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Hormones in pain modulation and their clinical  
implications for pain control: a critical review

Xueyin Chen, Jinyuan Zhang, Xiangrui Wang

Department of Pain Management, Renji Hospital, School of Medicine, Shanghai Jiao Tong University, Shanghai, China

AbstrAct 

Recently, more and more studies have found that pain generation, transmission and modulation 
are under hormonal regulation. Indeed, hormonal dysregulation is a common component of 
chronic pain syndromes. Studies have attempted to determine whether the relationship between 
the pain and its perception and hormones is a causative relationship and how these processes 
interrelate. This review summarizes and analyzes the current experimental data and provides 
an overview of the studies addressing these questions. The relationship between pain percep-
tion and endocrine effects suggests that hormones can be used as important biomarkers of 
chronic pain syndromes and/or be developed into therapeutic agents in the fight against pain.

Key words: Εndocrine system, Central mechanism, Central sensitization pain, Hormones, Modula-
tion, Neuropathic pain, Nociceptive pain, Peripheral effect
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INTRODUCTION

Pain is defined by the International Association 
for the Study of Pain (IASP) as an unpleasant sen-
sory and emotional experience associated with actual 
or potential tissue damage. Mechanism-based pain 
classification was proposed for more effective pain 
management. Broadly speaking, three categories of 
pain have been described in the literature: nociceptive 
pain, neuropathic pain, and central sensitization pain. 
Nociceptive pain is pain that is caused by tissue dam-
age and it is usually described as a sharp, aching, or 

throbbing pain that is proportional to the nociceptive 
input.1 Neuropathic pain is defined as pain caused by 
damage or disease affecting the somatosensory nerv-
ous system.2 Central sensitization is a condition of the 
nervous system whereby there is an increased neuronal 
response to stimuli associated with the development 
and maintenance of chronic pain and reduced pain 
modulation.3 There is a significant overlap between 
these three concepts and specific classification of any 
pain must be carried out according to the predominant 
type of pain presented.

Recent research has shown that the generation of 
pain, its transmission, and modulation are directly 
associated with the endocrine system including proopi-
omelanocortin (POMC) products, adrenocorticotro-
phin (ACTH) and the endorphins, the thyroid system 
hormones (TRH, TSH, T3), the growth hormone 
(GH), prolactin, melatonin, insulin, calcitonin, so-
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matomedin, somatostatin, histamine and vasopressin. 
Hormonal dysregulation is closely associated with 
chronic pain syndromes. A diagnostic challenge is in 
assessing whether these changes are a coincidence 
or a consequence and how they are interrelated. This 
review summarizes and analyzes the recent studies 
conducted to determine the relationship between 
chronic pain and hormones.

ENDORphIN aND paIN mODUlaTION

The most thoroughly studied hormones related to 
pain are those that belong to the endogenous opioid 
system. It should be noted that β-endorphin, adreno-
corticotropic hormone (ACTH), and the melanocyte-
stimulating hormones (MSH) derive from a com-
mon precursor molecule, the proopiomelanocortin 
(POMC).4,5 Loh et al showed in 1976 that β-endorphin 
had a potent analgesic effect, and indeed 18 to 33 
times more potent compared to morphine on a molar 
basis. Additionally, they found that chronic, localized 
infusion of β-endorphin into the rat brain could induce 
morphine-like physical dependence.6 Several early 
studies examined the analgesic and pain modulatory 
effects of β-endorphin and the binding of the peptide 
to specific opioid receptors affecting cyclic adenosine 
monophosphate levels and calcium uptake.7 Most 
of these studies were focused on the effects of this 
peptide on the central nervous system.

More recently published studies have shown that 
the products of the POMC gene also affect the im-
mune cells including the lymphocytes, monocytes, 
macrophages, granulocytes, and mast cells. This may 
partially explain the role that endorphin can play in the 
acute pain phase and the overall inflammation. After 
basic molecular processing, endorphin is packaged 
in membrane-bound secretory vesicles8 ready to be 
released when required. The stress of inflammation 
triggers the release of corticotrophin-releasing hor-
mone (CRH).9 The endorphin-producing cells have 
receptors for CRH, which then facilitate the release 
of endorphin. Interestingly, these immune cells also 
have receptors for endorphin themselves, this indi-
cating an autocrine/paracrine effect of endorphin on 
the immune cells10 modulating signal transmission 
of inflammation, the production of cytokines,11 and 
its progress.12 The increased level of opioid peptides, 

including endorphin, in the systemic circulation dur-
ing inflammation may originate from the pituitary 
as well as from peripheral immune cells. As has 
been shown by several studies, opioid receptors are 
widely expressed throughout the central and periph-
eral nervous systems and in numerous non-neuronal 
tissues.13 This may help explain the antinociceptive 
effect of endorphin on peripheral sensory terminals, 
a peripheral effect usually combined with several 
CNS effects. Elucidation of the relationships between 
endorphin, the immune system, and pain may en-
able us to find the key points to ameliorate or even 
inactivate the various components of inflammation 
triggering pain.

Opioid receptor antagonists induce hyperalge-
sia,14 while activation of opioid receptors provides 
pain relief. During the acute phase of inflammation, 
tissue injury-induced μ-opioid receptor constitutive 
activity (MORCA) can suppress spinal nociceptive 
signaling.15 Studies from mice and humans have 
confirmed endogenous opioid-masked latent pain 
sensitization, which provides proof of the relationship 
between endogenous opioids and the transition of 
pain from acute to chronic.16 As a cornerstone therapy 
for the treatment of moderate to severe pain, the use 
of opioids has escalated in recent years. Exogenous 
opioid receptor antagonists may increase sensitivity 
to pain or aggravate preexisting pain.17 The exact 
mechanisms of opioid-induced hyperalgesia are not 
completely understood, thus, investigation of endog-
enous opioids like endorphin is likely to increase our 
understanding of the mechanisms involved in the 
occurrence of hyperalgesia and the transition from 
acute to chronic pain. 

The concentration of endogenous opioids is thought 
to be associated with the level of pain.18 Jadric R et al19 
compared rat brain β-endorphin values after continu-
ous treatment with different anti-depressive drugs and 
found that amitriptyline produced a greater response 
and showed higher brain β-endorphin concentration. 
Similarly, a study on chronic pain in humans conducted 
by Bruehl S showed that an elevated resting plasma 
β-endorphin may be a potential biomarker, indicat-
ing as it did a reduced endogenous opioid analgesic 
effect.20 However, more recent results do not support 
resting plasma β-endorphin levels as a clinically 
useful predictor of opioid analgesic responses.21 The 
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evaluation of β-endorphin levels in body fluids might 
be useful as a marker for disease diagnosis and treat-
ment, but further evidence is required.

ThE hypOThalamIC-pITUITaRy-aDRENal 
(hpa) axIS aND ThE aCTh

Grieo EN et al provided evidence for the dysregula-
tion of the hypothalamic-pituitary-adrenal (HPA) axis 
in patients with fibromyalgia (FM), a disorder associ-
ated with altered functioning of the stress-response 
system and a classic example of central sensitization. 
FM is marked by mild hypocortisolemia, hyperactiv-
ity of pituitary to hypocortisolemia, hyperactivity of 
pituitary ACTH release to CRH, and glucocorticoid 
feedback resistance.22 This phenomenon has been 
found in other conditions related to central sensitiza-
tion and prolonged stress such as the chronic fatigue 
syndrome23 and irritable bowel syndrome.24 Research-
ers including G Blackburn-Munro came up with the 
“Coincidence or Consequence” hypothesis, which 
described chronic stress-induced HPA dysfunction as 
a potential common link between chronic pain and 
depressive illness, this conceivably explaining the 
prevalence of chronic pain when the CNS undergoes 
sensitization.25

HPA dysregulation is not clearly observed in other 
pain categories. EN Grieo’s study also reported that 
hypocortisolemia was observed in nociceptive pain 
but found no evidence of HPA disruption. In the 
chronic neuropathic pain model, abnormal cortisol 
levels were suggested as being abnormal. However, 
a subsequent study based on a rodent neuropathic 
pain model determined that increased nociceptive 
sensitivity during chronic pain is associated with 
changes in the limbic system that were not related 
to HPA axis activation. This study confirmed that 
mRNA expression of corticotrophin-releasing hor-
mone was increased in the central amygdala but not 
in the paraventricular nucleus of the hypothalamus, 
center of the HPA axis.26

HPA axis activation is an effective strategy adopted 
by the body during acute inflammatory and stress. 
Steroids taken orally or by injection are commonly 
used approaches to manage acute and chronic pain, 
although the outcomes are controversial. Further 
basic and clinical studies are necessary to elucidate 

the function of the HPA axis and steroids in pain 
management. It is important to determine their effects 
on the local pain generation and CNS information 
processing and assessing systems which may influ-
ence the rational use of glucocorticoids and optimize 
treatment strategies of chronic pain with regard to 
central sensitization.

ThE ThyROTROpIN gROUp (TRh, TSh, T3)

In the early nineties, rheumatologists from the 
Netherlands found that treatment for thyroid dysfunc-
tion resulted in a temporary effect on musculoskeletal 
symptoms.27 This result suggested a potential relation-
ship between thyroid dysfunction and musculoskeletal 
symptoms. Since then, thyroid hormones (THs) were 
found to play significant roles in other chronic pain 
syndromes such as headache, arthritis, arthralgia, 
myopathies, and fibromyalgia.28,29

A recent study found that hypothyroidism dur-
ing pregnancy promoted hypersensitivity to noxious 
thermal stimulus.30 Other studies have shown that 
THs are essential for the normal maturation of CNS 
and brain function at the anatomical, biochemical, 
and neurophysiological levels,31,32 and that there is 
a connection between thyroid hormones and pain 
perception.33

Based on experimental and clinical evidence, physi-
ologists speculate that THs regulate pain perception by 
modulating the function of the Gamma-Amino-Butyric 
Acid (GABA) system. The GABAergic system plays an 
important role in nociceptive signal processing in the 
CNS. The GABA-A receptor mediates neural inhibition 
via postsynaptic action on spinal cord neurons and the 
cerebral cortex.34 Once the inhibition is reduced, it 
contributes to the development of neuropathic pain.35 
This regulation of GABA-A receptor is also related 
to central sensitization and may be an underlying 
cause of allodynia. The relationship between GABA 
and THs is mutual. THs affect the entire GABAergic 
circuit, including enzyme synthesis, metabolism, 
release, receptor binding, and reuptake. At the same 
time, GABA inhibits thyroid stimulating hormone 
(TSH)-stimulated TH release from the thyroid gland 
and TSH secretion from the pituitary.36 Additional 
research is required to determine the role of THs in 
pain production, transmission, and amplification. 
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It should be noted here that several hypothalamus-
pituitary-thyroid (HPT)-related factors are involved in 
the maintenance of normal nervous system function 
and also in the onset of abnormal states such as chronic 
pain. In future clinical application, thyroid hormones 
will either be important biomarkers of chronic pain 
syndromes during the onset or maintenance phases 
or may be developed as therapeutic interventional 
tools in pain control.

ThE gONaDal hORmONES

There is compelling evidence of gender differences 
in the epidemiology, symptomatology, pathophysi-
ology, and treatment outcome in both clinical pain 
conditions and experimental studies. Fibromyalgia,37 
migraine,38 functional dyspepsia,39 chronic pelvic 
pain,40 chronic fatigue syndrome,41 depression,42 and 
irritable bowel syndrome43 are all more prevalent in 
females. Thus, it is reasonable to investigate the effects 
of gonadal hormones, especially that of estrogens, on 
pain pathways including pain generation, transmis-
sion, and central processing. Because female gonadal 
hormones fluctuate with the menstrual cycle, if estro-
gen contributes to pain processing, pain perception 
would change during the menstrual cycle. However, 
a review of recent well-controlled studies failed to 
find evidence of an effect of menstrual cycle phase 
on the perception of pain sensitivity.44 There is little 
evidence of an estrogenic influence in pain processing 
caused by crosstalk between the estrogen and opioid 
receptors through classic secondary messengers and 
downstream gene transcriptional regulators.45 Several 
studies support a role for testosterone in dampening 
pain and raising the pain threshold.46,47 Additional 
research is needed to clarify the effects of estrogen 
and of testosterone on pain modulation and elucidate 
the potential biological mechanism for such effects.

Similarly to pain perception, pain coping strate-
gies are also different between men and women. 
Psychosocial mechanisms may be more fundamental 
than biological mechanisms.48 A study of pain-related 
brain activation revealed that the menstrual cycle 
can affect the general bodily awareness systems and 
modulate pain at the cognitive level.49

In terms of clinical implications, sex hormones 
may help in the treatment of chronic pain and tes-

tosterone has been found to be effective in treating 
central sensitization in fibromyalgia patients.50 Ad-
ditional research is warranted to further elucidate the 
mechanisms of sex differences in pain to facilitate 
sex-specific treatments that consider both biological 
and psychological factors.

mElaTONIN

Melatonin, a hormone synthesized and secreted 
by the pineal gland, plays an important role in the 
regulation of several important physiological functions 
including sleep and the circadian rhythm. In the early 
1980s, scientists found that information derived from 
environmental light exposure affected pain sensitivity 
via the pineal gland hormone melatonin.51 There is 
an increasing number of recent studies on the effects 
of melatonin on pain.

Melatonin has different roles in different pain 
states due to its widespread presence in the CNS52 
and in a variety of tissues. The potent and long-lasting 
antinociceptive effects of melatonin during acute pain 
status has been reviewed.53 Experiments suggest that 
the analgesic effects of melatonin might be related 
to the opiate system.54 In 2005, it was determined 
that melatonin exerted its analgesic function not by 
binding to opioid receptor subtypes but by increasing 
the release of β-endorphin, the endogenous opioid.55 
In addition, a recent study found that melatonin can 
prevent morphine-induced hyperalgesia and tolerance 
by inhibiting the protein kinase C and N-methyl-D-
aspartate pathways.56

During the inflammatory pathophysiological state, 
activation occurs of different pharmacological targets 
of melatonin, including iNOS, COX-2, cytokines, and 
molecule productions. Its anti-inflammatory effects 
are driven via a number of different classic transcrip-
tional pathways including NFκB, HIF, cAMP, STAT, 
and AP-1.57

In the case of the neuropathic pain, melatonin was 
found to be effective in treating nerve injury,58 spinal 
cord injury,59 post-herpetic neuralgia,60 and migraine.61 
Oxidative stress contributes to all these conditions 
and melatonin acts as an antioxidant, working as a 
free radical scavenger in the L-arginine-NO58 and 
N-methyl-D-aspartate62 pathways.
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be a peripheral mechanism of the analgesic effect 
of calcitonin other than its CNS effects. Additional 
research will further expand our understanding of 
calcitonin and its antinociceptive activity. In the future 
calcitonin may emerge as additional analgesic used 
along NSAIDs and opioids.

OThER hORmONES INvOlvED IN paIN

Insulin and insulin-like growth factors (IGFs) are 
required for vital neuronal functions. Diabetes, meta-
bolic syndrome, and other conditions characterized by 
absolute or functional deficiencies of insulin or IGF-1 
may also present neuronal and vascular complica-
tions. Insulin resistance arises in migraine,77 painful 
peripheral diabetic neuropathy, and musculoskeletal 
pain.78 Acute pain can also induce insulin resistance.79 
Determination of the molecular mechanisms remains 
a challenging goal. 80 Maintenance of normal glucose 
metabolism may provide acute pain relief and reduce 
pain chronicity.

Prolactin abnormalities have been observed in 
autoimmune disease,81 cluster headache,82 and mi-
graine.83 Although trials have been designed to test 
the use of prolactin antagonists as analgesics, further 
evidence of effectiveness is required.

An 18-month multicenter placebo-controlled trial 
conducted by Cuatrecasas et al demonstrated the 
effectiveness of growth hormone as an adjunctive 
therapy for patients with myalgia in reducing pain 
with sustained action over time.84 Further studies are 
required to determine the analgesic effect of growth 
hormone at the molecular level. The effectiveness 
of growth hormone for treating other chronic pain 
syndromes also necessitates further investigation.

In addition, there is a lack of conclusive evidence 
that somatomedin, somatostatin, histamine, vasopres-
sin, and other hormones are linked to pain. Again, more 
clinical studies and basic research are warranted to 
test the connection of these hormones to pain.

CONClUSION 

The IASP describes pain as an unpleasant sensory, 
affective, and cognitive experience that is associated 
with actual or potential tissue damage. However, the 
feeling of pain is subjective and personal, unique 

Several painful disorders have been associated with 
central nervous system sensitization to pain. Abnormal 
serum melatonin concentrations have been detected 
in patients with most of these syndromes, which 
include fibromyalgia,63 chronic fatigue syndrome,64 
and irritable bowel syndrome.65 However, the causes 
and consequences of this phenomenon have not been 
elucidated. Further research is needed to determine 
its function in reducing central sensitization to pain.

Currently, melatonin is used as an adjuvant drug 
in the treatment of several specific conditions, mainly 
due to its ability to improve sleep. In consideration 
of its antinociceptive potential, it might be developed 
as a useful analgesic in the near future and become 
as common as nonsteroidal anti-inflammatory drugs 
(NSAIDs) or opioids.

CalCITONIN

Calcitonin (CT), discovered in 1961 by H Copp,66 
is a 32-amino acid hormone secreted by the para-
follicular cells of the thyroid gland. In humans, it 
exerts a minor effect on calcium balance.67 CT was 
used, and abused, as an analgesic treatment of pain-
ful conditions such as osteoporosis,68 phantom limb 
pain,69 diabetic neuropathy,70 complex regional pain 
syndrome,71 migraine,72 and malignancies.73

According to studies in different fields, CT has 
multisystem binding sites including plasma membranes, 
bone, cultured human lymphocytes, malignant cells, 
and CNS neurons. The receptors for calcitonin have 
been found in the thalamus, periaqueductal grey, 
nucleus gigantocellularis, and raphe nucleus of the 
mouse brain where serotonergic neurons are located. 
These regions are associated with pain processing.74 
It is likely that calcitonin exerts its primary analgesic 
effect through the receptor-mediating modulation of 
serotonergic neuronal activity during pain pathways 
in the CNS.75

Endorphin-mediated mechanisms were also pro-
posed to explain the CNS mechanisms of calcitonin’s 
analgesic action.76 However, further studies are required 
to confirm the connection between these two theories. 
Both in vitro and in vivo data using calcitonin showed 
that it inhibits the synthesis of pain-producing factors 
such as prostaglandins and cytokines. This might 



318 X. CHEN ET AL

and multidimensional. Sometimes, the pain a person 
experiences may be disproportionate to the nature 
and extent of tissue damage, injury or its pathology. 
Thus, we need a more comprehensive explanation 
of its generation, transmission, and processing and 
its pathological amplification in disease states. The 
hormone system may be essential to understanding 
this process as it can affect the human body as a whole 
and interact efficiently with other systems.

Modern pain neuroscience has classified pain as 
peripheral neuropathic pain, nociceptive pain, and 
central sensitization. Hormones may play different 
roles in different types of chronic pain. Hormone dys-
regulation is a component of chronic pain syndromes, 
but there is not yet clear evidence indicating whether 
these are correlated with each other or are causative. 
Addressing this question will guide future clinical 
application. Hormones could serve as important bio-
markers of chronic pain syndromes during the onset 
or maintenance phases or may be a future therapeutic 
target for disease treatment. Research into the possible 
involvement of multiple hormones in the etiology of 
both chronic pain and related disorders may help us 
understand the links between different disease states 
while potentially pointing to novel strategies for the 
development of pharmacotherapies.
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AbstrAct 

postprandial dysmetabolism is a postprandial state characterized by abnormal metabolism 
of glucose and lipids and, more specifically, of elevated levels of glucose and triglyceride (Tg) 
containing lipoproteins. Since there is evidence that postprandial dysmetabolism is associated 
with increased cardiovascular mortality and morbidity, due to macro- and microvascular 
complications, as well as with conditions such as polycystic ovary syndrome (pCOS) and non-
alcoholic fatty liver disease (NaFlD), it is recommended that clinicians be alert for early detec-
tion and management of this condition. management consists of a holistic approach including 
dietary modification, exercise and use of hypoglycemic and hypolipidemic medication aiming 
to decrease the postprandial values of circulating glucose and triglycerides. This review aims 
to explain glucose and lipid homeostasis and the impact of postprandial dysmetabolism on the 
cardiovascular system as well as to offer suggestions with regard to the therapeutic approach 
for this entity. however, more trials are required to prevent or reverse early and not too late 
the actual tissue damage due to postprandial dysmetabolism. 
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INTRODUCTION

Postprandial dysmetabolism comprises a new 
parameter for the assessment of carbohydrates and 
lipids homeostasis. While the conventional risk fac-
tors defining cardiovascular disease are evaluated 
in a fasting state, postprandial dysmetabolism is a 
postprandial state distinguished by abnormally in-
creased circulating levels of glucose and lipids and 

therefore constitutes an independent risk factor for 
the onset of cardiovascular events.1 In this review 
we will focus specifically on a) mechanisms that 
disturb the postprandial homeostasis of glucose and 
lipids, b) the impact of the impaired metabolism of 
these nourishing substrates on cardiovascular disease 
and c) therapeutic interventions aimed at correcting 
postprandial dysmetabolism.

phySIOlOgy OF glUCOSE aND lIpID 
mETabOlISm aND mEChaNISmS 
CONTRIbUTINg TO ThEIR DySREgUlaTION 

Homeostasis of glucose metabolism: Postprandial 
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glucose metabolism is regulated by the action of 
hormones, such as insulin, glucagon, amylin and the 
incretin hormones, glucagon-like peptide 1 (GLP1) 
and glucose-dependent insulinotropic peptide (GIP).2 
(Figure 1).

Insulin is produced by the beta cells of the pancreas 
as proinsulin before being secreted and is subsequently 
cleaved into insulin and C-peptide. During a meal 
insulin is secreted in two phases: the first consists of 
a rapid short-term rise which lasts a few minutes and 
the second of a more progressive release proportional 
to the glycemic load of the meal.1,3 Data suggest that 
an impaired first phase of insulin secretion is an indi-
cator of beta cell dysfunction encountered in patients 
with early diabetes and prediabetes.1,2,4-6 The effect 
of insulin on glucose homeostasis is to reduce the 
postprandial glucose levels, a goal that is achieved 
via three actions. a) It increases the glucose uptake 
by peripheral tissues, mainly by skeletal muscles. 
This action is mediated mainly through an isoform 
of a family of glucose transporters proteins, GLUT4. 
The GLUT4 protein transporter is a major regulator 
of whole-body glucose homeostasis and its recruit-

ment to the cell surfaces of muscle and adipose cells 
is stimulated by insulin.7 b) It promotes glycogen 
synthesis. c) It inhibits glucagon secretion, thus re-
sulting in reduced glucose production by the liver.2

Glucagon is secreted from alpha pancreatic cells 
into the portal vein and promotes hepatic glucose 
production during fasting via glucogenolysis and 
gluconeogenesis.2,8 After food consumption glucagon 
secretion is suppressed by insulin, amylin and GLP1. 
Glucagon plays a significant role in postprandial 
hyperglycemia. In diabetic patients the suppression 
of glucagon secretion is not adequate, leading to hy-
perglucagonemia and subsequent increased glucose 
production by the liver.9

Amylin (also known as islet amyloid polypeptide-
IAPP) is synthesized by beta pancreatic cells and 
released with insulin in response to the same stimulus. 
Amylin contributes to maintaining glucose homeostasis 
by delaying gastric emptying, suppressing glucagon 
release and controlling satiety.2,10 In diet-induced obese 
rats, amylin reduced their body weight and body fat 
with relative preservation of lean tissue.11

Figure 1. Postprandial plasma glucose homeostasis.
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The GLP1 and GIP are peptides secreted from 
intestinal cells during nutrient ingestion. GLP1 is 
produced by L cells which are located primarily in 
the ileum but also in the colon, while GIP is produced 
by K cells which are located in the proximal parts of 
the small intestine.12 The incretin effect refers to the 
amplification of insulin secretion that is observed when 
glucose is taken orally, as opposed to being infused 
intravenously, to provide identical plasma glucose 
concentrations.13 Incretin hormones act directly on the 
pancreas stimulating insulin secretion by beta cells 
in a glucose-dependent manner. In addition, GLP1 
inhibits glucagon secretion by pancreatic cells and 
delays gastric emptying. The latter defines the main 
mechanism contributing to reducing postprandial 
overproduction of glucose. Furthermore, animal and 
in vitro studies have shown that it enhances beta cell 
proliferation and differentiation and seems to inhibit 
apoptosis.12,15 After their release, incretin hormones 
are rapidly broken down in the circulation by dipep-
tylpeptidase-4 inhibitor enzyme (DDP-4).2,14

While it is known that the incretin effect is reduced 
in patients with type 2 diabetes,13,16 there has been 
debate as to whether the impairment of the incretin 
effect is due to reduced secretion of GIP and GLP1. 
Recent data indicate that reduced incretin secretion 
per se is not the factor responsible for the diminished 
stimulation of insulin secretion seen in type 2 diabe-
tes;16-19 moreover, it appears that in type 2 diabetes, 
GIP no longer modulates glucose-dependent insulin 
secretion even at pharmacological plasma levels.19 
A meta-analysis of 688 participants (363 patients 
with type 2 diabetes vs 325 non-diabetic controls) 
demonstrated that patients with type 2 diabetes are 
in general characterized by preserved GIP secretion 
in response to oral glucose and meal tests. However, 
post hoc subgroup analyses showed that high BMI, 
younger age and low HbA1c level seem to positively 
affect the GIP responses in diabetic patients.16 Another 
meta-analysis evaluating the secretion of GLP1 in 554 
participants (275 patients with type 2 diabetes and 279 
non-diabetic controls) suggested that diabetic patients 
in general do not exhibit reduced GLP1 secretion in 
response to an oral glucose tolerance test (OGTT) 
or meal test.17 However, meta-regression analyses 
exhibited independent effects of HbA1c and fasting 
plasma glucose levels on GLP1 iAUC responses and, 

moreover, a post hoc subgroup analysis showed that 
increasing levels of HbA1c associated negatively with 
GLP1 iAUC.17 The latter observations may explain 
the conflicting results from other studies which in-
cluded older patients with a long history of diabetes 
and relatively high HbAic and fasting plasma glucose 
levels, thus implying that the GLP1 secretion profile 
may be preserved in the early stages of diabetes and 
subsequently alter during the progression of diabetes.17 
Xu et al studied the expression of GIP and GLP1 beta 
cell receptors in hyperglycemic rats and found that 
they were significantly decreased in 90% of pancre-
atectomized rats. Sub-expression was reversible when 
glucose levels were normalized.18 This verification 
indicates that downregulation of pancreatic incretins 
receptors due to chronic hyperglycemia may be an 
important determinant of a reduced incretin effect in 
diabetic patients.

GLP2 is another proglucagon-derived peptide 
produced by a subset of enteroendocrine cells within 
the epithelium of the small and large intestine and 
by a population of neurons in the brainstem.20 GLP2 
increases absorption of nutrients, while it has been 
shown that parenteral infusion in non-obese humans 
increases glucagon secretion.21 However, though it 
was once considered to have no effect on insulin se-
cretion,22 recent data from animal model experiments 
indicate that GLP2 may promote insulin sensitivity, 
particularly in conditions associated with obesity.20 
Although the underlying mechanisms have yet to be 
determined, some possible actions include food intake 
reduction mediated by the central nervous system, 
neuroendocrine signals which suppress hepatic glu-
cose production and reduced gut permeability with 
subsequent bacterial-endotoxemia.20 Nevertheless, 
results from human studies still remain inconsistent 
and future research is needed.20 

Homeostasis of lipid metabolism: The role of 
lipids in postprandial dysmetabolism is important. 
Postprandial dysmetabolism is mainly characterized 
by elevated levels of triglycerides (TG) and their 
remnant lipoprotein particles (RLPs),1 therefore a 
brief overview of TG metabolism and homeostasis 
is essential (Figure 2). 

After the consumption of a meal containing lipids, 
dietary origin triglycerides are hydrolyzed in the 
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ated with endothelial dysfunction and the formation 
of foam cells in vessel walls.24

Chylomicrons and VLDL break down by several 
lipases (lipoprotein lipase-LPL, hepatic lipase) into 
fatty acids and RLPs and compete in clearance.23-25 
LPL is located in capillary endothelial cells, mainly 
in the heart, adipose tissue and skeletal muscle.26,27

Lipolysis is a catabolic pathway which occurs 
mainly in adipose tissue and is characterized by the 
hydrolysis of TG into fatty acids and glycerol which are 
subsequently released into the circulation, providing 
peripheral tissues with the necessary energy demands.28 
Lipogenesis, on the other hand, is an anabolic path-
way which occurs principally in adipose tissue, but 

intestine to free fatty acids and monoglycerides by 
the enzyme pancreatic lipase Subsequently, they are 
absorbed by intestinal epithelial cells, converted to 
triacylglyceroles and packed with ApoB48 into chy-
lomicrons, which are then secreted in the lymphatic 
circulation.23-25

Very low density lipoproteins (VLDL) are produced 
and secreted by the liver and contain triglycerides 
packed with ApoB100. They are initially synthesized 
in the hepatic endoplasmatic reticulum as pre-VLDL 
and subsequently form VLDL2. In the Golgi apparatus 
VLDL2 may then be converted to larger VLDL1 by 
the addition of lipids.24 Large VLDL particles are 
considered to be more atherogenic as they are associ-

Figure 2. Triglycerides plasma homeostasis. TG: triglycerides, PL: pancreatic lipase, FFA: free fatty acid, MG: monoglycerides, 
TAG: triacyloglyceroles, CHM: chylomicrons, LPL: lipoprotein lipase, RLPs: remnants lipoprotein particles, VLDL: very low density 
lipoproteins, GPIHBP1: Glycosylphosphatidylinositol-anchored high density lipoprotein 1, GLP1: glucagon-like peptide 1, GLP2: 
glucagon-like peptide 2.
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also in other organs such as the liver, muscle, heart 
and pancreas. It leads to TG production through free 
fatty acid esterification and is distinguished from 
lipogenesis originating from free fatty acids derived 
from the diet and de novo lipogenesis which occurs 
principally in the liver and mainly after a high car-
bohydrate meal.28 Insulin plays a critical role in the 
regulation of lipid homeostasis and is implicated in 
the subtle balance between lipolysis and lipogenesis, 
since it stimulates lipid synthesis and adipogenesis 
and inhibits lipolysis.28 

Apart from insulin action on lipid metabolism, it 
seems that gut peptides like GLP1 and GLP2 may also 
play an important role in lipid homeostasis affecting 
postprandial hypertriglyceridemia. It has been reported 
that GLP1 ameliorates postprandial hyperlipidemia via 
several mechanisms, including reduction of intestinal 
lymph flow, TG absorption, gastric emptying and gut 
motility and decreased intestinal lipoprotein production 
and secretion.25 It has also been noted in experimental 
animal models that administration of GLP1 analogs 
may result in reduced VLDL production by the liver 
and decreased expression of genes involved in he-
patic de novo lipogenesis.29 On the other hand, GLP2 
appears to be associated with high postprandial TG, 
ApoB48 and free fatty acids concentrations, probably 
via enhancement of intestinal lipid absorption and 
intestinal lipoprotein particles release.30

Τhe risk factors which seem to contribute to post-
prandial hypertriglyceridemia are obesity, insulin 
resistance, VLDL hypersecretion, reduced lipolysis 
by LPL, reduced RLPs clearance by hepatic receptors 
and genetic factors. 

