of T in circulation.23 It has 
yet to be established whether such changes in the 
hormonal milieu might produce a comparable perfor-
mance effect in women, as seen in male populations. 
This could be addressed by comparing the acute T 
responses of healthy men and women to a physical 
and psychological stimulus.

This study examined the effects of a physical 
(sprint exercise) and psychological (aggressive video) 
stimulus on salivary T concentrations and physical 
performance (strength, power) in healthy men and 
women. The first hypothesis was that each stimulus 
would lead to elevated T responses and improvements 
in strength and power in both groups. We also hypoth-
esised that sprint exercise would promote greater T 
increases and thus larger performance gains.

MeThODs

Subjects
Twelve men (mean ± SD age 24.5±5.3 years, height 

181.1±4.8 cm, body mass 83.5±7.7 kg) and 14 women 
(mean ± SD age 23.5±3.9 years, height 164.4±5.8 
cm, body mass 59.3±6.1 kg) were recruited from a 
University campus. Both groups were of similar age 
(p=0.776), but the men were taller and heavier than 
the women (p <0.001). The participants were classi-
fied as recreationally active, based on self-reported 
activity in the last 12 months (i.e. regular exercise 
or leisure activities at least 3 times weekly, at least 
60 minutes in duration), with no health or medical 
issues that could influence the study outcomes. Four 
women did report oral contraceptive use, but we found 
no differences in baseline T levels, T reactivity or 
physical performance between this sub-group and the 
naturally-cycling women, so all data were combined 
for analysis. We anticipated that the menstrual cycle 
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would not influence baseline T or performance.21, 

24 Informed consent was signed before the study 
commenced and ethical approval was provided by 
the Swansea University Human Ethics Committee, 
Swansea, UK. 

Study design
The participants each completed three treatments 

using a randomised, crossover design: exercise involv-
ing cycle sprints, viewing an aggressive video and a 
control session. Salivary T concentrations, hand-grip 
strength (HGS) and countermovement jump peak 
power (CMJ PP) were measured before and after each 
treatment. Before testing, the participants sat quietly 
for ten minutes in a stress-free environment.10 Each 
session lasted ~48 minutes and was separated by at 
least three days recovery, but no more than ten days. 
All treatments were conducted between 1100 and 1600 
hours to address diurnal variation in T production and 
T reactivity to physical or psychological stress.25,26 
Within this timeframe, each participant completed 
his or her own sessions within a shorter (±1 hour) 
period. The participants were told to refrain from all 
exercise in the preceding 24 hours to eliminate the 
effects of muscle fatigue. A familiarisation session was 
also completed to ensure that the participants were 
capable of completing the sprints and to account for 
a pronounced stress response due to intense, unac-
customed exercise.10 

Sprint exercise treatment

Sprint exercise was performed on a friction-braked 
cycle ergometer (Monark 824E, Sweden) using a 
resistance load that equated to 7.5% of individual 
body mass.27 The men, due to their larger body mass, 
were prescribed a heavier mean load (5.8 ± 0.5 kg) 
than women (4.1 ± 0.4 kg). After a standard warm-up, 
comprising of two minutes cycling with a light (1 kg) 
load, the participants cycled with maximum effort for 
a period of ten seconds at the pre-selected load. This 
effort was followed by 50 seconds of slow pedalling 
without load. The entire sequence was repeated four 
times, so that five trials were completed over a five-
minute period. The lead investigator provided a three 
second count down before each sprint trial started and 
ended. The participants pedalled slowly for a further 
minute after the last sprint, before sitting quietly in 

the laboratory. The chosen format was based on prior 
work to ensure a T rise.5,12,18 Toe clips were used to 
prevent slippage from the pedals and strong verbal 
encouragement was given to ensure maximal effort 
was applied during each trial.

Video treatment

The participants sat by themselves in a separate 
room to watch the video presentation on a single lap-
top computer (Dell Inspiron, 15.6 inch screen). The 
video contained aggressive content of big tackles and 
collisions in the sport of rugby union, which has been 
shown to promote small to marginal T increases in 
men.10,16,17 The video was taken from an online resource 
(https://www.youtube.com/watch?v=UAaxeTowTd0) 
and played for five minutes to equalise the duration of 
stimulus exposure with sprint exercise. The video was 
accompanied by a somewhat “aggressive” music track 
to increase the likelihood of a behavioural and thus, 
hormonal response.28 To eradicate other environmental 
or social stimuli, the lights were turned off and the 
investigators left the room. At the end of the video, 
the participants were moved back into the laboratory, 
where they sat quietly before subsequent testing.

Control treatment

The control session was completed at the same 
venue, as per the other treatments, with time-matched 
saliva sampling and performance testing. Across all 
sessions, the participants remained seated to prevent 
any residual effects of physical movement, apart 
from the exercise sprints and moving to and from 
the video room.10 Any communication between the 
investigators and participants was limited to simple 
verbal instructions to minimise the influence of social 
interactions on T release.29 These instructions were 
partly scripted to ensure consistent feedback was 
given. The participants were also instructed to keep 
their food and fluid intake consistent on each testing 
day,16 but to avoid all forms of caffeine intake (e.g. 
coffee, tea, chocolate) and other ergogenic aids (e.g. 
energy drinks, sport supplements). Moreover, they 
were told to refrain from eating food and drinking 
fluids (except water) two hours before testing to reduce 
fluctuations in salivary hormones.30 The participants 
were further encouraged to get at least eight hours of 
sleep each night preceding their assessments. 
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Saliva collection and testing

Steroid measurements in saliva offer the benefits 
of being stress free and relatively rapid to collect, with 
salivary steroids representing the biological active 
blood-free hormone.31 Saliva samples were collected 
by passive drool (i.e. 1 ml over 1-2 minutes) without 
stimulation before each stimulus and 15 minutes 
afterwards to coincide with expected T changes in 
this fluid.13,16,18 The samples were stored according 
to published guidelines.32 The time between sample 
collections was ~30 minutes, once allowing for the 
physical tests, treatments and subsequent recovery 
periods. The samples were analysed in duplicate for 
T concentrations using a commercial immunoassay 
kit (Salimetrics LLC, USA). The T plates had a detec-
tion limit of 6.1 pg/ml with inter-assay CV’s of less 
than 12%. Samples for each participant were tested 
in the same assay to eliminate inter-assay variance. 

Physical performance testing

Physical performance was tested immediately 
after each saliva collection (~17-22 minutes after the 
final sprint trial and aggressive video), taking around 
five minutes to complete both the HGS and CMJ 
PP assessments. Using a hand-held dynamometer 
(Takei, Japan), the HGS assessment was performed 
first whilst the participants were seated in an upright 
position. Holding the dynamometer in the dominant 
hand, the elbow was flexed to a 90-degree angle and 
each subject was instructed to apply maximal force 
for a period of three seconds before releasing their 
grip.33 Three trials were performed with 45 seconds 
rest between each trial. Grip strength was measured 
to the nearest 0.5-kg by the lead investigator and the 
best trial was analysed. 

The CMJ PP assessment was performed on a 
portable Kistler force plate (Type 92866AA, Kistler 
Instruments Ltd). The participants were instructed to 
squat down to a self-selected depth, before jumping 
as high as possible to reach maximal vertical height. 
To remove the effects of arm swing, the hands were 
kept on the waist during the CMJ. Three maximal 
trials were performed, with participants resting for 
45 seconds between each trial, and the best effort 
was analysed. Force-time data were collected at a 
sampling frequency of 1000 Hz and CMJ PP was 
calculated, as described.34 Calibration of the force 

platform was performed before each session and 
the testing location was chosen to reduce potential 
sources of interference. Pilot testing of healthy adults 
(n = 10) revealed good reliability (CV <2%) for the 
performance measures outlined. 

Statistical analyses
All data were assessed using non-parametric sta-

tistics. The treatment responses were examined using 
a two-step process; first, within-session changes were 
calculated (post - pre presented as a percent value) and 
compared to zero using a Wilcoxon signed-rank test;10 
second, the within-session changes were compared 
using a generalised estimation equation model with 
an autoregressive correlational structure.35 Main ef-
fects (treatment, gender) and interactions (treatment 
× gender) were determined by significance testing of 
the Wald chi-square statistic. To account for gender 
differences in T concentrations, HGS and CMJ PP (men 
> women), the pre-treatment values were included 
as covariates. Post hoc testing was conducted using 
the Bonferroni sequential procedure. Relationships 
between the measured variables (i.e. pre-test values, 
relative changes) were assessed using Spearman cor-
relations. Significance was set at p ≤0.05. The results 
are presented as mean ± SD.

ResULTs

We found no significant within-treatment T changes 
in men (Table 1), whereas women had a positive and 
negative T response to the sprint exercise (p = 0.044) 
and video sessions (p = 0.035), respectively. A treat-
ment effect on T was demonstrated (p <0.001), with 
sprint exercise producing a larger T response (17% 
± 29%, p = 0.004) than the video (-6.3% ± 19%, p = 
0.101) and control (-4.8% ± 23%, p = 0.209) sessions 
(p <0.001). No significant within-treatment changes in 
HGS were identified, but the men tended (p = 0.057) 
to exhibit a greater relative HGS response (1.8% ± 
4.3%, p = 0.012) compared to women (-0.1% ± 3.7%, 
p = 0.901). A relative decrease in CMJ PP was seen 
in men across the video session (p = 0.027) and in 
women in the control setting (p = 0.002). A treatment 
effect on CMJ PP also emerged (p = 0.014), such that 
the exercise changes (-0.1% ± 4.4%, p = 0.985) were 
different from the video (-2.2% ± 5.9%, p = 0.016) 
and tended to differ from the control (-2.8% ± 4.4%, 
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p = 0.002) session (p = 0.054). The CMJ PP changes 
in men (-0.2% ± 3.4%, p = 0.653) were also greater 
(p = 0.002) than women overall (-3.2% ± 6.1%, p = 
0.002). No other significant main effects or interac-
tion effects were found. 

The relationships between the measured variables 
are outlined in Table 2. In men, pre-session T levels 
were negatively correlated with the relative T changes 
after sprint exercise (p = 0.036) and positively related 
to CMJ PP before the video treatment (p = 0.018), 
both of moderate strength. Negative relationships 

(of moderate strength) were also identified between 
pre-session T levels in women and the relative T 
changes in the sprint exercise (p = 0.020), video (p 
= 0.030) and control (p = 0.054) sessions, although 
the latter outcome only approached significance. 
In women, the baseline measures of HGS and CMJ 
PP were moderately and positively related under all 
treatment conditions (p ≤0.035).

DIsCUssION

This study compared the effectiveness of a physi-

Table 1. Salivary testosterone and performance variables in men and women across the sprint exercise, aggressive video and control treat-
ments. Data are presented as means ± SD.

sample
sprint exercise Aggressive video Control

T (pg/ml) hgs (kg) CMJ PP (W) T (pg/ml) hgs (kg) CMJ PP (W) T (pg/ml) hgs (kg) CMJ PP (W)
Men Pre 153 ± 55 54.8 ± 7.9 4238 ± 614 142 ± 30 54.6 ± 7.3  4179 ± 670 145 ± 36 55.0 ± 8.2 4128 ± 618

Post 180 ± 49 55.8 ± 7.7 4222 ± 636 143 ± 39 56.3 ± 7.0  4120 ± 635 148 ± 35 55.4 ± 8.0 4100 ± 608
%∆ 20 ± 34# 1.8 ± 4.5 2.0 ± 3.9#† -1.2 ± 19 3.3 ± 5.3 -1.3 ± 2.0*† 2.1 ± 21 0.8 ± 3.1 -0.7 ± 2.9†

Women Pre 64 ± 25 32.9 ± 5.2 2353 ± 359 76 ± 28 32.0 ± 4.7  2381 ± 348 72 ± 21 32.3 ± 4.6 2394 ± 374
Post 72 ± 19 32.7 ± 5.3 2311 ± 361 67 ± 20 32.1 ± 4.6  2307 ± 320 64 ± 16 32.5 ± 4.6 2285 ± 369
%∆ 15 ± 26*# -0.7 ± 4.7 -1.8 ± 4.1# -10.4 ± 18* 0.2 ± 3.4 -3.0 ± 8.0 -10.3 ± 23 0.6 ± 2.3 -4.7 ± 4.6*

Key: T = testosterone; HGS = hand-grip strength; CMJ PP = countermovement jump peak power; Δ = change. *Significant within-
treatment change p <0.05; #Significant changes (treatment effect) from the video and control sessions p <0.05; †Significant changes 
(gender effect) from women p <0.05.

Table 2. Correlations between the salivary testosterone and performance variables in men and women across the sprint exercise, aggressive 
video and control treatments. 

variable
sprint exercise Aggressive video Control

T%∆ hgs hgs
%∆

CMJ 
PP

CMJ 
PP%∆

T%∆ hgs hgs
%∆

CMJ 
PP

CMJ 
PP%∆

T%∆ hgs hgs
%∆

CMJ 
PP

CMJ 
PP%∆

Men T -0.61  0.01  0.03  0.52  0.12 -0.11  0.34 -0.20  0.66  0.13 -0.34  0.14  0.25  0.15  0.30
T%∆ -0.20 -0.13 -0.04 -0.38  0.13 -0.04 -0.42  0.21 -0.03  0.37  0.26 -0.03
HGS -0.21  0.20  0.54 -0.31  0.14  0.11 -0.13  0.35 -0.30
HGS%∆  0.03  0.13  0.03  0.22 -0.10  0.07
CMJ PP -0.09 -0.23 -0.03

Women T -0.61 -0.10 -0.09 -0.04 -0.39 -0.58 -0.36  0.25 -0.19 -0.03 -0.53 -0.27  0.31 -0.16  0.07
T%∆ -0.22  0.22 -0.27  0.46  0.49 -0.16  0.50 -0.13  0.07 -0.10 -0.25  0.09
HGS -0.09  0.57  0.32 -0.13  0.62 -0.17 -0.23  0.70  0.30
HGS%∆ -0.24  0.32 -0.13 -0.02 -0.38  0.08
CMJ PP -0.16 -0.45 -0.26

Key: T = testosterone; HGS = hand-grip strength; CMJ PP = countermovement jump peak power; Δ = change. 
Significant correlations are highlighted in bold p <0.05.
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cal and psychological stimulus as practical tools for 
acutely modifying T release and physical performance 
in a healthy cohort of men and women. Overall, the 
T (increase) and CMJ PP (no change) responses to 
sprint exercise were superior to the respective changes 
induced by the aggressive video (no change, decrease) 
and control (no change, decrease) treatments. We also 
found that pre-test T levels were negatively related to 
the relative T changes that occurred in one or more 
treatments, but no variables were associated with the 
relative changes in HGS and CMJ PP. 

Confirming our initial hypothesis, a brief bout of 
sprint cycling exercise promoted a T elevation (17.5%) 
in healthy adults and this T response differed from 
that observed across the aggressive video (-6.3%) 
and control (-4.8%) treatments. The exercise-induced 
changes in T are likely to be regulated by several 
factors such as cycling cadence,36 heart rate,37 and 
perceived exertion.37 Whilst sprint cycling exercise 
can reliably increase T concentrations in untrained, 
active10,18,38 or highly-trained men,10,11,36 women do not 
always exhibit a T response.21,27 This disparity could 
be explained by differences in the cycling protocols 
employed (e.g. exercise duration, load and recovery 
periods) and the sampling procedures (e.g. biologi-
cal media, timing and frequency). Nevertheless, the 
positive T responses of women in this work are con-
sistent with that achieved by other exercise19-21 and 
similar to male populations when expressed relative 
to baseline concentrations.15,23 So despite the women 
tested having less than half the amount of salivary 
T available as males, it appears that women can still 
access similar relative amounts of T with an appropri-
ate physical stimulus.

The maintenance in CMJ PP (-0.1%) following 
sprint exercise, in relation to the decline in the video 
(-2.2%) and control (-2.8%) treatments, could be 
partly due to the increase in T availability. Studies 
have demonstrated the benefits of using exercise (in-
cluding high-intensity sprint cycling) to elevate T and 
improve physical performance in men.5,6,11 There is 
evidence linking T to various performance outcomes 
via a rapid behavioural mechanism (e.g. motivation, 
mood, competitive drive),1,16,39,40 which could afford 
some functional benefits within a short time span, as 
seen in this work. Alternatively, the T response might 

reflect improvements in mood or motivational state 
arising from perceptions of better performance, or 
increased alertness. Given the study design, we do 
acknowledge that the physical stimulus effect could 
involve other peripheral mechanisms (e.g. calcium 
sensitivity, preferential motor unit recruitment)4 that 
were not assessed. It is also possible that the CMJ PP 
results were driven by a warm-up response, as the 
other treatments were passive in nature, and the per-
formance effect was specific to those muscle groups 
exercised when cycling. 

The aggressive video was less effective as a practi-
cal stimulus for increasing T and/or improving per-
formance. For men, the lack of a T response might 
reflect their recreational status and the situational 
content of the video, being rugby based and showing 
elite athletes.10 Conversely, the T decline in women 
could be due to their perception of this footage as 
being either stressful13 or sad.16 As further evidence 
of the importance of the visual content and group 
affiliation to it, viewing video images showing real-
life aggression and violence can lead to elevations 
in male and female T levels.15 The T responses of 
the women tested herein were however similar to the 
control session, so the observed change might also 
reflect normal biological variation. Other potential 
factors influencing the T responses to psychological 
stress include affective state (e.g. mood) and stress 
hormones (e.g. pre-test cortisol, cortisol change).15,22,26 
The video treatment also lowered CMJ PP by 1.3% in 
men only, but the magnitude of change was smaller 
than the measurement error for this assessment.