It has been found that obese individuals, and es-
pecially those exhibiting visceral obesity, develop 
increased response in postprandial TG after the con-
sumption of a fatty meal compared to non-obese 
subjects.31,32 Meanwhile, it has been proposed that 
elevated adiposity results in a high flow of free fatty 
acids to the liver, leading to increased hepatic TG 
synthesis.23 Hepatic free fatty acid delivery is also 
increased in humans with insulin resistance resulting 
in excess secretion of VLDL.23,33 In fact, obesity and 
insulin resistance are closely associated, leading to 
dysregulation of TG homeostasis. During adipose 
tissue expansion, adipocytes become hyperplastic 

and dysfunctional and subsequently resistant to the 
antilipolytic effect of insulin.28 As subjects’ resistance 
increases, plasma free fatty acid levels also rise: the 
resulting excess free fatty acid release is toxic for 
many tissues and leads to reduced glucose uptake 
by liver and muscle, pancreatic beta cell dysfunc-
tion and stimulation of hepatic TG synthesis and 
VLDL production.28 Blackburn et al. compared post-
challenge triglyceride (TG)-rich lipoprotein (TRL) 
levels after a high fat content breakfast in men with 
impaired glucose tolerance (IGT) versus men with 
normal glucose tolerance (NGT): the results showed 
that men with IGT had a higher increase in the post-
challenge TG-TRL levels including all TG fractions 
(large, medium and small).34

It is likely that reduced LPL activity contributes 
to postprandial increase of TG in diabetic patients.35 
Regarding LPL, there is evidence that several modifiers 
may, through their interference, alter its activity, thus 
leading to TG accumulation. Specifically, ApoC-III, 
which is produced by the liver and intestine, is an 
exchangeable apolipoprotein located in the ApoA-
I/C-III/A-IV gene cluster on chromosome 11q23. 
ApoC-III, consisting of an independent factor for CVD 
in humans, is found in both fasting and postprandial 
TG and chylomicrons.26 It has been reported that 
ApoC-III increases plasma TG through inhibition of 
LPL activity as well through enhancement of hepatic 
production of VLDL,26 although novel data suggest 
that ApoC-III may also increase plasma TG levels 
via an LPL-independent mechanism.36 In addition, 
results from experimental animal models show that 
ApoC-III contributes to hypertriglyceridemia mainly 
by inhibiting hepatic clearance of TG-rich lipoproteins 
via low density lipoprotein receptors (LDLRs) and 
LDL-related protein 1 (LRP1) which mediate the 
endocytotic clearance of RLPs.37 In addition, its im-
pact on CVD prevalence is also due to stimulation of 
inflammatory processes in vessels and the pancreas.26 
Glycosylphosphatidylinositol-anchored high density 
lipoprotein 1 (GPIHBP1) is expressed in capillary 
endothelial cells and is hypothesized to be a binding 
site for LPL in the capillary lumen, thereby facilitating 
LPL activity and TG hydrolysis along the luminan 
surface of capillaries.27 Moreover, it has been shown 
from both animal models38 and in humans with vari-
ous GPIHBP1 mutations that GPIHBP1 deficiency 
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or dysfunction seems to be associated with elevated 
TG levels.27 Finally, ANGPTL 3 and ANGPTL 4 are 
secreted proteins expressed mainly in the liver and 
adipose tissue, respectively, which are structurally 
similar to angiopoietins and their expression appears 
to be upregulated in insulin resistance states.39 Animal 
experiments have indicated that they may interfere in 
TG metabolism by inhibiting LPL, thus exacerbating 
hypertriglyceridemia.39

Another factor contributing to postprandial hyper-
triglyceridemia is lack of hepatic receptors (HSPG, 
LDLR, LRP1), which interfere with the clearance of 
chylomicrons and VLDL from the circulation.40 Of 
note, some of the hepatic lipoprotein remnant clear-
ance receptors may interact with insulin. Specifically, 
it has been shown that insulin may stimulate the 
translocation of LRP1 to the plasma membrane, thus 
contributing to RLPs clearance.41 On the other hand, 
it has been found that inactivation of LRP1 could be 
associated with reduced expression of surface insu-
lin receptors and suppressed GLUT2 translocation 
to plasma membrane. This will account for the fact 
that in experimental animals with inactivated LRP1 
receptors, consumption of a high-fat diet results in 
insulin resistance and metabolic syndrome.42 

Given that most people consume fat-containing 
meals frequently during the day, the usual metabolic 
state of lipids is postprandial, since after a typical fatty 
meal, consumption serum triglycerides rise within an 
hour and remain elevated for 5-8 hours. This contrasts 
with glucose metabolism which displays transient 
elevations after a meal.43

COmplICaTIONS OF pOSTpRaNDIal 
DySmETabOlISm

Complications of postprandial hyperglycemia
Postprandial hyperglycemia seems to contribute 

significantly to the development of cardiovascular 
complications, since it has been shown to enhance 
injury in both the macro- and microvascular systems, 
thus resulting in increased morbidity and mortality 
(Tables 1-3). Indeed, several reports strongly indicate 
that severe postprandial hyperglycemia is correlated 
with increased incidence of cardiovascular events 
and mortality.44-49
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IMT: intima media thickness, aPW: arterial pulse wave velocity.
Gordin et al, 2016

Tanaka et al, 2014

Hu et al, 2010

Ando et al, 2010

Gong et al, 2009

Saely et al, 2008

Brohal et al, 2006

Temelkova-Kurktschiev et al, 2000

Hanefeld et al, 1999

Study
postprandial hyperglycemia and atherosclerosis
Table 2. Association of postprandial hyperglycemia with the development of atherosclerosis

46 type 2 diabetics and 25 controls

108 subjects

474 type 2 diabetics

2,842 subjects

Newly diagnosed untreated  
type 2 diabetics and IGT

1,040 patients

24,111 subjects (DM or IGT)

582 individuals

403 subjects

participants

√
√

√
√
√

Increased 
carotid ImT

Results

√

Coronary stenosis/
atherosclerosis

√

√

√

Increased 
apWv

Sun ZJ et al, 2015

Sartore et al, 2013

Shiraiwa et al, 2005

Study
postprandial hyperglycemia and microvascular complications

Table 3. Association of postprandial hyperglycemia with microvascular complications

12,833 subjects

68 type 1 and 2 diabetics

232 type 2 diabetics

participants

√

√

Retinopathy
Results

√

Neuropathy

√

√

Nephropathy

Data analyzed from the prospective cohort Second 
National Health and Nutrition Examination Survey 
(NHANES II) Mortality Study, which included 3,092 
adults 30-74 years old who underwent an oral glucose 
tolerance test, suggest that post-challenge hypergly-
cemia is associated with increased risk of all-cause 
and CVD mortality independently of other CVD risk 
factors.44 Similarly, pooled data from three population-
based longitudinal studies showed that individuals 
with isolated post-challenge hyperglycemia had an 
increased risk of all-cause and cardiovascular mortal-
ity compared to those without diabetes. Furthermore, 
men with isolated post-challenge hyperglycemia had 
a high risk of cancer death.45 In addition, recent data 
have shown that the average challenge in 2-hour blood 
glucose level after meals was associated with the 
greatest difference in event-free survival probability 

for a composite endpoint which included CV death, 
nonfatal MI, nonfatal stroke, hospitalization for acute 
coronary syndromes or coronary revascularization.46 
On the other hand, another study compared newly 
diagnosed diabetes patients who exhibited isolated 
post-challenge hyperglycemia (fasting plasma glucose 
<126 mg/dL and 2-h post-challenge plasma glucose 
≥200 mg/dL) with patients without diabetes. During 
an 8-year observation period, the HR, adjusted for 
potential confounders for incident cardiovascular dis-
ease, was not significant [1.32 (95% CI: 0.88-1.99; p 
= 0.2)] in the newly diagnosed diabetic patients with 
isolated post-challenge hyperglycemia (fasting plasma 
glucose <126 mg/dL and 2-h postprandial glucose 
≥200 mg/dL) compared to those without diabetes.47

Regarding the contribution of fasting versus post-
prandial hyperglycemia to cardiovascular events, there 
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are reports indicating that postprandial hyperglycemia 
comprises a better predictor of deaths from all causes 
and cardiovascular disease as well as an independent 
factor for cardiovascular events than fasting blood 
glucose.48,49 Specifically, in adults of advanced age 
(mean age 78), postprandial glucose was associated 
with atherosclerotic cardiovascular disease and mor-
tality independently of fasting glucose.50

Pulse wave velocity (PWV) is the simplest non-
invasive robust assay for evaluation of arterial stiffness 
and, specifically, carotid-femoral PWV has been used 
in epidemiological studies demonstrating the predic-
tive value of aortic stiffness for CV events.51 There 
are studies in subjects with post-challenge hypergly-
cemia detected by an OGTT or by measuring glucose 
levels after meal consumption. Results suggest that 
post-challenge/postprandial hyperglycemia correlates 
with a higher brachial or brachial-ankle pulse wave 
velocity, thus indicating a possible involvement of 
postprandial hyperglycemia in early-stage athero-
sclerosis.52-54 Carotid intima media thickness (IMT) 
may predict the occurrence of stroke and myocardial 
infarction.55 Several studies have evaluated the impact 
of postprandial hyperglycemia on IMT in diabetic or 
IGT patients.56-60 In non-diabetic patients who exhibit 
impaired glucose tolerance after an OGTT, post-
challenge hyperglycemia appears to be associated with 
increased IMT.56-58 In one study, the 2h post-challenge 
plasma glucose and post-challenge glucose spikes were 
more strongly associated with carotid IMT than fasting 
plasma glucose and HbA1c.57 Another study noted that 
in non-diabetic IGT patients early hyperglycemia, and 
specifically the 60 minutes plasma glucose after an 
75g OGTT, was significantly and positively correlated 
with IMT.58 Regarding diabetic patients, post-challenge 
glucose spikes have been shown to be independently 
associated with carotid IMT, implying that they may 
contribute to development of atherosclerosis.59 In a 
systematic review including 24,111 subjects (4,019 
with diabetes and 1,110 with IGT), diabetic patients 
seemed to have a threefold increase in carotid IMT 
compared to patients with IGT. The authors attributed 
this difference to the advanced age (>10 years older) 
and the increased relative risks of myocardial infarc-
tion and stroke (>40%) of the diabetic participants.60 
In addition, data from an experimental animal study 
revealed that intermittent glucose administration in 

female mice leads to an approximately fourfold greater 
atherosclerotic lesion size in their aortic sinus, thereby 
indicating that repetitive glucose spikes may acceler-
ate atherosclerotic lesions formation.61 Concerning 
coronary atherosclerosis, Saely et al. evaluated the 
impact of postprandial hyperglycemia on coronary 
vessels in individuals with conventional diabetes 
(diabetes diagnosed on the basis of fasting glucose), 
isolated post-challenge diabetes (blood glucose ≥200 
mg/dl after a 75g OGTT), IGT and normal glucose 
tolerance who underwent a coronary angiography 
for the evaluation of coronary artery disease (CAD). 
The results showed that coronary atherosclerosis was 
more frequent in patients with IGT, isolated post-
challenge diabetes or conventional diabetes, with 
significant coronary stenosis (≥50%) being higher 
in patients with isolated post-challenge diabetes or 
conventional diabetes.62

Apart from the fact that postprandial hyperglycemia 
is known to cause macrovascular complications, there 
is evidence that it also contributes to microvascular 
complications. In a cross-sectional study of 232 sub-
jects with type 2 diabetes, multiple regression analysis 
showed that postprandial hyperglycemia correlated 
independently with the incidence of diabetic retinopa-
thy and neuropathy and non-independently with the 
incidence of diabetic nephropathy.63 One study also 
reported that in Japanese patients with type 2 diabetes, 
postprandial hyperglycemia was an even stronger 
predictor of the progression of diabetic retinopathy 
than HbA1c.64 Data from another study of 68 patients 
with DM1 and DM2 suggest that glucose variability 
may constitute a risk factor for diabetic retinopathy, 
particularly in the context of acute fluctuations and 
acute hyperglycemia, regardless of HbA1c.65 As far 
as nephropathy is concerned, a study of 12,833 in-
dividuals without a history of renal disease or dia-
betes indicated that impaired glucose tolerance, but 
not isolated impaired fasting glucose, is associated 
with increased GFR and a higher risk of glomerular 
hyperfiltration (estimated GFR above the age- and 
gender-specific 95th percentile for apparently healthy 
subjects) (OR 1.34, 95%CI: 1.107-1.66, p=0.009).66 

A cross-sectional analysis of a large epidemiological 
study showed that postprandial hyperglycemia may af-
fect the metabolism of certain lipoproteins. Specifically, 
it was demonstrated that isolated impaired glucose 
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tolerance is associated with increased triglycerides, 
large very low density lipoprotein subclass particles 
and structural remodeling of LDL particles, in contrast 
to isolated impaired fasting glucose which is associ-
ated with increased ApoB and total LDL particles.67

Studies to identify the possible complications of 
postprandial hyperglycemia could simultaneously 
evaluate its contribution to overall diurnal hyper-
glycemia. It seems that postprandial hyperglycemia 
defines the main hyperglycemic state when HbA1c 
is low, such as in early or well controlled diabetes. In 
contrast, fasting hyperglycemia is much more closely 
associated with higher values of HbA1c (Table 4).68-70

Complications of postprandial hyperlipidemia 
Large epidemiological studies have shown that 

postprandial hypertriglyceridemia is an additional risk 
factor for the development of cardiovascular disease 
(Tables 5, 6). Twenty-four thousand fine hundred and 
thirty-five (24,535) Norwegian women aged 35-49 
years old were followed up for a mean of 14.6 years. 
Results showed that mortality from coronary heart 

disease, cardiovascular disease and all-cause mor-
tality steadily increased with increasing non-fasting 
triglyceride concentrations.71 In addition, data from 
a prospective study with 26,509 initially healthy US 
women who underwent a follow-up for a median of 
11.4 years indicated that both fasting and non-fasting 
triglycerides levels were predictors of such cardio-
vascular events as nonfatal myocardial infarction, 
nonfatal ischemic stroke, coronary revascularization 
or cardiovascular death. Furthermore, non-fasting 
triglyceride levels maintained a strong independent 
relationship with cardiovascular events in contrast 
to fasting levels, which demonstrated a weaker as-
sociation with cardiovascular events when adjusted 
for total and high density lipoprotein cholesterol and 
measures of insulin resistance.72

As in the female population, cardiovascular risk 
increases in men with elevated postprandial triglycer-
ides. A prospective cohort study including 14,916 men 
aged 40 to 84 years old determined that the occurrence 
of myocardial infarction was the main outcome dur-
ing a 7-year follow-up. Triglyceride levels (85% of 

CVD: cardiovascular disease; CHD: coronary heart disease; CVE: cardiovascular events; MI: myocardial infarction.

Nordestgaard et al, 2007

Bansal et al, 2007

Stampfer et al, 1996

Stensvold et al, 1993

Study
postprandial hypertriglyceridemia and cardiovascular mortality–morbidity

Table 5. Association of postprandial hypertriglyceridemia with cardiovascular mortality and morbidity

7,587 women and 6,394 men

26,509 women

14,916 men

24,535 women

participants

√

√

Total deaths
Results

√

Deaths 
from CvD

√

Deaths 
from ChD

√

CvE

√

√

mI

 √

ChD

Table 4. Contribution of postprandial hyperglycemia in overall hyperglycemia

hba1c
<6.2 <6.5 <7.3 ≥9 >9 >10.2

% contribution of postprandial 
hyperglycemia

80% Woerle HJ et al, 2007
61% Schernthaner G, 2010

70% Monnier L et al, 2003
22% Schernthaner G et al, 2010

40% Woerle HJ et al, 2007
30% Monnier L et al
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blood samples collected at baseline were non-fasting) 
exhibited a linear association with the risk for myo-
cardial infarction, with men in the highest quintile 
having an approximately 2.5 greater risk than those 
in the lowest quintile.73 Another prospective cohort 
study of 7,587 women and 6,394 men aged 20-39 
years from Copenhagen pointed to an association of 
elevated non-fasting triglycerides with myocardial 
infarction, ischemic heart disease and death during 
a mean follow-up of 26 years. Hazard ratios were 
higher as triglycerides levels increased.74 Additionally, 
it has been reported that elevated postprandial TG is 
linked to an increased risk of myocardial infarction, 
ischemic stroke and early death in women and men 
in the general population.75

The role of postprandial hypertriglyceridemia 
in the development of atherosclerosis seems to be 
important. There are several studies evaluating the 
impact of postprandial hypertriglyceridemia on carotid 
intima thickness in type 2 diabetic patients of vari-
ous origins.76-79 The studies concluded that increased 
postprandial triglycerides are associated with higher 
IMT. Additionally, in 45 patients who underwent a 
standardized fatty meal test and whose triglycerides 
levels were subsequently measured after 2, 4, 6 and 
8 hours, it was shown that high post-challenge tri-
glycerides correlated positively with an increase in 
aortic pulse wave velocity (aPWV) 6 hours after the 
fatty meal consumption and, specifically, a 0.88 m/s 
rise of aPWVA was found for a 100mg/dl increase 
in triglycerides.80

Waist circumference, which is an index of central 

obesity, constitutes a well-recognized cardiovascular 
risk factor in hypertensive patients55 and has also been 
reported to be associated with such conditions as, inter 
alia, idiopathic portal vein thrombosis,81 asthma in 
children and adolescents and uncontrolled asthma in 
women,82,83 non-alcoholic liver disease84 and demen-
tia.85 Oka et al conducted a study including 1,505 men 
and 798 women who were not taking medications for 
diabetes or dyslipidemia. Both fasting and 2-hours 
postprandial TG levels were measured and a possible 
association with waist circumference was tested. 
The results showed that waist circumference had a 
stronger association with postprandial TG than fast-
ing TG.86 This finding may suggest that postprandial 
hypertriglyceridemia plays a role in many pathologic 
conditions related to central obesity.

paThOphySIOlOgy OF pOSTpRaNDIal 
DySmETabOlISm INDUCED 
CaRDIOvaSCUlaR COmplICaTIONS

The main pathophysiologic mechanisms partici-
pating in development of cardiovascular damage are 
endothelial dysfunction and oxidative stress, activation 
of inflammation and coagulation, and penetration of 
lipoprotein particles in the arterial wall (Figure 3).

Endothelial dysfunction is an early process in the 
development of cardiovascular disease and is defined 
as a reduced response to vasodilatory stimuli.87 It 
has been shown that postprandial hyperglycemia 
and hyperlipidemia is associated with increased pro-
duction of reactive oxygen species (ROS) leading 
to increased oxidative stress, which subsequently 

Carotid IMT: carotid intima media thickness; aPWV: arterial pulse wave velocity.

Daskalova et al, 2005

Ahmad et al, 2005

Mori et al, 2005

Chen et al, 2003

Teno et al, 2000

Study
postprandial hypertriglyceridemia and atherosclerosis

Table 6. Association of postprandial hypertriglyceridemia with the development of atherosclerosis

45 individuals

86 newly detected type 2 diabetics and 45 non-diabetics

68 type 2 diabetics

78 type 2 diabetics

61 type 2 diabetics

participants

√

√

√

√

Carotid ImT
Results

√

apWv
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mediates the development of endothelial dysfunc-
tion.87-89 It has been proposed that excess of post-meal 
nutrients overburden the electron transport chain in 
mitochondria, exceeding their metabolic ability in 
muscle and adipose tissue mitochondria and thus 
resulting in increased ROS production.1,87 Specifically 
regarding postprandial hypertriglyceridemia, it seems 
that endothelial function is mainly impaired after a 
high saturated fatty acid intake, while the effects of 
high-monounsaturated or polyunsaturated are more 
controversial.87

Inflammation and the pro-inflammatory state have 
been shown to be another significant contributor to 
the pathogenesis of atherosclerosis. There is evidence 
that postprandial hyperglycemia is associated with 
increased circulating cytokines levels such as IL-6 
and TNFa in subjects with IGT90 and in type 2 dia-
betic patients.91 Concerning non-diabetic individuals, 
intake of a high fat meal, which leads to postprandial 
triglycerides increase, results in elevated cytokines.91 
Ιt has been proposed that upregulation of endothelial 
cells adhesion molecules plays an important role in 
the pathogenesis of atherosclerosis through enhanced 
adhesion of circulating leukocytes in the endothelium.92 
Circulating adhesion molecules such as the intracellular 
adhesion molecule (ICAM)-1 and vascular cellular 
adhesion molecule (VCAM)-1 have been proposed 
as markers of atherosclerosis and future cardiovas-
cular events.93-95 There are data that postprandial 
dysmetabolism is associated with elevated circulating 
adhesion molecules,91,92 suggesting that postprandial 

dysmetabolism-induced pro-inflammatory response 
is a significant pathophysiologic mechanism for the 
development of atherosclerosis. In addition, experi-
ments in rat models have shown that postprandial 
hypertriglyceridemia is associated with overexpression 
of ICAM-1 and increased monocyte adhesion in the 
aortic arterial wall.96 Recent data also demonstrate that 
postprandial hyperglycemia is involved in increased 
leucocyte activation in patients with type 2 diabetes 
and familial combined hyperlipidemia.97

Concerning the coagulation system, there are 
data demonstrating that postprandial hyperglycemia 
constitutes a significant predictor of platelet activa-
tion, as this was shown by measurement of urinary 
11-dehydro-thromboxane (TX)B(2), a marker of in 
vivo platelet activation, in subjects with type 2 early 
diabetes.98 It has also been found that induction of acute 
short-term hyperglycemia in type 2 diabetic patients 
results in increased platelet activation markers, such 
as shear-induced platelet activation, P-selectin and 
LIMP expression on platelets, urinary 11-dehydro-
TxB2 excretion and plasma vWF.99 Similarly, post-
prandial lipemia after the intake of fatty diets results 
in increased plasminogen activator inhibitor (PAI)100 
and activated factor VII, with saturated fats causing 
a lesser increase in FVIIa than unsaturated.101

Additionally, postprandial lipids appear to have a 
direct impact on vessels structure and establishment of 
atherosclerosis, since RLPs infiltrate the subendothelial 
space of the arterial wall, are subsequently enriched 
in cholesterol and ApoE and are then phagocytized 
by arterial wall macrophages.23

pOSTpRaNDIal DySmETabOlISm  
aND OThER SyNDROmES

It is noteworthy that postprandial dysmetabolism, 
apart from being a risk factor for cardiovascular 
disease, also seems to be involved in other condi-
tions like polycystic ovary syndrome (PCOS) and 
non-alcoholic fatty liver disease (NAFLD). A recent 
study in 163 adolescents fulfilling diagnostic criteria 
for PCOS showed that 17.2% of PCOS patients ex-
hibited abnormal glucose metabolism after an OGTT 
(16% had IGT and 1.2% had diabetes), while only two 
patients were detected with hyperglycemia based on 
fasting glucose values. In addition, all patients with 

Figure 3. Mechanisms involved in cardiovascular damage 
caused by postprandial dysmetabolism
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abnormal glucose metabolism were overweight or 
obese.102 Kyaw Tun et al. compared glucose, insulin 
and lipids responses after a mixed meal in 26 obese 
PCOS women and 26 obese controls: the results 
revealed that AUC-TG, AUC-glucose and AUC-
insulin were higher, while AUC-HDL was lower in 
PCOS women after the meal, with AUC-insulin and 
iAUC-insulin remaining higher after adjustment for 
BMI and HOMA-IR.103 Another study compared 
post-challenge glucose and lipids responses after an 
OGTT and an oral fat tolerance test (OFTT) between 
20 lean (BMI 23.5±2.6 Kg/m2) PCOS women and 
20 BMI-matched controls (BMI: 23.1±3.1 kg/m2): it 
was found that HOMA-IR, AUC-glucose, AUC-TG, 
AUC-VLDL and AUC-total cholesterol were higher 
in PCOS women.104 All the aforementioned findings 
indicate that postprandial dysmetabolism is involved 
in PCOS syndrome, with obesity and insulin resistance 
playing an important role in its occurrence in these 
patients. In fact, the actual pathogenetic mechanisms 
of glucose dysmetabolism in PCOS women appear to 
be multifactorial with impaired insulin action, beta 
cell dysfunction and decreased hepatic clearance of 
insulin being implicated. Moreover, insulin resistance 
and hyperinsulinemia appear to contribute to hyper-
androgenemia and anovulation which characterize 
PCOS.105

Of note, a proportion of PCOS women also exhibit 
NAFLD. In a study of 83 PCOS women (without a 
history of alcohol intake, chronic liver disease or 
medication causing hepatotoxicity or elevated liver 
enzymes) who were compared to 64 healthy controls, it 
was found that overweight/obese, but not lean, PCOS 
subjects exhibited higher serum levels of ALT and 
γGT. In addition, multiple regression analysis revealed 
that BMI and HOMA-IR were major determinants 
of ALT and γGT.106

Regarding NAFLD in the non-PCOS population, 
there is also evidence that there is a correlation with 
postprandial dysmetabolism. One hundred seventy-
three (173) biopsy-proven NAFLD patients without 
prior known type 2 diabetes underwent a 75g OGTT. 
Impaired glucose tolerance, including diabetes, was 
detected in 60% of the NAFLD patients. In addition, 
post-challenge hyperinsulinemia at 120 min after the 
test was associated with advanced fibrosis (P = 0.0001, 
OR: 3.56; 95% CI, 1.61-7.86).107 Similarly, another 

study with 111 NAFLD patients showed that when an 
OGTT was performed in patients with non-established 
type 2 diabetes, 33% of them revealed abnormal glu-
cose tolerance (IGT or diabetes). In addition, fasting 
hyperglycemia was of limited sensitivity (46%) but high 
specificity (89%) for identifying those patients, while 
all of them had post-challenge hyperinsulinemia.108 
Concerning NAFLD and postprandial lipids, there is 
evidence that non-obese non-diabetic normolipidemic 
patients with non-alcoholic steatohepatitis (NASH) 
manifest postprandially pronounced intestinal and 
hepatic VLDL1 accumulation and LDL lipid peroxi-
dation and, moreover, that steatosis is independently 
associated with postprandial intestinal VLDL1.109 
It has also been shown in healthy subjects who un-
derwent an oral fat load that those with increased 
liver fat (>5% as determined by magnetic resonance 
spectroscopy) exhibit increased post-challenge AUC-
plasma TG, AUC-chylomocron TG, AUC-VLDL2TG 
and AUC-chylomicron ApoB100 compared to those 
with normal liver fat.110

SCREENINg aND DIagNOSIS OF 
pOSTpRaNDIal DySmETabOlISm

a) Detecting postprandial hyperglycemia
The conventional methods for the detection of 

postprandial hyperglycemia are the 75g OGTT and 
self-monitoring of blood glucose (SMBG). IGT is 
defined as plasma glucose levels 140-199mg/dl after 
a 75g OGTT, while levels ≥200mg/dl are a criterion 
for the diagnosis of diabetes.111

Guidelines for management of post-meal glucose 
in diabetes currently recommend SMBG as being the 
optimal method for assessing plasma glucose levels 
in insulin and non-insulin treated type 2 diabetic pa-
tients and propose that the timing and frequency of 
SMBG be individualized to each person’s treatment 
regimen and level of glycemic control.112

Emerging technologies for the evaluation of post-
prandial glucose levels include continuous glucose 
monitoring (CGM) and plasma 1,5-anhydroglucitol 
(1,5-AG).112 CGM employs a sensor measuring inter-
stitial glucose every 1-10 min, which then transmits 
this reading to a data storage device. 1,5-AG is a 
natural dietary polyol and has been proposed as a 
marker for post-meal hyperglycemia. Stettler et al. 
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performed a prospective study at three large Swiss 
hospitals and found that 1,5-AG best reflected the 
2-hour postprandial glucose values of the two previous 
weeks.113 These findings are consistent with recent data 
from type 1 diabetic patients monitored with CGM in 
whom the change in 1,5-AG level was significantly 
correlated with changes in glycemic control, mean 
post-meal maximum glucose and area under the curve 
for glucose above 180mg/dL.114

b) Detecting postprandial hypertriglyceridemia
In contrast to postprandial hyperglycemia, there 

are currently no available standardized or validated 
protocols and cut-off points for the assessment of 
postprandial hypertriglyceridemia.1 The Endocrine 
Society Clinical Practice Guidelines for the evaluation 
and treatment of hypertriglyceridemia indicate that 
although postprandial lipid levels may be a more potent 
predictor of cardiovascular disease risk than fasting 
triglycerides, it is recommended that the diagnosis of 
hypertriglyceridemia at present be based on fasting 
TG levels due to lack of standardization and refer-
ence levels of non-fasting TG or RLPs.115 Similarly, 
the American Association of Clinical Endocrinolo-
gists Guidelines for management of dyslipidemia and 
prevention of atherosclerosis point out the lack of 
an assessment and of a standardized reference range 
for non-fasting TG. They however emphasize that 
elevated postprandial TG can no longer be ignored 
as indicative of no increased CHD risk and also refer 
to several studies which suggest that non-fasting TG 
exceeding the usual fasting cut-off points (≥150mg/
dl) are independently associated with increased CAD 
risk.116 The 2011 European Society of Cardiology 
(ESC) and the European Atherosclerosis Society (EAS) 
Guidelines for the management of dyslipidemias state 
that the use of non-fasting TG is still debated.154 Also 
mentioned is the fact that non-HDL-C has proved to 
be a good surrogate marker of TG and remnants.154 
Several biochemical procedures have been used for 
the evaluation of postprandial plasma chylomicrons 
and their remnants (triglyceride-rich lipoprotein frac-
tions, remnant-lipoprotein cholesterol, retinylesters, 
chylomicron-like emulsion, sodium dodecyl sulphate-
polyacrylamide gel electrophoresis, immunoblotting, 
enzyme-linked immunoabsorbent assays, C13 breath 
test capillary finger prick), which nevertheless are not 
equivalent in specificity, cost and applicability.117 Su 

et al propose identification of ApoB48 with ELISA, 
along with capillary triglyceride measurements, as the 
most clinically potent methods for the determination 
of postprandial lipid metabolism.117 There are also 
data indicating that in young healthy subjects, fasting 
triglyceride-rich lipoproteins are useful predictors 
of postprandial hyperlipidemia, thereby pointing to 
a potential effective method that avoids the use of 
inconvenient meal loading tests.118 It would be in-
teresting to evaluate the utility of this assay in other 
population groups, such as in older, obese or diabetic 
individuals. Regarding the determination of optimal 
cut-off points for the detection of postprandial hyper-
lipidemia, White et al. suggest an optimal non-fasting 
triglyceride threshold of 175mg/dl, which corresponds 
to a HR for cardiovascular events of 1.88 (95% CI 
1.52-2.33, P <0.001).119