On an individual level, those adults with higher 
pre-test T levels tended to produce smaller T re-
sponses under physical and/or psychological stress, 
as demonstrated elsewhere.26,41 We also found greater 
consistency in these relationships in women under all 
treatment conditions. This finding may be the result 
of having lower circulating T levels and different T 
sources in females (i.e. ovaries, conversion of ad-
renal androgens) relative to males (i.e. gonadal).1,27 
Despite the perceived importance of T, the baseline 
and reactive T measures taken did not correlate with 
the relative changes in HGS or CMJ PP. This is per-
haps not surprising, as these associations tend to be 
stronger and more consistent among elite strength-
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trained cohorts,1,39 who arguably possess a more de-
veloped neuromuscular system and better linkage 
with other physiological (e.g. hormonal) systems.1 
This viewpoint is partly supported by the fact that 
performance either decreased or did not change in 
this study, whilst similar sprint exercise and video 
treatments resulted in improvements in strength5,16 and 
power11 in highly-trained populations, with additional 
correlations between the hormonal and performance 
outcomes.5,16 

In conclusion, a short bout of sprint exercise pro-
moted a positive T response in healthy adults and 
maintained CMJ PP, relative to the video and control 
treatments. Those men and women with higher pre-test 
T levels also tended to produce smaller T responses 
to one or more treatments, but no variables correlated 
with the changes in physical performance. These data 
highlight the importance of stimulus selection and 
individual predispositions when attempting to acutely 
modify T and physical performance in healthy adults. 
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Which is the best predictor of thyroid cancer:  
thyrotropin, thyroglobulin or their ratio?
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AbstrAct

OBJeCTIve: since documented incidence of thyroid cancer has been rising over time, in part due 
to incidental small papillary cancer, several studies have been carried out to investigate the role 
of possible serum markers of thyroid cancer prior to surgery. DesIgN: Prospective cohort 
study. AIM: To investigate the role of thyroglobulin (Tg), thyrotropin (Tsh) and the Tsh:Tg, 
Tg:Tsh ratio in the preoperative diagnosis of thyroid cancer. PATIeNTs AND MeThODs: 
Between January 2014 and January 2015, 202 of 242 consecutive patients scheduled for sur-
gical treatment for thyroid disorders at Şişli Etfal Training and Research Hospital, General 
surgery Clinic were included in the study. Prospective data collection included demographics, 
thyroid function tests, Tg levels, fine needle aspiration biopsy (fNAB) results (208 fNABs in 
187 patients), surgical procedures and final histopathological examinations. ResULTs: There 
were 134 patients with benign thyroid diseases and 68 patients with thyroid gland malignancy. 
Preoperative Tg level was significantly lower in the malignant group (64 ng/mL vs. 20ng/mL, 
p<0.001, respectively), whereas there was no difference in Tsh between groups. Tsh:Tg levels 
were found to be significantly higher in patients with malignant thyroid diseases (0.24±1 vs. 
0.87±3.4, p=0.024). Although univariate analysis showed that the Tsh:Tg ratio was a predictor 
for thyroid malignancy (OR 0.001; 95% CI, 0.01-0.125; p=0.007) in conjunction with fNAB, 
multivariate analysis failed to demonstrate any statistical significance for any factor except 
fNAB. CONCLUsION: Preoperative assessment of serum Tg and Tsh levels appear not to 
be helpful in identifying patients with thyroid cancer. however, a higher preoperative serum 
Tsh:Tg ratio may hint at an increased risk for thyroid carcinoma. further studies are needed 
to elucidate the potential role of preoperative laboratory values of thyroid function.
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INTRODUCTION

The increasing rate of incidental thyroid cancer 
poses a managerial dilemma in the preoperative di-
agnosis of thyroid nodules. Although fine needle 
aspiration/ biopsy (FNAB) is the most commonly used 
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diagnostic technique for the preoperative evaluation of 
thyroid nodules, there remains the issue of gray-zone 
nodules that need further diagnostic investigation. To 
avoid an inappropriate surgical decision, additional 
preoperative markers have been suggested as being 
capable of providing prognostic and predictive value, 
with many as yet under investigation. During the last 
decade, interest has focused on the potential efficacy 
of thyroglobulin (Tg) levels to identify preoperative 
malignancy in thyroid nodules, since it is an easily 
accessible and low-cost method. 

 The serum Tg level is believed to be a useful 
marker for the detection of well-differentiated thyroid 
cancer recurrence. However, its role as a predictor 
of thyroid malignancy in the preoperative workup of 
patients with thyroid nodules as yet remains contro-
versial. Some studies have reported that in patients 
with indeterminate FNAB, Tg can be useful to detect 
thyroid malignancy in the preoperative period and 
for planning the surgical procedure.1,2 Likewise, in 
a retrospective analysis including patients with fol-
licular neoplasm, Petric et al noted that in addition 
to age and presence of a solitary tumor, serum Tg 
concentration was also useful as an independent 
predictive marker to make the distinction between a 
benign and a malign follicular neoplasm.3

 Among other preoperative markers for thyroid 
cancer, serum thyrotropin (TSH) levels are still under 
evaluation for the prediction of malignancy in thyroid 
nodules. Although TSH suppression treatment provides 
better disease-free survival in high-risk patients with 
differentiated thyroid cancer (DTC),4 some studies 
show no relationship between high TSH levels and 
thyroid malignancy.5 In contrast, in their recent study 
McLeod reported an association between high TSH 
levels and a higher stage of differentiated thyroid 
cancer.6 Furthermore, a correlation was found between 
TSH levels and extrathyroidal extension of thyroid 
cancer as well as neck node metastases.6,7

 Not only indeterminate cytology but also certain 
other suspicious findings in thyroid FNAB are still 
a matter of discussion among endocrine surgeons. 
This debate is of great importance with respect to 
the determination of the most appropriate treatment 
procedures with, more specifically, the objective of 

reducing the number of unnecessary thyroid surgeries 
and the extend of the surgical procedure. Therefore, 
reliable predictive factors for malignancy are still 
warranted to avoid further interventions.3,8,9 This study 
aimed to investigate the efficacy of preoperative Tg 
and TSH levels for prediction of thyroid malignancy 
in patients undergoing thyroid surgery. 

PATIeNTs AND MeThODs

Between January 2014 and January 2015, all pa-
tients who underwent thyroid surgery were included in 
the study. Those patients with a diagnosis of medullary 
thyroid cancer or with elevated antithyroglobulin an-
tibody (TgAb) and very elevated TSH were excluded, 
while patients with high-normal or slightly higher 
than normal TSH levels were included in the study. 
The study was approved by the Ethical Committee 
of Sisli Etfal Training and Research Hospital (491-9-
2013) and informed consent was waived. Data were 
collected prospectively. Demographic features, type of 
thyroid disorder, any medication that can affect thyroid 
hormone levels, FNAB results, surgical procedures 
and histopathological examinations were recorded. In 
all patients, preoperative FT3, FT4, thyrotropin, Tg, 
TgAb and antithyroid peroxidase (TPO-Ab) levels 
were measured preoperatively. FNAB results were 
classified into five categories: nondiagnostic, be-
nign, indeterminate, suspicious for malignancy and 
malignant. All patients were divided into two groups 
(benign group and malignant group) according to the 
final histopathological results. 

ThyROID hORMONe MeAsUReMeNTs

Plasma thyroid hormones (FT3, FT4, TSH) were 
analyzed using electrochemiluminescence (ECL) im-
munoassays. The normal values of thyroid hormones 
ranged between 2.7 and 5.7 pg/mL for FT3, between 
0.7 and 1.7 ng/dL for FT4 and between 0.2 to 4.7 IU/
mL for TSH.

Tg, TgAb and TPOAb levels were measured using 
ECL assays (Elecsys, COBAS, e411, Roche Diagnos-
tics GmbH, Germany). The reference range for Tg, 
TgAb and TPOAb were 1.4-78 ng/mL, 0-115 IU/mL, 
and 0-35 IU/mL, respectively.
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sTATIsTICAL ANALysIs

All patients were divided into the two groups: 
benign or malignant neoplasm of the thyroid gland 
(DTC); papillary thyroid carcinoma (PTC) or fol-
licular thyroid carcinoma (FTC) according to the 
histopathological examinations. Numerical variables 
were expressed as mean ± standard deviation (SD) or 
median (range) based on distribution pattern, while 
categorical variables were presented as absolute val-
ues and percentages. Differences between continuous 
and categorical variables were assessed by Student’s 
t test for normally distributed variables and the Mann-
Whitney U test for non-normally distributed vari-
ables, and Fisher’s exact test or the chi-square test, 
respectively. Univariate and multivariate analyses 
were carried out to identify variables associated with 
DTC. The receiver operating curve (ROC) analysis 
was performed to determine cut-offs of measured 
variables that were significant for predicting DTC. 
A P value less than 0.05 was considered statistically 

significant and all analyses were performed using 
SPSS, version 20 (Statistical Package for the Social 
Sciences Inc, Chicago, IL, USA). 

ResULTs

There were 242 patients with a mean age of 48.2±11 
years who underwent thyroid surgery during the study 
period. Only 202 patients (169 female and 33 male), 
who met the inclusion criteria, were enrolled in the 
study. Of these patients, 134 had a final histopatho-
logical diagnosis of benign thyroid diseases, while 
68 patients were confirmed with DTC. The malignant 
group included 62 PTCs (32 micropapillary carcinoma 
and 10 PTC with follicular variant), 5 FTC and one 
patient with metastatic renal cell carcinoma to the 
thyroid gland. Benign pathologies were composed 
of adenomatous nodular hyperplasia (n=74, 55%, 
concomitant lymphocytic thyroiditis: 22 and onco-
cytic changes: 15), follicular adenoma (n=23, 17%) 
and others (n=37, 27%) (Figure 1). 

figure 1. Distribution of histopathological examination results of 202 patients

* One patient with metastatic renal cell carcinoma to the thyroid gland.
ANH: adenomatous nodular hyperplasia, PTC: papillary thyroid carcinoma, FTC: follicular thyroid carcinoma, MPC: micropapillary 
thyroid carcinoma, PTC: papillary thyroid carcinoma, FV: follicular variant.
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Demographic and risk factors for thyroid cancer 
such as radiation exposure or family history were 
similar in both groups. Table 1 shows the types of 
thyroid disorders and surgical procedures in detail. 
Only four patients underwent completion thyroid-
ectomy. Preoperative mean values of FT3 and FT4 
results were in the normal range in the benign and 
malignant groups (3.5±1.1 pg/mL and 3.6±1.2 pg/mL, 
1.2±0.4 ng/dL and 1.2±0.3 ng/dL), respectively. Eight 

patients were under medical treatment for toxic nodular 
goiter and nine patients were taking medication for 
hypothyroidism. In both groups, mean anti-thyroid 
peroxidase (anti-TPO) levels were above the normal 
range (47±9.5 IU/mL and 53±15 IU/mL), whereas 
mean anti-Tg values were found to be within the 
normal range (29±3 IU/mL and 41±12 IU/mL). Mean 
levels of thyroid antibodies including anti-TPO and 
TgAb were similar between groups (Table 1). 

Table 1. Comparison of demographic features and laboratory results between patients with benign and malignant thyroid disorders.
Benign 

(n=134, 66%)
Malignant

(n=68, 33%)
 p

Demographics
Age, years 47±12 49±12 0.463
Gender (F/M)
Preoperative drug use

111/23
14

57/11
3

0.971
0.184

Laboratory results
TSH, IU/mL 1.4±1.2, (1.07) 1.9±2.5, (1.2) 0.257
Tg (ng/mL)β 64 (0.25-1286) 20 (0.07-567) <0.001
Tg (normal / high, %*) 78 / 56, (41%) 46 / 22, (32%) 0.073
Anti-Tg (IU/mL) 29±3.8 41±12 0.263
Anti-TPO (IU/mL) 47±9 53±15 0.715
TSH/Tgβ 0.02 (0.004-8.6) 0.04 (0.002-19) 0.024
Tg/TSHβ 43 (1-9100) 17 (1-5200) 0.072
FNAB** (ND / B / I / SM / M) 8 / 105 / 17 / 4 / 2 4 / 16 / 10 / 11 / 31 12 / 121 / 27 / 15 / 33

Type of thyroid disorders
Multi-nodular goiter
Solitary thyroid nodule
Toxic goiter (diffuse, nodular, multinodular)

103
26
5

62
5
1

Surgical procedures (n=210)α

Lobectomy
Total thyroidectomy

35 (3)&

102
4 (1)&

65
Data are expressed as mean ± standard deviation (SD) for normally distributed variables and median (range) for non-normally dis-
tributed variables.
Differences between continuous and categorical variables were assessed by Student’s t test for normally distributed variables and the 
Mann-Whitney U testβ for non-normally distributed variables, and Fisher’s exact test, respectively.
  *  Percentages show the frequency of higher Tg levels (above the normal range).
**  A total of 208 FNAB results in 187 patients were evaluated. In the malignant group, 65 FNABs were performed in 62 patients, 

while in the benign group, 143 FNABs were performed in 125.
ND: non-diagnostic; B: benign; I: indeterminate; SM: suspicious for malignancy; M: malignant; Tg: thyroglobulin; TSH: thyroid–
stimulating hormone-thyrotropin; TPO-Ab: thyroperoxidase antibody; FNAB: fine needle aspiration biopsy.
& completion thyroidectomy, 
α completion thyroidectomy (4), central neck dissection (2) and parathyroidectomy (2)
β Mann-Whitney U test.
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The serum Tg level was found to be significantly 
higher in the benign group (64 ng/mL vs 20 ng/mL, 
p<0.001) (Table 1). Meanwhile, the rate of elevated 
Tg levels was 41% in the benign group, whereas it was 
32% in the malignant group (p=0.073). TSH levels 
were observed to be similar (1.4±1.2 IU/mL vs 1.9±2.5 
IU/mL, p=0.257). While the median Tg:TSH ratio 
was not statistically significant (43 vs 17, p=0.07), 
the median TSH:Tg ratio was significantly higher in 
patients with DTC (0.04 vs. 0.02, p=0.024). However, 
the ROC curve analysis failed to show a a validated 
cut-off value which would allow preoperative diag-
nosis of thyroid cancer.

The results of the univariate and multivariate 
analyses are listed in Table 2. Univariate analysis 
showed that the TSH:Tg ratio was a predictor for 
thyroid malignancy (OR 0.001; 95% CI, 0.01-0.125; 
p=0.007) in combination with the FNAB results. 
When these parameters were included in a multivari-
ate model, after adjustment for age and sex, it was 
no longer statistically significant. 

Table 2. Univariate and multivariate analysis for thyroid cancer risk
p OR 95% CI

Univariate regression  
analysis

TSH, IU/ mL 0.889 0.000 0.000 ….
Tg, ng/mL 0.745 1.000 0.998 1.001
TSH:Tg 0.007 0.001 0.000 0.125
Tg:TSH 0.184 1.183 0.923 1.517
FNAB <0.001 30.004 8.033 112.064
TPOAb, IU/mL 0.685 0.999 0.995 1.003
TgAb, IU/mL 0.370 1.003 0.997 1.009

Multivariate regression  
analysis*

Age 0.929 1.002 0.961 1.044 
Sex 0.258 0.389 0.076 1.998
TSH, IU/mL 0.611 1.096 0.770 1.561
Tg, ng/mL 0.525 0.999 0.996 1.002
TSH:Tg 0.762 0.982 0.872 1.106 
FNAB <0.001 25.034 4.907 127.729

*after adjustment for sex and age 
TSH: thyrotropin, Tg: thyroglobulin, FNAB: fine needle aspi-
ration biopsy, TPO-Ab: anti-thyroperoxidase antibody, TgAb: 
Thyroglobulin antibody.

With regard to the preoperative FNAB results, non-
diagnostic or indeterminate pathology was detected in 
42 patients. Of these, in 14 patients (33%) malignant 
thyroid disorders were confirmed following the final 
histopathological examination. Those patients with 
an FNAB that resulted in a suspicious for malignancy 
or a malignant thyroid nodule (n=48) had both higher 
TSH levels (2.0 IU/mL vs 1.4 IU/mL, p=0.08) and 
a higher thyrotropin:thyroglobulin ratio (0.9 vs 0.3, 
p=0.093). The rate of malignant thyroid disorders in 
these patients was 87%. 

DIsCUssION

Although there have been several studies investi-
gating the association between preoperative Tg and 
TSH levels and malignant thyroid disorders, neither of 
them has so far been demonstrated as having sufficient 
accuracy to be used as a screening test.10 The present 
study confirms that the simultaneously increased levels 
of both Tg and TSH are not useful in predicting thyroid 
malignancy in the preoperative period. By contrast, 
Tg levels were significantly lower in patients with 
DTC. In addition, recent studies have demonstrated 
an inverse or direct relationship between the DTC and 
Tg:TSH ratio11 or the TSH:Tg ratio.12 In our study, 
we consistently observed a direct correlation between 
the TSH:Tg ratio and DTC, whereas no relationship 
was found with the Tg:TSH ratio. 