TREaTmENT OF pOSTpRaNDIal 
DySmETabOlISm

Major curative interventions aiming at postpran-
dial dysmetabolism treatment are dietary modifica-
tion, exercise, weight loss and medication aiming 
at amelioration of postprandial glucose and triglyc-
erides values. The American Diabetes Association 
Guidelines recommend a target of peak postprandial 
capillary plasma glucose (measurements should be 
made 1-2 hours after the beginning of the meal) 
<180mg/dl (10mmol/l) for non-pregnant adults with 
diabetes.111 Given the fact that postprandial glucose 
values >7.8mmol/l are associated with an increase 
in all-cause mortality and values, while >10mmol/l 
is associated with both microvascular complications 
and higher risk for MI, the Canadian Diabetes Asso-
ciation Guidelines recommend a 2-hour postprandial 
glucose target of 5-10mmol/l in diabetic patients in 
order to achieve an A1c ≤7%. Ιf, however, the A1c 
target of ≤7% cannot be achieved, they recommend 
a further lowering of the postprandial glucose target 
to 5-8 mmol/l.120

Dietary modification and exercise
The international guidelines recommend lifestyle 

modification in individuals with IGT in order to 
delay conversion to type 2 diabetes. Weight loss, 
increased physical activity and an appropriate intake 
of total energy with a diet in which fiber and low fat 
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protein sources predominate have been seen to be 
effective.111,120,121

The contribution of a well-designed and balanced 
diet is important for postprandial dysmetabolism treat-
ment. Modern diets have been shown to be involved 
in meal-induced inflammation and postprandial oxi-
dative stress.122 In addition, recent data indicate that 
fast food consumption induces greater and sustained 
overall cardiac workload (prolonged elevations in 
resting heart rate and prolonged elevations in dia-
stolic workload) in patients with type 2 diabetes.123 
In contrast, the Mediterranean diet which is low in 
caloric density but rich in nutrient density has been 
associated with better cardiovascular health.1

Consumption of fiber is beneficial for postpran-
dial dysmetabolism amelioration. Specifically, it has 
been shown that a diet rich in vegetables, fruits and 
whole cereals decreases both postprandial glucose 
and triglyceride-rich lipoproteins.124,125 In addition, a 
meal high in fruit and fiber is associated with altera-
tions in several factors which may result in improved 
postprandial glucose and lipid values and in restriction 
of inflammatory response. These alterations include 
higher proinsulin, insulin, C-peptide, GIP and peak 
GLP-1 secretion and lower plasma glucagon, dipep-
tidyl peptidase-IV (DPP-IV) and CD26 expression 
in mononuclear cells (MNC) compared to a high fat 
and carbohydrate meal.126

Regarding carbohydrates, both the type and amount 
of carbohydrates consumed are crucial for the increase 
of postprandial glucose. A low glycemic index diet 
appears to result in lower postprandial glucose levels 
as well as in lower fasting apolipoprotein B concen-
tration.127 The glycemic index measures the glycemic 
effect of meal carbohydrate compared to the effect 
of an equal amount of glucose and is estimated as a 
percentage of the blood glucose area under the curve 
2 hours after food consumption compared to the 
same area under the curve after the same amount of 
carbohydrate was taken as glucose.128,129 In addition, 
it seems that consumption of meals containing high 
amounts of carbohydrates contributes to post-meal 
glucose excursions in individuals both with impaired 
glucose regulation and with normal glucose tolerance, 
with postprandial glucose fluctuations increasing 
gradually with increased proportions of consumed 
carbohydrates.130

The ESC and the EAS Guidelines for the manage-
ment of dyslipidemias state that a high monounsaturated 
fat diet significantly improves insulin sensitivity and 
reduces postprandial TG levels compared to a high 
saturated fat diet.154 There is evidence that consump-
tion of omega-3 fatty acids may improve postprandial 
lipid metabolism, curbing elevations of triglycerides, 
ApoB48, remnant lipoprotein-cholesterol levels in 
healthy subjects, decreasing postprandial triglyceride 
and ApoB48 in obese individuals combined with an 
hypocaloric diet and reducing postprandial triacylg-
lycerol levels in hypertriglyceridemic patients.131-133

It is noteworthy that type 2 diabetic patients seem 
to exhibit reduced post-breakfast glucose excursion 
when consuming a high protein breakfast compared 
to a high carbohydrate breakfast meal.134 Similarly, 
hypertriglyceridemic individuals who consume a 
low protein diet appear to develop an exaggerated 
postprandial chylomicron response, as indicated by 
increased postprandial ApoB48.135

Exercise and concomitant weight loss also have 
an important role in the management of postprandial 
dysmetabolism. The American Diabetes Association 
Guidelines recommend a target of 7% weight loss 
and increase of their moderate-intensity physical 
activity to at least 150 min/week.111 A meta-analysis 
of 11 studies, including aerobic exercise, resistance 
exercise or a combination of these, concluded that 
exercise decreased significantly average glucose 
concentrations (-0.8 mmol/L, p <0.01) and daily time 
spent in hyperglycemia (-129 minutes, p <0.01) but 
did not have an impact on fasting glucose in patients 
with type 2 diabetes.136 This finding strengthens the 
beneficial impact of exercise on postprandial glucose 
metabolism. As far as postprandial lipid metabolism is 
concerned, it seems that exercise improves postprandial 
triglyceride levels in overweight young women and 
men with metabolic syndrome and in type 2 diabetic 
patients.137-139 Moreover, there are data indicating that 
weight loss after bariatric surgery may result in lower 
postprandial plasma glucose values in both obese and 
non-obese type 2 diabetic patients.140,141

Pharmacological treatment targeting 
postprandial hyperglycemia

Concerning IGT, the Canadian Diabetes Asso-
ciation recommends pharmacological therapy with 
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metformin or acarbose for individuals with IGT in 
order to reduce the risk of type 2 diabetes (Grade A, 
Level 1A).120 The American Diabetes Association 
Guidelines, on the other hand, do not distinguish 
between individuals with IGT and those with IFG and 
recommends consideration of metformin therapy in 
individuals with prediabetes and BMI >35, in those 
aged <60 years, in women with prior gestational dia-
betes mellitus and in those with rising A1C despite 
lifestyle intervention.111

The International Diabetes Federation Guideline 
Development Group states that the pharmacologic 
agents that mainly affect postprandial glucose val-
ues in diabetic patients are: α-glucosidase inhibitors 
(AGIs), meglitinides, short-acting sulfonylureas, short-
acting insulin, GLP1 analogs, DDP4 inhibitors and 
pramlitidine.112

AGIs act in the intestine through inhibition of 
α-glycosidases which are located in the gut epithelium 
and convert oligosaccharides and polysaccharides 
to easily absorbed monosaccharides. AGIs thus re-
duce carbohydrates absorption. They are effective 
in lowering postprandial glucose levels and, of note, 
they also blunt postprandial lipids spikes. Moreover, 
they possess additional pleiotropic effects, such as 
increase of GLP-1 postprandial circulating levels, 
oxidative stress reduction, prevention of endothelial 
dysfunction and promotion of weight loss. Their main 
adverse effect is flatulence and other gastrointestinal 
symptoms.142,143

Meglitinides (repaglinide and nateglinide) are short-
acting insulin secretagogues which act to restore the 
disrupted early-phase secretion of postprandial insulin. 
They are administered 15 minutes before a meal and 
their action begins within 30 minutes of meal incep-
tion. Their main adverse effect is hypoglycemia.144 A 
randomized multicenter clinical trial in type 2 diabetic 
patients showed that after a 16-week therapy, both 
repaglinide and nateglinide seemed to have a similar 
postprandial glycemic effect, although repaglinide 
was more effective in reducing HbA1c and fasting 
plasma glucose.145 Concerning the effectiveness of 
meglitinides in reducing postprandial hyperglycemia 
complications compared to other insulin secretagogues, 
a randomized single-blind trial on 175 drug-naïve 
type 2 diabetic patients showed that repaglinide for 

12 months resulted in regression of carotid intima-
media thickness in a greater proportion of diabetics 
compared to glyburide (52% vs 18%, p<0.01). In ad-
dition, inflammation markers, such as CRP and IL-6, 
decreased more in the repaglinide vs the glyburide 
group. These observations were accompanied by 
statistically significant changes in postprandial but 
not fasting hyperglycemia.146

GLP1 receptor agonists (exenatide, exenatide 
LAR, liraglutide, lixisenatide) are synthetic GLP1 
analogs resistant to DDP4 disruption which demon-
strate the same actions as endogenous GLP1.14 The 
GLP1 analogs that primarily aim at lowering post-
prandial glucose are exenatide and lisixenatide, while 
exenatide LAR and liraglutide mainly affect fasting 
plasma glucose.14 The main reason that short-acting 
GLP1 receptor agonists (exenatide, lisixenatide) seem 
to be more effective in reducing postprandial glucose 
levels appears to be related to the rate of gastric 
emptying rather than their effect on insulin release.147 
It seems that short-acting GLP1 receptor agonists 
cause a more sustained delay in gastric emptying than 
the longer-acting ones.147 There is clinical evidence 
that exenatide improves postprandial hyperglycemia 
through deceleration of gastric emptying, enhancement 
of visceral glucose uptake, inhibition of glucagon 
secretion and stimulation of insulin secretion. These 
mechanisms contribute to an improvement of pran-
dial glycemia and a reduction of body weight.148 The 
American Diabetes Association Guidelines propose 
adding a GLP-1 receptor agonist in order to cover 
postprandial glucose excursions in diabetic patients 
treated with basal insulin when A1C remains above 
target despite achievement of an acceptable fasting 
glucose level.111 Moreover, recent large double-blind 
trials have evaluated the impact of GLP1 receptors 
agonists on cardiovascular morbidity and mortality 
in patients with type 2 diabetes.149,150 The ELIXA trial 
is a multicenter, randomized, double-blind, placebo-
controlled trial which enrolled 6,068 type 2 diabetic 
patients with a recent acute coronary heart syndrome 
who were randomized to receive lixisenatide or placebo 
in addition to concomitant glucose-lowering agents 
in accordance with the local clinical guidelines. After 
a median of 25 months of follow-up, results showed 
non-inferiority of lixisenatide to placebo (p<0.001) 
with respect to a primary composite endpoint of 
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cardiovascular death, myocardial infarction, stroke or 
hospitalization for unstable angina.149 The LEADER 
trial is a multicenter, double-blind, placebo-controlled 
trial which included 9,340 patients with type 2 diabetes 
and high cardiovascular risk who were randomized to 
receive liraglutide or placebo in addition to standard 
care. The primary composite outcome was the first 
occurrence of death from cardiovascular causes, non-
fatal myocardial infarction or nonfatal stroke. After 
a 3.8-year median follow-up, it was shown that the 
primary outcome was achieved in fewer patients in 
the liraglutide group (608 of 4,668 patients [13.0%]) 
than in the placebo group [694 of 4,672 (14.9%)] 
[hazard ratio, 0.87; 95% confidence interval (CI), 
0.78 to 0.97; P<0.001 for non-inferiority; P=0.01 
for superiority].150

DPP4 inhibitors (sitagliptin, vildagliptin, saxa-
gliptin, alogliptin, linagliptin) inhibit the DPP4 enzyme 
which physiologically inactive GLP1 and GIP through 
disintegration. They are effective in reducing plasma 
glucose levels in the postprandial and the fasting 
state. They have no effect on body weight and they 
are safe with respect to causing hypoglycemia.151 
The various DPP4 inhibitors are similar concerning 
their antihyperglycemic properties.151 Regarding the 
effectiveness of DPP4 in reducing postprandial hy-
perglycemia compared to other hypoglycemic agents 
targeting postprandial glucose, a recent study in 19 
type 2 diabetics inadequately controlled by diet and 
exercise indicated that the effects of sitagliptin on 
postprandial glucose levels were similar to those of 
nateglinide.152

Pramlitidine is a synthetic analog of amylin which 
may be used with mealtime insulin in type 1 and 
type 2 diabetic patients.153 Moreover, it may be used 
in type 2 diabetics in addition to monotherapy with 
metformin or sulfonylurea or to combined therapy 
with metformin and sulfonylurea, with or without 
insulin therapy. It is effective in reducing postprandial 
glucose by 4-6 mmol/l and may be useful in reducing 
the dose of administered insulin.153 In addition, it may 
contribute to weight reduction, which however seems 
to be transient. The most common adverse effect is 
transient nausea.153

Pharmacological treatment targeting 
postprandial hypertriglyceridemia

So far, the guidelines do not recommend pharma-

cological treatment aiming to ameliorate postprandial 
hypertriglyceridemia, nor do they delineate specific 
targets.115,116,154 Αntilipidemic agents are typically used 
for treatment of fasting hyperlipidemia. Nevertheless, 
there are data suggesting that they may also play an 
important role in the management of postprandial 
hyperlipidemia.

Statins

Statins reduce the synthesis of cholesterol in the 
liver by competitively inhibiting HMG-CoA reductase 
activity and they are moreover considered as useful 
pharmacologic therapy for the treatment of fasting 
hypertriglyceridemia.154 There is evidence that they 
may also improve postprandial lipoprotein metabo-
lism.155 There are data indicating that 4 weeks therapy 
of atorvastatin 10mg daily may decrease postpran-
dial large triglyceride-rich lipoproteins (containing 
chylomicrons) in hypertriglyceridemic patients.156 
In addition, it has been shown that pitavastatin 2mg/
day may result in reduction of both postprandial 
hypertriglyceridemia and endothelial dysfunction in 
obese subjects and in patients with stable coronary 
artery heart disease.157,158 Simvastatin 80mg has also 
been seen to be effective in reducing postprandial 
plasma triglyceride levels and triglyceride-content 
in lipoprotein fractions in male obese patients with 
metabolic syndrome.159

Ezetimibe

Ezetimibe inhibits the intestinal uptake of dietary 
and biliary cholesterol without affecting the absorption 
of fat-soluble nutrients, thus resulting in upregulation 
of hepatic LDL receptor and subsequently in increased 
LDL-cholesterol clearance from the circulation.154 Tri-
als in overweight/obese men with hypertriglyceridemia 
report that the administration of ezetimibe at a dose 
of 10mg/day resulted in reduction in postprandial 
serum triglyceride excursion as well as in fasting 
and postprandial ApoB48 levels.160,161 Similar results 
have been noted in type 2 diabetic subjects when 
the same dose of ezetimibe (10mg/day) was added 
to a lipid lower treatment with simvastatin 20mg.162 
In addition, it seems that this medication may sup-
press postprandial endothelial dysfunction, as this 
has been assessed by brachial artery flow-mediated 
dilation.163 In respect to ezetimibe efficacy in amelio-
rating postprandial hyperlipidemia compared to statin 
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therapy, a multicenter, double-blind, crossover trial 
in 100 abdominally obese patients with metabolic 
syndrome showed that adding 10mg ezetimibe to a 
low dose statin treatment (10mg simvastatin) has an 
equal effect compared to a high dose statin treatment 
(simvastatin 80mg) in postprandial plasma lipids as 
well as in fasting and postprandial change of endo-
thelial function.164

Fibrates

Fibrates interfere with lipoprotein metabolism, de-
creasing the production and increasing the catabolism 
of triglyceride-rich lipoproteins through the activation 
of peroxisome proliferator-activated receptor-alpha 
(PPAR-α). They are effective in lowering both fasting 
and postprandial triglycerides and triglyceride-rich 
lipoprotein (TRL) remnant particles.154,165 It has also 
been suggested that fenofibrate may reduce fasting 
and postprandial inflammatory response and oxidative 
stress as it has been shown to reduce inflammation 
markers such as soluble vascular cell adhesion mol-
ecule-1 (VCAM-1) and soluble intercellular adhesion 
molecule-1 (ICAM-1) as well as oxidized fatty acids.166 
Concerning the comparison of fibrates efficacy with 
other lipid lowering agents or their potential synergistic 
effect, a randomized controlled clinical trial with 47 
type 2 diabetics with hypertriglyceridemia showed 
that gemfrozile 1200mg/d alone did not differ in 
decreasing postprandial serum triglyceride compared 
to gemfrozile 1200mg/d plus ezetimibe 10mg/d or 
atorvastatin 10mg/d plus ezetimibe 10mg/d, and that 
fasting serum ApoB was reduced only in subjects 
receiving a regimen containing ezetimibe.167

The ACCORD lipid trial evaluated the effect of 
intensive lipid plasma treatment on cardiovascular 
outcomes in type 2 diabetic patients. Five thousand 
five hundred eighteen (5,518) type 2 diabetics who 
were treated with simvastatin were randomly as-
signed to receive fenofibrate or placebo and the pri-
mary outcome was the first occurrence of nonfatal 
myocardial infarction, nonfatal stroke or death from 
cardiovascular causes after a 4.7-year mean follow-
up.168 No significant difference was found between 
the fenofibrate group and the placebo group with 
respect to the primary outcome. However, there was a 
subgroup of patients with both a baseline TG level in 
the highest third (mean 284mg/dl) and an HDL level 

in the lowest third (mean 29.5 mg/dl) who seemed to 
benefit from treatment with fenofibrate.168 High fast-
ing TG and low fasting HDL forms a well-recognized 
component of the metabolic syndrome which is also 
characterized by several other lipid and lipoprotein 
abnormalities, such as elevated postprandial TG, small 
dense LDL and ApoB containing particles including 
chylomicrons and VLDL.154 Moreover, an ancillary 
study in a subset of subjects of the ACCORD lipid 
trial showed that administering fenofibrate 145mg/
dl to type 2 diabetics receiving simvastatin resulted 
in reduction of both postprandial triglycerides and 
postprandial ApoB levels.169 However, it seems that 
the overall baseline TG levels in these subjects were 
lower (median=99) and the HDL levels were higher 
(mean=38.9±10mg/dl) than in the subgroup, who 
appeared to have benefited from fenofibrate therapy 
in the original ACCORD lipid trial.168,169 These data 
may indicate that fenofibrate therapy may ameliorate 
postprandial dyslipidemia in subjects with low HDL 
and high fasting TG, such as type 2 diabetics and 
individuals with metabolic syndrome, but further 
studies need to be conducted.

Apart from the well-established hypolipidemic 
agents, it seems that orlistat, a drug which promotes 
weight loss by inhibiting intestinal lipase, may lower 
postprandial TG levels as stated by the Endocrine 
Society Clinical Practice Guidelines for evaluation 
and treatment of hypertriglyceridemia.115 It is also 
interesting that pharmacological agents targeted at 
postprandial hyperglycemia could also play a role in 
amelioration of postprandial hypertriglyceridemia. 
Specifically, there is clinical evidence that incretin-
based therapies like exenatide and DPP4 inhibitors 
may play an important role in lowering postprandial 
lipids and lipoproteins concentrations and postprandial 
lipids spikes.25 It has been also shown that acarbose 
might reduce postprandial triglycerides, serum-remnant 
like particle (RLP) cholesterol, chylomicrons and 
free fatty acids.142

CONClUSIONS

Postprandial dysmetabolism is a non-fasting state 
characterized by elevated levels of plasma glucose 
and triglyceride containing lipoproteins (chylomi-
crons, VLDL, RLPs). Accumulating data indicate 
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that postprandial dysmetabolism contributes to the 
development of atherosclerosis, while it has also 
been demonstrated that it comprises a risk factor for 
increased cardiovascular morbidity and mortality. 
Clearly, postprandial hyperglycemia contributes to 
microvascular complications such as nephropathy and 
retinopathy. The main pathophysiologic mechanisms 
participating in development of cardiovascular dam-
age are endothelial dysfunction and oxidative stress, 
activation of inflammation and coagulation mecha-
nisms and facilitating the penetration of lipoprotein 
particles into the arterial wall. 

The conventional methods for the detection of 
postprandial hyperglycemia are the 75g OGTT and 
SMBG, while emerging technologies for the evalua-
tion of postprandial glucose levels include CGM and 
plasma 1,5-anhydroglucitol (1,5-AG). In contrast to 
postprandial hyperglycemia detection and screening, 
there are no currently available standardized or vali-
dated protocols and cut-off points for the assessment 
of postprandial hypertriglyceridemia. 

The management of postprandial dysmetabolism 
includes firstly lifestyle modification strategies with 
diet, exercise, weight loss and, if deemed necessary, the 
administration of a variety of pharmaceutical agents. 
Regarding medical treatment, acarbose, meglitinide 
analogs, short-acting insulin and the novel GLP-1 
receptor agonists, DDP-4 inhibitors and pramlitidine 
are effective in ameliorating postprandial hyperglyce-
mia, while some of these hypoglycemic agents such 
as acarbose, exenatide and DPP-4 receptor agonists 
seem also to be effective in postprandial hyperlipid-
emia treatment. Drugs which are conventionally used 
for the treatment of fasting dyslipidemias, such as 
statins, ezetimibe and fibrates, also appear to play an 
important role in managing postprandial dyslipidemia. 
However, future trials are required exploring not just 
isolated blood measurements, but mainly the actual 
tissue damage and the reversibility of postprandial 
dysmetabolism long-term complications.
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Adiponectin (ADPN) is an adipokine with significant anti-inflammatory, insulin-sensitizing and 
anti-atherogenic properties, which is generally associated with a beneficial cardiometabolic 
profile. Paradoxically, end-stage renal disease (ESRD) is characterized by markedly increased 
plasma ADPN levels and increased cardiovascular risk. In spite of the cardioprotective proper-
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in the ESRD population. Furthermore, these patients have enhanced chronic inflammation, 
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This review article summarizes the current knowledge on ADPN functions and explores the 
role of ADPN in ESRD patients, with specific focus on inflammation, insulin resistance, car-
diovascular disease and wasting.
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whereas decreased levels are found in conditions 
such as type 2 diabetes, coronary artery disease and 
obesity.5 Contrary to expectations, plasma adiponectin 
levels are high in chronic kidney disease (CKD) and 
especially end-stage renal disease (ESRD).6,7

Reduced renal function is a significant risk fac-
tor for cardiovascular events and mortality in CKD 
patients and this risk is further increased when CKD 
has progressed to ESRD, requiring dialysis initiation 
or kidney transplantation.8 Despite significant tech-
nical improvements in both hemodialysis (HD) and 
peritoneal dialysis (PD), the mortality rate in ESRD 
patients is still high.9 These patients have enhanced 
chronic inflammation, increased insulin resistance and 
increased cardiovascular risk,10 in spite of the elevated 
adiponectin plasma levels. It is not yet clear if the 
increase in plasma adiponectin depends on accumula-
tion of this protein or represents a counter-regulatory 
response to the several metabolic and hemodynamic 
risk factors of renal insufficiency. 

INTRoDucTIoN

Over the last few years, research has shed much 
light on the role of adipose tissue, which was previ-
ously considered a site of pure energy storage. In 
fact, adipose tissue is now recognized as a major 
endocrine gland that secretes several bio-active me-
diators, known as adipokines, with diverse metabolic 
functions.1 Adiponectin is one of the most important 
adipokines, involved in multiple biological processes 
in the human body.2 It is the most abundant adipose 
tissue protein in human plasma and has significant 
anti-inflammatory, insulin-sensitizing and anti-ath-
erogenic properties.3,4 In the general population, in-
creased circulating adiponectin levels are generally 
associated with a beneficial cardiometabolic profile, 
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This review article explores the function of adi-
ponectin and how it intersects with inflammation, 
insulin resistance, cardiovascular disease, wasting 
and outcome in patients with end-stage renal disease. 

ADIPoNEcTIN STRucTuRE AND ISoFoRmS

Adiponectin is encoded by the APM1 gene (Adi-
Pose Most abundant Gene transcript 1), which is 
located on chromosome 3q27, a region linked to 
genetic susceptibility to type 2 diabetes and obesity.11 
Adiponectin is a 30 kDa protein composed of 244 
amino acids which structurally belongs to the soluble 
defense collagen superfamily.12 Its structure com-
prises 4 domains.3,13,14 It consists of an amino-terminal 
signaling peptide domain, that targets the hormone 
for secretion outside the cell, a short hypervariable 
region, a 65-amino acid-long collagenous domain and 
a carboxy-terminal globular domain, which facilitates 
adiponectin binding to its receptors.3

Adiponectin circulating in plasma exists as ho-
mooligomers of various molecular weights, as well 
as a proteolytic cleavage fragment, called globular 
adiponectin,15 which represents a small amount of 
total circulating adiponectin.16 Globular adiponectin 
contains the globular head without the collagen-like 
domain and has increased binding in myocytes and 
skeletal muscle membranes, but reduced binding in 
hepatocytes and liver membranes. Full length adi-
ponectin assembles in three different oligomers: a low 
molecular weight trimer (LMW), which consists of 
three adiponectin molecules that bind through their 
collagen domain, a hexamer generated from two 
trimers via disulphide bonds within the collagen stalk 
(middle-molecular-weight adiponectin, MMW) and 
a bouquet-like 12-18-meric high-molecular-weight 
(HMW) isoform assembled from MMW oligom-
ers.17 The various isoforms exert markedly different 
biological functions.18

ADIPoNEcTIN REcEPToRS AND FuNcTIoN

Adiponectin exerts multiple biological effects 
throughout the body mediated by two major receptors, 
AdipoR1 and AdipoR2. AdipoR1 is a high-affinity 
receptor for globular adiponectin and a low-affinity 
receptor for full-length adiponectin, while AdipoR2 
is an intermediate-affinity receptor for full-length 
and globular adiponectin.19

Both AdipoR1 and AdipoR2 are highly expressed 
in many tissues and organs. AdipoR1 is abundantly 
expressed in skeletal muscle, liver and macrophages 
and is linked to activation of AMP-activated kinase 
(AMPK) pathways that inhibit gluconeogenesis.20 
AdipoR2 is most commonly found in the liver, white 
adipose tissue and vasculature. AdipoR2 seems to be 
more closely associated with the activation of peroxi-
some proliferator-activated receptor alpha (PPARa) 
pathways that promote fatty-acid combustion and 
energy consumption, as well as inhibition of inflam-
mation and oxidative stress.21-23

Besides functioning in peripheral tissues, adi-
ponectin has also been found to act in the central 
nervous system to regulate appetite and energy ex-
penditure. Both AdipoR1 and AdipoR2 are detected 
in the paraventricular hypothalamus, the arcuate and 
lateral hypothalamic nuclei, suggesting a physiologi-
cal involvement of adiponectin action in these brain 
regions.24,25 Although there is still some ambiguity 
regarding the bioactive oligomer of adiponectin in the 
brain, growing evidence indicates that the LMW iso-
form may be the active form.26,27 According to Kubota 
and colleagues, the LMW isoform plays a major role 
in regulating feeding behavior in the central nervous 
system. Hence, it appears that while adiponectin’s 
peripheral effects are mediated predominantly by 
HMW multimers, LMW forms may be responsible 
for its central effects. In conclusion, the adiponectin 
signaling pathway depends on the molecular form of 
adiponectin, on the relative abundance of its receptors 
and on the target tissue.

cIRculATINg ADIPoNEcTIN lEvElS 
IN ESRD PATIENTS

Adiponectin is normally present in human plasma 
at a relatively high concentration, ranging from 2 
to 20 µg/ml, constituting 0.01% of the total plasma 
protein pool.28 Adiponectin is excreted via kidney 
glomerular filtration.29 Several clinical studies have 
confirmed an inverse association between circulating 
adiponectin and renal function in Africans, Caucasians 
and Asians (Table 1).7,30-35 Since the gradual increase 
of plasma adiponectin concentration parallels the 
progression of CKD, the highest levels are found in 
ESRD patients.36,37 In hemodialysis and peritoneal 
dialysis patients, adiponectin concentrations are about 
three times higher than in healthy subjects.7,38 How-
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ever, there is no significant difference in adiponectin 
levels between hemodialysis and peritoneal dialysis 
patients. Moreover, levels of the HMW isoform are 
also elevated in ESRD, although the distribution of 
all the adiponectin isoforms in ESRD has not thus 
far been well studied.39

Serum adiponectin levels are significantly lower in 
males than in females, in patients with obesity, insulin 
resistance, type 2 diabetes mellitus, coronary artery 
disease and essential hypertension.40-44 Adiponectin 
levels correlate significantly with several metabolic 
factors. Similarly to the general population, adiponec-
tin levels in CKD patients are associated positively 
with high-density lipoprotein cholesterol (HDL) and 
negatively with triglyceride levels, body mass index 
(BMI), insulin levels, low-density lipoprotein cho-
lesterol (LDL), C-reactive protein (CRP) and left 
ventricular mass index.45,46 As in the case of healthy 
subjects, significant negative correlations have been 
found between plasma adiponectin and both total 
and truncal fat mass in CKD patients.37 Furthermore, 
in PD patients, adiponectin levels have been found 
to be inversely associated with D4/D0 glucose and 
duration of PD treatment.47 

The underlying cause of the higher levels of cir-
culating adiponectin in kidney disease is still unclear. 
It has been postulated that the elevated adiponectin 
levels observed in ESRD are a reflection of decreased 
renal clearance.48 An inverse relationship between 
adiponectin levels and glomerular filtration rate (GFR) 
exists in patients with CKD.49 There is also a negative 
correlation between adiponectin levels and residual 
renal function in patients on peritoneal dialysis.38 
Moreover, adiponectin levels decrease after kidney 

transplantation, implying that the kidneys play an 
important role in the biodegradation or elimination of 
this protein.50 However, Malyszko and colleagues found 
that in hemodialysis patients, the more adequately 
dialysed patients have higher adiponectin levels and 
that this is correlated with a reduction in mortality.51 

According to Cantarin and coworkers, increased 
plasma adiponectin levels observed in ESRD are 
accompanied by an increase in adiponectin protein 
and mRNA expression in human subcutaneous and 
visceral adipose tissues, suggesting that there is a 
stimulus to produce more adiponectin protein despite 
elevated plasma levels.52 A recent study demonstrated 
that there is higher expression of AdipoR1 in muscle 
tissue of ESRD patients compared to controls with 
normal kidney function.53 Increased adiponectin pro-
duction and increased AdipoR1 receptor expression, 
despite increased adiponectin levels, indicate that 
uremia confers adiponectin resistance. Furthermore, 
the same authors found that there is disruption in the 
normal adiponectin signaling pathway following 
phosphorylation of AMPK compared to subjects with 
normal renal function. Further research is necessary 
to determine the role of increased adiponectin pro-
duction in ESRD patients.