A number of diagnostic procedures are needed to 
prevent unnecessary surgery. While ultrasonography-
guided FNAB is still the most widely used diagnostic 
tool for thyroid cancer,13-15 one of the reasons for 
inconclusive results is its low-sensitivity, particularly 
for certain disorders.15-17 Apart from the fact that 
FNAB results not infrequently include indetermi-
nate cytology and suspicious findings for malignant 
thyroid nodules, FNA biopsy needs a highly quali-
fied cytopathologist who will guide the clinician to 
consider other additional diagnostic methods. There 
have been several studies showing the benefits of 
measuring Tg levels in patients with indeterminate 
FNAB cytology.1 In our study, preoperative Tg levels 
were not significantly higher in this group of patients. 
Another challenge related to FNAB indeterminate 
specimens is that most of the final pathological results 
for these nodules reveal benign findings, as shown in 
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patients with thyroid cancer, McLeod et al showed 
that the risk of thyroid cancer was two-fold higher 
in patients with increased TSH levels.6 The most 
recent version of the ATA guidelines also highlight 
the association between higher serum TSH levels and 
increased risk of malignancy in a thyroid nodule.36 
There are also some studies showing a direct corre-
lation between higher serum TSH levels and higher 
tumor stage.31,37

Currently, there is increasing interest in the devel-
opment of novel, easily applied markers that have the 
potential to enhance our ability to predict thyroid ma-
lignancy in the preoperative period. Today, preoperative 
serum markers (Tg, TSH and thyroid antibodies) are 
attracting growing interest among clinicians because 
they are fairly accessible tests, faster and low-cost 
by contrast with other methods. However, they have 
demonstrated suboptimal accuracy in discriminating 
malignant from benign nodules. Recently, Wang et al 
investigated the role of the thyrotropin:thyroglobulin 
ratio to predict malignancy and found that it was 
significantly higher in patients with DTC,12 whereas 
Cohen et al showed a significantly lower Tg:TSH ratio 
with a cut-off value of 2.7 in patients with malign 
disorders.11 With regard to our results, TSH:Tg was 
significantly higher in the malignant group, whereas 
Tg:TSH was found to be lower in the malignant 
group, showing no statistically significant differ-
ence. Although TSH was not statistically significant 
between groups, the mean level of TSH was higher 
in the malignant group. This means that higher TSH 
levels and concomitant lower (normal or high-normal) 
Tg levels should alert the clinician to the possibility 
of thyroid cancer.

Our study has several strengths, including its pro-
spective design, the large number of patients with 
DTC and the exclusion of those with high TgAb and 
very elevated TSH levels requiring higher doses of 
antithyroid medication. Limitations included lack of 
data on nodule features from the ultrasonographic 
findings and the tumor diameter, which can have a 
correlation with these parameters, were not recorded. 

CONCLUsIONs 

Despite a growing amount of information regard-
ing preoperative markers for the prediction of thyroid 

our study.18-20 Histopathological results confirmed ma-
lignancy at a rate of 33% for our series. Another factor 
associated with false negative FNAB and subsequent 
unnecessary surgery is incidental microcarcinomas, 
with a rate reaching 40%.21 In this study, the rate of 
micropapillary thyroid carcinoma was almost 50%. 

Given the aforementioned limitations of FNAB, 
several other potentially predictive factors have been 
studied for the detection of malignancy risk in thyroid 
nodules. Particularly molecular markers, such as BRAF 
mutations in a FNAB specimen, are expected to have 
a significant impact on cancer prognostication and are 
increasingly being resorted to for inconclusive cases.22 
Other molecular markers, including galectin-3 and 
cytokeratin-19, have been also been used to improve 
diagnostic accuracy for indeterminate nodules.23-25 
Nevertheless, concerns about accessibility and cost-
effectiveness still impede the widespread use of these 
markers in the clinical setting. Several articles have 
assessed the role of preoperative serum hormones, 
antibodies and a number of proteins for predicting 
malignancy in thyroid nodules. However, the diag-
nostic role of these markers (thyrotropin, TgAb, etc.) 
and Tg remains debatable.

Serum Tg level is not specific for thyroid cancer 
and can also be detected at elevated levels in several 
proliferative thyroid disorders.1,26 Neither the ATA 
nor the AACE/ETA/AME guidelines recommend the 
assessment of serum Tg in the diagnosis of thyroid 
nodules.27 Likewise, several studies have shown pre-
operative Tg measurement to be useless because it is 
too weak to distinguish between malignant nodules and 
benign,1,26,28,29 whereas others have noted its potential 
to predict thyroid malignancy in the preoperative 
period.2,3 Conversely, some other series, including 
the present study, have reported lower Tg levels in 
patients with thyroid malignancy compared to those 
with benign disorders.11,29 

Thyrotropin is another popular biomarker con-
sidered to be a predictor for differentiated thyroid 
cancer.30,31 However, although it was demonstrated 
that DTCs express TSH receptors,32 the issue is still 
under discussion. Some studies showed an increased 
risk of malignancy in a thyroid nodule with high 
serum TSH,6,7,30,31 whereas others reported no rela-
tionship.10,33-35 In a meta-analysis including over 5000 
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cancer preoperatively, an increased level of serum Tg 
or TSH appear w not to be useful to predict malig-
nant thyroid disorders. However, TSH:Tg ratio was 
found to be significantly increased in patients with 
thyroid cancer but it was not shown to be an inde-
pendent predictor. Large-scale prospective studies or 
meta-analyses will yield more conclusive evidence 
to clarify this issue.
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AbstrAct

INTRODUCTION: selectivity index (sI) and lateralization index (LI) thresholds determine 
the adequacy of adrenal vein sampling (Avs) and the degree of lateralization. The purpose of 
this study was investigate the clinical outcome of patients whose adrenal vein sampling was 
interpreted using “strict criteria” (sC) (sIpre-stimuli≥3, SIpost-stimuli≥5 and LIpre-stimuli≥4, LIpost-stimuli≥4). 
MATeRIALs AND MeThODs: A retrospective review of 73 consecutive Avs procedures 
was performed and 67 were technically successful. forty-three patients showed lateralization 
and underwent surgery, while 24 did not lateralize and were managed conservatively. systolic 
blood pressure (sBP), diastolic blood pressure (DBP), kalemia (K+), and the change in num-
ber of blood pressure (BP) medications were recorded for each patient before and after Avs 
and potential surgery were performed. ResULTs: In the surgery group, BP and K+ changed 
respectively from 160±5.3/100±2.0 mmhg to 127±3.3/80±1.9 (p <0.001) and from 3.00±0.10 to 
4.4±0.09 (p <0.001). In the medically managed group, BP and K+ changed respectively from 
148±7.3/93±4.3 to 135±3.3/86±1.9 (p <0.001) and from 2.68±0.10 to 4.3±0.09. After surgery or 
AVS, the patients who took ≥3 blood pressure medications were six (14.0%) in the lateralized 
group and 22 (91.7%) in the non-lateralized group (p <0.001). CONCLUsIONs: Avs inter-
pretation with sC leads to significant clinical improvement in both patients who underwent 
surgery and those managed conservatively.
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INTRODUCTION

Primary aldosteronism (PA) is considered the most 
prevalent type of secondary hypertension, estimated to 
affect 5% to 14% of all hypertensive patients.1 Once 
the clinical diagnosis is confirmed by clinical and 

biochemical screening, it is of paramount importance 
to determine whether the PA is the result of unilateral 
or bilateral aldosterone secretion. 

Adrenal vein sampling (AVS) is a demanding 
procedure that consists of obtaining blood samples 
from the adrenal veins to measure concentrations 
of aldosterone and cortisol in order to differentiate 
unilateral from bilateral disease.2-4 For consistency of 
interpretation, the sample concentrations are translated 
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into a selectivity index (SI), an expression of the ac-
curacy of sampling, and a lateralization index (LI), 
an index of the lateralization of aldosterone secretion. 
The optimal values of SI and LI remain controver-
sial: several case series have been published using 
different SI and LI values.3,5-6 The lack of established 
thresholds results in variable sensitivity and specific-
ity of the AVS procedure.7-9 The purpose of this study 
was to investigate the clinical outcome of patients 
whose adrenal vein sampling was interpreted using 
“strict criteria” (SC) (SIpre-stimuli≥3, SIpost-stimuli≥5 and 
LIpre-stimuli≥4, LIpost-stimuli≥4). The patients who did not 
lateralize using SC were divided into two subpopula-
tions to determine whether lower LI was associated 
with a better clinical outcome compared to those with 
a LI closer to the SC.

PATIeNTs AND MeThODs

A retrospective review was conducted of 73 con-
secutive patients who underwent AVS between Janu-
ary 2004 and December 2014. All the patients were 
referred to a tertiary care academic institution. All the 
procedures were performed by a single experienced 
operator using a consistent technique. A Human In-
vestigation Committee exemption was obtained. Data 
collected included the number of antihypertensive 
pharmacologic agents, serum K+ levels, blood pres-
sure measurements (BP), before and after each AVS 
was performed, and imaging. 

Study population
The study population included treatment-resistant 

hypertensive patients with clinical and biochemical 
features of PA referred for AVS. Screening for PA had 
been performed in conformity with current guide-
line recommendations.3,10,11 As part of the screening 
process, hypokalemic patients had their serum K+ 
concentrations corrected with oral K+ supplements 
and, when possible, antihypertensive medications 
that could interfere with the renin-angiotensin-aldos-
terone-system (RAAS; e.g. β-adrenergic antagonists, 
thiazide diuretics, amiloride, triamterene, angiotensin 
receptor blockers (ARBs) and angiotensin converting 
enzyme (ACE) inhibitors) were withdrawn within two 
weeks of testing. Slow release verapamil, hydralazine, 
doxazosin and/or methyldopa, agents which do not 
significantly influence the RAAS, were substituted 

when necessary to control BP.12 Spironolactone and 
eplerenone were withdrawn at least five weeks prior 
to testing. Plasma aldosterone concentration: plasma 
renin activity ratio (ARR) was measured in the morning 
with the patient in a seated position. The patients who 
presented with ARR >30 were subsequently scheduled 
for confirmatory testing with a saline suppression test. 
Correction of hypokalemia (serum K+ <3.5 mmol/L) 
was provided before the test was performed. Plasma 
aldosterone concentration was measured at baseline 
and at 240 minutes after intravenous infusion of 2 L 
of 0.9% saline; failure of aldosterone to decrease to 
<8 ng/dL with saline was considered to be diagnostic 
of PA.12 Patients with positive saline suppression test 
results and prior consent to undergo laparoscopic 
adrenalectomy in the event that a unilateral source 
of aldosterone hypersecretion was documented were 
scheduled for AVS. All the patients had at least one 
CT or MRI before undergoing AVS.

AVS Procedure
All AVS procedures were performed under intra-

venous conscious sedation. The intravenous sampling 
catheters were prepared with a side hole near the tip 
in order to improve blood sampling.2,5,13 Bilateral 
femoral venous access through appropriate introducer 
sheaths was obtained and catheters were advanced 
into the left and right adrenal veins. Inferior vena cava 
control samples were obtained through a 6-French left 
femoral introducer sheath. Once the position of the 
catheters was considered appropriate according to the 
operator’s interpretation of adrenal venography, all 
the samples were collected simultaneously without 
further changes in catheter position. To achieve a 
higher selectivity, the left adrenal vein was catheter-
ized with a microcatheter. Samples of right and left 
adrenal veins and infrarenal inferior vena cava (IVC) 
were performed simultaneously, although there is no 
evidence that this technique is superior to obtaining 
sequential samples.14 Each AVS consisted of at least 
four sets of samples: two sets of samples were collected 
5 minutes apart before synthetic adrenocorticotropic 
hormone (ACTH) stimulation and two more were 
collected 20 and 40 minutes after 250 ug of ACTH 
(cosyntropin; Amphastar, Rancho Cucamonga, Cali-
fornia) had been administered.

Starting 2008, 31 patients underwent intraproce-
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dural cortisol measurements in an effort to reduce 
the number of non-diagnostic AVS procedures: the 
technique involved rapid assay of serum cortisol 
concentrations from each adrenal vein and the IVC 
on both the pre-stimulated samples (i.e. -40 and -20 
minutes). Adrenal/peripheral cortisol ratios provided 
the operator with an intraprocedural feedback on when 
to reposition an adrenal vein catheter. In particular, 
when SI did not reach the threshold for selectivity for 
pre-stimuli samplings (SI ≥3), the catheter was repo-
sitioned before obtaining the post-stimuli samplings.

The results of each AVS were interpreted by the 
same experienced endocrinologist. SI was calculated as 
[Cortisoladrenal vein]/[CortisolIVC] and LI as [Aldosterone/
Cortisol]adrenal vein/[Aldosterone/Cortisol]contralateral adrenal 

vein. All AVS information was integrated with clinical 
and imaging data before the diagnosis of unilateral 
or bilateral PA was finalized. SIpre-stimuli ≥3, SIpost-stimuli 
≥5, LIpre-stimuli ≥4 and LIpost-stimuli ≥4 were used as the 
criteria for diagnosis of unilateral PA.

Two sets of non-stimulated and two sets of stimu-
lated samples were routinely obtained. Each patient’s 
diagnosis was based on the majority of selective set of 
samples suggesting the same diagnosis of unilateral 
or bilateral PA.

Statistical Analysis
Measurements are reported as mean ± SD. Normal-

ity of the distributions was confirmed by a Shapiro-
Wilk test. Paired t-tests were used to compare pre-and 
post-treatment potassium and BP measurements in 
both the surgical and medical treatment groups. The 
unpaired t-test was used to compare the outcomes 
between the subpopulation whose LI were respec-
tively above and below LIPC. A Chi-square test was 
used to compare the number of patients who changed 
BP medication class from 0-2 to ≥3 in the lateralized 
and non-lateralized groups and to compare them 
after surgery or AVS. Nodules dimension(s) and age 
were investigated as predictors of AVS outcome by 
univariate analysis. The software of Spotfire S plus 
version 8.5 (TIBCO INC., Palo Alto, CA) was used 
to conduct the data analyses.

ResULTs

Five of 73 patients were not included in the analysis 

due to loss of follow-up or lack of data. Nine (12.3%) 
AVS procedures were non-diagnostic (not selective 
enough) after the first procedure and were success-
fully repeated. Sixty-seven patients had a diagnostic 
AVS after one or two procedures. Forty-three of 67 
(64.2%) patients demonstrated unilateral disease and 
underwent unilateral laparoscopic adrenalectomy. 
Twenty-four were diagnosed with bilateral aldosterone 
hypersecretion (Figure 1).

The mean age of the 43 patients that underwent 
surgery was 55.7±12.4 years and 60.5% were male. 
The pathology reports of 36 (83.7%) were consistent 
with aldosterone-producing adenomas adenoma (APA), 
one with carcinoma (2.3%) and six with unilateral 
nodular adrenal hyperplasia (13.9%). Four of the 
latter six patients showed full clinical improvement 
with normalization of serum potassium, normaliza-
tion of the BP, and in three out of four, freedom from 
medication; these were ultimately considered as being 
unilateral hyperplastic adrenal glands. The remain-
ing two showed only partial improvement of BP and 
K+ levels and were successfully managed medically. 
Thirty-eight patients out of 43 (88.4%) that underwent 
adrenalectomy showed improved control of potassium 
levels, while 37 (86.0%) and 34 (79.1%) respectively 
improved their BP control and reduced the amount 
of drugs to achieve it. 

The mean systolic blood pressure (SBP) dropped 
from 160±5.3 mmHg to 127±3.3 (p <0.001), as did 
the mean diastolic blood pressure (DBP) that fell 
from 100±2.0 mmHg to 80±1.9 (p <0.001). Potassium 
levels went from 3.0±0.10 to 4.4±0.09 (p <0.001).

The mean age of the patients that were treated 
medically due to a non-lateralized AVS was 55.0±11.9 
years (58.3% male). Mean BP fell from 148±7.3/93±4.3 
to 135±3.3/86±1.9 (p <0.001) and K+ from 2.68±0.10 
to 4.3±0.09 (Table 1). 

Mean ARR at presentation and reduction in aldos-
terone post normal saline infusion in the lateralization 
group was 47.0±44.1 and 14.2±29.2 (ug/dL), while 
in the non-lateralized it was 23.0±28.5 and 8.7±17.7 
(ug/dL) (p=0.042 and 0.037). 

In the lateralization group, before surgery eight 
patients were taking <3 medications, while 35 were 
taking ≥3; after treatment 37 patients reduced their 
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medications to less than 3 and only six were still on 
3 or more BP medications (p<0.001) (Figure 2a). In 
the non-lateralized group five patients were taking 
<3 medications, while 19 were taking ≥3; after AVS 
the number of patients that took ≥3 medications in-
creased to 22 (p=0.416) (Figure 2b). The amount of 
BP medications at presentation was not statistically 
different between the patients who lateralized versus 
those who did not lateralize (p=0.532). After surgery 
or AVS the patients who took ≥3 blood pressure 
medications was six (14.0%) in the surgery group, 
while it was 22 (91.7%) in the medically managed 
group (p <0.001).

Twenty out of 24 (83.3%) patients who were man-
aged with antihypertensive showed improved level 
of potassium and 20 improved their BP control after 
adjustment of the therapy.

Of the 24 patients who did not lateralize in 10 LI 
was ≥2, while in 14 LI was <2. Intergroup comparison 
of the outcomes revealed no difference (Table 2).

Sixty-two patients had a CT, five an MR. Fifty-one 
patients displayed unilateral nodules, 44 were >1cm, 
seven were <1cm, eight showed no nodule or full-
ness, eight had bilateral nodules. Thirty-five (79.5%) 
of the 44 patients that displayed a unilateral nodule 
≥1cm lateralized on the same side on AVS (Table 3).

DIsCUssION

AVS lacks a standard of reference for appropriate 
SI and LI and a gold standard for diagnosis in patients 
who do not undergo surgical resection. In addition, 
the pathology observed at surgery does not corre-
late uniformly with postoperative clinical outcomes. 
Letavernier et al15 demonstrated that, regardless of 
the pathologic findings of the adrenal glands, patients 
showing elevated lateralization indexes (LI ≥5) are 
likely to improve clinically after unilateral adrenalec-
tomy. This provides support for the assumption that 
the AVS diagnosis was correct in the six patients in 
this study with hyperplastic adrenal glands removed 

figure 1. Study design.
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Table 1. Population characteristics and outcomes divided by AVS 
diagnosis. Mean follow up 16 months
variable Outcomes 

(mean±sD)
43 Patients who lateralized and underwent 
surgery
Age (years)
M:F (%)
Systolic Blood Pressure (mmHg)* 
    Pre-procedure
    Post-procedure
Diastolic Blood Pressure (mmHg)*
    Pre-procedure
    Post-procedure
Potassium (mmol/L)*
   Pre-procedure
   Post-procedure

24 Patients who did not lateralize and were 
managed conservatively
Age (years)
M:F (%)
Systolic Blood Pressure (mmHg)* 
    Pre-procedure
    Post-procedure
Diastolic Blood Pressure (mmHg)*
    Pre-procedure
    Post-procedure
Potassium (mmol/L)*
   Pre-procedure
   Post-procedure

 

56±12
61:39

160±5.3
127±3.3

100±2.0
80±1.9

3.00±0.10
4.4±0.09

 

55±12
58:42

148±7.3
135±3.3

99±4.3
86±1.9

2.68±0.10
4.3±0.09

*P<0.001 Paired t-test comparison to the pretreatment value

figure 2a. Percentage of patients that switched from 3 blood 
pressure medications before surrenectomy to less than 3 after 
surrenectomy. BPM=blood pressure medications

figure 2b. Percentage of patients that changed from 3 blood 
pressure medications before AVS to less than 3 after AVS.

Table 2. Post-procedural outcomes comparison of 24 patients that 
were treated conservatively. The population was split in 10 and 14 
patients whose SI and LI were respectively above and below the PC
variable LIPC>LI>LIsC (10) LIPC>LIsC (14) p
SBP (mmHg) 134±2.39 134±4.07 >0.999
DBP (mmHg) 87±2.54 86±2.23 >0.999
K+ (mmol/L) 2.90±0.12 3.00±0.22 0.207

Table 3. Concordance of the imaging results with AVS

Imaging results
Avs result

TOTsame side 
LAT

Contralateral 
side

Non 
LAT

Unilateral >1cm 35 1 8 44
Unilateral <1 cm 4 1 2 7
Bilateral 2 N/A 6 8
Normal/fullness 2 N/A 6 8

43 2 22 67

without an adenoma at pathology since the only avail-
able outcome considered was improvement or cure 
of hypertension. As surgery was demonstrated to be 
of little or no value in patients with bilateral adrenal 
disease,16 this study confirmed that applying SC pro-
vides significant clinical benefits both for the patients 
diagnosed with unilateral aldosteronism with complete 
healing and freedom from medications in 60.4% 
and for those with bilateral hyperaldosteronism who 
were able to receive a more targeted therapy without 
increasing the number of medications.
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Applying SC means inevitably that the specific-
ity for correct cannulation and lateralization would 
drastically increase if compared to more permissive 
criteria of interpretation.9,7,17 The risk in this case is 
to misdiagnose unilateral adenomas as a bilateral 
hypertrophy. To address this issue, an additional 
comparison between the clinical outcome of the pa-
tients that would have lateralized using more per-
missive criteria PC (SIpre-stimuli≥1.1 SIpost-stimuli≥2 and 
LIpre-stimuli≥2 LIpost-stimuli≥2) and those who would not 
was run, which revealed no difference in outcome, 
meaning that a targeted drug therapy can provide an 
optimal increase of BP therapy and K+ levels similarly 
in patients with LI ≥2 and in those with LI <2 (Table 
2). Furthermore, two discarded AVS that did not reach 
a high enough level of selectivity using SC would 
have shown non-lateralization if interpreted with 
PC, but upon repeating the procedure, lateralization 
was confirmed by the AVS and subsequently by the 
pathology confirming an adenoma. These findings 
are consistent with multiple studies that pointed out 
the unreliability of SI and LI below the recommended 
criteria (RC) (SIpre-stimuli≥2, SIpost-stimuli≥3 and LIpre-stimuli≥2, 
LIpost-stimuli≥4).5,9,18-19

Given the distribution of the data with just one 
AVS falling in the “gray area” with LI and SI be-
tween the RC and SC, it is possible that one or, more 
likely, a multitude of factors influenced such a wide 
diagnostic overlapping that brought the benefit of 
drastically reducing the doubts at the time of inter-
pretation of the AVS. The purpose of using SC was 
to attain reasonable consistency and possibly outrank 
the performance of other criteria with lower LI and 
SI thresholds. In the attempt to reach this goal, the 
whole AVS technique was built with the awareness 
that these results would be achieved only by using 
multiple precautions. For example, duplicating pre- 
and post-stimuli samplings and trusting the AVS 
only if more than half of the single samples were 
diagnostic prevented us from repeating up to 9 and 
trusting up to 5 misdiagnosed AVS that would have 
pointed towards the opposite diagnosis if just one 
sample per AVS had been drawn. Similarly, a single 
experienced operator, withdrawal of the samplings 
before and after the administration of cosyntropin, 
the intra-procedural cortisol to obtain a feedback 

of proper positioning, the ready availability of 3D 
imaging in our opinion contributed to making a clear 
difference between AVS that lateralized and those 
that did not. These findings appear to be in contrast 
to other published series7,9,18 that showed a significant 
progressive lowering of the selective samples and 
an increase in the true positive lateralization upon 
raising the LI and SI thresholds.

It has long been debated whether imaging meth-
ods can recognize adrenal secreting nodules.4,20 An 
additional analysis was performed to investigate if 
nodule dimension and the patient’s age could predict 
the AVS outcome; in particular, features like the di-
mension of the nodule ≥1cm,21 patients younger than 
40 years old.13 Imaging characterization in this study 
failed to prove lateralization in 10 patients who had 
a unilateral nodule, and in eight who had a unilateral 
nodule >1cm. Moreover, in two cases, with a unilat-
eral 1cm and 5mm nodule, the AVS lateralized on the 
contralateral side. The first case was interpreted as a 
possible mistake in labelling the samples and upon 
repeating the procedure, AVS confirmed lateraliza-
tion on the contralateral side compared to what the 
imaging showed. All 12 patients, after surgery, had 
pathology confirmation of adenoma. Eleven patients 
were younger than 40 years old, four had a unilateral 
nodule ≥1cm, but only 50% showed lateralization on 
AVS. These findings support the concerns raised by 
some authors22,23 suggesting that mere imaging based 
lateralization must still be avoided.

The study had some limitations including the ret-
rospective design and the loss to follow-up of some 
patients in the early phase.

CONCLUsIONs

SC of interpretation of AVS provided a signifi-
cant clinical improvement in both the patients who 
underwent surgery and those who were managed 
medically. All the patients with SI and LI below the 
SC showed a significant clinical improvement with 
medical therapy.
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AbstrAct

Malignant insulinoma usually has a poor prognosis, as no efficient medical treatment is avail-
able. The somatostatin analogs octreotide and lanreotide have limited ability to control the 
hypoglycemic events. Pasireotide is a multi-receptor targeted somatostatin-analog with im-
proved affinity for ssTR5. There is to date no reported treatment experience with this drug 
in such tumors. CAse DesCRIPTION: A 72-year-old patient with a g2 stage Iv insulinoma, 
who underwent excision of the primary pancreatic tumor and multiple hepatic metastases, 
required further treatment for recurrent hypoglycemic events. The glycemic control achieved 
with pasireotide LAR was better compared with lanreotide and everolimus. however, none 
of these treatments showed tumor anti-proliferative effects. CONCLUsIONs: Pasireotide 
monthly injections achieved improved glycemic control in a patient with malignant insulinoma 
and recurrent hypoglycemic events compared with other medical treatments.
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CAse RePORT

We report a 72-year-old male presenting with 
recurrent fainting episodes. His medical history is 
unremarkable except for well-controlled hypertension 
and dyslipidemia. The patient had experienced recur-
rent fainting episodes, suspected as being syncope, 
between 2005 and 2010. After the patient complained 
of severe pre-lunch hunger, blood glucose monitoring 

was initiated, revealing recurrent hypoglycemia as low 
as 60 mg/dl (3.3 mmol/l). A subsequent inpatient 72-
hour fasting test failed to reproduce the hypoglycemia.

In July 2012, the patient fainted at home, at which 
point his capillary glucose level was 25 mg/dl (1.4 
mmol/l). The patient regained consciousness fol-
lowing a bolus of 50% dextrose solution and was 
then hospitalized. C-peptide levels of 3.4 ng/ml and 
serum insulin of 14.4 mIU/ml were observed dur-
ing an in-house hypoglycemic event (40 mg/dl, 2.2 
mmol/l). The patient and his spouse denied use of 
insulin secretagogs and no serum anti-insulin anti-
bodies were detected, thus a diagnosis of endogenous 
hyperinsulinism was made.
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A triple-phase abdominal CT scan demonstrated 
a 3 cm lesion in the pancreatic head with multi-
ple hepatic hypervascular masses. CT-guided liver 
biopsy was consistent with a G2 neuroendocrine 
tumor (NET), positively stained for chromogranin A 
and synaptophysin, and 3% KI-67 expression. The 
patient underwent a Ga-68 DOTATATE-PET scan, 
with strong Ga-68 uptake in the pancreatic and liver 
lesions (Figure 1A).

In November 2012, the patient underwent local 
excision of the primary tumor from the head of the 
pancreas, liver segmentectomy (segments 2-3) and 
multiple wedge excisions of ~10 liver metastases 
(Figure 1B). The pathology report was again consist-
ent with a G2 NET (KI-67 of 5%) positively stained 
for insulin.

Following surgery, the patient’s glucose levels 
rose and hypoglycemic events diminished, but did 
not resolve completely. Somatuline autogel 60 mg/
month was initiated and increased after one month 
to 90 mg/month for several months (Figure 2). How-
ever, due to recurrent episodes of hypoglycemia and 
the patient’s complaints of gastrointestinal adverse 
events, somatuline was discontinued and pasireotide 
LAR 20 mg was initiated, the dose later being raised 
to 40 mg monthly. With this treatment regimen the 
hypoglycemic events almost completely resolved 
(Figure 2). After several months, new liver metastases 
were demonstrated on CT scan and the decision was 
made to switch treatment to everolimus (Affinitor) 10 
mg/day. On this treatment the rate of hypoglycemic 
events increased (Figure 2) and the patient suffered 

Liver metastasesPrimary lesionA

B

C

figure 1. Ga-68 DOTATE-PET scan showing  the primary lesion and liver metastases at presentation (A), following surgery (B) and 
after disease progression (C). White arrow – Primary lesion ( head of the pancreas), green arrows – liver metastases.
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A

B

figure 2. Hypoglycemia (glucose <70 mg/dl) frequency (A), and glucose levels (B), according to fasting and pre-lunch glucose moni-
toring during follow-up. LAN: lanreotide autogel; PAS: pasireotide LAR; EVE: everolimus.
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from recurrent oral ulcers, fatigue, epistaxis, anemia 
and moderate neutropenia. Moreover, a new Ga-68 
DOTATATE-PET scan showed disease progression 
(Figure 1C). Thus pasireotide LAR 40 mg/month was 
resumed, this resulting in a decrease in hypoglycemic 
events rate which became rare (Figure 2). Due to 
temporarily reduced supply of pasireotide at that time, 
lanreotide was re-administered for several months, 
leading to worsening glycemic control during this 
interval. Currently, the patient is being treated again 
with monthly injections of pasireotide LAR 40 mg 
with improved control.

In order to study the different effects of somato-
statin analogs on plasma glucose levels, we assessed 

the expression of the different somatostatin receptor 
subtypes (SSTRs) on the primary tumor and the liver 
metastases using immunohistochemical staining. We 
used antibodies against SSTR2a (Zytomed Systems 
GmbH, Germany), SSTR3 (provided by S. Schulz, 
Jena, Germany) and SSTR5 (Zytomed). Both the 
pancreatic lesion and the liver metastases revealed 
strong membranous staining for SSTR2a and negative 
for SSTR3 and SSTR5 (Figure 3).

In light of progressive metastatic liver disease, 
the patient was referred for selective internal ra-
diation therapy (SIRT). Because the overwhelming 
preponderance of intrahepatic disease was supplied 
by branches of the right hepatic artery, the patient 

ssTR5ssTR3ssTR2a

x250

Primary 
pancreatic 

lesion

x250x250

x400

x250

Liver 
metastases

figure 3. Immunohistochemical staining for SSTRs in malignant insulinoma: positive for SSTR2a and negative for SSTR3 and SSTR5. 
SSTR: somatostatin receptor.
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with the effect of lanreotide (Figure 2), is compatible 
with the variable expression of the different SSTRs in 
normal islet cells and insulinomas. Although contro-
versy exists regarding the dominant SSTR responsible 
for insulin secretion regulation in pancreatic islet 
cells,4 SSTR5 was found to be the main contributor 
compared to other SSTRs.5 In patients with Cushing’s 
disease6 and acromegaly7 treated with pasireotide, 
hyperglycemia and diabetes mellitus were common 
adverse effects. Studies in healthy volunteers sug-
gest that the mechanism of hyperglycemia seen with 
pasireotide is related to decrease in insulin secretion 
and significantly decreased incretin response,8 result-
ing from islet cells SSTR5 activation. Importantly, 
immunohistochemical studies of SSTRs expression 
in insulinomas found that apart from SSTR2 expres-
sion in most (81%) insulinomas,9 SSTR5 was also 
expressed, but especially in malignant insulinomas.10 
The immunohistochemical staining demonstrated 
strong expression of SSTR2 on the pancreatic le-
sion and the liver metastases, but not SSTR5. The 
improved glycemic control with pasireotide may thus 
be explained by the suppression of insulin secretion 
from normal pancreatic islet cells as seen in patients 
with Cushing’s disease6 and acromegaly7 treated 
with pasireotide. The lack of SSTR5 expression on 
the tumor cells is also in line with the progressive 
metastatic liver disease recorded despite administra-
tion of pasireotide. 

In summary, we report the efficacy of different 
potential medical treatments in reducing hypoglyce-
mic events in a patient with progressive metastatic 
insulinoma. The improved glycemic control achieved 
by pasireotide is likely to be related to the pancreatic 
islet cells SSTR expression profile and to the specific 
mechanism of action of this molecule.
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underwent selective right lobar infusion of Yttrium-90 
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Delayed diagnosis of disorder of sex development (DSD) 
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AbstrAct

CAse PReseNTATION: A 36-year old man, operated on for cryptorchidism at the age of 8 
years, was referred to the Outpatient Clinic of Reproductive endocrinology for investigation 
of infertility. Clinical examination revealed ambiguous genitalia: penis 4-5 cm, testicular vol-
ume 2-3 ml, hypospadias, hypertrophic foreskin and scrotum bifida. Mild hypertension was 
confirmed. No skeletal malformations were detected. DesIgN: hormonal and electrolytic 
determinations as well as semen analysis were conducted. PCR of the coding regions of 17-hy-
droxylase/17,20 lyase (P450c17) and of P450 oxidoreductase (POR) genes was also performed. 
ResULTs: Normal levels of electrolytes, low levels of androgens, high levels of gonadotropins 
and 17-hydroxyprogesterone as well as azoospermia were detected. Karyotype was shown to 
be 46,xy. Both hCg and ACTh stimulation significantly increased 17-hydroxyprogesterone 
with no increase in androgens. The diagnosis was congenital adrenal hyperplasia with appar-
ent combined P450c17 and P450c21 deficiency due to mutations in the POR gene. sequencing 
of the POR gene revealed: one deletion in exon 12 (Del 1696_1698delgTC >del531valine) 
and one missense mutation in exon 7 (A259g) as well as two polymorphisms: rs1057868 (C/T 
A503v) and rs1057870 (g/A s572s) in exons 12 and 13, respectively. No nucleotide changes 
were detected in the 8 exons of P450c17. CONCLUsIONs: Molecular findings were consistent 
with the diagnosis of P450 oxidoreductase deficiency. Despite this severe deficiency, skeletal 
malformations simulating Antley-Bixler syndrome, which usually characterize the most severe 
forms, were not confirmed. This discrepancy could be attributed to the differential impact of 
a POR variant on each one of the P450 enzymes.