ADIPoNEcTIN AND INSulIN RESISTANcE 
IN ESRD 

Adiponectin exerts its insulin-sensitizing activity 
through increasing fatty acid oxidation in skeletal 
muscle by the sequential activation of AMPK, p38 
mitogen-activated protein kinase and PPARalpha.55 
Despite the elevated adiponectin levels, insulin resist-
ance is frequently recognized in uremic patients.55 

Table 1. Studies on circulating adiponectin levels (mean ± SD μg/mL) in specific ethnic groups according to renal state
Ethnic group Study Healthy cKD ESRD
Caucasians Lara-Castro et al30 9.4±3.2 

Zoccali et al7 6.3±2 15±7.7
Zoccali et al31 5.9±2.6 12.3±7.2
Rao et al32 16.8±8.1

Africans Lara-Castro et al30 8.2±3.4 
Doumatey et al33 10.4±6.1
Rao et al32 17.7±9.8

Asians Lim et al34 9.2±4.2 10.4 ±7.4 
Park et al35 19.6±7.4
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Insulin resistance in uremia is mainly characterized by 
peripheral tissue insensitivity to insulin with normal 
hepatic gluconeogenesis and normal uptake of glucose 
by the liver.56 Insulin resistance is an independent 
predictor of cardiovascular mortality in ESRD and 
is linked to protein energy wasting and malnutri-
tion.57-59 Several studies propose that the percentage 
of the HMW moiety is the most important correlate 
of insulin sensitivity.60,61

In ESRD patients, serum adiponectin levels cor-
relate negatively with the truncal (i.e., visceral) fat 
mass, the fat tissue depot considered to be the most 
metabolically active and which has been identified as 
a key factor in the development of insulin resistance.62 
Moreover, lower adiponectin levels are associated 
with insulin resistance among CKD patients and 
hemodialysis patients.63,64 Shen and colleagues found 
that in ESRD patients there is an increased proportion 
of the HMW moiety and that the adiponectin/receptor 
system appears to be up-regulated in ESRD, possibly 
as an appropriate counter-regulatory response to the 
uremic milieu.39 However, a recent study by Giers and 
coworkers found no relationship between insulin re-
sistance and adiponectin concentration, including total 
adiponectin concentration, the concentration of HMW 
adiponectin and its percentage in total adiponectin.65

On the other hand, hyperadiponectinemia, associ-
ated with the inability to lower plasma glucose levels 
and blunted hepatic AMPK response to adiponectin, 
delineates a condition of adiponectin resistance.66 
Adiponectin resistance has also been suggested as 
a player in obesity-induced insulin resistance.67,68 In 
visceral fat and muscle of ESRD patients, AdipoR1 
mRNA expression is increased, whereas expression 
of AdipoR2 is not modified by uremia.52 Thus, adi-
ponectin resistance with high levels of adiponectin but 
relatively low AdipoR2 may contribute to an impair-
ment of adiponectin-stimulated fatty acid oxidation 
and lead to insulin resistance.

ADIPoNEcTIN AND INFlAmmATIoN IN ESRD 

Adiponectin is considered to be the main anti-
inflammatory adipokine produced by white adipose 
tissue.69 Its numerous actions include reduction of the 
phagocytic activity of macrophages and inhibition of 
the production of inflammatory cytokines from mac-

rophages and adipose tissue. However, the prevalence 
of inflammation is high in ESRD patients.70 Although 
elevated adiponectin levels could be explained by a 
compensatory response of the organism to inflamma-
tion, some researchers propose a bidirectional role of 
adiponectin (pro-inflammatory and anti-inflammatory) 
depending on the ratio of the isoforms.71 Accord-
ing to Almer et al, the anti-inflammatory effect of 
adiponectin might depend on the concentration of 
globular adiponectin.72

Several studies demonstrate that low levels of adi-
ponectin are associated with inflammation in ESRD.73-75 
Significant negative correlations have been found be-
tween plasma adiponectin and inflammatory parameters 
such as CRP, suggesting that hypoadiponectinemia 
may serve as a marker of increased inflammatory 
status in ESRD patients. It may be possible that the 
anti-inflammatory protective effects of adiponectin 
cannot compensate for the aggravating inflammatory 
status that characterizes these patients. Alternatively, 
factors contained in the uremic and the proinflamma-
tory environment may block the adiponectin signal 
transduction pathway, conferring adiponectin resist-
ance.52,53 Since AdipoR2 is the receptor involved in 
the inhibition of oxidative stress and inflammation,22 
adiponectin resistance with high levels of adiponectin 
but relatively low AdipoR2 may contribute to the 
inflammatory state seen in ESRD patients.

ADIPoNEcTIN AND cARDIovASculAR 
DISEASE IN ESRD PATIENTS

Adiponectin exerts its anti-atherosclerotic effects 
through multiple actions. It suppresses macrophage-
to-foam cell transformation and retards human aortic 
smooth muscle cell proliferation, while local injection 
into atherosclerotic plaque reduces the development 
of atherosclerosis by attenuating the expression of 
vascular cell adhesion molecule-1 and intercellular 
adhesion molecule-1 in vessel walls.76-78 The vascular-
protective activities of adiponectin have been attributed 
to the HMW isoform.79 In spite of the cardioprotective 
properties attributed to adiponectin, cardiovascular 
complications remain the main cause of mortality 
in the ESRD population.80 ESRD is characterized 
by an exceptional mortality rate, primarily due to 
a process of inflammation-associated accelerated 
atherosclerosis.81
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It is currently not clear whether adiponectin in 
ESRD patients plays the same role as in the general 
population or if the uremic environment overwhelms 
the adiponectin cardioprotective impact. The direc-
tions of the relationships between adiponectin and 
several metabolic risk factors, such as cholesterol, 
HDL cholesterol and markers of inflammation, are 
all in agreement with the hypothesis that adiponectin 
may have a protective role for the cardiovascular sys-
tem among CKD patients.82 Several studies support 
the protective role of adiponectin in the develop-
ment of new cardiovascular events in patients with 
ESRD.7,45,64,83 Other studies support the hypothesis 
that high adiponectin predicts increased cardiovas-
cular mortality in ESRD patients.84-86

According to a recent study by Tung et al47 spe-
cifically in PD patients during a 3.5-year follow-up, 
the results of the Kaplan-Meier survival analysis 
demonstrated fewer cardiovascular events and better 
survival in high adiponectin patients. On multivariate 
Cox regression analysis, only adiponectin level, age 
and history of cardiovascular diseases were inde-
pendent risk factors for future cardiovascular events. 

Kistorp and coworkers (2005) showed that high 
adiponectin levels predicted mortality in a cohort of 
patients with chronic heart failure, an association 
they ascribed to confounding due to cachexia,87 since 
reduction in body weight can regulate the synthesis 
of adiponectin. Therefore, it is necessary to clarify 
whether increased levels of adiponectin may be in-
volved in the pathogenesis of heart failure or if they 
simply reflect the degree of cachexia in these patients.

Two groups propose that the ratio of the isoforms 
of adiponectin is important for the prevention of ath-
erosclerosis.88,89 Furthermore, the literature suggests 
that comparing low, medium- and high-molecular-
weight adiponectin, the protective effect of adiponectin 
appears to be linked to its higher molecular weight 
fraction.90,91 This raises the possibility that the hetero-
geneous epidemiological findings reported so far for 
total adiponectin could relate to the different propor-
tions of HMW adiponectin. Rao and colleagues have 
emphasized that the relationship between adiponectin 
levels and cardiovascular disease in ESRD may not 
be linear but quadratic, with extreme adiponectin 
levels associated with worse outcomes.32

Thus, despite the existence of strong experimental 
evidence, prospective epidemiological studies have 
demonstrated inconsistent results as to the association 
between adiponectin and cardiovascular disease risk 
and/or associated mortality. Several explanations ex-
ist for these conflicting results including population 
characteristics such as diabetes, case mix, confounding 
influences of covariates including inflammation and 
nutritional status, possibly variants in the gene encod-
ing adiponectin and possible differential retention 
of the HMW adiponectin isoform in kidney disease. 

Nevertheless, since adiponectin exhibits anti-
atherogenic properties, therapies aimed at raising 
adiponectin levels could be potentially beneficial 
in the prevention or treatment of cardiovascular dis-
eases in ESRD patients. In a randomized crossover 
trial,94 oral treatment with pioglitazone, a PPAR-γ 
agonist, significantly improved insulin resistance, 
reduced inflammation and increased adiponectin in 
PD patients.

ADIPoNEcTIN AND wASTINg IN ESRD

Protein-energy wasting is increasingly recognized 
as a prevalent and significant contributor to poor 
clinical outcome in dialysis patients.93 Protein-energy 
wasting can be characterized by hypoalbuminemia, 
low protein or energy intake, reduced muscle mass 
and body fat. Its major causes include inflammation, 
inadequate nutrient intake, losses of nutrients during 
dialysis, acidemia and hormonal disorders.58

A syndrome of adverse changes in nutrition and 
body composition is highly prevalent in patients with 
CKD, especially in those undergoing dialysis, and 
it is associated with high morbidity and mortality.94 
Although insufficient food intake (true undernutri-
tion) due to poor appetite and dietary restrictions 
contributes to these problems, there are features of the 
syndrome that cannot be explained by undernutrition 
alone. Many contributing causes are directly related 
to kidney disease, including increased resting energy 
expenditure, persistent inflammation, acidosis, multiple 
endocrine disorders and the dialysis procedure itself. 

In wasting diseases such as CKD, the accelerated 
loss of fat mass and lean body mass alters the normal 
regulation of adiponectin. A nested case-control study 
showed that high adiponectin reflects the degree of 
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systemic wasting that precedes death.95 In two recent 
studies, serum adiponectin levels in HD patients were 
reported to have positive correlations with the subjec-
tive global assessment and malnutrition-inflammation 
score and also negative correlations with BMI, mean-
ing that well-nourished HD patients with higher BMI 
were found to have lower serum adiponectin levels 
compared to malnourished HD patients with lower 
BMI.96,97

Increased adiponectin has been proposed as being 
a “reparatory response” to the microvascular insults 
in uremia.98 However, rodent experimental data indi-
cate that adiponectin may also induce protein-energy 
wasting by increasing energy expenditure and induc-
ing weight loss through a direct effect on the brain.99 
Kaynar and colleagues found a significant positive 
correlation between presence of protein-energy wast-
ing and serum adiponectin levels among dialysis 
patients.100 According to Coope et al, adiponectin acts 
in the hypothalamus through the AdipoR1 receptor 
and promotes reduction of food intake.25 The authors 
showed that intracerebroventricular injection of re-
combinant rat adiponectin promoted an anorexigenic 
state in rats with a 40% reduction in food intake. 
Conversely, Kubota and coworkers have shown that 
peripheral injection of adiponectin enhances AMPK 
activity in the hypothalamus of mice via AdipoR1 to 
stimulate food intake and decrease energy expendi-
ture.24 These controversial results could be due to 
the different experimental protocols used by the two 
groups. Clearly, further studies are needed to clarify 
the role of adiponectin in the pathogenesis of wast-
ing in ESRD.

ADIPoNEcTIN AND ouTcomE IN ESRD

Epidemiological evidence in ESRD has shown 
conflicting results regarding the association between 
levels of adiponectin and occurrence of adverse out-
comes, relating both hyperadiponectinemia and hy-
poadiponectinemia to better outcomes.7,45,64,83,85,86,101 
A recent 3.5-year follow-up study by Tung et al47 
investigated the association of adiponectin and clini-
cal outcomes, specifically in the least studied ESRD 
population, prevalent PD patients. Their results dem-
onstrate better survival in high adiponectin patients. 
On the other hand, a recent study in HD patients 

suggested that high circulating adiponectin is as-
sociated with increased overall mortality and that 
hypoadiponectinemia is associated with better clinical 
outcome.86 Since high adiponectin levels may reflect 
an ongoing wasting process or may even promote 
increased energy expenditure, this could explain why 
hyperadiponectinemia is linked to increased mortality 
in kidney patients.99

Unlike among the healthy population, in HD pa-
tients obesity is paradoxically associated with better 
outcomes, meaning that patients with higher BMI 
body have better nutritional status.96 However, the 
effect of overweight or obesity on survival of PD 
patients is less clear with contradictory results.102,103 
Due to the inverse relationship between adiponectin 
and fat mass, HD patients with higher adiponectin 
have lower BMI and subsequently higher risk for 
mortality. In support of this, adiponectin was not a 
significant predictor of mortality when wasted patients 
(serum albumin ≤35 g/l) were excluded in a study of 
HD patients.84 

Data in HD patients point to nonlinear associa-
tions between this adipokine and adverse clinical 
outcomes, implying that there may be lower and 
upper thresholds defining an optimal range of levels 
associated with improved outcomes.32 Accordingly, 
poor outcomes occur with very low and very high 
adiponectin levels, the latter possibly occurring as a 
cellular response to malnutrition and declining BMI, 
or to pro-atherogenic inflammatory stimuli that are as-
sociated with malnutrition.104,105 According to Tsigalou 
and colleagues, the differential effect of adiponectin 
regarding survival on dialysis patients probably re-
sides in the obesity-inflammation association.106 They 
found a U-shaped association of BMI with all-cause 
mortality in HD patients and an inverse U-shaped as-
sociation for plasma adiponectin levels and all-cause 
mortality. The authors postulate that the beneficial 
effects of adiponectin on inflammatory imbalance 
are only evident in the presence of adiposity and in 
the absence of protein-energy wasting. 

The relationship between adiponectin and clinical 
outcomes may be modified by differential retention 
of high-molecular weight forms of adiponectin in 
renal failure, the nutritional and inflammatory status 
and combinations of these factors. Further studies 
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are necessary to provide conclusive results about 
the relationship between adiponectin and outcome. 

coNcluSIoNS

Adiponectin is a key adipokine with multiple 
actions in the human body. Among the adiponectin 
isoforms, the multimeric HMW seems to have the 
most important biological role in peripheral tissues. 
Despite elevated plasma adiponectin levels in ESRD, 
adiponectin production is increased in these patients. 
Moreover, the levels of the HMW isoform are el-
evated in ESRD. Although the association between 
adiponectin and cardiovascular disease risk in ESRD 
remains controversial, hypoadiponectinemia is as-
sociated with both insulin resistance and inflamma-
tion. Several recent studies in ESRD patients, point 
to nonlinear associations between adiponectin and 
clinical outcomes, linking high adiponectin levels to 
protein-energy wasting. Although adiponectin is most 
likely secreted to alleviate inflammatory or vascular 
injuries in ESRD patients, this counter-regulation 
may be insufficient to improve outcomes due to the 
toxic vascular effects of the pro-atherogenic uremic 
milieu. Alternatively, uremia may confer selective adi-
ponectin resistance in specific target organs, whereby 
protective pathways in peripheral tissues are blocked 
but the wasting process may be triggered, probably 
by a different adiponectin isoform, via signals to 
the central nervous system. Further research will be 
required to fully elucidate adiponectin metabolism 
in ESRD patients.
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INTRODUCTION

Advances in clinical biochemistry have resulted 
in the development of improved assays for hormone 
measuring. Among the most prominent of these are 
the quick parathyroid hormone (qPTH) assays, since 
they have been found to help address a number of 
challenging issues in parathyroid, and to a lesser 
extent in thyroid, surgery. A multitude of platforms 
have therefore been developed to better address these 

issues. These platforms share a similar three-step 
analytical principle: 1) capturing the PTH molecule 
in a specific sample volume through recognizing a 
specific amino acid sequence within the PTH peptide 
by specific antibodies, 2) detection of the antibody-
captured PTH molecule using signal-labeled specific 
antibodies and 3) reading the amount of signal with 
subsequent quantification of PTH. The antibodies 
used are usually polyclonal goat antibodies and the 
signal is of the Chemiluminescence type. Some dif-
ferences, however, exist among these platforms re-
garding the solid phase and the incubating conditions, 
with consequent variations in the volume of sample 
required, time to result and the measurement range.1 
This notable development in the laboratory landscape 
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has been reflected in a corresponding expansion of 
clinical applications in the practical landscape. Quick 
measurement of PTH in blood samples from on-table 
patients has attracted much attention in the context of 
intraoperative parathyroid monitoring (IPM). How-
ever, qPTH assays have also been used for in-theatre 
measurement of PTH in suspected tissue or fluids as 
well as for out-of-theatre purposes. In addition, these 
assays have improved the quality of care by enabling 
the performance of the test within a short turnaround 
time and near to the site of patient care, two points 
which basically define the concept of point-of-care 
testing (PoCT).2 Given such rapid expansion of these 
assays’ applications, this is an opportune moment 
to review the relevant current knowledge. Like any 
technology, their use is not however free from draw-
backs, such as measurement pitfalls and the extra 
cost involved, which considerations are reviewed 
elsewhere. Our focus in this article is to summarize 
the established applications and discuss the emerging 
ones, emphasize their role in provision of bedside 
patient care in endocrine surgery and highlight the 
proper selection of the assay type for intraoperative 
hormone monitoring with a view to identifying those 
applications which need to be investigated further 
and those which should be considered for validation 
in the clinical setting.

mEThODS

Our first step in accomplishing the goal we had 
set was to perform a structured search of Embase and 
Medline electronic databases using Ovid interface. 
Our strategy consisted in searching in all fields (af), 
using keywords extracted from the relevant MeSH 
headings, which were then combined using the Boolean 
operators, employing the following search terms: (in-
traoperative AND parathyroid), (point-of-care AND 
parathyroid), and (quick assay AND parathyroid). 
Limitations applied were: 1) English literature, 2) 
human studies and 3) publication year (2003 – cur-
rent). Full text manuscripts of relevant records were 
assessed for eligibility. Eligible articles were those 
clearly mentioning the use of quick PTH assays for 
PTH measurement. A few relevant articles were also 
added from other sources, mainly from the selected 
manuscript bibliographies, so that a total of 106 pub-
lications were used to construct this narrative review. 

IN-ThEaTRE USE OF qpTh aSSayS IN 
paRaThyROID SURgERy

The utilization of qPTH assays has brought many 
benefits to parathyroid surgery, primarily through 
intraoperatively monitoring the hormone level in 
blood samples drawn from the patients and, to a 
lesser extent, through measuring the hormone level 
in suspected tissues.

Intraoperative parathyroid hormone 
measurement in blood samples

Recording the decline of intraoperative PTH 
(IOPTH) in serial samples taken at defined time points 
during surgery (i.e. IOPTH monitoring or IPM) has 
gained much interest, with extensive discussions and 
multiple protocols investigated in the literature. Some 
authors, however, have reported that other benefits can 
be derived from a single IOPTH measurement at the 
start of surgery and from observing IOPTH kinetics.

The role of hormone monitoring in assuring  
the adequacy of parathyroid surgery

Physiological and pathobiological basis

Achieving a satisfactory post-excision reduction 
of IOPTH at a defined time point, in comparison to 
a baseline level, is a reliable criterion that the hyper-
functioning parathyroid tissue has been adequately 
removed and surgery can be safely concluded, thereby 
predicting subsequent surgical success.3-5 Three physi-
ological facts have formed the scientific background to 
such a concept: 1) the PTH molecule is solely released 
from the secretory  granules of the chief cells within 
the parathyroid glands,6 2) normally functioning para-
thyroid glands are suppressed by excess PTH released 
by the hyperfunctioning gland(s)1 and 3) the half-life 
of PTH has been calculated by various assays to be 
less than 5 minutes.7 While this concept has been 
approved and used by many surgeons to assure the 
adequacy of surgery in primary hyperparathyroidism 
(PHPT), its use has nevertheless not found a similar 
place in renal HPT.

Several protocols have been proposed for deciding 
the adequacy of surgery in HPT, e.g. Miami, Halle, 
Vienna and Rome.8 Variable performance has been 
achieved by these protocols owing to their contro-
versial parameters, e.g. required PTH drop, baseline 
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PTH level and timing of decision.9 Despite the debated 
parameters, IPM’s ability to achieve early prediction 
of surgical adequacy has supported the implementa-
tion of minimal access surgery (MAS) in HPT surgery 
and has improved surgical success rates.

Implementing minimal access surgery

For PHPT patients with localizing preoperative 
scans, IPM has enabled surgery to be conducted through 
unilateral exploration,10 and even obviating the need to 
visualize the ipsilateral possibly normal gland.11 This 
subsequently has standardized the concept of MAS 
for the surgical management of PHPT (minimally 
invasive parathyroidectomy, MIP) with the multiple 
techniques that already exist or are evolving (focused, 
endoscopic, video assisted, radioguided12 or robotic-
assisted13-16). Additionally, operating through MAS 
has allowed PHPT surgery to be occasionally carried 
out under local anesthesia17 and even be practiced as 
day-care surgery.18 In addition to gaining the expected 
advantages of MAS (e.g. minimal incision, minimal 
dissections and short hospital stays), excellent cure 
rates have been achieved,17 with the risk of persistent 
or recurrent disease comparable to traditional bilateral 
neck exploration (BNE).19,20 Furthermore, cases with 
prior contraindications to MIP, including parathyroid 
cancer, prior neck surgery (persistent or recurrent 
HPT) and high risk of multiglandular disease (MGD) 
(i.e. risk of parathyroid hyperplasia in patients having 
familial HPT or a history of prior neck radiation),21 
can occasionally be concluded through various MAS 
techniques, aided by IPM.22-26 Likewise, approaching 
an ectopic mediastinal parathyroid through video-
assisted thoracoscopic surgery (VATS) has also been 
facilitated through IPM.27,28 On the other hand, BNE 
should prudently be prompted if IOPTH does not 
show satisfactory reduction. Indeed, albeit classic 
BNE is still resorted to as initial surgery in selected 
PHP cases or as conversion after failed MIP, its ap-
peal and indications have obviously progressively 
decreased in the era of IPM-guided MIP.29

Similarly to PHPT, surgery has been accepted as 
the standard of care for management of tertiary HPT 
(THPT). By contrast, however, the management of 
secondary HPT (SHPT) is predominantly medical, 
with surgery required only in severe cases as in-
dicated by calciphylaxis or PTH level higher than 

800pg/ml.30 While IPM-guided MAS has become a 
routine practice in managing PHPT patients, it has 
not yet found a similar place in SHPT and THPT, i.e. 
renal HPT surgery for two main reasons. Firstly, in 
patients with renal HPT, the four glands are almost 
always hyperplastic;30 this consequently emphasizes 
the importance of visually inspecting the four glands 
at surgery, necessitating therefore adequate exposure.  
In support of the latter, a significantly lower failure 
rate has been associated with adequate in comparison 
to inadequate surgery (defined as more vs less than 3½ 
gland resection).31 Secondly, some studies have dem-
onstrated lack of correlation between percent IOPTH 
decline and operation outcome or postoperative PTH 
in renal HPT patients, findings which question the 
efficiency of IPM in assuring the adequacy of renal 
HPT surgery.32,33 However, in addressing these two 
issues, it has been demonstrated that both neck sides 
could possibly be explored through the central access 
provided by video-assisted neck surgery (VANS).34 In 
addition, IPM has been demonstrated in other studies 
to efficiently predict the success of parathyroidectomy 
for renal HPT. Hence, reasonable evidence exists to 
support investigating whether surgery for renal HPT 
could be efficiently concluded through IPM-guided 
MAS. Indeed, when guided by IPM, minimally in-
vasive video-assisted parathyroidectomy (MIVAP) 
for SHPT has been successfully completed in 92% 
of cases, as reported by Alesina et al35 in their initial 
experience. In contrast, conversion to traditional BNE 
has been reported in 30% of SHPT patients initially 
undergoing non-IPM-guided MIVAP.36 

Reduction of operative failures

The term operative failure, equivalent to persistent 
HPT, is defined as occurrence of a HPT biochemical 
profile within six months of surgery and, broadly 
speaking, can be attributed to technical, structural 
or pathobiological issues. 

Firstly, from the technical point of view, surgeon 
experience has, on the one hand, been recognized 
as being pivotal in parathyroid surgery; hence, an 
inexperienced surgeon would be expected to have a 
higher failure rate. In their retrospective study, Naw-
rot et al37 reported having missed hyperfunctioning 
parathyroid tissue in 55.5% of patients undergoing 
reoperative surgery which, having been detected in a 
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eutopic position, was likely due to lack of adequate 
surgical expertise. Monitoring PTH intraoperatively 
would provide a simple biochemistry based tool to 
assess the adequacy of resection, either assuring the 
surgeon that surgery can be concluded or prompting 
him to take further action, e.g. convert to BNE (if 
initially performing MIP), or to carry out further 
exploration (if already performing BNE) or to seek 
the assistance of a senior surgeon. On the other hand, 
surgical decision-making, being influenced by non-
100% accurate preoperative scans, could occasion-
ally be incorrect. Such a decision could be changed 
intraoperatively according to whether IOPTH achieved 
satisfactory reduction.38

Structural variations of the parathyroids, on a 
second perspective, are not uncommon, with ectopic 
glands being reported in 16% of HPT cases.39 Su-
pernumerary parathyroids are also reported to exist 
in up to 13% of individuals.40 Such aberrant glands 
could be missed and, if pathological, persistent PHPT 
would result.41,42 In addition, a missed aberrant gland 
in renal patients may undergo hyperplasia as a result 
of uremic stimulation, thereby putting the patient at 
risk of recurrent SHPT and ultimately necessitating 
reoperation.43 Indeed, missed ectopic adenomas have 
been reported in 53% of PHPT patients undergoing 
reoperation.44 In their study of PHPT patients who 
underwent reoperative surgery, Mariette et al45 have 
reported supernumerary glands in 15 out of 38 cases. 
In their retrospective analysis of 165 reoperated SHPT 
patients, Okada et al43 have reported “supernumerary” 
glands in 68% of patients, whereas 48% of glands 
excised in reoperative surgery were found in ectopic 
locations. Employing IPM has been reported to be 
useful in predicting complete removal of the hyper-
functioning parathyroid tissue, including suspected 
aberrant tissue.46,47

Thirdly, pathobiologically speaking, MGD, includ-
ing hyperplasia and double adenomas, and parathy-
roid cancer (PC) account for 15% and 1% of PHPT, 
respectively; nevertheless, they have been reported 
in 28.4% to 60% and 2% to 3.4%, respectively, of 
reoperative PHPT patients.45 Persistence/recurrence 
rates of PHPT have been reported to be incremen-
tally higher following surgery for single adenoma, 
hyperplasia and double adenoma.48 The latter issue 
would also be addressed through IPM because of its 

ability to predict MGD not only through showing 
“failure to decline” but also through demonstrating 
a “slow rate of decline”.49 In a study by Sugg et al50 
combining ultrasound and MIBI, scans predicted 
MGD in only 30% of cases, while IOPTH alone was 
reported to predict it in 83% of cases. In their study 
of 260 PHPT patients, Barczynski et al8 attributed 
a significant value of 3.1% in their overall success 
rate (99.6%) to correctly identifying eight patients 
with MGD through IPM, despite being incorrectly 
stratified as solitary adenoma through concordant 
preoperative scans. In an analysis of PC case series, 
Soloranzo et al51 reported 87% PPV of IPM in eight 
cases who underwent initial surgery; the test was, 
however, less predictive in reoperative cases. A cure 
rate of 100% has subsequently been reported follow-
ing IPM-guided en-bloc resection in four PC cases, 
thus supporting its use in such instances.52

In terms of addressing such potential causes of 
parathyroid surgery failures, IPM has been found 
in many studies to improve the cure rates of PHPT 
(Table 1).

Similarly, the role of IPM in improving surgical 
outcomes of renal HPT has been clearly demonstrated 
by Gasparri et al60 in a retrospective data analysis which 
captured a reduction of persistence and recurrence 
rates from 6.2% and 11% to 4.9% and 4.9%, respec-
tively, for SHPT and from 4.7% and 2.3% to 2.1 and 
0, respectively, for THPT cases on employing IPM.

Selection of the assay type

According to the analytical characters, two main 
types of PTH assays have been recognized: intact 
and whole PTH assays. The intact PTH assay, also 
known as second generation assay, reacts not only with 
bioactive1-84 PTH fragment but also with non-active 
large carboxyl terminal PTH fragments, mainly 7-84 
fragments. The whole PTH or third generation assay, 
on the other hand, exclusively reacts with the whole 
PTH molecule (1-84 fragment).61 In comparison to 
the bioactive fragments, the non-1-84 fragments were 
reported to have a longer half-life.62 Given the fact 
that the latter fragments are known to accumulate in 
renal failure patients,63 false results would be likely if 
second generation assays were used for IPM in such 
patients. A Bio-Intact PTH (1-84 fragments) meas-
uring assay has, however, been reported to be more 
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Prediction of post-parathyroidectomy 
hypocalcemia

In a similar fashion to its ability to predict post-
parathyroidectomy normocalcemia and post-thy-
roidectomy hypocalcemia, a few researchers have 
tested several endpoints derived from IPM for their 
potential ability to predict post-parathyroidectomy 
hypocalcemia. In their analysis of a prospectively 
recorded database of 68 PHPT patients who underwent 
reoperation, Elaraj et al68 found that in patients with 
MGD, an IOPTH drop of 84% or more was signifi-
cantly correlated with occurrence of postoperative 
hypocalcemia. Shoman and colleagues69 have also 
found that the percentage of IOPTH drop between 
the pre-incision and the 10 min post-excision values 
can significantly predict whether postoperative hypoc-
alcemia may develop. Similar correlations have not, 
however, been subsequently found in other authors’ 
reports,70 indicating that further studies, preferably 
on larger patient samples, are required. If post-par-
athyroidectomy hypocalcemia could be anticipated 
intraoperatively, certain management decisions would 
be affected: parathyroid auto-transplantation, calcium 
supplementation and frequency of follow-ups.

accurate in intraoperatively differentiating sufficient 
from insufficient parathyroidectomy and subsequently 
in predicting surgical outcome, compared to conven-
tional second generation assay;64,65 it therefore should 
preferentially be used in PHPT patients with renal 
impairment and in renal HPT patients.

Other benefits of hormone measuring in primary 
hyperparathyroidism surgery

Prediction of recurrence

In their study of the predictors of recurrence fol-
lowing surgery for PHPT, Schneider and colleagues66 
interestingly reported that the greater percent IOPTH 
decline was not only protective against, but also sig-
nificantly predictive of, recurrence. In the latter study, 
a threshold of 63% decline was statistically generated 
as the best value able to predict recurrence, with a 
sensitivity of 72.7%. In their study of IOPTH kinetics, 
the same authors67 identified an unusual “rebound” 
pattern in 6.2% of operated PHPT cases, in which the 
PTH level rose by more than 5pg/ml after achieving 
50% reduction in a preceding measurement. The lat-
ter pattern was reported to be significantly associated 
with higher recurrence rate.

Table 1. Role of IPM in improving surgical cure rates of PHPT 

year author Type of study With Ipm Without Ipm
No Cure rate No Cure rate

1999 Irvin et al53 Retrospective analysis of outcomes of reoperative 
parathyroidectomy with vs without IPM

33 94% 17 76%

2001 Agarwal et al54 Prospective comparative study of MIP with vs 
without IPM

Theoretical 
model

98.9% 88 96.6%

2004 Udelsman et al17 Retrospective analysis of outcomes of MIP vs BNE 255 99% 401 97%
2004 Irvin et al55 Retrospective analysis of outcomes of MIP vs BNE 421 97% 340 94%
2005 Chen et al56 Retrospective analysis of outcomes of MIP with vs 

without IPM
188 100% 157 90%

2007 Barczynski et al57 Prospective comparative study of MIP with IPM vs 
UNE without IPM

115 99.1% 62 91.1%

2010 Sugino et al58 Retrospective analysis of outcomes of MIP with vs 
without IPM

80 97.5% 87 93.1%

2015 Kim et al59 Retrospective analysis of outcomes of MIP with vs 
without IPM

14 100% 39 94.9%

IPM: Intraoperative Parathyroid Monitoring; MIP: Minimally Invasive Parathyroidecomy; BNE: Bilateral Neck Exploration; UNE: 
Unilateral Neck Exploration.
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An intraoperative lateralizing aid

A 5% or higher difference in PTH levels between 
both internal jugular veins at the start of surgery has 
been reported to be a safe and efficient lateralization 
method, particularly useful in PHPT patients with 
negative preoperative localizing studies or suspected 
MGD disease.71,72 A similar technique has been suc-
cessfully used to localize undescended parathyroid 
adenoma after failed BNE and intraoperative ultra-
sonography.73

Useful adjunct to perioperative tools

In order to optimize the outcomes of parathyroid 
surgery, IPM has also been employed as an adjunct 
to other perioperative tools. Table 2 demonstrates 
the usefulness of measuring IOPTH in improving the 
performance of other perioperative tools for PHPT 
patients undergoing parathyroid surgery.

Potential alternative to other intraoperative 
tools

In comparison to other intraoperative tools, IPM has 
been shown to have higher performance measures. In 
view of cost savings, it is possible for IPM to replace 
rather than to supplement other aids, namely frozen 
section (FS) and intraoperative gamma probe (GP).

As an intraoperative adjunct, FS has been used to 
confirm the identity of the excised tissue as parathyroid 
so as to identify it as the culprit and to exclude the 
possibility of tissue being hyperplastic rather than ad-
enomatous.79 However, in terms of assuring the surgical 

adequacy, it is more reasonable to have some sort of 
functional rather than morphologic confirmation. In 
their PHPT case series, Tampi et al80 demonstrated the 
superiority of IPM to FS, since the former was able to 
confirm the excision of “adenoma” in all cases, while 
the latter demonstrated hypercellularity “adenoma vs 
hyperplasia” in five cases. The inconsistent diagnostic 
accuracy of FS in fact challenges its usefulness in 
surgical decision-making.81 Quick PTH assays can 
help confirm excision of the offending gland, not only 
through picking a satisfactory PTH reduction with a 
high accuracy but also through measuring hormone 
levels in suspected specimens (discussed later). Thus, 
IPM has been termed “biochemical FS” and has 
been suggested as a replacement for the traditional 
histopathological FS.82

Similarly, in a comprehensive prospective evalu-
ation of intraoperative parathyroid surgery adjuncts, 
IPM has been reported to be a more reliable tool when 
compared to gamma probe in terms of sensitivity, 
PPV and accuracy (99%, 100% and 98% vs 93%, 
89% and 83%, respectively).83 The latter findings 
may therefore suggest the possibility of IPM-guided 
MIP replacing minimally invasive radioguided par-
athyroidectomy (MIRP).

Intraoperative parathyroid hormone 
measuring in suspected tissue

Confirming the parathyroid identity of excised 
tissue

Despite the fairly accurate results of IPM recorded 

Table 2. Role of IPM in enhancing the performance of other perioperative parathyroid adjuncts 
Entire 
cohort

Subgroup Subgroup 
description

Tool measure parameter Without 
IOpTh

With 
IOpTh

Ref

pre-operative tools
54 50 SA MIBI Sensitivity Confirming SA 90% 100% (74)
287 21 DA MIBI/US Accuracy Predicting DA 60% 80% (75)
233 23 MGD MIBI/US Sensitivity Detection of MGD 30% 89% (50)
Intraoperative tools
78 50 SA Intraop US Sensitivity Detection of SA 33% 65% (76)
51 51 Had MIBI  

& MIRS
Intraop GP/MIBI Success rate Achieving postoperative 

normocalcemia
92% 100% (77)

211 19 Hyperplasia Intraop FS Sensitivity Detecting hyperplasia 53% 74% (78)
SA: single adenoma; DA: double adenoma; MGD: multiglandular disease; MIBI: Methoxy Iso Butyl Isonitrile; US: ultra-
sound; MIRS: minimally invasive radioguided surgery; GP: gamma probe, FS: frozen section.
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in most of the literature, occurrence of false results, 
though uncommon, is still very problematic on ac-
count of its grave consequences, namely, unnecessary 
explorations with consequent morbidity (in the event 
of a false negative) or leaving behind pathologic 
parathyroid tissue, ultimately resulting in persistence 
HPT (in the event of a false positive). Hence, other 
techniques for confirming the parathyroid nature of 
the removed specimen continue to be sought. Rapid 
PTH measurement in needle aspirate from the excised 
suspected tissue has been reported to be an efficient 
method of confirming the parathyroid identity with 
97% sensitivity and 100% specificity (PHPT).84 The 
accuracy of a PTH assay in distinguishing the para-
thyroid tissue has been reported to be affected by 
the number of needle passes, with 5 passes being 
optimal to achieve a minimum of false negatives.85 

Moreover, measuring PTH level in 1 mm biopsy of 
the tissue in question has demonstrated an accuracy of 
99% in identifying parathyroid tissue, exceeding the 
accuracy of PTH determination in FNA aspirates.86  
Such “biochemical frozen section” may provide a 
time-effective and cost-effective alternative to the 
traditional one, particularly if quick PTH settings 
have already been set for IPM.87

Differentiation between normal and pathological 
parathyroids

In PHPT cases in which BNEs are deemed neces-
sary, surgeon experience has been recognized to be 
of utmost importance in picking out the pathologic 
gland. Occasionally, the pathologic gland(s) may be 
of borderline size and be difficult to distinguish from 
normal glands. A useful adjunct in this case would 
be measuring the PTH in a needle aspirate from the 
suspicious glands, this measurement having been 
reported to make an efficient differentiation (<100 
vs >1000 pg/ml).88

IN-ThEaTRE USE OF qpTh aSSayS  
IN ThyROID SURgERy

Prediction of the post-thyroidectomy 
calcemic state

The prediction of post-thyroidectomy hyocalce-
mia has been the subject of extensive research, since 
this would significantly impact subsequent manage-
ment.  An optimal predictor should be capable of 

early, accurate and measurable prediction. Although 
some demographic (e.g. age, gender and race) and 
pathobiologic (e.g. thyroid pathology, surgery extent) 
factors can significantly predict post-thyroidectomy 
hypocalcemia, no single factor among these has dem-
onstrated a measurable performance.89 Nomograms 
integrating some of these factors can indeed quantita-
tively predict post-thyroidectomy hypocalcemia at a 
fairly early stage; however unfortunately, the overall 
reported accuracy was only 67.7%.90

Biochemical factors, in terms of perioperative Ca 
and PTH, have been extensively studied as candidate 
predictors. Although a postoperative 24 h percent Ca 
drop91 or 16 h low adjusted Ca92 could quantitatively 
predict post-thyroidectomy hypocalcemia with high 
accuracy (87 and 90%, respectively), unfortunately, by 
that time, a symptomatic hypocalcemic episode may 
already have occurred. In contrast, measuring PTH 
intraoperatively seems to fulfil the requirements of an 
ideal predictor of post-thyroidectomy hypocalcemia, 
with the percentage of PTH drop being reported to 
be more accurate than PTH absolute value (88% vs 
72%).92 In their analysis of 249 patients, Noordzi 
et al93 demonstrated that IOPTH can predict post-
thyroidectomy hypocalcemia with the sensitivity 
incrementing from 34% to 93.6% as the cut-off of 
the percentage of PTH decline decreased from 90% 
to 40% within 20 min after gland removal. Such early 
prediction can potentially guide important clinical deci-
sions: 1) a second look at the excised thyroidectomy 
specimen, should a parathyroid gland be inadvertently 
removed, 2) determination as to whether parathyroid 
auto-transplantation is necessary, 3) timing of discharge 
and 4) early consideration of Ca supplementation in 
those patients identified as being at risk.

Differentiating parathyroid  
and non-parathyroid tissue

During thyroid surgery, some tissues (thyroid nod-
ules or lymph nodes) can occasionally be confused 
with parathyroids, which can present a challenging 
situation. On the one hand, preserving these tissues 
may compromise the completeness of resection, while, 
on the other hand, excising them may expose the 
patient to the risk of hypoparathyroidism. Rapid in-
traoperative measurement of PTH in FNA aspirates 
of suspicious tissue has been reported to be a reliable 
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and simple method of differentiating parathyroid and 
non-parathyroid tisuue.88,94,95 This could provide an 
alternative to FS examination, dodging the injurious 
effect of the bioptic process and achieving similar 
or even more accurate results.96 A recently reported 
modification of the IOPTH assay achieved 100% 
sensitivity and 100% specificity in distinguishing para-
thyroid from non-parathyroid tissues within ultra-short 
turnaround time (60 seconds) and could potentially 
replace frozen-section assessment.97

OUT-OF-ThEaTRE USE OF qpTh aSSayS 

In the post-anesthesia care unit (PACU)
Rapid PTH testing has also found other useful 

applications outside the theatre. McLeod and col-
leagues98 have proposed testing PTH in the PACU for 
post-thyroidectomy patients with a cut-off PTH value 
<12 pg/ml or PTH drop >75%, achieving a sensitiv-
ity and specificity of 100%, 92% and 100%, 88%, 
respectively, for prediction of post-thyroidectomy 
hypocalcemia. Subsequently, Sabour and colleagues99 
recommended initiating Ca/Vit D therapy on a selec-
tive basis for those whose PACU-PTH reads less 
than 15 with the aim of reducing the rate of post-
thyroidectomy hypocalcemia Such an approach is 
superior to routine supplementation on account of 
the achievement of a lower rate of hypercalcemia, 
better patient compliance and lower cost. 

In the radiology suite
The rapid PTH assay for samples collected by 

image-guided super-selective venous sampling (SVS) 
can provide a near-real time PTH level in cervical 
veins, leading to correct lateralization of the culprit 
lesion in 83%-93% of cases that have a significant 
gradient.100-102 Alternatively, safer and less time-
consuming non-SVS has also been used to detect a 
localizing parathyroid gradient augmented through 
employing a systemic hypocalcemic challenge.103 
Similarly, using rapid assay for measuring PTH in 
US-guided fine needle aspirate from a suspicious 
parathyroid lesion has also been reported to be an 
efficient method of localization.104 These techniques 
have proved useful in preoperatively lateralizing the 
culprit lesion particularly for recurrent or persistent 
HPT with non-informative conventional scans, i.e. a 
negative or equivocal result, thus improving subse-

quent surgery and even allowing it to be performed 
through MIP.

In the endoscopy suite
Interestingly, Graff-Baker and colleagues105 have 

reported the use of a rapid PTH assay for measuring 
the PTH value in a mediastinal mass suspected to 
be an ectopic parathyroid gland in an old man with 
medical comorbidities. In this case, aspirate was 
obtained by endoscopic US-guided fine needle and 
revealed a very high PTH level, thus confirming the 
parathyroid nature of the lesion and justifying major 
surgery in such a high-risk patient.

In the outpatient setting
Rapid PTH assays in US-guided aspirates from 

suspected parathyroid lesions have been reported to 
significantly improve sensitivity of localizing the 
truly offending gland from 67.7% to 91.9% when 
compared to US-alone-based localization, subse-
quently impacting the management decision in the 
early pre-admission phase.106

CONClUSIONS aND RECOmmENDaTIONS

The role of IPM in guiding surgery for PHPT is 
more or less well established. However, its role in 
renal HPT surgery needs to be further investigated, 
particularly concerning whether it could efficiently 
guide MAS and which IOPTH endpoint would achieve 
the best performance. Bio-intact, rather than intact, 
PTH assays should preferentially be used for intraop-
erative hormone monitoring in renal patients. In order 
to validate its use as a biochemical frozen section, 
potentially replacing the traditional histopathological 
section, prospectively designed comparative studies 
on large patient samples are needed to provide an 
adequate level of evidence. For its advantageous ca-
pability of predicting a post-thyroidectomy calcemic 
state, quickly measuring PTH at skin closure time 
should be standardized and validated for relevant 
decision-making. The usefulness of quick PTH as-
says in the clinical setting emphasize the importance 
of multidisciplinary teamwork, including surgeons, 
anesthetists, physicians and biochemists, in providing 
optimal care for the endocrine patient. Furthermore, 
given the reviewed wide range of clinical applica-
tions, it is worthy for manufacturers and companies 
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to collaborate with researchers and health institutions 
to develop newer PTH measuring platforms that will 
provide better accuracy, more time- and cost effec-
tiveness as well as user friendly interface.
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AbstrAct

ObJECTIvE: To evaluate the therapeutic trends and long-term outcome of treatment modali-
ties for acromegaly in our center over a 40-year period. Design: We retrospectively studied 
321 acromegalic patients (145 males/176 females) diagnosed and treated from the 1970s until 
September 2013. patients were divided into two subgroups: group a consisted of 166 patients 
diagnosed before 1990 and group B of 155 patients diagnosed after 1990. Outcome was assessed 
with gh (random and/or post OgTT) and IgF1 measurements. RESUlTS: more group a 
than group b patients were submitted to radiotherapy (57.8% vs 16.8% patients, respectively, 
p <0.001). In contrast, more patients of group b were offered surgery (70.3% vs 42.1% in group 
a, p <0.001) and/or medical treatment (70.3% vs 23.4% in group a, p <0.001). at latest follow-
up, 68.4 % of patients in group B achieved GH <2.5 μg/l after treatment vs 39.8% in group A, 
p=0.001, 46.9% of patients in group B achieved GH <1 μg/l vs 20.3% in group A, p=0.001 and 
47.1% of patients in group B achieved during OGTT GH nadir <0.4 μg/l vs 18.6% in group 
a, p=0.001. CONClUSIONS: Transsphenoidal resection and medical treatment resulted in 
improved outcome in acromegalic patients treated over the last 20 years. however, the disease 
still remains uncontrolled in a considerable number of patients.
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INTRODUCTION

Acromegaly is a rare entity resulting from a GH 
secreting pituitary adenoma1 which, according to 
different multicentric registries, has a prevalence of 
around 60 cases per million2-4 and an incidence of 3 to 
4 new cases per million annually,5 although a higher 

incidence of approximately 13 per 100,000 has also 
been reported.6 Increased morbidity and mortality 
result from the major complications i.e. cardiovascular 
disease, diabetes, hypertension and sleep apnea. Cur-
rently, surgery is the first-line treatment option.7 Medi-
cal therapy, previously applied mainly as an adjuvant 
treatment modality, is nowadays increasingly used as 
primary therapy in selected patients with macroadeno-
mas with low probability of surgical remission.7 The 
use of pituitary irradiation, once widely applied, is 
currently limited to a few cases.7 Decisions regarding 
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therapy should take into account costs, availability 
and expertise of the abovementioned therapeutic op-
tions. Given the rarity of the disease, epidemiological 
data regarding treatment modalities and long-term 
outcome through national acromegaly registries are 
valuable in order to improve our understanding of 
existing interventions in relation to clinical outcome. 
Such a registry has been in existence since the early 
1970s in our department, a major pituitary referral 
center in Greece. The aim of the present study was to 
examine the therapeutic trends and long-term outcome 
of acromegaly in our center over a 40-year period. 
We also aimed to evaluate the effect of somatostatin 
analogues on tumor size reduction and compressive 
phenomena and to identify possible risk factors that 
affect their antitumor activity.

paTIENTS aND mEThODS

Study population
We retrospectively studied 321 acromegalic pa-

tients (145 males/176 females) diagnosed and treated 
in our Department from 1970 until September 2013. 
The mean time of follow-up was 94.9±107.4 months 
(from 12 to 549, median 68 months). Only patients 
who had been followed up for at least 12 months 
after diagnosis were included. Exclusion criteria 
were pregnancy, presence of chronic kidney, liver or 
psychiatric disease and ectopic GHRH production; 
in the event of pregnancy or of the above chronic 
diseases the interpretation of GH and IGF1 results 
would be unreliable. Hospital charts were reviewed by 
three physicians who also performed data entry into 
a computerized database platform developed using 
Access 97 software (Microsoft Corporation, 1996) 
and kindly donated by Dr S. Melmed.8

Diagnosis was based upon clinical picture and 
biochemical confirmation including non-suppressed 
GH after the oral glucose tolerance test (OGTT) and/
or elevated IGF-1. Imaging techniques were computed 
tomography (CT) until 1990 and magnetic resonance 
imaging (MRI) afterwards. In patients diagnosed before 
CT implementation in our center (1980), diagnosis of 
macroadenoma was based upon radiological estima-
tion of the sella, while in the presence of clinical and 
biochemical evidence of acromegaly with normal 
sella, the diagnosis of microadenoma was assigned.

Treatment modalities included surgery via trans-
sphenoidal and in a very few cases via the transfrontal 
approach, pituitary irradiation (conventionally by 
means of a linear accelerator, or more recently by 
stereotactic radiosurgery, namely linear-accelerator 
based Cyber-knife or cobalt-60 radiation source 
Gamma-knife) and medical therapy i.e. dopamine 
agonists (Parlodel, Meda Pharmaceuticals, Bishop’s 
Stortford, UK and Dostinex, Pfizer, Kent, UK) so-
matostatin analogues (Sandostatin® LAR®, Novartis 
Pharmaceuticals, Surrey, UK and Somatulin® Autogel®, 
Ipsen, Berkshire, UK) or pegvisomant (Somavert, 
Pfizer, Kent, UK). Outcome was evaluated by GH 
measurements: GH <2.5 μg/l, or GH <1 μg/l (random 
measurement or mean value of at least two basal 
samples) or GH post OGTT <0.4 μg/l. After 1990, 
when IGF1 measurement became widely available 
in our department, normal for age IGF1 was added 
to the outcome criteria.7-9 Overall disease control was 
defined as GH <2.5 μg/l and normal IGF1. Thyroid, 
adrenal and gonadal functions were appropriately 
assessed and substituted when deficient. 

Patients were divided into two subgroups accord-
ing to the time of diagnosis: group A consisted of 
166 patients diagnosed before 1990, while group B 
consisted of 155 patients diagnosed after 1990. This 
threshold was set in order to evaluate the impact of 
modern imaging techniques, i.e. the introduction of 
MRI at this time point in the diagnosis and treatment 
of acromegalic patients. Additional analysis was per-
formed for each decade of enrollment. In a subgroup 
of 55 acromegalic group B patients (aged 52.1±1.6 
years, 18 males and 37 females) antitumor activity of 
somatostatin analogues was evaluated; these patients 
were treated with somatostatin analogues before or 
after unsuccessful surgery and did not receive irradia-
tion. As all patients in this subgroup were diagnosed 
after 1990, tumor size was estimated by magnetic 
resonance imaging (MRI). Tumor shrinkage was 
defined as a 20% decrease in the largest measurable 
adenoma diameter. 

Hormonal assays
Samples were collected and centrifuged and serum 

was stored in aliquots at -200C until assayed. GH and 
IGF1 assays used in our department have changed 
over the years. Serum GH levels were measured by 
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RIA until 1995 and thereafter by IRMA assay kits 
(Pharmacia, Uppsala, Sweden until 2000 and CIS Bio 
International, Gif-sur-Yvette, France, thereafter). The 
CIS assay standards are calibrated against the 2nd 
International Standard WHO IS 98/574. This assay 
has a detection limit of 0.04μg/l, and the intra-assay 
coefficient of variation is 2.4% and 2.8% at a con-
centration of 3.5μg/l and 17μg/l, respectively. Serum 
IGF-1 was measured with RIA from 1990-1998 and 
with IRMA thereafter (1998-2002 by Nichols Institute, 
San Juan Capistrano, CA, USA and since 2002 by 
Mediagnost, Reutlingen, Germany). The standards 
of the Mediagnost assay are calibrated against the 
International Standard WHO NIBSC 02/254. To dis-
sociate IBNIGF-I from the binding proteins, samples 
were diluted in an acidic buffer and then exposed to 
antiserum containing an excess of IGF-II to block 
the binding proteins. The detection limit of the assay 
is 0.1μg/l. The intra-assay coefficient of variation is 
2.5-3.4% and the inter-assay coefficient of variation 
is 4.5-6.2%. Thyroid, adrenal and gonadal functions 
were regularly assessed by evaluating basal thyroxine 
(T4) or free T4, cortisol, luteinising hormone (LH), 
follicle-stimulating hormone (FSH), testosterone or 
estradiol.

Statistical analysis
Variables were expressed throughout as mean±SD. 

Statistical analysis was performed using the SigmaStat 
statistical package (version 4.0, 2008 Systat Software, 
San Jose, CA.) The one-sample Kolmogorov-Smirnov 
test was used to test whether a variable was normally 
distributed. Statistical analysis to identify differences 
between the two groups was performed by t-test, or 
the Mann-Whitney rank sum test when data distribu-
tion was not normal. Univariate and multivariate were 
performed to identify predictors of tumor response 
to somatostatin analogues. The chi square (χ2) test 
was performed to compare non-parametric variables 
and the Z-test to compare proportions. Spearman 
correlations were used to examine the relation vari-
ables. The level of significance was set at 0.05 for 
all statistical tests.

RESUlTS

Demographic, clinical and biochemical data 
of patients

As depicted in table 1, 45.2% of our patients were 
men and 54.8% women. The mean age at diagnosis 
was 45.5±12.5 years. Microadenomas were diagnosed 

Table 1. Demographics and referral specialties of our study population
all

(n=321)
gROUp a

(n=166)
gROUp b

(n=155)
p

Age at diagnosis (years) 45.5±12.5 42.7±12.7 48.4±13.6 0.052
Sex

Male (%)
Female (%)

145 (45.2)
176 (54.8)

78 (47.0)
88 (53.0)

66 (42.9)
89 (57.1)

0.532

Size
Micro (%)
Macro (%)

158 (49.2)
163 (50.8)

99 (59.6)
67 (40.4)

59 (38.3)
96 (61.7)

0.001

Delay of diagnosis (months) 85.7±64.5 84.5±65.8 87.1±75 0.928
Time of follow-up (months) 94.9±107.4 139.5±144.4 62.1±61.3 0.001
Referrals

Endocrinologists (%)
Internists (%)
Neurosurgeons (%)
Other (%)
Unknown (%)

204 (63.5)
55 (17.1)

9 (2.8)
18 (5.6)
25 (7.7)

95 (57.2)
30 (18.1)

0
11 (7.1)

20 (12.4)

109 (65.6)
25 (15)
9 (5.4)

17 (10.3)
5 (3.01)

0.001
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in 158 (49.2%) and macroadenomas in 163 (50.8%) 
patients. The delay of diagnosis (time from onset of 
symptoms as depicted by patients’ history or photos 
until diagnosis) was 85.7±64.5 months. In group B 
more macroadenomas were identified compared to 
group A (61.7 vs 40.4, p=0.001). Time of follow-up 
was 139.5±144.4 months in group A and 62.1±61.3 
(p=0.001) in group B. No statistically significant 
differences were found in age at diagnosis, sex and 
delay of diagnosis between groups A and B, although 
group B patients were almost 6 years older than 
group A patients. Most patients were referred to our 
department by endocrinologists (63.5%) and internists 
(17.1%). As revealed by distribution comparisons, 
the prevalence of acromegaly was higher between 
30 and 60 years of age: 233 patients (69.8%) vs 46 
patients (14.3%) <30 years and 42 patients (13.1%) 
>60 years, p <0.001.

Treatment modalities
As shown in Figure 1, there was a significant change 

in the treatment modalities offered to our patients dur-
ing the observation period. More group A than group 
B patients were submitted to radiotherapy (57.8% vs 
16.8% patients, respectively, p <0.001); in contrast, 
more patients of group B were offered surgery (70.3% 
vs 42.1 group A, p <0.001) and/or medical treatment 
(70.3% vs 23.4% group A, p <0.001).

The analysis of treatment modalities data per the 
four time periods (1970-1980, 1981-1990, 1991-

2000, 2001-2013) is shown in Figure 1. The use of 
pituitary irradiation was significantly reduced in 
the more recent periods (offered to 61.2%, 33.6%, 
16.8% and 4.3% of patients for the 1st, 2nd, 3rd and 4th 
periods, respectively, p <0.001 for all comparisons). 
Surgery was offered to statistically more patients in 
the 2nd and 3rd compared to the 1st period (43.9% and 
52.8% vs 23.5% of patients, respectively, p <0.001 
for both comparisons). Finally, the use of medical 
treatment increased significantly during the 4th period 
(58.9% vs 15.3%, 22.4%, 30.4% of patients during 
the 1st, 2nd and 3rd period, respectively, p <0.001 for 
all comparisons).

More specifically, surgical treatment was offered 
to a total of 179 patients (170 with the transsphenoidal 
and 9 with the transfrontal approach); in 137 patients 
(76.5%) surgery was used as first-line treatment (58 
in group A and 79 in group B), in 38 patients (21.2%) 
post-medical treatment (8 in group A and 30 in group 
B) and in 4 (2%, all in group A) after pituitary radiation. 

Radiation therapy was offered to 122 patients, 117 
conventional (who received 3500-6000 cGy) and 5 
stereotactic radiosurgery (who received 2500-5000 
cGy), mean irradiation dose 4560±517 cGy; as first-
line treatment in 82 patients (67.2%, 76 in group A 
and 6 in group B) and as second-line treatment in 
40 patients (32.7%, 14 patients in group A and 26 
in group B).

Medical treatment was offered to 146 patients: 
in 84 patients (57.5%) as first-line approach (9 in 
group A and 75 in group B patients) and in 62 patients 
(42.4%, 30 group A and 32 in group B) after surgery 
or radiation failure. Somatostatin analogues were used 
in 113 patients, while 53 patients received dopamine 
agonists (either cabergoline or bromocriptine, 33 as 
monotherapy and 20 in combination with somatostatin 
analogues). More specifically, among the 113 patients 
administered somatostatin analogues, 34% received 
lanreotide: 11.7% at the dose of 60 mg, 7.7% at the 
dose of 90 mg, 14.6% at the dose of 120 mg every 
4 weeks. The remaining 66% were administered 
octreotide LAR: 24.3% at the dose of 20 mg and 
41.7% at the dose of 30 mg every 4 weeks. Regarding 
dopamine agonists, 40 patients received bromocriptine 
(mean daily dose 12 mg) and 13 patients cabergo-
line (mean weekly dose 2.4 mg. Finally, 13 patients 

Figure 1. Evolution of treatment modalities of acromegaly dur-
ing 4 time periods a: denotes statistically significant difference 
from 1st time period b: denotes statistically significant difference 
from 2nd time period c: denotes statistically significant differ-
ence from 3rd time period p <0.05.
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At the end of the observation period pituitary func-
tion tests following irradiation were available in 49 
patients; when compared to 132 non-irradiated patients 
a higher incidence of pituitary deficiencies was noted: 
FSH/LH deficiency was found in 63.3% irradiated 
vs 12.4% non-irradiated patients (p <0.001), ACTH 
deficiency in 55.5% vs 7.5% (p <0.001) and TSH 
deficiency in 39.9% vs 6.8% (p <0.001). 

When dopamine agonists were used as monotherapy 
control rate was low: 30.4% achieved GH less than 
2.5μg/l and only 13% GH less than 1μg/l (IGF1 data 
are few and not shown). When combined with soma-
tostatin analogues the control rate was higher: 57.8% 
achieved GH <2.5μg/l, 21% GH <1μg/l and 64.7% 
normal IGF1. Somatostatin analogues therapy resulted 
in 76.3% of patients achieving GH <2.5μg/l, 50% 
achieving GH <1μg/l and 71.8% normalizing IGF1. 
Furthermore, 75% of patients on pegvisomant either 
as monotherapy or in combination with somatostatin 
analogues normalized IGF1.

Analysis of disease outcome per time of diagno-
sis is shown in Figure 3: 68.4% of patients in group 
B achieved GH <2.5μg/l after treatment vs 39.8% 
in group A, p=0.001, 46.9% of patients in group 
B achieved GH <1μg/l after treatment vs 20.3% in 
group A, p=0.001 and 47.1% of patients in group 
B achieved during OGTT GH nadir <0.4μg/l after 
treatment vs 18.6% in group A, p=0.001. IGF1 data 
were available in 38 group A patients vs 127 group B 
patients, thus IGF1 data for group A patients are not 

received pegvisomant (mean daily dose 16.5 mg), 4 
as combined treatment with somatostatin analogues 
and 9 as monotherapy after failure of somatostatin 
analogues to control the disease. 