Key words: POR deficiency, Mutation, Male pseudohermaphroditism, Disorder of sex development, 
DSD, Ambiguous genitalia, P450 oxidoreductase
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Case report

INTRODUCTION 

Cytochrome P450 oxidoreductase deficiency 
(PORD) (OMIM: 613571 and OMIM: 201750) is a 
form of congenital adrenal hyperplasia.1-4 It was first 
described in 1985 in a patient with genital ambiguity 
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and an abnormal urinary steroid profile, suggesting a 
disorder in the electron donor for 17α-hydroxylase, 
17,20 lyase and 21-hydroxylase, and was named P450 
oxidoreductase.5 Although disruption of the POR gene 
in mice causes gross disorders of embryogenesis and 
embryonic lethality,6,7 in 2004 Fluck et al  reported 
POR mutations in three children with ambiguous 
genitalia and skeletal malformations [Antley-Bixler 
syndrome (ABS)] and in a phenotypically normal 
adult woman with primary amenorrhea and polycystic 
ovaries, leading to the characterization of PORD.1 
Skeletal malformation in many ABS patients with 
ambiguous genitalia and defective steroid metabo-
lism have been linked to PORD,8 which is today 
listed as a separate metabolic disorder characterized 
by disruption of steroid biosynthesis in the adrenal 
gland and gonads.8-11

To date, more than 50 mutations have been re-
ported,12,13 indicating that this disorder might not be 
uncommon.4,14,15

CAse PReseNTATION

A 36-year old-man, who was operated on for 
cryptorchidism at the age of 8 years, was referred to 
our Outpatient Clinic of Reproductive Endocrinol-
ogy in 2004 for investigation of infertility. There 
was a negative family history of Congenital Adrenal 
Hyperplasia (CAH) and other cases of ambiguous 
genitalia/infertility within the family. The patient was 
not receiving any medication. He was euthyroid, with 
no sign of gynecomastia or BMI 27.4 kg/m2 (height: 
180 cm weight: 89 Kg). Clinical examination revealed 
a penis of 4-5 cm, testicular volume 2-3 ml, as well 
as hypospadias, hypertrophic foreskin and scrotum 
bifida (Figure 1). Scrotal ultrasonography confirmed 
a testicular volume of 2 ml. Two spermiograms were 
performed (volume 1.5ml and pH 7.2), revealing 
azoospermia. 

Mild hypertension was also found. Hormonal and 
electrolytic determinations as well as semen analysis 
and karyotyping were the preliminary examinations 
conducted. No skeletal malformations were noted, 
while X-rays of the upper and lower extremities 
were normal. Based on the study by Krone et al,16 
the malformation scoring system for PORD patients, 

including midface hypoplasia, craniosynostosis, hand 
and feet malformations, large joint synostosis, femoral 
bowing, and the presence of nonskeletal malforma-
tions, was 0. Bone densitometry with DXA revealed 
mild spinal cord osteopenia (z score: -1.5).

Although the patient was concerned about his 
fertility, after a thorough discussion he was put on 
testosterone treatment (IM testosterone undecanoate) 
in order to achieve a satisfactory sexual life. Later on, 
an attempt to initiate spermatogenesis was performed 
by hCG and FSH administration. After 18 months of 
treatment, testicular biopsy on both testes revealed no 
foci of spermatogenesis and the patient was returned 
to testosterone treatment.

geNOTyPINg

Informed consent was obtained from the patient. 
Genomic DNA was extracted from peripheral blood 
leukocytes, followed by PCR of the coding regions of 
17-hydroxylase/17,20 lyase (P450c17) and of P450 
oxidoreductase (POR) genes. PCR products were 
subjected to sequence analysis.

The primers and the PCR reactions for the 17-hy-
droxylase/17,20 lyase17 and the P450 oxidoreductase18 
genes have been previously described. The PCR 
fragments were subjected to DNA sequence analysis 
(Macrogen Europe, Amsterdam, The Netherlands).

In order to identify the potential impact of the 
identified mutations on protein function, we used three 
free access applications: MutationTaster (http://www.
mutationtaster.org/),19 SIFT (http://sift.bii.a-star.edu.
sg)20 and Hansa (http://hansa.cdfd.org.in:8080/index.
php?target=search).21,22

figure 1. Pictures of the patient’s external genitalia.
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ResULTs 

Karyotyping showed a normal male 46,XY, while 
semen analysis indicated azoospermia. Mild hyperten-
sion was confirmed. Biochemical tests were normal 
(K 4.6 and Na 144), whereas the hormonal profile 
revealed: low levels of androgens (Testo 0.4 ng/ml 
(2.8-8,8), F-Testo 1.6 ng/dl (4-41), DHEAS 41 μg/dl 
(120-360 μg/dl), ANDRO 0.3 ng/ml (0.8-3.8 ng/ml), 
high levels of Gonadotropins (LH 26 mIU/ml (1.8-
12.0 mIU/L), FSH 54 mIU/ml (1.3-19.3 mIU/mL) as 
well as high 17-OH-progesterone levels (17-OH-Pr 
11,7ng/ml range:(0.4-3.3 ng/ml), Serum E2 concen-
tration was 23.9 pg/ml (20-60 pg/ml). After ACTH 
stimulation, mild adrenal insufficiency was observed. 
Both hCG and ACTH stimulation substantially in-
creased 17-hydroxyprogesterone levels (12.05ng/
ml and 35 ng/ml, respectively) with no increase in 
androgens (testosterone 0.3ng/ml, DHEAS 0.6 μg/dl 
and androstenedione 0.7 ng/ml). Baseline cortisol was 
17 μg/dl, and after stimulation 40.0 (6.2-19.4 μg/dl). 
Consequently, the diagnosis was congenital adrenal 

hyperplasia with apparent combined P450c17 and 
P450c21 deficiency due to mutations in the POR gene.

Sequencing of POR 15 exons revealed: one dele-
tion in exon 12 (chr7:75615089_75615091delGTC, 
c.1591_1593delGTC, cDNA.1696_1698delGTC, 
g.86572_86574delGTC del531Valine) and one novel 
missense mutation in exon 7 (G858C, A259G) as 
well as two known polymorphisms: rs1057868 (C/T 
A503V) and rs1057870 (G/A S572S) in exons 12 and 
13, respectively (Figure 2).

Mutation Taster identified the del531V as “disease 
causing”, with a probability of 0.999999999963763, 
thus predicting that the amino acid sequence, the 
protein features as well as the splice sites would be 
affected. It should be mentioned that 531V is a highly 
conserved amino acid among species and the only ac-
ceptable alternative could be Isoleucine. The A259G 
variant was also categorized as “disease causing”, 
with a probability of 1, pointing to affected protein 
features and splice sites. The A259G variant was also 

figure 2. Electrochromatograms showing P450 oxidoreductase’s identified genetic alterations (A and B) and the two polymorphisms 
(C, D).
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named as disease causative by Hansa application, 
although analysis of this aminoacidic substitution in 
SIFT defined it as a tolerant change.

No nucleotide changes were detected in the 8 
exons of P450c17. 

The  mutation numbering was carried out by re-
ferring to the appropriate National Center for Bio-
technology Information (Bethesda, MD) reference 
sequences [P450 oxidoreductase, NM_000941.2 and 
NP_000932 (protein).

It was not possible to obtain parental DNA in or-
der to compare our findings and provide information 
about the inheritance. 

DIsCUssION

It is very unusual to come across a case of ambigu-
ous genitalia while evaluating infertility in an adult 
male. Despite the fact that the patient in question 
had previously been evaluated by several doctors, 
attention had been focused on hormonal and semen 
determinations without a careful physical examina-
tion. The patient’s insistence on preserving fertility 
had apparently impeded an accurate diagnosis. Al-
though it is extremely rare for ambiguous genitalia 
to be discovered in an adult male seeking fertility, 
physical examination of the external genitalia should 
never be omitted. 

The diagnosis was based on the fact that plasma 
increased 17-OH-Pr and decreased androgens both at 
baseline as well as after ACTH and hCG stimulation. 
Urinary steroid determination by gas chromatography-
mass spectrometry was not performed, initially because 
our hospital lacked the facilities and then due to our 
patient’s departure abroad. 

Since the initial description of cytochrome P450 
oxidoreductase deficiency,5 more than 50 mutations 
have been reported,12,13 suggesting that this disorder 
might be quite common.4,14,15 The fact that a patient 
with two apparently null mutations has never been 
described implies that absence of residual POR activ-
ity is incompatible with life.8,13,23 

POR mutations can lead to an apparent combined 
17-hydroxylase/21-hydroxylase deficiency (OMIM 
201750) and a broad spectrum of clinical characteris-

tics, ranging from severe neonatal skeletal malforma-
tions with genital ambiguity [known as Antley Bixler 
syndrome (ABS); OMIM 207410] to phenotypically 
minor polycystic ovary syndrome-like features.1,2,8,10,24-26 
Milder POR mutations might not be accompanied by 
ABS, and the steroidogenic defect may present as 
hypogonadism and/or infertility.1,8,14,27

Our patient was diagnosed with congenital adrenal 
hyperplasia with apparent combined P450c17 and 
P450c21 deficiency due to mutations in the POR 
gene. The genotyping revealed the del531Valine, the 
missense mutation A259G as well as two polymor-
phisms: rs1057868 (A503V) and rs1057870 (S572S). 
However, the unavailability of parental DNA means 
that there is, unfortunately, no information as to their 
allelic distribution.

The deletion del531Valine as well as the A259G 
change have not been previously reported. In silico 
analysis defined these aminoacidic alterations as 
disease-causative, but the confirmative data for their 
pathogenicity would be provided by in vitro assays 
that would measure the variants’ enzymatic activity 
while determining the variants’ allelic localization. 
Our lack of the required laboratory facilities, resulting 
in the non-availability of in vitro data, is a limitation 
of the study.

Regarding the A503V variant, by far the most 
common POR polymorphism with an overall inci-
dence of 27.9%,15,28 there is a discrepancy between 
the reported measurements of its activity depending 
on the assay used. In the classic, non-physiologic as-
say based on cytochrome c, the ability of A503V to 
reduce cytochrome c and its ability to oxidize NADPH 
was 67% and 56% of WT, respectively.28 Measure-
ments of the activity of A503V to support catalysis 
by steroidogenic enzymes varied: A503V had 68% 
of WT ability to support the 17-hydroxylase activity 
of human P450c17 and 58% of WT ability to support 
the 17,20 lyase activity of P450c17.8,28 By contrast, 
A503V had 80% of WT activity to support the 21-hy-
droxylation of progesterone by human P450c21, and 
95% of WT ability to support the 21-hydroxylation 
of 17-OH-progesterone.29 Thus, although A503V is 
evidently not a modifier gene, since it only moderately 
impaired the metabolism of testosterone,15,30 it could 
be assigned a synergistic role12 in causing disease.
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In conclusion, we feel that the importance of carry-
ing out a clinical examination of particularly this type 
of patient must be underlined, since it is capable of 
yielding highly significant initial information which,  
especially in cases revealing evident defects, can as-
sist or direct the process of diagnosis.
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AbstrAct

OBJeCTIve: Adrenal masses usually represent benign and nonfunctional adrenal adenomas; 
however, primary or metastatic malignancy should also be considered. Discovery of an adrenal 
mass needs further evaluation in order to exclude malignancy and hormonal secretion. We 
present a rare case of a possibly primary adrenal malignant melanoma with imaging and bio-
chemical features of a pheochromocytoma. CAse RePORT: A 61-year-old male farmer was 
referred for evaluation of a mass in the right supraclavicular region and a left adrenal lesion. 
The patient had a history of a multifocal papillary and medullary thyroid carcinoma. Labora-
tory tests revealed increased 24hour urinary dopamine and also increased serum calcitonin and 
neuron specific enolase. A pathology report of the resected right supraclavicular mass and left 
adrenal showed a malignant melanoma. CONCLUsION: This is a case of a possibly primary 
adrenal malignant melanoma with imaging and biochemical features of a pheochromocytoma. 
Although this case is very rare and there are rigid diagnostic criteria for the diagnosis of pri-
mary adrenal melanoma, it underlines the fact that the differential diagnosis of a dopamine 
secreting adrenal mass should include primary or metastatic malignant melanoma in order to 
determine the best diagnostic approach for the patient and select the most appropriate surgi-
cal management.
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Case report

INTRODUCTION

Pheochromocytomas are catecholamine-secreting 
tumors arising from the adrenal medulla. They present 
either as solitary tumors (unilateral or multifocal) or 
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in conjunction with other endocrine neoplasms. When 
concurrent with medullary thyroid carcinoma they can 
be a major component of multiple endocrine neoplasia 
type 2 (MEN2), whose genetic basis is a germline 
mutation in the RET proto-oncogene.1 Discovery of 
an adrenal mass requires further evaluation in order 
to exclude malignancy and hormonal secretion.2,3 
Metastasis of cancer cells to the adrenals is not very 
uncommon, because of the rich blood supply of these 
glands, and reflects an advanced stage of several types 
of malignancies such as lung, renal and colon cancer.4,5

Malignant cutaneous melanoma is a particularly 
life-threatening type of skin cancer that is derived 
from melanocytes normally present in the epidermis.6,7 
While adrenal gland metastases can be seen in the 
context of metastatic malignant melanoma, primary 
adrenal melanoma is extremely rare and only a small 
number of cases have been published in the litera-
ture.8-10 Herein we report a unique case of a possibly 
primary malignant adrenal melanoma, which had 
biochemical and radiological findings suggestive of 
a pheochromocytoma, in a patient with a history of 
a medullary and papillary thyroid carcinoma.

CAse DesCRIPTION

A 61-year-old male farmer was referred for evalu-
ation of a mass in the right supraclavicular region and 
a left adrenal lesion. There was nothing noteworthy 
in the patient’s family medical history. The patient 
had a history of total thyroidectomy with central and 
right lateral cervical lymph node dissection three 
years previously. The histopathological examination 
was positive for medullary carcinoma and multifocal 
papillary thyroid carcinoma, both metastatic to regional 
lymph nodes. He had received radioiodine ablation 
therapy and was under thyroxin suppression therapy. 
Further imaging studies were negative. Genetic testing 
for RET proto-oncogene mutation revealed a common 
polymorphism in exon (c.2071 G>A/p.G691S) and 
a synonymous variation in exon 15 (c.2712 C>G/p.
S904S). During follow-up, due to the neck swelling, 
he underwent a neck ultrasound and a 2-(18F) fluoro-
2-deoxy-D-glucose positron emission tomography/
computed tomography (18F-FDG PET/CT). The 
ultrasound revealed a solid hypoechoic mass measur-
ing 5cm in the right supraclavicular region, identified 

as lymph nodes. The 18-FDG-PET/CT revealed a 
significant tracer uptake in the right supraclavicular 
region, the anterior upper mediastinum and the left 
adrenal gland (Figures 1A & 1B).

At presentation he did not complain of any fever, 
dizziness, weight loss, abdominal pain or any other 
symptoms. His blood pressure was 120/80mmHg, with 
a regular heart rate of 75beats/min and body tempera-
ture of 36.5°C. Physical examination confirmed the 
presence of a painless, well-defined, firm mass in the 
right supraclavicular region. The adrenals were not 
palpable. Laboratory tests revealed increased 24hour 
urinary dopamine and catecholamine levels as well 
as serum neuron specific enolase (NSE) (Table 1), 
suggestive of the presence of a pheochromocytoma. 

figure 1. A) 18F-FDG PET/CT: significant tracer uptake in 
the right supraclavicular region (SUVmax: 10.0). B) Significant 
tracer uptake in the left adrenal grand (SUVmax: 4.7). C) MRI: 
large solid mass 88.5 min in diameter of the left adrenal gland, 
with inhomogeneous enhancement of the contrast agent and a 
low diffusion rate. D) OctreoScan: increased trace uptake in the 
left adrenal gland.
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Table 1. Laboratory data

 Reference 
range Adults

Before 
surgery

After 
surgery

Calcitonin (pg/mL) <18 217 351
Thyroglobulin (μIU/ml) <78 0.26  
Calcium (mg/dl) 8.4-10.1 8.5  
Parathormone (pg/ml) 15-65 72  
25 (OH) vitamin D (μg/L) 25-80 20.9  
ACTH (pg/ml) 6-46 26.7  
Cortisol (nmol/l) 118-618 326  
DHEA-S (μg/dl) 51.7-295 93  
24h urinary catecholamine 
(μg/24h)

80-515 817  

24h urinary adrenaline 
(μg/24h)

4-25 8.8 10.8

24h urinary noradrenaline 
(μg/24h)

20-105 105.1 88.9

24h urinary dopamine 
(μg/24h)

65-400 703 332

24h urinary VMA (mg/24h) 1-11 6.2 3,9
Neuron Specific Enolase 
(μg/l )

<16 79 11.9

Chromogranin A (nmol/l) <4 2.2  
ACTH: Adrenocorticotropic hormone, DHEA-S: Dehydroepi-
androsterone-Sulfate, VMA: Vanilmandelic Acid

Increased levels of serum calcitonin were also de-
tected (Table 1).

A computed tomography (CT) scan of the chest 
confirmed the block of lymph nodes measuring 5.5cm 
in the right supraclavicular area and a large, solid, in-
homogeneous mass in the left adrenal gland. Magnetic 
resonance imaging (MRI) of the abdomen revealed 
a solid left adrenal mass measuring 88.5mm, with 
inhomogeneous contrast enhancement agent and a low 
diffusion rate (Figure 1C). The mass was identified 
as a pheochromocytoma. In 111-Pentetreotide (Oc-
treoScan) scintigraphy demonstrated a significantly 
increased tracer uptake in the right supraclavicular 
region, the anterior upper mediastinum and the left 
adrenal gland (Figure 1D). The CT scan of the chest 
did not show the mass to be in the anterior upper 
mediastinum as seen on OctreoScan. However, meta-
iodo-benzyl-guanidine (I131 MIBG) scintigraphy was 
negative. 

Three days prior to the operation, the patient was 
urgently subjected to a new CT scan due to the sud-
den onset of abdominal pain. The CT revealed a 
significant increase in the adrenal tumor size (from 
88.5mm to 16.5cm), possibly due to intratumoral 
hemorrhage. Right supraclavicular lymph nodes dis-
section and open left adrenalectomy were performed. 
A well-defined, encapsulated, inhomogeneous mass 
of the adrenal gland with hemorrhagic and necrotic 
areas was removed. The tumor was 16.5×10.7×10cm 
in diameter and weighed 761 gr. Intraoperatively, no 
distant metastasis or infiltration of the surrounding 
lymph nodes and organs were detected. The patient 
had an uneventful recovery and was discharged on 
the seventh postoperative day.

Histologic examination of both the right supracla-
vicular mass and the adrenal tumor, with hematoxylin 
& eosin (H&E) staining (Figures 2A & 2B) revealed 
malignant infiltration with identical histopathological 
and cytological features. In both specimens a poorly 

figure 2. A) Adrenal tumor infiltration with microscopic fea-
tures of malignant melanoma, in common H&E stain (1×400). 
B) Supraclavicular lymph node infiltration with highly anaplas-
tic cells of malignant melanoma in H&E stain. C & D) Strong 
S-100 immunoreactivity of malignant melanoma cells infiltrat-
ing the adrenal gland (C) and the neck lymph nodes (D) (1×100).
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differentiated malignant neoplasm was observed, 
composed of spindle-shaped or epithelioid cells, 
with eosinophilic cytoplasm, markedly atypical and 
pleomorphic nuclei with prominent nucleoli, abundant 
mitoses and areas of necrosis. 

Immunohistochemical evaluation of both speci-
mens showed strong positivity for S-100 protein 
(Figures 2C & 2D), melanoma-associated protein 
A (Melan-A), human melanoma black-45 (HMB-
45), microphthalmia-associated transcription factor 
(MiTF), tyrosinase and vimentin; immunostaining for 
cytokeratins, inhibin, synaptophysin and chromogranin, 
smooth muscle actin and desmin was negative. The 
strong positivity of S-100 conjunction with the other 
immunohistochemical markers confirmed the diagnosis 
of a metastatic, highly aggressive malignant mela-
noma as per the established criteria.11 The diagnosis 
was confirmed on independent histological review. 

The patient was reevaluated following the pathol-
ogy report. After that he was subjected to a thorough 
dermatological examination and an endoscopy of 
the gastrointestinal tract which were all without re-
markable findings. Postoperative laboratory tests are 
shown in Table 1. Serum calcitonin levels remained 
increased in contrast to dopamine and NSE levels 
which returned to the normal range. In addition, 
postoperative OctreoScan did not demonstrate a tracer 
uptake in the right supraclavicular region and the left 
adrenal gland, except for a significant tracer uptake 
in the lymph nodes of the anterior upper mediastinum 
which were not removed at this stage.

A genetic test for BRAF gene V600E mutation 
was negative. The patient received chemotherapy with 
dacarbazine. He died eight months after the initial 
diagnosis of malignant melanoma and no autopsy 
was performed.

DIsCUssION

In this article, we report a rare case of concomitant 
thyroid carcinoma (papillary and medullary) with 
a probably primary adrenal malignant melanoma 
mimicking a pheochromocytoma. Malignant cutane-
ous melanoma derives from melanocytes normally 
present in the epidermis. Adrenal glands are usually 
involved in metastasis from melanoma of the skin 
or the ocular apparatus (choroid plexus), and less 

frequently from other tissues like upper respiratory 
system or gastrointestinal tract.12,13

Our patient was entirely asymptomatic at pres-
entation and was taking only levothyroxine. The 
clinical presentation of pheochromocytomas is due 
to the release of catecholamines, namely epinephrine, 
norepinephrine and dopamine into the circulation. 
Predominance of dopamine excretion has been as-
sociated with lack of the characteristic symptoms 
indicative of catecholamine excess and sporadic cases 
of either asymptomatic, hypertensive or hypotensive 
patients have been published.14 Dopamine-secreting 
pheochromocytomas have been associated with higher 
rates of malignancy. In most cases dopamine-secreting 
pheochromocytomas are presented as a large adre-
nal mass causing mass effects and are often already 
metastatic at presentation. Urine catecholamines and 
metanephrines have been considered as the golden 
standard in evaluating a patient suspected for pheo-
chromocytoma.14,15 In addition, measurements of 
methoxytyramine in plasma and urine could be used 
as a marker of dopamine-producing tumors.16

Adrenal melanomas, primary or metastatic, are usu-
ally discovered incidentally during routine imaging of 
the abdomen and are most commonly asymptomatic. 
Should they exist, signs or symptoms are non-specific 
and patients manifest pain, fever, nausea, vomiting 
or abdominal discomfort due to mass effects of the 
malignancy.17,18

The present case had increased serum NSE and 
24-hour urinary dopamine levels preoperatively which 
returned into the normal range after surgery (Table 
1). High circulating levels of NSE have been found in 
patients with various neuroendocrine tumors, including 
pheochromocytomas (in 50% of cases) and have been 
associated with poor tumor differentiation.19 NSE has 
also been proposed as a serum marker for melanoma, 
particularly in patients with advanced stage disease.20

Our patient had increased serum calcitonin levels 
three years after total thyroidectomy with central 
and right lateral cervical lymph node dissection, 
which means that there was probably a recurrence 
of medullary thyroid carcinoma. The FDG-PET/CT 
and OctreoScan revealed a significant tracer uptake 
in the lymph nodes in the anterior upper mediastinum 
that were not removed in the surgery. However, it is 
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unlikely that these lymph nodes represent a metasta-
sis of medullary thyroid carcinoma. The sensitivity 
of FDG PET/CT is extremely variable because it is 
strictly correlated as much with the tumor’s size, its 
proliferation and its differentiation index as with 
serum calcitonin levels.21 FDG-PET/CT has a 78% 
sensitivity with serum calcitonin levels above 1000 
pg/ml and 20% in patients with serum calcitonin 
levels around 500pg/ml. MIBG scintigraphy, which 
was negative in our patient, was also used for the 
detection of metastatic medullary thyroid carcinoma 
but with poor diagnostic accuracy due to a very low 
sensitivity rate around 25-30% and a high specific-
ity value around 95%. OctreoScan was also used for 
the detection of medullary thyroid carcinoma with 
sensitivity values ranging from 37% to 75% because 
of the inhomogeneous distribution of somatostatin 
receptors in MTC tissue and their lower levels.22 
Our patient had serum calcitonin levels ranging from 
217pg/ml before surgery to 351pg/ml after surgery, 
negative MIBG and positive OctreoScan and FDG 
PET/CT for the adrenal and the suppraclavicular le-
sions which were identified in histological examina-
tion as malignant melanomas. OctreoScan and FDG 
PET/CT which were positive for the lymph nodes 
in the anterior upper mediastinum and not removed 
in the surgery performed were more suggestive of 
malignant melanoma.

Catecholamine synthesis in melanoma seems to be 
related to the neural crest origin of melanoma cells. 
Chromaffin cells of the medulla and melanocytes 

have a common embryogenesis from the neural crest, 
derived from embryonic neuroectoderm (neural tube 
epithelium), explaining the development of primary 
melanoma in the adrenal gland.23 In human melanoma 
cell lines increased levels of catecholamines are pro-
duced.24 Melanomas produce dopamine, serotonin 
and adrenaline.23,24

 In patients with malignant melanoma, high levels 
of 3,4-dihydroxyphenylalanine (DOPA) and dopamine 
are excreted in urine, especially at more advanced 
stages of the disease.25 Tyrosine is derived from hy-
droxylation of phenylalanine. Normal and malignant 
melanocytes express the enzyme tyrosine hydroxylase, 
a copper-containing enzyme, that catalyzes the first 
steps of the biosynthetic pathway of melanins from 
tyrosine initially and DOPA subsequently, leading to 
conversion of the latter to dopaquinone (a melanin 
precursor). DOPA is oxidized to dopaquinone by DOPA 
oxidase, an enzyme occurring in melanin granules.25,26

 In melanoma tissue there is induction of tyrosine 
hydroxylase leading to production of DOPA. Activity 
of DOPA decarboxylase converts part of DOPA to 
3,4-dihydroxyphenylethylamine (dopamine, DA). The 
pattern of excretion shows a wide variation among 
patients possibly due to modifications in structure 
or the enzymatic potency of tyrosine hydroxylase in 
melanoma tissue.25 High urinary dopamine and me-
lanuria in patients with adrenal melanoma have been 
described.26 The biosynthetic pathway of melanins 
and catecholamines is presented in Figure 3.

figure 3. Biosynthetic pathway of melanins and catecholamines. Normal and malignant melanocytes express the enzyme tyrosine 
hydroxylase, a copper-containing enzyme that catalyzes the first steps of biosynthetic pathway of melanins from tyrosine. In melanoma 
tissue there is induction of tyrosine hydroxylase leading to production of DOPA. Activity of DOPA decarboxylase converts part of 
DOPA to 3,4-dihydroxyphenylethylamine (dopamine, DA) (for details refer to text). NE: Norepinephrine, PNMT: Phenylethanolamine 
N-Methyl Transferase. Dotted arrow indicates position of enzymatic action.
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The CT scan revealed a large, solid, inhomoge-
neous adrenal mass. Then, on MRI scan an 88.5mm 
solid mass with inhomogeneous enhancement of the 
contrast agent and low diffusion rate was confirmed. 
Generally, on CT scan, large pheochromocytomas (>2-
3cm) can be inhomogeneous with areas of hemorrhage 
and low attenuation necrosis. On MRI, after contrast 
administration, pheochromocytomas enhance avidly 
and have a prolonged washout phase, at least in their 
viable areas, while necrotic parts of the tumor do not 
enhance.27 Adrenal metastases are usually presented 
with similar imaging features on MRI as well.28

Another imaging diagnostic tool for the detection 
of neuroendocrine tumors is somatostatin receptor 
scintigraphy. Our patient had a positive OctreoScan. 
Pheochromocytomas sometimes express somatostatin 
receptors, but most of the times benign tumors are 
octreotide-negative (66%-75%), even though they ap-
pear MIBG-positive. However, octreotide scintigraphy 
has 90% sensitivity in detecting malignant-metastatic 
pheochromocytomas and paragangliomas.27,29 Similarly, 
octreotide scintigraphy showed a sensitivity and speci-
ficity of 87% and 94%, respectively, for diagnosing 
metastases from malignant melanomas.30 OctreoScan 
was also used for the detection of medullary thyroid 
carcinoma with sensitivity values ranging from 37% 
to 75%, because of the inhomogeneous distribution 
of somatostatin receptors in MTC tissue and their 
lower levels.19 An OctreoScan that was positive for 
the lymph nodes in the anterior upper mediastinum not 
removed in the surgery performed was more sugges-
tive of malignant melanoma rather than a metastasis 
of medullary thyroid carcinoma.

Our patient’s I131 MIBG scanning was negative. 
MIBG is a noradrenaline analogue that is taken up 
by pheochromocytoma cells using the noradrenaline 
transporting system, and, when radiolabelled with I131 
or I123, it constitutes an imaging technique tradition-
ally considered to be specific for the localization of 
pheochromocytomas. However, I131 MIBG has 77-90% 
sensitivity and 95-100% specificity in detecting such 
tumors.31 False negative results have been associated 
with dedifferentiation of the tumor as well as with 
exclusively dopamine-secreting pheochromocytomas 
for which the sensitivity drops to a level of 66%.32

The differential diagnosis between benign and 

malignant lesions of the adrenal glands is not always 
easy. FDG-PET/CT provides both anatomical and 
functional information and the maximum standardized 
uptake value (SUVmax) is the best index to assess disease 
activity. An SUVmax cut-off value of 4.2 corresponds 
to a sensitivity of 88.6% and specificity of 88.2% in 
detecting malignant adrenal lesions.33 Notably, our 
patient had an SUVmax of 4.7 in his adrenal mass, 
suggesting the presence of malignancy.

Our patient had a history of a multifocal papillary 
thyroid carcinoma concurrent with an adrenal malig-
nant melanoma. There is a high prevalence of BRAF 
(V600E) activating mutations in papillary thyroid 
carcinoma, cutaneous malignant melanoma and hairy 
cell leukemia. Recent studies in the clinical trials of 
BRAF inhibitors in patients with malignant melanoma 
are promising for the treatment of this highly lethal 
disease.34 Of note, a genetic test for BRAF (V600E) 
activating mutations was negative in our patient.

Adrenal glands are usually involved in metastasis 
from melanoma of the skin or the ocular apparatus 
(choroid plexus) and less frequently from other tissues 
like the upper respiratory system or gastrointestinal 
tract.14,17 In rare cases, adrenal melanomas can oc-
cur either as primary tumors, or as metastatic, but of 
unknown primary origin, in which case differential 
diagnosis before the pathology examination is impos-
sible. Several rigid diagnostic criteria have been estab-
lished for defining an adrenal melanoma as primary: 
i) malignant involvement of a single adrenal gland;  
ii) absence of another malignant melanoma site; iii) no 
previous excisions of pigmented mucous, cutaneous or 
eye lesions; and iv) exclusion of any hidden primary 
lesion preferably detected at autopsy.35 Our patient 
reported the excision of an epidermal nevus, three 
years before presentation, which was not subjected 
to histological examination, after the reassurance 
of his dermatologist that it was non-significant. He 
also reported that a few months earlier he had been 
subjected to an ophthalmological examination which 
was normal. Clinical examination did not reveal any 
primary site of melanoma since the abovementioned 
dermatological examination and endoscopy of the 
gastrointestinal tract were without remarkable find-
ings. In respect of the above rigid diagnostic criteria 
for accepting an adrenal melanoma as primary, our 
patient had a score of 3 to 4.
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In conclusion, this rare case illustrates the dif-
ficulties in the differential diagnosis of a dopamine-
secreting adrenal mass. Both adrenal melanomas and 
pheochromocytomas should be considered in the 
differential diagnosis of an adrenal mass, especially 
when the primary biochemical finding is increased 
urine dopamine excretion, in order to determine the 
best diagnostic approach for the patient and select the 
most appropriate surgical management. 
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A complicated case of primary hypophysitis with bilateral 
intracavernous carotid artery occlusion
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AbstrAct

Primary hypophysitis (Ph) is a rare clinical entity characterized by inflammatory infiltration 
of the pituitary gland with various degrees of pituitary dysfunction. OBJeCTIve: To present 
a complicated case of aggressive Ph with bilateral cavernous sinuses infiltration, successfully 
treated with azathioprine after failure of corticosteroid treatment. MeThODs AND ResULTs: 
A 48-year-old woman presented with episodes of recurrent headache and progressively worsening 
muscle weakness. Magnetic resonance imaging (MRI) identified an intrasellar pituitary lesion 
with thickened pituitary stalk extending to the cavernous sinuses and causing asymptomatic oc-
clusion of both internal carotid arteries (ICAs). hormonal investigation showed severe anterior 
pituitary deficiency. The diagnosis of Ph, and more specifically of lymphocytic hypophysitis 
(Lyh), was suspected and glucocorticoid treatment was initiated. Because of the patient’s sus-
ceptibility to infections, the attempt to gradually reduce glucocorticoid dosage induced a relapse 
of Ph. Immunosuppressive therapy with azathioprine was administered. significant pituitary 
mass reduction with regression of the inflammation to the cavernous sinuses was documented. 
At follow-up the pituitary function was normal, while the patient was on the minimum dose of 
azathioprine. Thereafter, azathioprine was discontinued without any clinical/biochemical or 
radiological evidence of Ph except for the permanent ICA occlusion. CONCLUsIONs: Despite 
its rarity, Ph should be included in the differential diagnosis of pituitary masses and involve-
ment of ICAs occlusion should not be underestimated. Azathioprine, applied as an alternative 
treatment, was shown to result in remarkable Ph improvement.