Acromegaly outcome 
The final outcome of acromegaly in our patients 

is presented in Figure 2. Data regarding treatment 
modalities applied were available in 299 out of 321 
patients (the remaining 22 were either not yet treated 
or lost to follow-up before any therapeutic interven-
tion). As demonstrated in Figure 2, in 119 (37%) of 
our patients various treatment combinations were 
attempted. Overall, 55.7% of patients achieved GH 
<2.5μg/l, 35.1% of patients achieved GH <1μg/l, 
34% achieved GH <0.4 μg/l and 70.3% normalized 
IGF1. When comparing the effectiveness of the vari-
ous treatments used, a similar outcome was found 
between patients submitted to surgical or medical 
treatment as first-line approach or combination of 
surgical, medical and/or irradiation treatment after 
unsuccessful first-line approach (Figure 2). Notably, all 
treatment groups were similar in terms of tumor size.

Irradiation as monotherapy or followed by medi-
cal treatment led to worse outcome compared to all 
other treatment groups (GH <2.5μg/l in 20% and 
11.7% of respectively, p <0.001 for all comparisons). 
During the observation period lasting 11.42 years 
(range 2.4-43.4 years) no report of radionecrosis, 
cerebrovascular disease or second tumor formation 
was noted in those patients submitted to irradiation. 

Figure 3. Overall disease outcome in the two time groups of 
acromegalic parients (*): denotes statistically significant differ-
ence from group A, p <0.05 GH <2.5, GH <0.1: random GH 
levels <2.5µg/L and <1.0µg/L respectively, GH <0.4: GH nadir 
levels in the glucose suppression test <0.4 µg/L. 

Figure 2. Disease outcome with different treatment modali-
ties in our cohort of acromegalic patients (*) denotes statisti-
cally significant difference from patients who received radiation 
(XRT) or radiation+medical treatment (XRT+MED).
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shown; 60.7% of group B patients achieved disease 
control (GH <2.5μg/l and normal IGF1).

A subgroup of 55 patients was treated with so-
matostatin analogues and did not receive radiation 
therapy. As shown in Table 2, 24 patients (43.6%) 
demonstrated shrinkage of the pituitary adenoma by 
33.3% in response to therapy. Responders had statisti-
cally higher prevalence of macroadenomas (83.3% 
vs 51.6%, p=0.030), larger adenoma size (17.1±9.8 
vs 10.5±7.8mm p <0.001) and higher pre-treatment 
GH levels (20.2±16.6μg/l vs 13.2±11.9μg/l p=0.043) 
compared to non-responders (Table 2). Furthermore, 
70.8% of the responders achieved biochemical con-
trol vs 25.8% of the non-responders, p <0.001). In 
40 patients somatostatin analogues were given as 
first-line treatment and in 15 as second-line treat-
ment after transsphenoidal resection. Somatostatin 
analogues were equally effective in inducing tumor 
size reduction in both groups (47.5% in the first-line 
treatment group and 33.3% in the second-line treat-
ment group). Tumor shrinkage was positively cor-
related to pre-treatment size in both groups (r=0.47, 
p=0.024 for first-line treatment and r=0.63, p=0.011 
for second-line treatment) as depicted in Figure 4. 
In order to identify predictors of tumor response 
to somatostatin analogues we performed univariate 
logistic regression analyses. The following factors 
were able to predict response: pretreatment adenoma 

size (odds ratio 1.11, 95%CI: 1.01-1.21, p=0.018) and 
biochemical control of acromegaly under treatment; 
patients with biochemical control had an odds ratio 
of having tumor shrinkage of 7.0 (95%CI: 2.1-23, 
p=0.001). Multivariate logistic regression analysis 
showed that both factors were independent predic-
tors of tumor response to somatostatin analogues 
(pretreatment tumor size; odds ratio 1.15, 95%CI: 
1.03-1.28, p=0.013, control of acromegaly odds ratio 
9.75, 95%CI: 2.40-39.47, p=0.001). Pretreatment GH 
levels were related to tumor size (r=0.36, p=0.011) 
and were not independently associated with response 
of the tumor to SSAs. Before somatostatin treatment, 

Table 2. Demographic, clinical and biochemical characteristics of responders vs non-responders to somatostatin analogues in terms of tumor 
size reduction

Responders
n=24

Non Responders
n=31

p-value

Women (%) 16 (66.7) 21 (67.7) 0.830
Macroadenomas (%) 20 (83.3) 16 (51.6) 0.030
Age (years) 52.8±12.8 51.6±11.4 0.722
Surgery (%) 5(20.8) 10(32.5) 0.511
Duration of treatment (months) 51.9±41.7 45.0±43.2 0.274
GH before treatment (μg/l) 20.2±16.6 13.2±11.9 0.043
GH under treatment (μg/l) 2.5±21.6 3.7±4.48 0.212
IGF1 before treatment (μg/l) 669±183 665±293 0.930
IGF1 under treatment (μg/l) 279±171.5 381±268.8 0.094
Tumor size before treatment (mm) 17.1±9.8 10.5±7.8 <0.001
Acromegaly control [GH <2.5 μg/l and normal IGF1](%) 17 (70.8) 8(25.8) <0.001

Figure 4. Correlation of tumor size reduction with initial tumor 
size in patients to whom somatostatin analogues were given as 
(a) first-line treatment (b) second-line treatment after transsphe-
noidal resection.
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4 patients had visual field defects; 3 of them expe-
rienced tumor size reduction under treatment and 2 
restored visual fields, while in one patient both tumor 
size and visual fields remained unchanged. 

Finally, the outcome of 32 acromegalic patients 
with prolactin co-secretion was evaluated. After surgi-
cal treatment (offered to 28 patients), 70% of patients 
achieved GH <2.5μg/l, 40% achieved GH <1μg/l, 40% 
achieved GH <0.4μg/l and 55% normalized IGF1. 
Medical treatment (cabergoline and somatostatin ana-
logues) was offered to all patients with uncontrolled 
disease after surgery as well as to the 4 patients who 
did not have surgery. Overall, 75% of patients achieved 
GH <2.5μg/l, 45% of patients achieved GH <1 μg/l, 
45% achieved GH nadir <0.4μg/l during OGTT and 
60% normalized their IGF1.

DISCUSSION

In this study a survey of the treatment and outcome 
of acromegaly in our department is presented. Age 
distribution, sex and age of diagnosis are similar to 
other published databases.10-16 Delay of diagnosis was 
approximately 7 years, as also observed in the French 
and Italian acromegaly registries,3,15 and according 
to our findings no improvement was noted over the 
last 20 years. Micro- and macroadenoma distribution 
in our cohort was almost equal in contrast to other 
surveys where macroadenomas account for 67.4% 
to 83% of the total.3,10,12,13 The higher prevalence 
of microadenomas recorded especially in patients 
evaluated before 1990 probably reflects the lack of 
sensitive imaging techniques leading to underestima-
tion of tumor dimensions. 

A clear finding of our study is the change in thera-
peutic modalities over the observation period, from 
the common use of irradiation before 1980 to the 
gradually increasing use of surgery and medical treat-
ment with a parallel decline in the use of irradiation 
thereafter. A similar pattern of therapy trends has been 
reported by others.11,12,17 Of note, surgery was offered 
less commonly to our patients (55.7%) compared to 
other studies reporting 68% to 91% surgery in their 
cohorts,10-14,18 possibly reflecting a relative lack of 
pituitary surgery centers in our country. The incidence 
of pituitary irradiation in our center was comparable 
to those reported elsewhere.10,17 Similarly, the use 

of medical or combined treatments in our cohort is 
in agreement with published data from other cent-
ers.10-13,15,16,18

In the long-term follow-up after surgical treatment, 
64.5% of our patients achieved GH <2.5μg/l, 37.5% 
GH <1μg/l, while 57.1% of surgically treated patients 
normalized IGF1 levels. Schoelf et al13 reported a 
surgical cure rate of 38.8% using only the IGF1 crite-
rion. In other large cohorts from Belgium and Spain, 
surgical success rate is 46.5% and 34%, respectively, 
according to both GH <2μg/l and IGF1 criteria.12,16 

A possible explanation for this discrepancy is the 
high percentage of microadenomas in our registry, 
in which transsphenoidal surgery is often curative.19

According to our findings, irradiation either alone 
or followed by medical treatment fails to achieve 
safe GH levels, i.e. <2.5μg/l (20% and 11.7%, re-
spectively). We have previously shown that half of 
the patients achieve GH <5μg/l even after 10 years 
following radiation therapy and that safe GH levels 
of less than 1 μg/l are infrequently achieved.20 Higher 
response rates from other studies,12,13,21 ranging from 
34.8-77%, are due to selection bias, since in the vast 
majority of these subjects radiation therapy was used 
as second-line treatment after surgery failure. 

Primary medical treatment resulted in GH <2.5 
μg/l in 69.4% of patients, GH <1μg/l in 41.6% and 
normal IGF1 in 79.4%. This control rate is compa-
rable to that reported by Schoefl et al (65.2% with 
normal IGF1)13 and higher than that reported by Bex 
et al (24% GH <2μg/l and normal IGF1),12 which ac-
cording to the authors might be due to lower patient 
compliance and differences in somatostatin analogues 
dosing. A recent meta-analysis including treatment 
naïve patients with acromegaly reports remission rates 
up to 45% using at least one biochemical remission 
criterion, i.e. either GH <2.5μg/l or normal IGF1.22

The efficacy of somatostatin analogues used either 
as primary therapy or in combined treatment modalities 
is in good agreement with other published series23-26 
(44-72% for GH levels <2.5μg/l and 38-75% for 
normal IGF1). By contrast, the relatively low control 
rate (75%) under pegvisomant in this study, compared 
to the optimal 97% reported by Neggers et al,27 prob-
ably reflects the low mean daily dose (16.5mg)28 or 
possibly lack of compliance. 
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We have shown that disease outcome has im-
proved over the last 20 years, reflecting the change 
in therapeutic trends in favor of surgery and medical 
treatment. Indeed, in agreement with other studies,11,12 
multimodality treatment is often necessary and guar-
antees the best possible outcome (65.5% GH <2.5μg/l, 
41.3% GH <1μg/l, 31.8% GH <0.4μg/l and 82.6% 
normal IGF1) (Figure 2). 

It has been reported that administration of soma-
tostatin analogues may result in tumor shrinkage, 
especially if given as first-line treatment, i.e. before 
pituitary surgery;29,30 however, their antisecretory and 
antiproliferative effect may be dissociated.31 In 43.6% 
of our patients somatostatin analogues (as primary or 
as adjuvant therapy) reduced tumor size by 33.3%, an 
outcome compatible with a 53% respond rate in a recent 
meta-analysis.32 A positive correlation between tumor 
shrinkage and biochemical response was revealed, 
also noted in our study. In contrast, Caron et al33 in 
a prospective study using somatostatin analogues as 
primary therapy have shown a higher response rate 
(62.9%), a difference that could be explained by the 
difference between study design (retrospective vs 
prospective). Finally, in our population the degree 
of tumor shrinkage depended on initial tumor size 
as already shown by others.26,34,35 

The strength of this study representing real-life 
experience in the management of acromegaly lies in 
the single center experience and thus the same treat-
ment practices in each time period, although not all 
patients were operated on in the same neurosurgical 
unit. A major limitation is the use of different assays 
for GH and IGF1 measurements over 4 decades and 
the lack of data regarding mortality. 

In summary, our analysis illustrates the theurapeutic 
trend in favor of transsphenoidal resection and soma-
tostatin analogues and reduction of use of radiation 
over the years. This change has led to improved out-
come. However, in a substantial proportion of patients, 
disease still remains uncontrolled demanding close 
follow-up and the use of multimodality treatment. 
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AbstrAct 

ObJECTIvE: measurement of urinary lh (ulh) and FSh (uFSh) may facilitate non-invasive 
pubertal assessment but there is a need for further validation by studying children and adoles-
cents with disorders of puberty. DESIgN: 65 cases (male: 25) with a median age of 12 years 
(2.9-18.1) supplied at least one non-timed urine sample for uLH and uFSH measurement by 
immunoassay and corrected for creatinine excretion. 25 cases were receiving gnRh-agonist 
(gnRh-a) at the time of sample collection. In 41 cases, urine samples were collected prior to a 
lhRh test and in 12 cases matched serum samples for basal lh (slh) and FSh (sFSh) were 
also available. RESUlTS: There was a significant correlation between slh and ulh:uCr 
(r=0.82; p-value <0.001) and sFSH and uFSH:uCr (r=0.93; p-value <0.001). Based on receiver 
operator characteristics analysis, a ulh:uCr value of 0.05 IU/mmol as a cut-off would detect 
a lh peak >5U I/l with a sensitivity of 86% and a specificity of 72% with a positive predictive 
value of 93%. In pubertal boys (6) and girls (22) with a sLH peak >5UI/L, median uLH:uCr was 
0.27 IU/mmol (0.27-0.28) and 0.17 IU/mmol (0.09-0.43), respectively. The median uFSH:uCr 
was 0.51 IU/mmol (0.41-0.60) for boys and 1.1 IU/mmol (0.21-2.44) for girls. In the 25 cases on 
gnRh-a, the median ulh:uCr for boys and girls was 0.02 IU/mmol (0.01-0.02) and 0.02 IU/
mmol (0.004-0.07), respectively, and the median uFSH:uCr was 0.07 IU/mmol (0.05-0.09) and 
0.27 IU/mmol (0.09-0.54), respectively. CONCLUSION: Urinary gonadotrophins reflect serum 
gonadotrophin concentration and may represent a reliable non-invasive method of assessing 
pubertal progress.
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INTRODUCTION

The onset of pubertal development and the pro-
gression to full maturity is due to activation of the 
hypothalamic-pituitary-gonadal (HPG) axis through an 
increase in gonadotrophin-releasing hormone (GnRH) 
pulsatility which leads to activation of the anterior 
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pituitary to produce gonadotrophins, luteinising hor-
mone (LH) and follicle-stimulating hormone (FSH).1 

Biochemical assessment of pubertal activation of the 
HPG axis requires multiple blood samples with the 
assessment of LH and FSH before and after stimu-
lation with GnRH-agonists (GnRH-a). These tests 
require a hospital visit and are expensive and inva-
sive. Gonadotrophin-dependent central precocious 
puberty (CPP) is often managed by suppression of 
the HPG axis through the use of GnRH-a that are 
administered as depot injections at fixed intervals.2 
Recently, a subcutaneous implant releasing the Gn-
RHa histrelin at an average rate of 65 microg/day 
was developed, with encouraging results.3,4 Moni-
toring of adequate suppression is usually based on 
an assessment of physical growth and puberty and 
the frequency of injections is often increased when 
these clinical parameters suggest inadequate sup-
pression. Although there may be scope for further 
personalization of therapy, this has been difficult to 
achieve in the absence of objective and reliable tools 
that are simple, inexpensive and lend themselves to 
repeat measurements. With improvements in assays 
and the increasing need for non-invasive, out-patient 
based investigations, there has been renewed interest 
in the use of urinary gonadotrophins (uGn) for as-
sessing pubertal progress. Recently, uGn have been 
reported to differentiate between healthy pre-pubertal 
and pubertal children.5,6 However, currently, there is 
a lack of evidence examining the utility of uGn for 
assessing disorders of puberty and for monitoring 
therapy that alters pubertal progress.

This study aims to investigate the relationship be-
tween serum (both basal and peak during the luteinis-
ing hormone releasing hormone (LHRH) stimulation 
test) and urinary LH (uLH) and FSH (uFSH) in young 
people undergoing investigation or management of 
pubertal disorders.

SUbJECTS aND mEThODS 

Subjects
Between December 2012 and July 2014, 65 cases 

with a median age of 12 years (age range 2.9-18.1) who 
were being evaluated for concerns regarding puberty 
at the Royal Hospital for Children, Glasgow, supplied 
a total of 117 non-timed spot urine samples as part 

of routine endocrine assessment. In 41 cases (Male: 
18), a urine sample was collected immediately prior 
to a LHRH stimulation test and in another 12 (Male: 
6) matched samples were also available for basal LH 
(sLH) and FSH (sFSH) determination. The 65 cases 
were referred for: early puberty (29), pubertal delay 
(27) [including constitutional delay (23) primary go-
nadal failure (2) and hypogonadotrophic hypogonadism 
(2)] and gender identity disorder (GID) (9) (Figure 1). 
A diagnosis of CPP, performed in 19 patients of those 
evaluated for early puberty, was based on a history 
of pubertal development at <8 years in girls and <9 
years in boys, clinical signs of pubertal activation 
(breast bud in girls, testicular volume >3 ml in boys) 
and a LH peak >5 IU/L on LHRH stimulation test. 
Early puberty was defined as clinical signs of pubertal 
activation but a stimulated LH peak <5 IU/L. Delayed 
puberty (DP) was considered in cases with no clinical 
and biochemical signs of pubertal activation in boys 
>14 years and in girls >13 years.7 In pubertal failure 
(hypogonadotrophic hypogonadism), a complete lack 
of response to LHRH stimulation test supported the 
diagnosis, while in primary gonadal failure, basal 
LH and FSH were elevated and their responses to 
LHRH were exaggerated. Samples were also col-
lected as part of routine endocrine monitoring in a 
group of adolescents with a psychiatric diagnosis of 
GID undergoing treatment with GnRH-a. Treatment 
to suppress puberty was performed with Triptorelin 
(Decapeptyl SR, Ipsen, UK) at a dosage of 11.25 

Figure 1. Main population characteristics. Age (years) at col-
lection of urine sample is expressed as median (range). Subjects 
were categorised according to the main reason for investigation 
of puberty.
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mg every 10 or 12 weeks. Among the 19 cases with 
CPP and 9 with GID, 25 received GnRH-a therapy 
between December 2012 and July 2014.

Anthropometry & imaging
Anthropometric measurements were performed 

by fully-trained examiners and converted into stand-
ard deviation score (SDS) using 1990 British chil-
dren standards.8 Height was measured to the nearest 
0.1 cm with a calibrated wall-mounted stadiometer 
(Harpenden, Crymych; UK) and weight was measured 
to the nearest 0.1-kg with a calibrated scale. Pubertal 
status was classified according to Tanner staging.9 
Bone age was assessed by x-ray of the left hand and 
wrist using BoneXpert (Visiana Aps, Denmark). In 
girls, pelvic ultrasound was performed to assess uterine 
length, fundo-cervical ratio, endometrial stripe and 
ovarian volume. Magnetic resonance imaging (MRI) 
of the brain and pituitary was performed in all cases 
with a diagnosis of CPP to exclude organic causes. 
An LHRH test was performed in 41 patients using 
a standard procedure, which consisted of collection 
of blood samples for serum LH and FSH estimation 
at baseline and 20 and 60 minutes after intravenous 
administration of 100 micrograms of LHRH (HRF, 
Intrapharm Laboratories Ltd, UK).

Gonadotrophin assays
Non-timed plasma and urine samples were col-

lected in the same period of the day, processed and 
stored at -20°C. Gonadotrophins were measured by a 
chemiluminescent microparticle immunoassay on the 
Architect ci8200 (Abbott Laboratories Diagnostics, 
IL, USA), as previously described.5 The lower limit 
of FSH and LH detection was 0.1 IU/L and inter- and 
intra-assay precision (coefficient of variation, CV) for 
both LH and FSH were less than 5% at levels of 0.2 
and 2.3 IU/L for LH and 0.6 and 4.7 IU/L for FSH. 
Analytical sensitivity of the assays was 0.07 IU/L and 
0.05 IU/L for LH and FSH, respectively. LH and FSH 
values <0.1 IU/L were attributed an arbitrary value 
of 0.1 IU/L to facilitate analysis. Urinary creatinine 
was measured using the modified Jaffe method with 
a lower limit quantitation of 0.35 mmol/L: none of 
the samples had a urinary creatinine <1.0 mmol/L. 
FSH and LH results were corrected for creatinine 
(by dividing the uGn value for the corresponding 
creatinine value of each urine sample) and compared 

to previously published reference data that were 
analysed following the same storage and analysis 
process.5 Effect of storage temperature was assessed 
by dividing a single urine sample into three groups of 
10 aliquots which where stored at room temperature 
(RT), 4°C or -20°C. A sample from each group was 
assayed for LH and FSH consecutively over 11 days. 
The CVs of the three groups for LH were 9.4%; 8.6% 
and 7.8% for samples stored at RT, 4°C or -20°C, 
respectively. For FSH, the CVs were 8.2%, 6.5% 
and 5.9% for samples stored at RT, 4°C or -20°C, 
respectively. Additionally, a urine sample was stored 
at -20°C and -70°C. Assays performed after 3 and 6 
months yielded LH levels that were 88% and 83% 
at -20°C and 89% and 86% of the original concen-
tration at -70°C. Similarly, yielded FSH levels were 
92% and 90% at -20°C and 94% and 91% -70°C of 
the original concentration.

Statistical analysis
All data were expressed as median (range) and 

analysed using SPSSv10.0 (SPSS Inc., Chicago, IL, 
USA). Inter-group comparison for continuous vari-
ables was performed with the Mann-Whitney U test 
and correlation between variables was determined 
using the Spearman’s correlation coefficient. A p-
value lower than 0.05 was considered statistically 
significant. Receiver operating characteristics (ROC) 
curves were performed for LH peak to select the cut-off 
value of uLH:uCr that provided a LH peak >5 IU/L. 
In the ROC curve, the true positive rate (sensitivity) 
was plotted as a function of the false positive rate 
(1-specificity) to identify the cut-off values of the 
parameter of interest.10 Sensitivity and specificity 
were calculated using the area under the ROC curve. 

RESUlTS

Correlation between urinary  
and serum gonadotrophins

In the 53 cases where there were matched urine and 
basal serum samples, there was a strong association 
between uLH:uCr and sLH (r=0.83, p-value<0.001) 
and uFSH:uCr and sFSH (r=0.93, p-value<0.001). 
After removing two outliers who had primary gonadal 
failure, the association between urine and serum con-
centrations for LH and FSH was 0.82 (p-value<0.001) 
and 0.93 (p-value<0.001), respectively (Figure 2). 
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In 41 cases who had a LHRH stimulation test, the 
optimal uLH:uCr cut-off point that predicted a LH 
peak greater than 5 IU/L was 0.05 IU/mmol with a 
sensitivity of 86% and specificity of 71%. The posi-
tive predictive value for a LH peak >5 IU/L when 
uLH:uCr was >0.05 IU/mmol was 93% (Figure 3). 

Pubertal delay
The median uLH:uCr for boys with pubertal delay 

was 0.12 IU/mmol (0.01, 0.48): this was significantly 
higher than the reference range for pre-pubertal boys 
at 0.01 IU/mmol (0.01, 0.2) (p-value=0.001) and 
within the reference range for pubertal boys (uLH:uCr 
0.09 IU/mmol (0.01, 0.28) (p-value=0.150). The 
median uFSH:uCr for the boys with pubertal delay 
was 0.44 IU/mmol (0.01, 9.9) and higher than the 
reference range for pre-pubertal boys at uFSH:uCr 
0.13 IU/mmol (0.004, 1) (p-value=0.003) and also 
for pubertal boys (uFSH:uCr 0.2 IU/mmol (0.02, 
0.7) (p-value=0.037). The median uLH:uCr for girls 
with pubertal delay was 0.09 IU/mmol (0.01, 1.37), 
higher than normal for pre-pubertal girls who had 
a median uLH:uCr of 0.013 IU/mmol (0.01, 0.08) 
(p-value=0.006) and within the reference range for 
pubertal girls who had a median uLH:uCr of 0.09 
IU/mmol (0.01, 1.1); (p-value=0.592). The median 

uFSH:uCr for girls with pubertal delay was 0.71 IU/
mmol (0.01, 16.1): these values were significantly 

Figure 3. ROC curve for analysis of uLH:UCr cut-off point that 
predicted a LH peak greater than 5 IU/L. In 41 cases who had a 
LHRH stimulation test, the optimal uLH:uCr cut-off point was 
0.05 IU/mmol with a sensitivity of 86% and specificity of 71%. 
The positive predictive value was 93%.

Figure 2. Correlation between serum gonadotrophins (sLH, sFSH) and urinary gonadotropins corrected for creatinine (uLH:uCr, 
uFSH:uCr). Significant associations were observed both for LH and FSH even after removing two outliers (two patients with primary 
gonadal failure referred for pubertal delay).
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girls with GID. The median uLH:uCr for girls with 
central puberty not on GnRH-a treatment was 0.17 
IU/mmol (0.02, 0.43) and significantly higher than 
the pre-pubertal reference range for pre-pubertal girls 
(p-value=0.010), but within the reference range for 
pubertal girls (p-value=0.418) (Figure 4). The me-
dian uFSH:uCr for girls with central puberty not on 
GnRH-a treatment was 1.09 IU/mmol (0.21, 2.44), 
significantly higher than the pre-pubertal reference 
range for pre-pubertal girls (p-value=0.021), but 
within the reference range for pubertal girls (Figure 
4). The ratio, uLH:uFSH, did not show a difference 
significant in females compared both to pubertal and 
pre-pubertal values.

True central puberty on GnRH agonist therapy
This group consisted of 17 cases of CPP (2 males, 

15 females) and 8 cases of GID (3 males, 5 female). 
The median uLH:uCr for boys and girls with true 
central puberty on GnRH-a treatment was 0.02 IU/

higher than the pre-pubertal reference range for pre-
pubertal girls [uFSH:uCr - 0.45 IU/mmol (0.2, 3.63)] 
(p-value=0.008) and within the reference range for 
pubertal girls (p-value=0.233) (Figure 4).

Early puberty 
There were 9 girls and 1 boy within this category. 

The median uLH:uCr for girls with early puberty 
was 0.03 IU/mmol (0.01, 0.49) and similar to the 
pre-pubertal (p-value=0.348) and pubertal (p-val-
ue=0.181) reference range for girls (Figure 4). The 
median uFSH:uCr for girls with early puberty was 
0.43 IU/mmol (0.11, 3.91), close to the pre-pubertal 
(p-value=0.167) and pubertal (p-value=0.768) reference 
range for girls (Figure 4). uLH:uFSH ratio showed 
no significant difference compared to pre-pubertal 
and pubertal values.

True central puberty 
This group consisted of 7 girls with CPP and 3 

Figure 4. Data are shown as logarithmic scale. Median values are represented by the solid bar. Overall, the median levels of UGn 
increased with pubertal development and decreased with pubertal suppression both for male and female.
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mmol (0.01, 0.02) and 0.02 IU/mmol (0.004, 0.13), 
respectively, significantly lower than the pubertal 
reference range for pubertal boys (p-value=0.002) 
and girls (p-value<0.001), but within the reference 
range for pre-pubertal boys and girls (Figure 4). 
The median uFSH:uCr for boys and girls with true 
central puberty on GnRH-a treatment was 0.07 IU/
mmol (0.05, 0.09) and 0.27 IU/mmol (0.12, 0.5), 
respectively, significantly lower than the pubertal 
reference range for pubertal boys (p-value<0.001) 
and girls (p=0.009), but within the reference range 
for pre-pubertal boys and girls (Figure 4). uLH:uFSH 
ratio showed a difference significant both in male and 
female compared to pubertal values.

DISCUSSION 

Disorders of puberty are commonly encountered 
in the field of endocrinology and its assessment rou-
tinely involves costly and invasive biochemical tests 
that require hospital attendance.11-14 Because of these 
limitations, children who undergo pharmacological 
pubertal suppression rarely undergo regular biochemi-
cal assessment of adequacy of the therapy. Whilst 
pubertal suppression by GnRH-a therapy is generally 
considered to be safe,15,16 it is possible that an improved 
knowledge of the extent of suppression may allow a 
more informed and customised treatment plan that is 
cheaper and more convenient for the child. Although 
measurement of uGn was described over four decades 
ago,17,18 its use in routine clinical management had 
not been considered until the relatively recent avail-
ability of more sensitive assays.3,4,14

In this study of cases that were undergoing routine 
evaluation of puberty, the addition of uGn assess-
ment has provided promising information regarding 
the clinical utility of this test for assessment and 
management of pubertal disorders. In a previous 
study aimed at creating reference ranges for healthy 
children,5 the lack of matched serum samples was 
considered to be a weakness and in the current study, 
the close correlation between uGn excretion and se-
rum gonadotrophins in a range of conditions related 
to pubertal disorders confirms the reliability of uGn 
for reflecting serum levels. Moreover, ROC analysis 
confirmed that there is a strong correlation between 
uGn excretion and peak LH peak following LHRH 

stimulation test with high sensitivity and specificity, 
leading to the possibility that, although peak LH is 
commonly used to detect true puberty, uLH:UCr may 
become a useful alternative non-invasive method with 
a high diagnostic value.

The range of values for uLH:uCr and uFSH:uCr 
was very wide in those cases who had pubertal delay 
and the clinical utility of uGn would be question-
able in that clinical scenario. However, in those with 
true puberty, uGn excretion was significantly higher 
than what would be expected in healthy pre-pubertal 
children, and in those cases of puberty who were 
on GnRH-a therapy, the mean uGn excretion was 
clearly within the pre-pubertal reference range. The 
clear fall in urinary excretion after initiating therapy 
suggests that this test could be used to monitor and 
titrate therapy more objectively than simple clinical 
examination and assessment of growth rate. Regular 
blood tests to check basal oestradiol and gonadotophins 
in combination with pelvic ultrasound and bone age 
assessment are often recommended to identify cases 
of progressive CPP.7 Prospective studies are now 
required to confirm the role of uGn instead of serum 
gonadotrophins for monitoring adequacy of treatment. 

It is possible that the wide range of values in the 
delayed puberty group reflected the non-standardised 
timing of the collection of the urine samples, given 
that uGn concentrations would have been expected 
to have been higher in the morning samples rather 
than those collected later in the day.17,19 Nocturnal 
pulsatile secretion of gonadotrophins starts about 
two years before physical manifestations of pubertal 
onset and would have been more effectively detected 
in the first morning urine samples.1,20

However, the non-standardised collection utilised 
did not restrict the usefulness of uGn in the assessment 
of early or precocious puberty. The female patient 
with the highest values of gonadotrophins both in 
blood and urine was diagnosed as having primary 
ovarian failure, confirming the hypothesis that uGn 
could be a useful method to differentiate and screen 
a range of disorders of the HPG axis. Recent reports 
in children with early puberty have suggested that 
uGn excretion can differentiate between those with 
slowly-progressive and rapidly-progressive preco-
cious puberty.21
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The value of performing LHRH stimulation in 
all suspected cases of early puberty has been ques-
tioned recently21 and it would indeed be beneficial to 
consider a more convenient alternative or screening 
test. In the current study, there was the impression 
that uGn excretion was higher in those with true 
puberty, characterised by a peak LH of >5U/L on 
LHRH stimulation, compared to other cases with 
early puberty with a peak LH of <5U/L; however, 
the number of cases in the latter group were not high 
enough to statistically confirm this difference.