Key words: Azathioprine, Carotid artery occlusion, Lymphocytic hypophysitis, Primary hypophysitis
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Case report

INTRODUCTION

Primary hypophysitis (PH) is a rarely recognized 
disorder, characterized by localized or generalized 
inflammatory infiltration of the pituitary gland with 
various degrees of pituitary dysfunction. It can manifest 
as a sellar mass, which may be difficult to differenti-
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ate from other space-occupying lesions. Although 
the aetiology of the disease has not yet been fully 
elucidated, an autoimmune mechanism is most likely 
implicated. Three histopathologic subtypes are rec-
ognized under the term of PH: lymphocytic (LYH), 
granulomatous (GH) and xanthomatous hypophysitis 
(XH). According to other investigators, xanthogranu-
lomatous and necrotizing hypophysitis should also be 
added to the classification of PH.1-3 The clinical and 
hormonal manifestations, similar to all classifications, 
include symptoms of sellar compression (headache, 
visual field impairment) and of anterior and poste-
rior pituitary deficiency. MRI can be particularly 
important in differentiating PH from an adenoma; 
intrasellar and suprasellar pituitary enlargement with 
thickened pituitary stalk is the most common imaging 
characteristic, especially when diabetes insipidus is 
present. The final diagnosis of PH is made via biopsy 
and subsequent histopathology, although antipituitary 
antibodies (APA) detection is increasingly being used 
in order to differentiate PH from pituitary adenoma. 
Histological examination of the adenohypophysis 
shows a lymphocytic infiltration, which is to a vari-
able degree associated with destruction and fibrosis 
of the parenchyma.4 Glucocorticoids are considered 
as the treatment of choice, while use of immunosup-
pressive drugs, such as azathioprine, has proved to 
be effective and could represent a viable alternative 
treatment.5-7 A more aggressive surgical approach 
or stereotactic radiotherapy should be applied in the 
subset of patients unresponsive to medical therapy 
or with compressive symptoms.8,9

Bilateral internal carotid arteries (ICAs) occlusion 
associated with PH is an exceedingly rare clinical 
entity, the occlusion apparently arising from inflam-
mation spreading to the walls of the vessels.

The aim of this article is to present a particularly 
unusual case of PH with bilateral cavernous sinuses 
infiltration and bilateral ICAs occlusion, successfully 
treated with azathioprine after failure of corticosteroids.

CAse RePORT 

A 48-year-old woman was referred to our De-
partment for evaluation of persisting headache pro-
gressively worsening over the previous months and 
for muscle weakness during the same period. She 

is a mother of two children and went through her 
menopause at the age of 44 years. On admission, 
clinical examination was unremarkable (blood pres-
sure 110/70 mmHg, pulse rate 70/min and body tem-
perature 36.6°C) and there was no clinical evidence 
of autoimmune disease. MRI of the pituitary gland 
showed an intrasellar 1.5 x 1.5 cm pituitary lesion 
extending slightly into the supersellar area, in close 
relation to the optic chiasm, invading the cavernous 
sinuses and causing asymptomatic occlusion of both 
internal carotid arteries. Normal flow signal in both 
ICAs was absent. Furthermore, a thickened pituitary 
stalk was observed (Figure 1). The patient’s visual 
fields test was normal. Although the pituitary lesion 
invaded the cavernous sinuses, symptoms implicating 
the 3rd, 4th, 5th and 6th cranial nerves –such as diplopia, 
strabismus and fall of the upper eyelid– were not 
apparent. Hormonal investigation showed complete 
anterior pituitary deficiency [T3: 0.49 ng/ml (0.58-
1.59) FT4: 8.12 pmol/L (9.01-21), TSH: 2 μIU/ml 
(0.35-4.94), LH: 0.53 mIU/ml (10.39-64.57), FSH: 
2.77 mIU/ml (26.72-133.41), E2: <10 pmol/L (<36-
102), PRL: <0.6 ng/ml (5.18-26.53), ACTH: <5 pg/ml 
(9-52), Cortisol: 143 nmol/L (138-690), IGF-1: 73.9 
ng/ml (180-460), anti-TPO (negative)], whereas there 
was no evidence of diabetes insipidus. Consequently, 
the patient received hydrocortisone and thyroxine as 
replacement therapy.

The clinical symptoms, imaging findings and 
hormonal profile led to the diagnosis of an infiltra-
tive or inflammatory lesion, such as PH. Serum and 
cerebrospinal fluid (CSF) angiotensin converting 
enzyme, VDRL testing for syphilis, PCR for tubercu-
losis and immunological investigation were normal. 
CSF cultures, including mycobacterium, were nega-
tive therefore excluding infectious or granulomatous 
diseases such as neurosarcoidosis, syphilis and tuber-
culosis. Computed tomography (CT) of the thorax 
and abdomen were normal.

We considered LYH as the most likely diagnosis, 
although there were no signs of other autoimmune 
diseases, such as Hashimoto’s thyroiditis, which often 
coexist with this clinical entity. Methylprednisolone 
treatment was initiated (48mg daily, tapered over a 
12-week period), preserving thyroxine treatment. 
Her headaches and weakness improved rapidly, thus 
a watch-and-wait approach was adopted. Concur-
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rently, calcium and alendronate administration were 
initiated. Six months later, slurred speech and right-
sided paresis developed, requiring admission to the 
Neurological Department. A brain MRI scan showed 
small frontopartial ischemic infarcts strongly sugges-
tive of a subacute left hemisphere stroke. The size of 
the pituitary lesion was reduced, being less invasive 
of the cavernous sinuses compared to the previous 
imaging (Figure 2). The magnetic resonance angiog-

figure 1. a) Pituitary coronal and sagittal T1-weighed MRI scan after gadolinium enhancement. The pre-treatment MRI figures de-
picted an intrasellar pituitary lesion invading the cavernous sinuses (white arrow). Normal flow signal in both ICAs was absent (black 
arrows). b) Dural tail with normal bright spot was also identified (white arrow).

figure 2. Pituitary coronal T1-weighed MRI scan after gado-
linium enhancement six months after methylprednisolone treat-
ment was initiated. The size of the pituitary lesion is reduced, 
invading less the cavernous sinuses compared to the previous 
imaging.

raphy revealed complete bilateral ICA occlusion at 
the base of the skull with collateral supply from the 
posterior circulation (Figure 3). Cerebral artery bypass 
surgery was not performed as collateral circulation 
had already been developed per se. Hormonal profile 
was unchanged. Takayasu’s disease was excluded as 
ultrasound of the heart, triplex of the vessels of the 
legs and computed angiography of cervical, thorax 
and abdomen were normal. Markers of thrombophilia 
were negative as well. LYH was considered to be the 
most possible cause of bilateral occlusion of both 
ICAs. The dose of methylprednisolone was escalated 
and anticoagulant treatment was added.

figure 3. a) Computed tomography angiography demonstrated 
complete bilateral ICA occlusion at the base of the skull. b) Col-
lateral supply from the posterior circulation is also shown.
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explanation of the potential side effects was pre-
sented before obtaining the patient’s consent. The 
new therapeutic regimen was well tolerated and 3 
months later a considerable reduction of the pituitary 
mass with insignificant extension to the cavernous 
sinuses was observed (Figure 4). After 12 months 
of follow-up, the dose was reduced to 50 mg qd and 
anterior pituitary function was restored, without any 
replacement therapy. Six months later, the treatment 
was discontinued and the patient now has no clinical 
or radiological evidence of the disease except for the 
permanent occlusion of both internal carotid arteries 
(Figure 5).

DIsCUssION 

PH is a rare disorder involving inflammation of the 
pituitary gland that causes compression of anatomic 
structures and hypopituitarism. PH with extrapituitary 
spread to the surrounding structures is even rarer 
and requires prompt diagnosis and intervention. In 
this article, we report a very rare case of PH causing 
bilateral intracavernous carotid occlusion. Similar 
cases have been reported twice before.12,13

In the present report, the history and laboratory 
and imaging findings were consistent with PH. In 
particular, the relatively rapid development of hypopi-
tuitarism, the thickened but intact pituitary stalk, the 
symmetrically enlarged pituitary gland with intense 

figure 5. Pituitary coronal and sagittal T1-weighed MRI scan after gadolinium enhancement six months after the discontinuation of 
azathioprine treatment. No evidence of the disease was depicted apart from permanent occlusion of both ICAs (white arrows).

figure 4. Pituitary T1-weighed coronal MRI scan three months 
after azathioprine treatment. Excessive reduction of the pitu-
itary mass and insignificant extension at the cavernous sinuses 
is shown.

A month later, the patient developed Cushing’s 
phenotype (buffalo hump, hirsutism and abdominal 
obesity) as well as diabetes mellitus and resistant 
hypertension. As the attempt to gradually reduce 
glucocorticoid dosage resulted in a relapse of the 
disease, an alternative option of immunosuppressive 
therapy with azathioprine was considered. Therapy 
was initiated at a dose of 100 mg qd. A thorough 
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As already mentioned, high doses of glucocorticoids 
remain the treatment of choice. They should be used 
in symptomatic cases such as in our patient, although 
asymptomatic cases are also frequently observed. 
Our patient was initially treated with high doses of 
glucocorticoids resulting in improvement of clinical 
symptoms and imaging findings. However, the relapse 
of PH following the tapering attempt with glucocor-
ticoids and the development of iatrogenic Cushing’s 
syndrome prompted selection of azathioprine as an 
alternative therapy option. Because of cavernous si-
nuses involvement, surgery was not indicated in our 
patient as an alternative choice of treatment.

Azathioprine is an imidazolyl derivative of 6-mer-
captopurine used as an immunosuppressive agent in 
various conditions such as lupus, rheumatoid arthritis 
and Crohn’s disease. It antagonizes purine metabolism 
and can affect rapidly growing cells by inhibiting 
synthesis of DNA, RNA and proteins.17 Our patient 
tolerated well the azathioprine treatment, with docu-
mented improvement in pituitary imaging, apart from 
the complete occlusion of both ICAs. Although the 
relevant literature is limited, azathioprine treatment 
could be a safe alternative treatment for PH when 
glucocorticoids are discontinued due to their side ef-
fects. In a few cases of aggressive LYH, azathioprine 
was equally effective in reducing pituitary mass.18 Our 
patient is stable with no signs of disease recurrence 
one year after discontinuation of the treatment.

Similarly to our report, in the two other cases 
with ICA involvement, the administration of gluco-
corticoids was effective in reducing pituitary mass 
but not as effective in regressing ICAs occlusion.11,12 
Other alternative therapies were not needed since no 
adverse effects were observed with corticosteroids.

Finally, it should be mentioned that no artery by-
pass surgery was needed in our patient in contrast to 
previously reported cases.11 Intracranial circulation 
depends on collateral circulation by the vertebrobasilar 
axis which, in our patient, developed due to chronic 
progressive invasion by the inflammatory process to 
both carotid arteries.

The natural course of PH remains unpredictable. 
It is usually a benign condition with a good response 
to treatment. Sometimes, if left untreated, the final 
outcome is an empty sella.19 In rare cases, bilateral 

enhancement following gadolinium, the presence of 
a dural tail and the extension of the pituitary lesion 
to the cavernous sinuses favoured the diagnosis of 
hypophysitis. After clinical workup to exclude sec-
ondary causes of the disease (sarcoidosis, Wegener 
granulomatosis, histiocytosis, tuberculosis, syphilis), 
PH –and more specifically LYH– was suspected. An-
tipituitary antibodies were not measured in our patient 
as they are not routinely available in clinical practice 
and are considered neither sensitive nor specific mark-
ers of autoimmune pituitary disease.10,11 Nevertheless, 
despite the lack of evidence of concomitant autoim-
mune disease, the response to pharmaceutical doses 
of corticosteroid treatment provided the rationale for 
the diagnosis of LYH in our patient. 

Bilateral ICA occlusion associated with PH is an 
exceptionally rare clinical entity. To the best of our 
knowledge, only two cases of bilateral obstruction 
of ICAs in combination with aggressive forms of 
lymphocytic hypophysitis have been reported.12,13 
Similarly to our case, recurrence of LYH after decreas-
ing the corticosteroid dose and a prompt response 
after increasing the dose was described in the report 
of Melgar et al.12 However, no alternative treatment 
was tested and no further data of follow- up were 
provided. In our patient, earlier testing and diagnosis 
could probably have prevented bilateral occlusion of 
the ICAs and the subsequent stroke.

The underlying mechanism of artery occlusion 
during hypophysitis remains unclear. Probably, in 
the case of LYH, cavernous carotid occlusion is the 
result of a spread of the inflammatory process into the 
wall of the vessels in this area, causing the complete 
occlusion of the arteries. Apart from the inflammatory 
process, infiltration by high levels of IgG4 positive 
plasma cells (IgG4-related mechanisms) may also 
be involved. 

Autoimmune arteritis has been reported to coexist-
ence with granulomatous hypophysitis.14 However, 
this entity was excluded in our patient. In addition, 
other severe conditions such as fungal and bacterial 
infections have been described as causing bilateral 
ICA occlusion.15,16 However, these conditions are 
observed in immunosuppressed patients and evolve 
rapidly into fatal carotid thrombosis. They were thus 
also excluded.
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ICA occlusion may develop in the course of LYH 
with cavernous sinuses involvement, as observed in 
our patient, causing serious complications. Prompt 
identification of artery occlusion in the course of 
hypophysitis is critical and should lead to optimiza-
tion of medical management, thereby preventing 
deterioration and avoiding stroke or other grave con-
sequences. The efficacy of azathioprine treatment in 
complicated cases of PH suggests that it should be 
considered as an alternative regimen when gluco-
corticoids are contraindicated or are associated with 
serious adverse events.
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Letter to the editor

Dear Sir, 

Dyskeratosis congenita is a very rare multisys-
temic disorder and it can be accompanied by differ-
ent endocrinological pathologies. We would like to 
draw attention to this rare disease by reporting a case 
diagnosed as dyskeratosis congenita. More specifi-
cally, a 30-year-old male patient was referred with 
the findings of micropenis and atrophic testicles. His 
parents had cousin marriage. His elder brother had 
similar symptoms. There were hypopigmented skin 
lesions over his entire body. The skin was dry and the 
nails were dystrophic (Figure 1A). His axillary hair and 
pubic hair were normal but his facial hair was sparse. 
He had alopecia in the outer third of his eyebrows 
(Omnibus sign) and a saddle nose (Figure 1B, C). 
Micropenis was present and the testicles were found 
to be hypoplastic (left testicle: 11x5mm, right testicle: 
10x5mm). Laboratory findings: WBC: 3140/mm3, 
neutrophil: 1740/mm3, Hb: 12.5gr/dL, plt: 187000/
mm3, free testosterone: 1.4pg/mL (8.69-54.69), total 

testosterone: 0.70ng/mL (1.75-7.81), FSH: 77.28mIU 
(1.7-19.2), LH: 15.38mIU (1.24-8.62), free T3: 3.35pg/
ml (2.3-4.2), free T4: 0.98ng/dl (0.74-1.52), TSH: 
10.88μIU/ml (0.35-5.50). Hypergonadotropic hypog-
onadism was suspected. Hyperkeratosis keratoderma 

Key words: Dyskeratosis congenita, Hypo-
gonadism, Hypothyroidism

figure 1. (a) Dystrophic nail image of our case with dyskera-
tosis congenita; (b) Anterior view of omnibus sign and saddle 
nose; (c) lateral view of omnibus sign and saddle nose.

B C
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was found in his skin biopsy while the biopsy of the 
lymph node from the right cervical area revealed a 
granulomatous lymphadenitis. (Figure 2A, B, C). The 
final diagnosis of dyskeratosis congenita (DC) was 
based on the clinical and histopathological findings. 
His family history was negative for DC.

Dyskeratosis congenita is an uncommon multi-
systemic genetic disorder. It was first described by 

figure 2. (a) Thick hyperkeratosis appearance of the skin (H&E 
×20); (b) disseminated histiocytic proliferation that changes 
the normal appearance of lymph node and granulomas that are 
characterized by rare giant cell formation (H&E ×40); (c) ap-
pearance of melanin pigmentation on the skin (Fontana-Masson 
×40).

A

B

C

Zinsser in 1906 and is also known as Zinsser-Cole-
Engman syndrome.1 It usually shows an X-linked 
recessive inheritance; however, autosomal domi-
nant and recessive forms have also been identified. 
Ten different genes (DKC1, TERC, TERT, TINF2, 
WRAP53, NOP10, NHP2, CTC1, RTEL1 and ACD) 
are associated with DC. Mutations in these genes lead 
to telomere shortening.2 DC is characterized by the 
presence of two of four major clinical features (skin 
pigmentation, nail dystrophy, leukoplakia and bone 
marrow failure) or the coexistence of two or more 
other findings with one major clinical feature (lung 
diseases, tooth abnormalities, sparse hair, omnibus 
sign, malignancy, intrauterine growth restriction, liver 
diseases, peptic ulcus, enteropathy, ataxia, hypog-
onadism, microcephaly, urethral stricture, osteoporosis, 
aseptic necrosis, scoliosis, deafness).3 Bone marrow 
failure, lung involvement and tendency to develop 
malignancy are the main complications leading to 
mortality. Bone marrow failure often presents in the 2nd 
or 3rd decades; however, it may also be observed in the 
newborn period or the 6th and 7th decades. There may 
be a reduction in the number of red and white blood 
cells or platelets or a reduction in all blood cell types 
(pancytopenia).4 Our patient’s main complaints were 
micropenis and atrophic testicles. He was diagnosed 
with hypergonadotropic hypogonadism. Presence or 
absence of other coexisting syndromes was investi-
gated. Typical features of Klinefelter syndrome such 
as tall stature and gynecomastia were not present in 
our case. The karyotype analysis showed 46XY, thus 
excluding Klinefelter syndrome. Similarly, our case 
did not have the features of Noonan syndrome, such 
as triangular face shape, mental retardation and con-
genital heart defect. Our patient had hypogonadism, 
hypothyroidism, dry skin, dystrophic nails (Figure 
1A), skin pigmentations, tooth abnormality, scoliosis, 
omnibus sign and saddle nose (Figure 1B, C), lung 
disease and bicytopenia. Syphilis was investigated 
due to the patient’s saddle nose but was not found. 
Likewise, leprosy was excluded after our investigation 
owing to the presence of omnibus sign and granuloma-
tous lymphadenitis. Mycological evaluation did not 
show any positive result as regards nail dystrophies. 
Tendency to develop malignancy is one of the known 
characteristics of DC. Since our patient had anemia and 
leucopenia, bone marrow biopsy was performed but 
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no malignancy was detected. Nevertheless, the patient 
will be followed up because of bone marrow failure. 
As numerous swollen lymph nodes were detected with 
full-body CT scan, cervical lympadenopathy biopsy 
was performed and granulomatous lymphadenitis 
was reported. Sarcoidosis was excluded.

In conclusion, the diagnosis of DC was estab-
lished in our patient on the basis of all clinical and 
laboratory findings. Unfortunately, no molecular 
genetic testing was performed. DC is an uncommon 
multisystemic genetic disorder of which skin pigmen-
tation, nail dystrophy, leukoplakia and bone marrow 
failure are the major clinical features. Bone marrow 
failure, lung involvement and tendency to develop 
malignancy are the main complications leading to 
mortality. Hypergonadotropic hypogonadism is one 
of the minor criteria for DC. Based on the above, the 
endocrinological evaluation should be performed with 
particular care. To the best of our knowledge, there 
has been no case report showing DC associated with 

hypogonadism and hypothyroidism, and our aim has 
been to bring this association to clinicians’ attention.
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Letter to the editor

Dear Sir,

Congenital adrenal hyperplasia (CAH) is an auto-
somal recessive disorder caused by the loss of one of 
five steroidogenic enzymes affecting cortisol synthesis. 
Deficiency of 21-hydroxylase is the most common 
cause of CAH, accounting for more than 90% of all 
cases; it is followed in frequency by 11β-hydroxylase 
deficiency (11βOHD), reported to be between 3% 
and 5% of cases.1 Kelestimur et al found that, based 
on 11-deoxycortisol response to ACTH stimulation, 
6.5% of hirsute women in a Turkish population had 
11βOHD.2 The 11β-hydroxylase gene is located on 
chromosome 8q21-q22. In 11βOHD, 11-deoxycortisol 
cannot be converted to cortisol, and deoxycorticos-
terone (DOC) cannot be converted to corticosterone. 
Enzyme inhibition stimulates ACTH secretion result-
ing in excess androgen and DOC. DOC, which is a 
less potent mineralocorticoid, causes hypokalemia 

and hypertension. Two thirds of 11βOHD cases have 
hypertension. In the classical form of 11βOHD, hyper-
tension in both sexes, ambiguous genitalia in women 
and increased penile length with normal external 
genitalia and gynecomastia in men are observed.1 We 
present a case of 11βOHD with severe hypokalemia 
and in which we have found a novel mutation.

A 20-year-old male patient who had been on steroid 
replacement treatment for adrenal insufficiency for 
18 years was admitted to our emergency department 
with spasms, dyspnea and syncope attacks. On ad-
mission, there was severe hypokalemia with a blood 
potassium level of 1.4 mEq/L. The patient’s history 
revealed a surgery due to ileus and high blood pres-
sure levels. The other laboratory test results were as 
follows: AST: 358U/L, ALT: 163U/L, CK: 12740U/L, 
CKBM: 117U/L, creatinine: 0.81mg/dl, Na: 149meq/L, 
K: 1.4meq/L, myoglobin >3000ng/ml, ACTH: 16.6 
pg/mL, cortisol: 5.14μg/dL, fT3: 2.15 pg/mL, fT4: 
1.40ng/dL, TSH: 1.51μIU/ml, Total Testosterone: 
3.44ng/mL (1.75-7.81), Free Testosterone: 23.1pg/
mL (8.69-54.69), DHEAS: 114.9μg/dL, 17OH pro-
gesterone: 9.4ng/mL. High myoglobin and creatinine 
kinase (CK) levels were indicative of rhabdomyolysis. 
11βOHD-related CAH was suspected, as the patient 
had adrenal insufficiency and hypertension as well as 
resistant hypokalemia in spite of potassium intravenous 
infusion. Spironolactone treatment was started and, at 
follow-up, potassium levels were back to normal. The 

Key words: 11-B hydroxylase deficiency, 
Hypokalemia, Novel mutation
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hypokalemia-related rhabdomyolysis regressed. Steroid 
treatment was reduced to the physiological replacement 
level. In the patient’s genetic examination, “p.A199P 
(c.595G >C) and p.R448H (c.1343G >A) compound 
heterozygous mutations” were detected in 11 beta 
hydroxylase (CYP11B1) whole genome sequencing 
analysis. This is of note, since p.A199P (c.595G>C) 
mutations have not previously been described in this 
clinical condition. This novel mutation was evalu-
ated, via application of MutationTaster and SIFT in 
silico analysis software, as being a disease-causing 
mutation. It was shown by further sequencing of the 
parents that this novel mutation was inherited from 
the mother. The father was a carrier of the p.R448H 
mutation (Figure 1A, B).

Herein we have described a case of 11βOHD 

figure 1. A: p.A199P (c.595G>C) mutation. Upper part for the mother of the patient, lower part for the patient. B: p.R448H (c.1343G>A 
mutation. Middle part for the father of the patient, lower part for the patient.

with a compound heterozygous mutation presenting 
as severe hypokalemia. Approximately 90 different 
CYP11B1 gene mutations have been described in the 
literature. These mutations are located over the entire 
coding region generally accumulated in exons 2, 6, 
7 and 8.1-3 There is no correlation between a specific 
CYP11B1 gene mutation and the clinical picture of 
11βOHD, since the same mutation can cause different 
clinical features with regard to onset of symptoms, 
age at diagnosis, severity of virilization and hyper-
tension.1-3 According to in vitro studies, the R448H 
mutation, which is very frequent among 11βOHD 
patients, completely impairs 11βOH enzyme activ-
ity.4 The second mutation found in our patient is the 
novel p.A199P mutation, which should result in a 
nonfunctional protein. Rosler reported 26 patients 
with CAH due to 11beta hydroxylase deficiency 
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identified in a study of 18 Jewish families. It was 
shown that the clinical picture of androgen excess 
varies from the mildest form to the most severe form 
of masculinization. In these patients, there was no 
correlation between androgen excess and mineralo-
corticoid excess. Overt hypokalemia was present in 6 
out of the 26 patients. Even though very low plasma 
renin levels were present in almost all patients, high 
blood pressure was not always present. The clinical 
picture of this disorder shows great variability as to 
signs of mineralocorticoid and androgen excess. This 
condition is not invariably correlated with the levels 
of hormones.5 In our patient, we had no measurement 
of renin and 11-DOC concentrations, nor could we 
find any laboratory results relating to his past medi-
cal history. Nevertheless, our case suggests that the 
compound heterozygous p.A199P/R448H mutation 
may predict severe CAH phenotype regarding the 
degree of hypokalemia.
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Letter to the Editor

Patients who develop hypophysitis usually present 
with subacute symptoms including headaches, visual 
symptoms, lethargy, weight gain and a general feeling 
of unwellness. There is no specific timescale after 
starting CTLA-4 mAb treatment at which patients 
will develop hypophysitis.5 There does not appear 
to be any specific hormone axis affected more than 
others. Diffuse pituitary enlargement on MRI is the 
most frequent radiological finding.

High-dose steroids and other hormone replacements 
improve outcomes and various reports have shown a 
favourable outcome in terms of clinical, biochemical 
and radiographic resolution of this condition without 
affecting the antitumour activity of these agents.6 
The majority of clinicians have used intravenous 
steroids like dexamethasone but some centers have 
reported successful treatment with oral prednisone.7 

Re-treatment with the same CTLA-4 mAb seems to 
be safe whenever indicated.1

Through this letter we report the case of a pre-
viously fit and healthy 55-year old man who was 
referred by his GP with an asymptomatic skin lesion 
on the lower back which had been growing in size for 
about six months. The rest of his past medical his-
tory was insignificant and he did not have any family 
history of diabetes or autoimmune conditions. The 
biopsy of the skin lesion confirmed the diagnosis of 
malignant melanoma which was BRAF positive. At 
the time of diagnosis he had metastatic disease in his 
inguinal lymph nodes and a staging CT scan revealed 
subcutaneous pelvic lymphadenopathy with possible 

Dear Sir,

Monoclonal antibodies have revolutionized the 
management of complex and challenging human dis-
eases such as malignancies as well as haematological, 
rheumatologic and other autoimmune conditions over 
the last three decades.1 At the same time, they are as-
sociated with a significant degree of immune-mediated 
disorders, and endocrinopathies are no exception.

Ipilimumab is an immune modulation biological 
agent which acts on anti-cytotoxic T-lymphocyte-
associated antigen 4 (CTLA-4) and is licensed for the 
treatment of metastatic melanomas.1 Pembrolizumab 
is a programmed death receptor (PD 1) blocking agent 
and is indicated for the treatment of patients with 
unresectable or metastatic melanoma and disease 
progression following ipilimumab and if BRAF gene 
mutation (the gene that makes a protein called B-Raf 
which is serine/threonine-specific protein kinase) is 
positive.2,3 Pituitary dysfunction is a well-recognised 
side effect of ipilimumab and is also very occasionally 
seen (0.5%) with pembrolizumab.3,4 The incidence of 
hypophysitis induced by CTLA-4 mAbs is reported 
to be 0-17%.1 The exact mechanism by which these 
therapies cause hypophysitis remains unknown but 
it seems to be immune in nature.1
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low external iliac lymph node involvement. No meta-
static disease was identified elsewhere; however, a 
PET scan, which was performed six months after his 
diagnosis, confirmed widespread metastases involv-
ing bone, lung, nodes and liver. At that time, he was 
treated with first-line palliative chemotherapy with 
dacarbazine. He achieved a favourable initial partial 
response to this treatment based on the repeat CT 
scan which confirmed healing of bone disease and 
reduction of size of the lung nodule and of that of 
the left inguinal lymph node group. The liver lesions 
were no longer visible.

A repeat CT scan after the completion of his first-
line chemotherapy treatment confirmed some disease 
activity in the inguinal region, hence he was started on 
the second-line treatment with ipilimumab. However, 
after four cycles over two weeks of ipilimumab treat-
ment he presented with fatigue and blurring of vision 
and was feeling generally unwell. A full pituitary 
profile at that point confirmed pan-hypopituitarism 
(Table 1). He was started on 4 mg of dexamethasone 
with intention to treat his hypocortisolism and sup-
press the immune reaction in the pituitary. All his 
symptoms, including blurring of vision, improved 
rapidly and his dexamethasone dose was reduced to 
2mg once daily after one week. His pituitary profile, 
which was repeated after four weeks, showed a normal 
pituitary function (Table 1). He did not have an MRI 
of his pituitary at the time of presentation; however, 
an MRI four weeks after his initial clinical presen-
tation and treatment with dexamethasone showed a 
normal appearance of the pituitary. At that point, his 

dexamethasone was switched to hydrocortisone with 
a view to keeping him on this treatment a little longer, 
due to the risk of recurrence of his hypophysitis, and 
then gradually weaning him off his steroid treatment. 
A repeat CT scan six weeks after the completion of 
his ipilimumab treatment confirmed that his disease 
had progressed. He embarked on third-line treatment 
with pembrolizumab. His disease remained stable on 
the repeat CT imaging, but six months after starting 
pembrolizumab he developed increasing effusion of 
his knee joints. Clinically there was gross synovitis 
in both knees. His inflammatory markers were very 
high but anti-cyclic citrullinated peptide antibod-
ies and other auto-antibody screens were negative. 
There was no evidence of infective arthritis. He was 
diagnosed with pembrolizumab-associated immune 
arthropathy and was accordingly treated with sys-
temic and intra-articular steroids, which improved his 
symptoms significantly. His disease remained stable 
on a repeat CT scan which was performed after six 
cycles of his pembrolizumab treatment; therefore, it 
was decided to continue with this treatment.

After nine cycles of his pembrolizumab treat-
ment he presented to the emergency department with 
symptoms of tiredness, polyuria and polydipsia. His 
serum glucose was 42 mmol/l, a venous blood gas 
showed a pH of 6.93 and his capilliary ketone levels 
were 6.8 mmol/l. He was treated according to the 
hospital diabetic ketoacidosis (DKA) protocol and 
made a good recovery. At that point his HBA1c was 
93 mmol/mol. He was diagnosed with type 1 diabetes 
and commenced on basal bolus insulin. GAD (glutamic 
acid decarboxylase) and islet cell antibody levels 
were undetectable. His glycaemic control improved 
significantly and remained stable after discharge.

He also reported having pain in his right hip and an 
X-ray of his hip showed some osteoarthritic changes 
but also significant thinning of the cortex. An MRI 
of the femur and pelvic area demonstrated a moder-
ate effusion with surrounding soft tissue oedema 
and pre-existing degenerative change. There was 
no evidence of fracture or metastatic disease and 
imaging appearance was more in keeping with bone 
marrow inflammation and oedema likely secondary 
to osteitis due to immune toxicity of pembrolizumab 
treatment. He was given ten cycles of pembrolizumab 
treatment in total, after which it was discontinued in 

Table 1. Pituitary profile at the time of diagnosis and six weeks later
hormone 
profile at 

the time of 
diagnosis

hormone  
profile  

six weeks 
later

Units Reference 
range

FT4 6 15 pmol/L (10-22)
TSH 0.52 2.3 mU/L (0.3-5.50)
Testosterone <0.1 13.3 nmol/L (7-26)
LH 0.8 7 iU/L (1-10)
FSH 4.6 10.6 iU/L (1-12)
Cortisol <18 On replacement nmol/L (200-700)
Prolactin Not done 181 mU/L (86-324)
IGF-1 Not done 212 ug/L (94-231)
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view of the evidence of disease progression and im-
mune toxicities. He also developed a maculopapular 
rash approximately six weeks after his tenth cycle 
of pembrolizumab treatment, which was thought to 
be secondary to his treatment. The rash disappeared 
without any treatment after two weeks.

Type 1 diabetes mellitus (T1DM), including diabetic 
ketoacidosis, has been reported in 0.1% of patients 
across clinical studies with pembrolizumab in ap-
proximately 5000 patients.4 This risk has not been 
described in the drug literature of pembrolizumab. 
We have found only one previously published case 
report of T1DM due to pembrolizumab.2 The latter 
patient had positive anti-GAD and ICA, suggesting a 
possible association of PD-1 inhibitors with autoim-
mune diabetes. Interestingly, these antibodies were 
negative in our patient. Our patient presented with 
acute DKA as a first presentation of diabetes and this 
favours the possibility of an insulin-deficient state like 
type 1 diabetes as opposed to type 2 diabetes or latent 
autoimmune diabetes of adulthood, which has a more 
gradual onset. The previously cited case presented 
with T1DM after three doses of pembrolizumab, 
while our patient presented after the ninth infusion 
of pembrolizumab. Both these cases presented with 
DKA as a first manifestation of diabetes. There was 
no family history of T1DM in either of the cases. Of 
note, our patient’s insulin requirement did not change 
after completion of his pembrolizumab treatment (over 
the three months follow-up period), hence we suspect 
that unlike several other immune toxicities related to 
mAbs treatment, diabetes does not seem to resolve 
spontaneously after termination of the treatment.

Our patient also developed other immune-mediated 
toxicities, including arthropathy and osteitis. Arthropa-
thy is also a very rare side effect of PD-1 inhibitors 
and so far only two cases have been reported in the 
literature.8 It responded well to the intra-articular 
and systemic steroid therapy and the patient did not 
require any further treatment after the end of his 
pembrolizumab treatment.

It is also of interest that our patient developed 
several different immune-toxicities secondary to his 
mAbs treatment for malignant melanoma and all of 
them resolved spontaneously after cessation of treat-
ment except for his diabetes. Our case also heightens 

our awareness of complications associated with the 
clinical use of these agents and may be considered 
as a prototypical model for future research into the 
understanding of these immune toxicities.

CONCLUsION

Although not very commonly encountered in the 
past, hypophysitis and other metabolic and endocrine 
disorders secondary to the use of monoclonal antibody 
treatment will be increasingly encountered by the 
acute medical team, oncologists and endocrinologists.

Hypophysitis and T1DM can develop due to im-
mune toxicities of modern anticancer treatments and, 
if not promptly diagnosed and properly treated, may 
be life-threatening due to secondary adrenal insuf-
ficiency and DKA, respectively, the key being rapid 
diagnosis and therapeutic intervention. This can be 
achieved through a close level of communication 
between the relevant specialties and patient education. 

Patients should be educated and may be provided 
with a safety card about the symptoms and the likely 
immune toxicities from their anticancer medication.

Clinicians, especially emergency and acute medical 
teams, should be vigilant about the clinical features 
of such potential life-threatening toxicities.

There is also a need to discover new predictive 
biomarkers of both activity and toxicity of these agents.
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