It is possible that uLH:uCr and uFSH:uCr have 
different clinical utilities. For instance, while uLH:uCr 
concentration may have a role in distinguishing CPP 
from other forms of early puberty,22,23 the uFSH:uCr 
assessment may be useful for identifying cases of 
germ cell failure such as primary ovarian failure and 
Sertoli cell dysfunction.24-26 ULH:uFSH ratio may 
also be a useful parameter in cases of early puberty 
to differentiate between different forms of puberty, 
but this requires further exploration. In the current 
study, the groups of boys and girls studied had a 
wide range of pathologies and future studies should 
consider studying homogenous groups; standardizing 
the data for age and sex will also increase the utility 
of this tool.

In summary, this preliminary study suggests that 
uGn excretion may be a valuable method of differen-
tiating between pre-pubertal and pubertal children and 
its measurement could also be used for non-invasive 
monitoring of the effectiveness of GnRH-a therapy. 
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AbstrAct

ObJECTIvE: The association of low vitamin D status with autoimmune thyroid disease (aITD), 
which includes hashimoto’s thyroiditis (hT) and graves’ disease (gD), is controversial. The aim 
of this study was to investigate the correlation between vitamin D insufficiency and aITD, hT, 
and gD. DESIgN: Our cross-sectional study included patients who visited a tertiary hospital 
for thyroid evaluation or follow-up. a total of 776 patients in whom serum 25-hydroxyvitamin 
D [25(Oh)D], thyroid function, and anti-thyroid antibodies had been measured were analyzed 
retrospectively. vitamin D insufficiency was defined as serum 25(Oh)D level <75 nmol/l. RE-
SULTS: The prevalence of vitamin D insufficiency was significantly higher in the 369 patients 
with aITD than in the 407 without aITD (46.1% vs. 37.1%, p=0.011), and higher in the 221 
patients with HT than in those with GD or non-AITD (48.9% vs. 41.9%, 37.1%, p=0.017). among 
hT cases, patients with overt hypothyroidism had a significantly higher prevalence of vitamin 
D insufficiency (60.4% vs. 44.1%, 21.7%, 37.1%, respectively, p <0.001) and lower 25(Oh)D 
levels (80.1 ± 47.7 vs. 99.34 ± 61.2, 110.3 ± 69.9, 99.6 ± 53.7 nmol/L, respectively, p=0.009) com-
pared with those with euthyroidism and subclinical hypothyroidism or those without aITD. 
Serum 25(Oh)D levels were significantly negatively correlated with serum thyroid stimulating 
hormone (TSh) levels after adjustment for age, sex, body mass index, and sampling season (r= 
-0.127, p=0.013). CONClUSION: vitamin D insufficiency was associated with aITD and hT, 
especially overt hypothyroidism. low serum vitamin D levels were independently associated 
with high serum TSh levels. 
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deficiency
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INTRODUCTION 

Vitamin D is a steroid molecule that is mainly 
produced in the skin and regulates the expression 
of many genes.1 The main role of vitamin D is to 
control bone metabolism and calcium and phos-
phorus homeostasis. Vitamin D is also associated 
with non-skeletal roles, including those found in 



386 D. KIM

autoimmune diseases, infectious diseases, metabolic 
syndrome and its components, cardiovascular dis-
eases, cancers, and all-cause mortality.1-3 Vitamin 
D deficiency is common worldwide.1 The serum 
circulating 25-hydroxyvitamin D [25(OH)D] level 
is used to evaluate vitamin D status in patients at 
risk for vitamin D deficiency. Vitamin D deficiency 
is usually defined as a 25(OH)D level <50 nmol/L 
(20 ng/ml) and vitamin D insufficiency as a 25(OH)
D level of 50–72.5 nmol/L (20–29 ng/ml).1,3,4

Epidemiological studies have indicated a signifi-
cant association between decreased levels of serum 
25(OH)D and increased incidence of several auto-
immune diseases including type 1 diabetes mellitus 
(T1DM), rheumatoid arthritis (RA), systemic lupus 
erythematosus, multiple sclerosis (MS), and inflam-
matory bowel disease, while experimental data have 
shown that vitamin D supplementation can prevent 
or suppress these autoimmune diseases.1-3,5-7 Clinical 
trials have also demonstrated that vitamin D supple-
ments in humans may prevent the development of 
T1DM, RA or MS when given prophylactically.1-3,5-7 

Several studies have examined the relationship 
between low vitamin D levels and the prevalence 
of autoimmune thyroid disease (AITD) in humans, 
but the results have been conflicting.5,8 Some studies 
have revealed low serum 25(OH)D levels in patients 
with AITD, as vitamin D deficiency is correlated with 
the presence or high levels of antithyroid antibodies, 
abnormal thyroid function, increased thyroid volume, 
and increased thyroid stimulating hormone (TSH) 
levels.5-7,9-10 Other reports have yielded a weak or no 
association between low vitamin D levels and thy-
roid autoimmunity.8,11-13 In animal models, vitamin D 
administration in addition to cyclosporine effectively 
prevented the induction of experimental autoimmune 
thyroiditis, and vitamin D-deficient BALB/c mice 
developed persistent hyperthyroidism.5,13 A recent 
study showed that low serum 25(OH)D levels in 
euthyroid patients with HT were inversely correlated 
with serum anti-thyroid peroxidase (TPO) antibodies 
and that after 4 months of vitamin D supplementa-
tion in patients with 25(OH)D levels <75 nmol/L (30 
ng/mL) there was a significant decrease in serum 
anti-TPO levels.14 Considering the potential role of 
vitamin D in autoimmune diseases, the aim of this 
study is to examine vitamin D levels in patients with 

autoimmune thyroid diseases and the correlation 
between low vitamin D status and AITD [including 
Hashimoto’s thyroiditis (HT) and Graves’ disease 
(GD)], HT or GD, and thyroid function and thyroid 
autoantibodies.

SUbJECTS aND mEThODOlOgy

Subjects
The medical records of patients who visited the 

endocrinology outpatient clinic of Dankook University 
Hospital for thyroid evaluation or follow-up by one 
endocrinologist from March 2005 to June 2009 were 
reviewed. Patients underwent a thyroid function tests, 
antithyroid antibodies, and serum 25(OH)D levels. 
The antibodies of interest were thyroid stimulating 
hormone receptor antibody (TSHR-Ab), indicating 
GD, and TPO-Ab and thyroglobulin antibody (Tg-
Ab), suggesting HT. Serum parathyroid hormone 
(PTH), calcium, and phosphorus were also measured 
in these patients. Patients with metabolic bone dis-
eases, primary hyperparathyroidism, renal disorders, 
liver disorders or epilepsy treated by anticonvulsants 
or who were on other medications that might alter 
vitamin D metabolism were excluded. 

A total of 1,008 patients were initially reviewed 
and patients with missing laboratory data (n=165) 
and with diseases or medications affecting vitamin D 
metabolism (n=6) were excluded. A further 61 subjects 
who had transient thyroid dysfunction but negative 
thyroid autoantibodies, such as subacute thyroiditis 
or nonthyroidal illness, were excluded. Finally, a 
total of 776 patients were enrolled and placed in the 
AITD or non-AITD group according to the presence 
of antithyroid antibodies. Of these, 369 subjects were 
diagnosed as having GD or HT (AITD) and 407 dis-
played normal thyroid function and negative thyroid 
autoantibodies as well as having no evidence of GD 
or HT (non-AITD, control). Most patients with non-
AITD had thyroid nodules or diabetes mellitus. The 
148 patients with GD were diagnosed according to 
typical symptoms and signs of thyrotoxicosis and 
TSHR-Ab positivity (>1.5 IU/L) or increased uptake 
in the thyroid scan. The diagnosis of 221 patients with 
HT was based on TPO-Ab (>100 mIU/L) or Tg-Ab 
positivity (>70 mIU/L). Patients with HT were also 
classified into three groups according to their thy-
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roid function status at the time of sampling. Overt 
hypothyroid patients were those with serum TSH 
>10 mIU/L and free thyroxine (fT4) <10.04 pmol/L 
(0.78 ng/dL), or those with levothyroxine replace-
ment regardless of thyroid function status. Subclinical 
hypothyroid patients were those with normal serum 
fT4 [10.0–24.97 pmol/L (0.78–1.94 ng/dL)] and with 
elevated serum TSH levels within the range of 4-10 
mIU/L. Euthyroid patients were those with normal 
serum fT4 and TSH levels (0.25-4.0 mIU/L). The 
study was approved by the institutional review board 
of Dankook University Hospital. 

Laboratory measurements
Serum fT4 and TSH were measured using a fT4-

CTX radioimmunoassay (RIA) kit (Diasorin, Saluggia, 
Italy) and RIA-gnost® hTSH kit (Cisbio Bioassays, 
Codolet, France), respectively. Serum TSHR-Ab was 
determined using the TRAK human RIA (BRAHMS) 
kit (Thermo Scientific, Henningsdorf, Berlin, Ger-
many). TPO-Ab and Tg-Ab were measured using the 
TM Ab immunoradiometric assay (IRMA) CT kit 
(RADIM, Pomezia, Italy) and Tg-Ab using the one 
step CT RIA kit (RADIM). Serum concentrations 
of 25(OH)D were measured using a Roche Modular 
E170 Analyzer and an electrochemiluminescence im-
munoassay (ECLIA; Roche Diagnostics®, Penzberg, 
Germany). Serum PTH levels were assessed using a 
total intact PTH IRMA kit (IBL international GMBH, 
Hamburg, Germany). Serum calcium, albumin, and 
phosphorus were measured using a model TBA-
200FR instrument (Toshiba Medical System, Tokyo, 
Japan). Corrected calcium levels were calculated on 
the basis of albumin levels. Vitamin D insufficiency 
and deficiency were defined as serum 25(OH)D levels 
<75 nmol/L (30 ng/mL) and <50 nmol/L (20 ng/mL), 
respectively.

Statistical analyses
All analyses were performed using SPSS software 

version 21.0 (SPSS, Chicago, IL, USA). Comparison 
of categorical variables between groups was done 
using the chi-square test. Continuous variables are 
expressed as mean ± standard deviation. The Student’s 
t-test and one-way ANOVA were used for compari-
son of continuous variables between two and more 
groups, respectively. Pearson’s correlation analysis 
was performed to examine the correlation between 

vitamin D and biochemical variables. All p-values 
were two-sided and p <0.05 was considered statisti-
cally significant for all tests. 

RESUlTS

Clinical and laboratory characteristics
A total of 776 subjects (641 females and 135 

males) were enrolled. The mean age was 45.4 years 
and the mean body mass index (BMI) was 23.6 kg/
m2. The overall mean serum 25(OH)D level was 97.1 
nmol/L (38.9 ng/mL). The prevalence of vitamin D 
insufficiency and deficiency was 41.4% and 16.2%, 
respectively.

Clinical and laboratory characteristics 
according to the presence of vitamin D 
insufficiency

A comparison of the clinical characteristics of 
the vitamin D insufficiency [25(OH)D <75 nmol/L 
(30 ng/mL)] and vitamin D sufficiency [25(OH)D 
≥75 nmol/L (30 ng/mL)] groups is shown in Table 
1. Patients with vitamin D insufficiency (n=352) 
were significantly younger and more predominantly 
female and had a lower BMI than those with vitamin 
D sufficiency. The serum PTH levels in patients with 
vitamin D insufficiency were significantly higher than 
those with vitamin D sufficiency, but there were no 
differences in serum calcium and phosphorus levels. 
The vitamin D insufficiency group had a significantly 
higher TSH level and prevalence of thyroid autoanti-
body positivity than the vitamin D sufficiency group, 
but there were no significant differences in fT4, TPO-
Ab, and Tg-Ab titres.

Clinical and laboratory characteristics 
according to the presence of AITD

Among the 776 patients, 369 subjects were diag-
nosed as having AITD (148 patients with GD, 221 
patients with HT) and 407 as non-AITD. The baseline 
characteristics of AITD and non-AITD patients are 
compared in Table 2. Patients with AITD were sig-
nificantly younger and had a lower BMI and higher 
serum PTH and corrected calcium levels than those 
with non-AITD. The mean serum 25(OH)D levels 
in patients with AITD [94.6 ± 56.7 nmol/L (37.9 
± 22.7 ng/mL)] had a tendency to be lower than in 
those with non-AITD [99.6 ± 53.9 nmol/L (39.9 ± 
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Table 1. The characteristics based on vitamin D insufficiency
vitamin D insufficiency

[25(Oh)D <75 nmol/l] (n=321)
vitamin D sufficiency 

[25(OH)D ≥75 nmol/L] (n=455)
P-value

age (years) 43.7 ± 15.2 46.7 ± 13.4 0.004
Female gender [n (%)] 290 (90.3%) 351 (77.1%) 0.000
body mass index (kg/m2) 23.2 ± 3.4 24.0 ± 3.7 0.002
pTh (ng/l) 32.4 ± 21.9 27.2 ± 13.6 0.000
Calcium (mmol/L) 2.28 ± 0.13 2.28 ± 0.13 0.395
Phosphorus (mmol/L) 1.29 ± 0.23 1.26 ± 0.23 0.162
fT4 (pmol/L) 19.1 ± 13.3 19.7 ± 12.0 0.501
TSh (mIU/l) 5.2 ± 12.0 3.2 ± 7.3 0.006
TSHR-Ab (IU/L) 6.6 ± 54.5 4.1 ± 15.8 0.363
TPO-Ab (mIU/L) 269.0 ± 643.0 199.8 ± 496.2 0.117
Tg-Ab (mIU/L) 190.9 ± 430.1 145.2 ± 354.1 0.204
prevalence of TpO- or Tg-ab positivity [n (%)] 145 (45.6) 169 (37.1) 0.019
Data are mean ± standard deviation. 
Calcium was corrected calcium. Bold values were p <0.05. 
25(OH)D, 25-hydroxyvitamin D; PTH, parathyroid hormone; fT4, free thyroxine; TSH, thyroid stimulating hormone; TSHR-Ab, TSH 
receptor antibody; TPO-Ab, thyroid peroxidase antibody; Tg-Ab, thyroglobulin antibody.

21.6 ng/mL)], but the difference was not significant 
(p >0.05). The prevalence of vitamin D insufficiency 
in patients with AITD was significantly higher than 
in those with non-AITD (46.1% vs. 37.1%, p=0.011).

Table 2. The characteristics based on the presence of autoimmune thyroid disease (AITD)
AITD (n=369) Non-aITD (n=407) p-value

age (years) 41.9 ± 14.4 48.6 ± 13.3 0.000
Female gender [n (%)] 310 (84.0%) 331 (81.3%) 0.325
body mass index (kg/m2) 23.2 ± 3.5 24.0 ± 3.7 0.001
25(OH)D (nmol/L) 94.6 ± 56.7 99.6 ± 53.9 0.195
prevalence of vitamin D insufficiency [n (%)] 170 (46.1%) 151 (37.1) 0.011
pTh (ng/l) 31.0 ± 20.2 27.8 ± 14.9 0.012
Calcium (mmol/l) 2.30 ± 0.13 2.25 ± 0.15 0.000
Phosphorus (mmol/L) 1.29 ± 0.23 1.26 ± 0.23 0.521
fT4 (pmol/l) 23.2 ± 16.7 15.5 ± 3.9 0.000
TSh (mIU/l) 5.4 ± 11.9 2.8 ± 6.6 0.000
TShR-ab (IU/l) 9.9 ± 52.1 0.4 ± 0.2 0.000
TpO-ab (mIU/l) 443.1 ± 735.6 14.3 ± 17.8 0.000
Tg-ab (mIU/l) 336.6 ± 520 16.7 ± 26.6 0.000
Data are mean ± standard deviation. 
Calcium was corrected calcium. Bold values were p <0.05. 
25(OH)D, 25-hydroxyvitamin D; PTH, parathyroid hormone; fT4, free thyroxine; TSH, thyroid stimulating hormone; TSHR-Ab, TSH 
receptor antibody; TPO-Ab, thyroid peroxidase antibody; Tg-Ab, thyroglobulin antibody.

Serum 25(OH)D levels and the prevalence  
of vitamin D insufficiency according  
to the presence and the severity of HT

There were no differences among 25(OH)D levels 
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Figure 1. The mean serum 25(OH)D levels (A) and the preva-
lence of vitamin D insufficiency (B) according to thyroid dis-
eases. AITD, autoimmune thyroid disease; GD, Graves’ disease; 
HT, Hashimoto’s thyroiditis. * p<0.05 vs. non-AITD, ** p<0.01 
vs. non-AITD.

Figure 2. The mean serum 25(OH)D levels (A) and the preva-
lence of vitamin D insufficiency (B) according to the presence 
of Hashimoto’s thyroiditis and thyroid function state in patients 
with Hashimoto’s thyroiditis. HT, Hashimoto’s thyroiditis; ET, 
euthyroidism; SCH, subclinical hypothyroidism; OH, overt hy-
pothyroidism. * p<0.05 vs. non-AITD, p=0.009 between groups 
(A), p<0.001 between groups (B).

of patients with HT [92.1 ± 57.4 nmol/L (36.9 ± 23.0 
ng/mL)], GD [98.1 ± 54.9 nmol/L (39.3 ± 22.0 ng/mL)], 
and non-AITD [99.6 ± 53.7 nmol/L (39.9 ± 21.5 ng/
mL)], but patients with HT had a tendency for lower 
levels of 25(OH)D than other groups (p>0.05; Figure 
1A). The prevalence of vitamin D insufficiency in 
patients with HT was significantly higher than in those 
with GD or non-AITD (48.9% vs. 41.9% or 37.1%, 
p=0.017; Figure 1B). Patients with HT were further 
classified into three groups according to their thyroid 
function status at the time of sampling: euthyroid 
(n=102), subclinical hypothyroid (n=23), and overt 
hypothyroid patients (n=96). There were significant 
differences between the 25(OH)D levels of the three 
HT groups and the non-AITD group (p=0.009; Table 
3 and Figure 2A). Overt hypothyroid patients with 
HT had significantly lower 25(OH)D levels than 
those with non-AITD (p=0.010), but there were no 

Table 3. Serum 25(OH)D levels and the prevalence of vitamin D 
insufficiency according to the presence and the severity of Hashi-
moto’s thyroiditis (HT)

25(Oh)D 
(nmol/l)

vitamin D 
insufficiency (%)

Non-AITD (n=555) 99.6 ± 53.7 37.1
HT with ET (n=102) 99.34 ± 61.2 44.1
HT with SCH (n=23) 110.3 ± 69.9 21.7
HT with OH (n=96) 80.1 ± 47.7* 60.4
P-value between groups 0.009 0.000

25(OH)D levels are mean ± standard deviation
* p=0.010 vs. non-AITD 
25(OH)D, 25-hydroxyvitamin D; AITD, autoimmune thyroid 
disease; ET, euthyroidism; SCH, subclinical hypothyroidism; 
OH, overt hypothyroidism.



390 D. KIM

differences in 25(OH)D levels between other groups. 
Similarly, the prevalence of vitamin D insufficiency 
was significantly higher in overt hypothyroid patients 
with HT than in euthyroid and subclinical hypothyroid 
patients with HT and in those with non-AITD (60.4% 
vs. 44.1%, 21.7%, and 37.1%, respectively, p<0.001; 
Table 3 and Figure 2B).

Relationship between vitamin D levels  
and other biochemical variables

The vitamin D status in each season of blood col-
lection differed significantly (p<0.001) and serum 
25(OH)D levels in summer [June to August, n=182, 
102.8 ± 55.7 nmol/L (41.2 ± 22.3 ng/mL), p=0.003 vs. 
winter, p<0.001 vs. spring] and autumn [September 
to November, n=174, 116.3 ± 56.9 nmol/L (46.6 ± 
22.8 ng/mL), p <0.001 vs. spring and winter] were 
higher than in spring [March to May, n=260, 89.6 ± 
54.7 nmol/L (35.9 ± 21.9 ng/mL)] and winter [De-
cember to February, n=160, 82.4 ± 46.4 nmol/L (33.0 
± 18.6 ng/mL)]. Serum 25(OH)D levels were also 
significantly negatively correlated with serum TSH 
levels after adjustment for sample season as well as 
age, sex, and BMI (r= -0.127, p=0.013).

DISCUSSION

In the present study, the vitamin D insufficiency 
group had a significantly higher TSH level and preva-
lence of thyroid autoantibody positivity than the 
vitamin D sufficiency group. A significantly higher 
prevalence of vitamin D insufficiency was evident 
in patients with AITD, and particularly HT, than in 
those with non-AITD. Overt hypothyroid patients 
with HT had a significantly higher prevalence of 
vitamin D insufficiency and lower 25(OH)D levels 
than euthyroid or subclinical hypothyroid patients with 
HT or those with non-AITD. Lower serum 25(OH)D 
levels were associated with higher TSH levels after 
adjustment for age, sex, BMI, and sampling season. 
Taken together, these data suggest an association be-
tween vitamin D insufficiency and the pathogenesis 
of AITD, especially HT.

AITD is the most common organ-specific autoim-
mune disorder that causes several forms of disease 
ranging from hypothyroidism (HT) to hyperthyroid-
ism (GD).15-17 AITD is characterized by lymphocytic 

infiltration in the thyroid gland and the production 
of pathogenic thyroid autoantibodies.15 Pathogenesis 
of AITD is multifactorial, combining genetic, im-
mune, environmental, and hormonal influences like 
vitamin D.5 In genetically predisposed individuals, 
the disruption of these neuroendocrine-immune in-
teractions by environmental factors results in thyroid 
autoimmune dysfunction.17 These interactions are 
able to shift the balance between type 1 T helper 
(Th1)-Th2 immune response, resulting in a Th1-
cell-mediated autoimmune reaction with thyrocyte 
destruction and hypothyroidism in HT, but to a hy-
perreactive Th2-mediated humoral response against 
TSH receptor with stimulatory antibodies leading to 
GD hyperthyroidism.17 The mechanism underlying 
the link between vitamin D and autoimmunity is not 
completely understood but is probably associated 
with its anti-inflammatory and immunomodulatory 
functions.13,14 The expression of the nuclear vitamin D 
receptor (VDR) and the vitamin-D-activating enzyme 
1α-hydroxylase (CYP27B1) in most immune cells, 
including T cells, B cells, and antigen-presenting cells 
(APCs) including macrophages and dendritic cells 
(DCs), highlighted the potential involvement of vitamin 
D in the immune system and in the pathogenesis of 
autoimmune diseases.18-21 The active form of vitamin 
D, 1,25-dihydroxyvitamin D [1,25(OH)2D], inhibits 
the adaptive immune system. 1,25(OH)2D suppresses 
the proliferation, immunoglobulin production, and 
differentiation of B cells into plasma cells and pro-
motes the apoptosis of immunoglobulin-producing 
B cells directly or indirectly mediated by helper T 
cells.19 In addition, 1,25(OH)2D has direct regulatory 
effects on T cell proliferation and cytokine produc-
tion.13,21 1,25(OH)2D inhibits the proliferation of Th1 
cells and the production of Th1 cytokines, such as 
interferon-gamma, interleukin (IL)-2, and IL-12.21 
1,25(OH)2D enhances the development of Th2 cells 
by exerting a direct effect on native CD4+ cells or by 
acting on APC/DC and thus facilitating the produc-
tion of Th2 cytokines, such as IL-4, IL-5, and IL-10, 
which move T differentiation in favour of the Th2 
phenotype. 1,25(OH)2D also induces CD4+CD25+ 
regulatory T cells that produce IL-10, which leads 
to blocked development of Th1 cells and inhibited 
secretion of IL-17 by T-effector cells.13 Recently, 
several genetic studies demonstrated an association 
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between susceptibility to thyroid autoimmunity and 
gene polymorphisms of numerous proteins and en-
zymes associated with vitamin D functions, including 
VDR, vitamin D binding protein (DBP), CYP27B1, 
and 25-hydroxylase (CYP2R1).5,13,23 

Several clinical studies have shown low vitamin 
D status in patients with AITD or HT, indicating 
an association between vitamin D deficiency and 
thyroid autoimmunity, which is consistent with the 
current study.5,6,9,10,14,22-25 Kivity et al. reported that the 
prevalence of vitamin D deficiency [serum 25(OH)
D levels <25 nmol/L (10 ng/mL)] was higher in pa-
tients with AITD compared with healthy individuals, 
as well as in patients with HT compared to patients 
with non-AITD, and vitamin D deficiency was also 
correlated with the presence of antithyroid antibod-
ies and abnormal thyroid function tests, suggesting 
the involvement of vitamin D in the pathogenesis 
of AITD.5 Bozkurt et al. demonstrated that serum 
25(OH)D levels of HT patients were significantly 
lower than those in controls and that the severity of 
25(OH)D deficiency correlated with the duration of 
HT, thyroid volume, and antibody levels, suggesting 
a potential role of 25(OH)D in the development of 
HT and/or its progression to hypothyroidism.6 Other 
studies also showed lower serum 25(OH)D levels or a 
higher prevalence of vitamin D insufficiency in AITD 
or HT9,10 and a negative correlation between 25(OH)
D and TPO-Ab levels in AITD or HT.9,14,22 In a recent 
Chinese population-based health survey, a negative 
correlation was found between 25(OH)D levels and 
Tg-Ab levels in female individuals.23 Additionally, 
a few studies have reported an inverse relationship 
between 25(OH)D and TSH levels or severity in 
HT, as in the present study, suggesting the associa-
tion between low vitamin D status and progressive 
thyrocyte damage.6,10,24,25 The prevalence of vitamin 
D insufficiency [serum 25(OH)D levels <75 nmol/L 
(30 ng/mL)] in HT showed a tendency to be higher 
in patients with overt or subclinical hypothyroidism 
than in those with euthyroidism.10 There was a sig-
nificant inverse association between serum 25(OH)
D levels and HT after adjustment for age, sex, and 
BMI.24 Vitamin D deficiency [serum 25(OH)D levels 
<25 nmol/L (10 ng/mL)] was strongly associated 
with higher TSH levels after adjusting for sex, age, 
and sample season in euthyroid adults.25 A recent 

meta-analysis of 20 case-control studies showed that 
AITD patients have lower levels of 25(OH)D and are 
more likely to be deficient in 25(OH)D compared to 
controls.26 Subgroup analyses showed that GD and 
HT patients also have lower 25(OH)D levels and 
are more likely to have 25(OH)D deficiency.26 The 
criterion for vitamin D deficiency in studies in this 
meta-analysis was 25(OH)D level <25-50 nmol/L 
(10–20 ng/mL). In the current study, the association 
of AITD and vitamin D deficiency using a criterion 
of 25(OH)D level <50 nmol/L (20 ng/mL) was also 
analyzed, but there was no significant difference 
(data not shown). However, other studies showed 
no association between low vitamin D status and 
thyroid autoimmunity.11-13 It is unclear whether the 
low 25(OH)D levels observed in AITD or HT are the 
result of the autoimmune disease process or part of 
its cause.5,8,14 Low vitamin D levels in other autoim-
mune diseases can be explained by malabsorption, 
or by lack of sun exposure due to skin involvement 
or photosensitivity, or by reduced outdoor activity 
and chronic corticosteroid treatment.5,8,14 Several 
HT patients have a comorbid autoimmune disorder, 
or thyroid dysfunction, or other causes that could 
affect the production, absorption, and utilization of 
vitamin D.5,8,14 

 In the present study, vitamin D insufficiency 
did not increase the risk of GD. In a prior study, the 
prevalence of 25(OH)D <25 nmol/L (10 ng/mL) in 
patients with GD was higher than in healthy controls, 
but was not significantly different compared to that 
in non-AITD.5 Other authors reported that vitamin 
D levels were no lower in patients with GD than in 
healthy controls.13 In contrast, others found that serum 
vitamin D levels were lower and associated with thy-
roid volume in female patients with new onset Graves’ 
disease7 and that serum vitamin D levels were lower 
in patients without remission of Graves’ disease.27 A 
recent study revealed that serum vitamin D levels in 
TSHR-Ab-positive GD patients were lower than in 
healthy controls or TSHR-Ab-negative patients and 
inversely correlated with TSHR-Ab titre.28 In addition 
to the aforementioned meta-analysis, another meta-
analysis of 26 studies showed that patients with GD are 
more likely to be deficient in vitamin D compared to 
controls with a high heterogeneity.29 The relationship 
between vitamin D status and the severity, onset or 
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presence of remission of GD were not further analyzed 
in the current study. The conflicting results regard-
ing the correlation between vitamin D and AITD, 
HT or GD are in part due to cross-sectional studies 
with a small number of subjects, the heterogeneity 
of the study population, seasonal variation in blood 
sampling, inter-method analytical variability of vi-
tamin D assays, and different definitions of vitamin 
D deficiency/insufficiency.13,14

 The current study found the same pattern of sea-
sonal variations in vitamin D levels as shown in a 
previous study.30 However, after adjusting for sampling 
season as well as age, sex, and BMI, a negative cor-
relation was also found between serum 25(OH)D and 
TSH levels, similarly to a prior study.25 The present 
study reported a relatively high mean vitamin D level 
and low prevalence of vitamin D insufficiency and 
deficiency compared to other Korean population-based 
studies.22,30 One of the Korean studies reported that 
the mean serum level of 25(OH)D was 52.9 nmol/L 
(21.2 ng/mL) in males (aged 10–91 years) and 45.4 
nmol/L (18.2 ng/mL) in females ranging in age from 
10-93 years, while vitamin D insufficiency/deficiency 
was found in 86.8%/47.3% of males and 93.3%/64.5% 
of females by the Fourth Korea National Health and 
Nutrition Examination Surveys in the Korean popu-
lation in 2008.30 In the current study, adult patients 
who visited a tertiary hospital for thyroid evaluation 
or follow-up were enrolled. These patients may have 
been proactive as regards their own health. Many 
subjects have also lived in rural areas, working in 
agriculture or spending much time in outdoor places.30

 The present study has several limitations. There 
is the possibility of selection bias because subjects 
were selected from patients who visited a tertiary 
hospital and were sampled. This study only investi-
gated cross-sectional data retrospectively. Therefore, 
the causal relationship between low vitamin D status 
and AITD could not be determined. Seasonal vari-
ations in blood sampling could have influenced the 
results because patient sampling was not done in a 
single season. However, serum 25(OH)D levels were 
negatively correlated with TSH levels after adjusting 
for sampling season.

 In conclusion, vitamin D insufficiency was as-
sociated with AITD and HT as well as with progress 

of thyrocyte damage in HT. There was a negative 
correlation between vitamin D and TSH levels after 
controlling for age, sex, BMI, and sampling season. 
However, further randomized, controlled and pro-
spective studies are needed to investigate whether 
vitamin D insufficiency is a causal factor in the 
pathogenesis of AITD or HT and whether vitamin 
D supplementation would be helpful in patients with 
these diseases.
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AbstrAct

ObJECTIvE: Diabetic foot ulcer is a critical and costly complication of diabetes mellitus. The 
aim of this study was to assess the psychometric properties of the greek version of the diabetic 
foot ulcer scale - short form (DFS-SF). DESIgN: a sample of patients with diabetic foot ulcer 
(N=110) was surveyed with the DFS-SF and various demographic and disease-related questions. 
The validated greek SF-36 instrument was used as a “gold standard” for health-related quality 
of life comparisons. hypothesized scale structure, internal consistency reliability (Cronbach’s 
alpha) and various forms of construct validity (convergent, discriminative, concurrent and 
known -groups) were assessed. RESUlTS: multitrait scaling confirmed the scale structure of 
the DFS-SF, with 32 excellent item convergence (100%) and good discrimination (84.1%) rates. 
Cronbach’s alpha was >0.70 for all scales. Spearman’s correlations between similar DFS-SF and 
SF-36 scales ranged between 0.39-0.79 (p<0.001). Expected interscale correlations and known-
groups comparisons supported construct validity. CONClUSIONS: The observed psychometric 
properties of the greek DFS-SF imply suitability for assessing health-related quality of life in 
patients with diabetic foot ulcer. Future studies should focus on generalizability of the results, 
as well as on specific issues such as longitudinal validity and responsiveness. 
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incidence is 2-3%.1,2 Moreover, DFU is becoming 
a major concern from a quality of life, social and 
economic standpoint,3 with foot problems accounting 
for up to 15% of healthcare resources in developed 
countries and 40% in developing countries.4 Every 
30 seconds a lower limb is amputated while 85% of 
them is preceded by foot ulcer.5 In Greece, a 4.75% 
prevalence of DFU has been reported.6

In Greece, most diabetic foot patients have neu-
ropathic (64.9%) rather than neuroischemic ulcers 
(35.1%), although this is at variance with another study 

INTRODUCTION 

Diabetic foot ulcer (DFU) is a critical and costly 
complication of diabetes mellitus (DM). Approxi-
mately 15% of individuals with DM will have a 
foot ulcer at some point in their life and the annual 
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reporting 52.1% neuroischemic, 17.9% ischemic, and 
30% neuropathic ulceration.8 There is evidence of 
significantly greater age and longer diabetes duration, 
male preponderance, and increased morbidity among 
neuroischemic in comparison with neuropathic foot 
patients and significantly higher frequency of smoking, 
hypertension, dyslipidemia, retinopathy, nephropathy, 
and coronary artery disease.7 Little is known about 
the frequency of amputations in Greece. The results 
of one survey indicated a prevalence of 12.5/1000 
patients in 1999, with Greek amputees suffering a 
mortality of 56%, which represented three times 
higher compared to the general population. Above-
knee amputations accounted for 18%, below-knee 
18%, foot 29%, and toe 35%, and, importantly, 15% 
of amputations were bilateral.9 Patients with diabetes 
required a second amputation and a contralateral 
amputation significantly more frequently than their 
nondiabetic counterparts.10

It has long been established that DFU has a nega-
tive impact on patients’ health-related quality of life 
(HRQoL), including physical, social, and psychologi-
cal aspects. Patients with DFU often have significant 
physical limitations related to walking and climbing 
stairs and also experience leg pain and discomfort 
from the weight of bedding on the ulcer, which may 
result in sleep disturbance and fatigue.11 Moreover, 
reduced mobility may result in DFU patients finding 
both physical and personal activities difficult and hav-
ing to depend on supportive devices or other people 
for help.12 Lack of disabled access and facilities may 
impede social activity and patients may feel guilty 
about imposing on the lives of friends or family.13 
More depression and poorer psychosocial adjust-
ment by DM patients with DFU compared to those 
without has been shown in early14 and recent15 studies. 
In general, adverse psychological effects associated 
with DFU include a sense of loss of self, social isola-
tion,16 loss of self-esteem, fear, anger, helplessness, 
and depression.11,13,17 Patients may worry about the 
ulcer itself, the potential for new ulcers to develop, 
and the possibility of amputation.13 

Due to the high number of comorbidities experi-
enced in DM, a disease-specific quality of life measure 
is needed to best assess the affect of DFU on HRQoL.18 
The availability of only limited information on the 
impact of a foot ulcer on HRQoL in Greece might be 

partly attributed to the absence of a reliable and valid 
disease-specific measuring instrument in the Greek 
language. In an effort to fill this void, the objective 
of the present study was to assess the psychometric 
properties of a previously translated version of the 
diabetic foot ulcer scale - short form (DFS-SF) in a 
group of Greek patients with DFU.

maTERIalS aND mEThODS

Instruments 
The original diabetic foot ulcer scale (DFS) is 

a foot ulceration-specific instrument consisting of 
58 items grouped into 11 domains: leisure, physical 
health, daily activities, emotions, noncompliance, fam-
ily, friends, positive attitude, treatment, satisfaction, 
and financial.19 The DFS-SF, which was employed 
in this study, is its shorter version and has 29 items 
on a 5-point likert-type scale which are scored on six 
scales: leisure (five items), dependence/daily life (five 
items), negative emotions (six items), physical health 
(five items), worried about ulcers/feet (four items), 
and bothered by ulcer care (four items). Domain 
scores are based on the sum of all items associated 
with that domain (raw item scores are reverse coded 
when necessary) and the scores per dimension are 
transformed to a 0-100 scale, with higher scores cor-
responding to better HRQoL. The original english 
language versions of both instruments (i.e. DFS and 
DFS-SF) have been psychometrically tested and have 
demonstrated good validity and reliability.19,20 The 
DFS-SF been previously translated into Greek by the 
Mapi Research Trust (Lyon, France), according to its 
documented translation methodology.21 

The SF-36 Health Survey includes eight dimensions: 
physical functioning, role physical, bodily pain, general 
health, vitality, social functioning, role emotional, and 
mental health.22 Each dimension is scored on a 0-100 
scale with 0 and 100 corresponding to worst and best 
health status, respectively23 and the eight dimensions 
can also be summarized in two summary scores of 
physical and mental health.24 The instrument has been 
translated into Greek and its reliability and validity 
were established in a representative sample of adults 
living in the greater Athens area. It was found to have 
high internal consistency reliability, convergent and 
discriminative validity and was able to distinguish 
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between groups of respondents in the expected man-
ner (known-groups’ validity) on the basis of gender, 
age, and socioeconomic status.25 The SF-36 has been 
shown to discriminate well between perceptions of 
people with or without one or more chronic diseases26 
and has previously been used to measure HRQoL in 
greek studies of people with diabetes27,28 and as a 
“gold standard” for the validation of the greek dia-
betes treatment satisfaction questionnaire (DTSQ).29 

Sample and data collection 
The data were collected between November 2013 

and March 2014. Eligible participants were adult 
type 1 or 2 DM patients with diagnosed DFU who 
were randomly approached during their scheduled 
visit to the “Laiko” General Hospital in Athens and 
asked to participate in the study. Non-fluent Greek 
speakers and subjects incapable of reasoning and 
decision-making were excluded. Patients with severe 
comorbidities which could affect HRQoL were also 
excluded. The survey included the Greek versions 
of the SF-36 and DFS-SF questionnaires, as well as 
sociodemographic and other diabetes-specific ques-
tions. Completion time was approximately 25 minutes 
and 110 out of 125 patients visiting the facility during 
the study period agreed to participate (88% response 
rate). The Hospital’s Review Board granted ethical 
approval for the study and all participants provided 
informed consent. 

Analysis
Ulcer severity was assessed in accordance with the 

University of Texas Wound Classification System of 
Diabetic Foot Ulcers which evaluates wound depth, the 
presence of infection, and peripheral arterial occlusive 
disease in every category of the wound assessment.30 
Peripheral diabetic neuropathy symptoms and signs 
were evaluated with the neuropathy symptom score 
(NSS) and the neuropathy disability score (NDS), 
which are validated tools with a high predictive value 
when screening for diabetic polyneuropathy.31,32 The 
NSS is scored on a 0-9 scale and scores of 3-4 are 
regarded as mild symptoms, 5-6 moderate, and 7-9 
severe symptoms. The NDS maximum score is 10, 
with a score of 3-5 regarded as evidence of mild 
neuropathy signs, 6-8 as moderate, and a score of 
9-10 as severe signs of neuropathy.33

Percentages of floor and ceiling scores were cal-
culated to examine the instrument’s ability to distin-
guish between subjects at the top and bottom ends of 
the scales. Scale internal consistency reliability was 
assessed via Cronbach’s alpha and the 0.70 standard 
for group-level comparisons was adopted.34 Construct 
validity was assessed via DFS-SF interscale correla-
tions, and assuming that conceptually related scales 
would correlate substantially (>0.40), and conversely 
that scales with less in common would show lower 
correlations. Spearman’s correlations between DFS-
SF and SF-36 scales were used to assess convergent 
construct validity. It was hypothesized that scales 
measuring similar HRQoL dimensions would be 
strongly (>0.50) correlated.35 Based on the literature, 
such strong correlations might be expected between 
the DFS-SF’s leisure, physical health, dependence/
daily scales and the SF-36’s physical functioning, 
role physical, and bodily pain scales.36 

Item internal consistency, which is substantial when 
correlation between an item and its hypothesized scale 
(corrected for overlap) is >0.40, and item discriminant 
validity, which is successful when correlation between 
an item and its own scale is significantly higher (>2 
standard errors) than with other scales,37 were used to 
examine the hypothesized scale structure. Each SF-
36 scale was regressed against the DFS-SF scales to 
identify aspects of the ulceration-specific instrument 
more closely linked to general HRQoL. To test known-
groups’ validity, the DFS-SF’s ability to discriminate 
between patient groups, which are known to differ on 
the basis of various clinical variables, was assessed. 
Differences were examined in terms of DM diagnosis 
(years), NDS, NSS, presence of DM complications, 
wound stage and grade, infected ulcer, and clinically 
significant (>50%) vascular stenosis. Throughout the 
study, probabilities <0.05 were regarded as statisti-
cally significant. For correlations >0.7 and N=110, 
statistical power was calculated at >90%. All analyses 
were performed with SPSS version 21.0. 

RESUlTS 

Demographic, clinical, and ulcer classification 
characteristics of the participants (N=110) are pre-
sented in Table 1. The mean age for the entire sample 
was 60.3 years and the majority were men (60.9%). 
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Approximately half of the patients were married or 
living with a partner (60.9%), had primary or second-
ary education (66.4%), and were retired (44.5%). 
On average, the patients had been diagnosed with 
diabetes for 17.4 years and 85.5% had Type II DM. 
The majority suffered from a Grade I-B (infected, non-
ischemic, superficial) or a Grade I-A (non-infected, 
non-ischemic, superficial) ulcer (31.8% and 25.5%, 
respectively). A significant number had at least one 
DM complication (41.8%) and one other comorbid 
condition (49.1%). Regarding other clinical variables, 
69.1% of the patients had an infected foot ulcer, 38.2% 
had +50% lower limb vascular stenosis, 12.7% had 

undergone a previous limb amputation, and 6.4% 
had a history of revascularization. Finally, 40.9% of 
the patients showed moderate signs and symptoms 
of neuropathy (NDS: 6-8 and NSS: 5-6). 

Descriptive statistics for DFS-SF scales are pre-
sented in Table 2. All data were collected by inter-
view, implying very high response rates throughout 
and that items and response choices were clear and 
unambiguous. Mean DFS-SF scores were relatively 
low in some scales, e.g. “worried about ulcers” (32.6) 
and “negative emotions” (36.4) accounting for the 
fairly high floor percentages in the same scales (19.1% 
and 10.0%, respectively). On the other hand, ceiling 

Table 1. Characteristics of the sample (n = 110)
Demographics N (%) Clinical N (%)

Age (mean ± SD) 60.3 ± 12.3 Diabetes 

Gender male 67 (60.9) Type I 16 (14.5)

Marital status Type II 94 (85.5)
Married/cohabitation 67 (60.9) Years diagnosed (mean ±SD) 17.4 ± 7.4
Single/divorced/widowed 43 (39.1) Infected ulcer (yes) 76 (69.1)

Educational status Previous amputation (yes) 14 (12.7)
Primary/secondary 73 (66.4) Revascularization history (yes) 7 (6.4)
Tertiary 37 (33.6) >50% lower limb vascular stenosis 42 (38.2)

Work status NDS
Employed 39 (35.5) 0-2 18 (16.4)
Unemployed/housekeeping 22 (20.0) 3-5 39 (35.4)
Retired 49 (44.5) 6-8 45 (40.9)

9-10 8 (7.3)

Classification of ulceration1 NSS
 Grade I-A: non-infected, non-ischemic, superficial 28 (25.5) 0-2 22 (20.0)
 Grade I-B: infected, non-ischemic, superficial 35 (31.8) 3-4 34 (30.9)
 Grade I-C: ischemic, non-infected, superficial 2 (1.8) 5-6 36 (32.7)
 Grade I-D: ischemic and infected, superficial 5 (4.5) 7-9 18 (16.4)
 Grade II-A: non-infected, non-ischemic, penetrates to tendon or capsule 9 (8.2) Diabetic complications
 Grade II-B: infected, non-ischemic, penetrates to tendon or capsule 15 (13.6) 0 31 (28.2)
 Grade II-C: ischemic, non-infected, penetrates to tendon or capsule - 1 46 (41.8)
 Grade II-D: ischemic and infected, penetrates to tendon or capsule 6 (5.5) +2 33 (30.0)
 Grade III-A: non-infected, non-ischemic, penetrates to bone or joint - Comorbidities
 Grade III-B: infected, non-ischemic, penetrates to bone or joint 8 (7.3) 0 33 (30.0)
 Grade III-C: ischemic, non-infected, penetrates to bone or joint - 1 54 (49.1)
 Grade III-D: ischemic and infected, penetrates to bone or joint 2 (1.8) +2 23 (20.9)
1According to University of Texas Wound Classification System of Diabetic Foot Ulcers
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percentages were generally small throughout. All 
scales of the greek DFS-SF met the 0.70 internal 
consistency criterion and Cronbach’s alpha indices 
were comparable to those reported during the devel-
opment and validation of the initial english version 
of the instrument.20 

As seen in the information provided in Table 3, 
strong interscale correlations between DFS-SF sub-
scales were observed, this possibly being an indication 
of excessive overlap between what the subscales are 
attempting to measure, e.g. negative emotions and 
dependence/daily life (p=0.76) or leisure and nega-
tive emotions (p=0.73). Similar findings have been 
reported in the validation study of the Chinese DFS-
SF.36 On the other hand, there is significant evidence 
of convergent validity from the strong correlations 

between DFS-SF and SF-36 scales which are intended 
to measure similar constructs, e.g. physical health and 
physical functioning (p=0.71), physical health and 
vitality (p=0.79), dependence/daily life and physi-
cal functioning (p=0.71), dependence/daily life and 
vitality (p=0.71). 

Significantly higher item-scale correlations be-
tween items and their hypothesized scales than with 
competing scales were observed (Table 4). The 0.40 
item-scale correlation criterion was satisfied, confirm-
ing 100% item convergence in all DFS-SF scales. 
Accordingly, item discrimination was successful in 
122/145 (84.1%) of the respective tests. Relatively 
weaker discriminant validity was recorded in the 
Dependence/Daily Life and Negative Emotions (76% 
and 60%, respectively). Regarding the latter, similar 

Table 2. Variability and reliability of the DFS-SF and SF-36 scales
DFS-SF Scale mean median SD min max Floor 

%
Ceiling 

%
Cronbach’s alpha

present study bann et al20

Leisure 46.2 45.0 29.1 0 100 8.2 6.4 0.93 0.90
Physical health 59.0 60.0 24.0 0 100 1.8 2.7 0.88 0.86
Dependence/daily life 56.3 55.0 25.7 10 100 0.9 5.5 0.87 0.84
Negative emotions 36.4 29.2 26.0 0 100 10.0 0.9 0.94 0.88
Worried about ulcers /feet 32.6 25.0 28.4 0 93.8 19.1 2.7 0.91 0.93
Bothered by ulcer care 47.8 50.0 22.8 0 100 2.7 2.7 0.79 0.80

Table 3. DFS-SF interscale correlations and correlations with SF-36 scales
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Leisure 1 0.63 0.67 0.73 0.63 0.59 0.53 0.52 0.54 0.51 0.54 0.60 0.44 0.50
Physical health 1 0.68 0.67 0.64 0.64 0.71 0.56 0.73 0.57 0.79 0.67 0.54 0.67
Dependence/daily life 1 0.76 0.65 0.68 0.71 0.63 0.48 0.57 0.71 0.63 0.54 0.56
Negative emotions 1 0.64 0.64 0.64 0.53 0.46 0.58 0.61 0.53 0.49 0.59
Worried about ulcers/feet 1 0.57 0.49 0.44 0.55 0.63 0.66 0.58 0.39 0.58
Bother by ulcer care 1 0.66 0.54 0.52 0.52 0.67 0.56 0.55 0.60
For all correlations p <0.001 according to Spearman’s rank test
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DISCUSSION 

The DFS-SF has received linguistic validation 
in Greek according to procedures documented else-
where.21 The aim of this study was to collect evi-
dence of the validity and reliability of this greek 
version for use in studies with Greek samples. The 

Table 4. Summary results of scaling assumption tests

DFS-SF Scale Na Item-internal consistency Item-discriminant validity
Range of correlationsb # Success/totalc Range of correlationsd # Success/totale

Leisure 5 0.76-0.86 5/5 0.46-0.72 23/25
Physical health 5 0.63-0.77 5/5 0.43-0.67 22/25
Dependence/daily life 5 0.60-0.76 5/5 0.43-0.73 19/25
Negative emotions 6 0.69-0.89 6/6 0.43-0.74 18/30
Worried about ulcers/feet 4 0.70-0.87 4/4 0.45-0.70 20/20
Bother by ulcer care 4 0.47-0.72 4/4 0.22-0.65 20/20
aNumber of items and number of item-internal consistency tests per scale
bRange of correlations between items and hypothesized scale corrected for overlap
cNumber of correlations exceeding the 0.40 standard/total number of correlations
dRange of correlations between items and other scales
eNumber of successful discriminant validity tests/total number of discriminant validity tests

Table 5. OLS Regressions
SF-36 scales DFS-SF predictors p-sig. R2

Physical functioning Dependence/daily life
Physical health
Bothered

0.001
<0.001

0.015

0.605

Role physical Dependence/daily life
Leisure

0.000
0.035

0.389

Bodily pain Physical health <0.001 0.510

General health Worried
Physical health
Negemotions

0.009
0.014
0.028

0.437

Vitality Physical health 
Dependence/daily life
Bothered

<0.001
0.010
0.048

0.681

Social functioning Physical health 
Leisure

<0.001
0.001

0.500

Role emotional Dependence/daily life
Physical health
Bothered

0.079
0.018
0.034

0.357

Mental health Physical health 
Bothered

<0.001
0.001

0.507

results were observed in the Chinese DFS-SF valida-
tion study as well.36 

The ability of the DFS-SF to capture specific 
aspects of overall HRQoL is demonstrated by its 
close relationship with the “gold standard” SF-36. 
Multiple stepwise linear regression analyses identified 
the foot ucleration-specific scales that were signifi-
cant, at the P <0.05 level, in explaining each of the 
SF-36 scales (Table 5). The analyses demonstrated 
high explanatory power for all models, ranging from 
35.7% for the Role Emotional scale to 68.1% for the 
Vitality scale, implying a close association between 
the two instruments. Each of the six DFS-SF scales 
was a significant predictor of at least one SF-36 scale, 
whereas the DFS-SF Physical Health was a significant 
predictor of all but one of the SF-36 scales. 

Regarding the ability of the DFS-SF instrument to 
distinguish between groups known to differ in terms of 
various clinical HRQoL-affecting variables (known-
groups validity), the score differences on all DFS-SF 
scales, and for all independent variables, were in the 
expected directions (Table 6). More years with DM, 
higher NDS and NSS, DM complications, worse wound 
stage and grade, infected ulcers, and +50% vascular 
stenosis were associated with lower DFS-SF scores 
on all scales. The only non-significant differences 
were in respect to DM years on the Leisure scale, 
classification stage on the dependence and negative 
emotion scales, and infected ulcer on the latter two 
scales and on the Leisure scale as well. 
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expected added value to the existing international 
body of knowledge on the subject is the increased 
confidence in results from studies employing this 
particular linguistic version of the instrument and 
the potential for international comparisons. Although 
generic health status instruments (e.g. SF-36) have 
shown their validity in Greek samples of people with 

diabetes27,28 and one other diabetes-specific instrument 
(DTSQ) has been validated,29 there are no previous 
studies measuring the psychometric properties of a 
DFU-specific instrument in Greece, indicating that 
an existing void might be needed to be filled. 

The overall results for the psychometric properties 

Table 6. DFS-SF scale scores by clinical variables

variable
DFS-SF scale

leisure physical health Dependence Neg. emotions Worried ulcers bothered
mean p-sig. mean p-sig. mean p-sig. mean p-sig. mean p-sig. mean p-sig.

DM diagnosis
≤17 years 50.9

0.092
63.5

0.038
62.6

0.011
42.7

0.009
38.8

0.011
54.9

0.001
>17 years 41.5 54.4 50.0 30.2 26.4 40.7

NDS
0-2 65.0

<0.001

72.2

<0.001

74.2

<0.001

49.8

<0.001

45.1

<0.001

58.3

<0.001
3-5 54.6 70.4 64.7 45.0 43.8 57.2
6-8 36.4 50.0 47.3 28.7 23.1 39.6
9-10 18.1 24.4 25.6 8.3 3.1 24.2

NSS
0-2 61.8

<0.001

72.0

<0.001

66.4

<0.001

44.5

<0.001

42.3

<0.001

59.1

<0.001
3-4 57.8 69.6 67.9 47.4 42.8 56.1
5-6 36.1 50.6 46.7 27.9 28.0 36.5
7-9 25.6 40.0 41.4 22.9 10.4 41.0

DM complications
None 64.5

<0.001
69.8

0.004
69.5

0.001
48.1

<0.001
40.1

0.007
61.1

<0.001One 42.5 57.1 55.8 37.3 34.9 46.3
Two or more 34.2 51.5 44.7 24.2 22.2 37.3

Grade1

I 53.6
<0.001

66.4
<0.001

63.6
<0.001

42.2
<0.001

38.7
<0.001

52.6
0.001II 38.7 50.2 47.8 30.8 26.7 43.5

III 17.0 34.0 30.5 12.9 7.5 26.9

Stage1

A 54.1
0.019

66.2
0.011

62.3
0.055

41.3
0.259

44.9
<0.001

55.4
0.035B/C 45.3 57.9 55.7 35.8 29.7 44.7

D 28.1 43.5 42.3 25.6 10.6 40.4

Infected ulcer
Yes 43.2

0.099
55.5

0.008
53.5

0.089
34.2

0.271
26.2

<0.001
44.2

0.014
No 53.1 66.9 62.6 41.5 46.7 55.7

+50% vascular stenosis
Yes 35.8

0.003
45.2

<0.001
48.3

0.015
28.7

0.005
24.9

0.004
39.6

0.003
No 52.6 67.5 61.3 41.2 37.3 52.8

1According to university of Texas wound classification system of diabetic foot ulcers
NDS: Neuropathy Disability Score; NSS: Neuropathy Symptom Score.
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of the DFS-SF instrument were good. The absence of 
ceiling effects, although a sign of good discriminative 
ability, might have been expected in this context where 
an overall poor HRQoL was reported. Following this 
line of logic, high DFS-SF floor effects might have 
been anticipated, since there is strong evidence in the 
literature supporting the negative affect of DFU on 
health status,38-41 but in the end their absence can be 
taken as evidence that the instrument is sensitive at its 
lower end. All SF-36 mean scale scores (not shown) 
were lower than the respective general population 
scores reported in the instrument validation study.25 

Scale internal consistency reliability was high 
(Cronbach’s alpha range: 0.79-0.94) and comparable 
to (or even exceeding) the corresponding coefficients 
reported in the developmental study of the instru-
ment20 and other DFS-SF validations.36 Item inter-
nal consistency and discriminant validity were also 
high, providing evidence to confirm the hypothesized 
scale structure of the DFS-SF and to suggest that 
the translation of the items and the response choices 
are appropriate. This is evidence that scale scores 
derived from the Greek version could contribute to 
cross-cultural comparisons. It should be noted that 
the cross-sectional design employed in this study 
precluded the assessment of responsiveness of the 
instrument. 

Criterion-related construct validity was supported 
by confirmation of hypothesized strong correlations 
between DFS-SF and SF-36 scales measuring similar 
dimensions. Most DFS-SF scales correlated more 
strongly with SF-36 scales measuring similar HRQoL 
dimensions than with those measuring less similar ones. 
On the other hand, the strong interscale correlations 
between DFS-SF subscales might imply excessive 
overlap between the constructs being measured, e.g. 
Negative Emotions and Bothered by Ulcer (p=0.64). 
This could have been expected because DFUs can 
deteriorate quickly and limited treatment options can 
cause patients to worry about further deterioration.11,36 
Other observed strong interscale correlations might 
be explained similarly. 

The OLS regression models showed relatively high 
proportions of HRQoL variance explained. The DSF-
SF Physical Health Scale was a significant predictor 

of seven SF-36 scales and all DFS-SF scales were 
significant predictors of at least one SF-36 scale. Al-
though the DFU aspects measured by this instrument 
are mostly uncontrollable, a systematic approach to 
even their slight improvement may prove beneficial in 
terms of HRQoL for this DM population. Portions of 
variability of each SF-36 scale remained unexplained, 
since other demographic or health-related variables 
were not used in the regression models, which indi-
cates the necessity for further research.

Diabetes is a chronic disease with a wide range of 
associated disabilities and painful conditions which 
are consistently captured by health status instruments. 
Overall HRQoL in diabetes is affected by various 
domains of functioning and well-being, implying the 
need for a multidimensional measurement approach.42 
However, it is usually the combined effect of macro-
vascular and microvascular complications, comorbid 
conditions, and background demographic, clinical 
and treatment satisfaction variables which degrade 
HRQoL and not diabetes per se.43 The results of the 
known-groups comparisons performed here conform 
to the literature1,12-15,17,27-28,38-41 in terms of the score 
differences and the direction of these differences. 

In conclusion, we report that the internal consist-
ency reliability and cross-sectional construct validity 
of the greek DFS-SF were satisfactorily demonstrated; 
however, the cross-sectional design of the present 
study precluded examination of test-retest reliability 
and responsiveness. Thus, a longitudinal study design 
could be designed to overcome these limitations as 
well as to validate the present results. Furthermore, 
we have not performed a confirmatory factor analysis 
to directly assess the hypothesized constructs of the 
greek DFS-SF, as this would have required a much 
larger sample (approximately ten respondents per item, 
i.e. at least 290 subjects), which would have proven 
difficult to access. The instrument was well accepted 
by the patients and its psychometric properties were 
similar to those reported in validation studies of other 
language versions. Overall, the results confirm that 
the DFS-SF is a reasonable choice for measuring DFU 
HRQoL in Greece. Providing that future research ad-
dresses the aforementioned issues, results from greek 
studies are anticipated to add to the international body 
of knowledge in this area of research. 
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AbstrAct

ObJECTIvE: To evaluate bone mineral status and metabolism in a cohort of patients with 
Williams-beuren syndrome (WbS). paTIENTS: Thirty-one children (15 females, 16 males; 
mean age 9.6±2.74 years) and 10 young adults (6 females, 4 males; mean age 21.4±5.11 years) 
with WbS were cross-sectionally evaluated and compared with two age-, sex-, and body-size-
matched paediatric (155 subjects, 75 females and 80 males; mean age 9.7±2.93 years) and adult 
(50 subjects, 30 females and 20 males; mean age 22.3±5.42 years) healthy controls. mEaSURE-
mENTS: We evaluated ionised and total calcium, phosphate, parathyroid hormone (pTh), 
25-hydroxyvitamin D, 1,25-dihydroxyvitamin D, osteocalcin, bone alkaline phosphatase levels, 
and urinary deoxypyridinoline concentrations. We also calculated the phalangeal amplitude-
dependent speed of sound (aD-SoS) and the bone transmission time (bTT) z-scores. RESUlTS: 
WbS patients showed a significantly reduced aD-SoS z-score (p <0.001) and bTT z-score 
(p <0.001) compared with the controls. This finding persisted when we divided the sample into 
paediatric and adult patients. WbS patients also had significantly higher ionised (p <0.001) 
and total calcium (p <0.001) levels as well as higher pTh levels (p <0.001) compared with the 
controls. Furthermore, WbS children and adolescents had significantly lower serum osteocalcin 
levels (p <0.001) and urinary deoxypyridinoline concentrations (p <0.001) than controls. CON-
ClUSIONS: WbS subjects exhibit a significant reduction in bone mineral status and impaired 
bone metabolism. These findings point to the need for close monitoring of WbS patients.
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INTRODUCTION

Williams-Beuren syndrome (WBS; OMIM 194050) 
is a genetic multisystemic disorder caused by a hemizy-
gous microdeletion on chromosome 7.1 The estimated 
prevalence ranges from 1:10,000 to 1:15,000 live 
births.2 WBS is characterised by cardiovascular disease, 
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distinctive facies and personality, mild intellectual 
disability, connective tissue abnormalities, growth 
retardation, and endocrine disorders.3-5

Among the endocrine abnormalities associated 
with WBS, the most frequently noted are short stature, 
early puberty and early menarche, thyroid diseases, 
diabetes mellitus,4,5 and hypercalcaemia, which has 
received the most attention.1 Hypercalcaemia has been 
reported in 5-50% of WBS patients and is generally 
mild and asymptomatic or associated with nonspecific 
symptoms.1

The causes of hypercalcaemia in WBS are unknown; 
however, the proposed mechanisms causing hypercal-
caemia include vitamin D sensitivity, increased 1,25 
dihydroxyvitamin D levels, and defective calcitonin 
synthesis or release.1,6,7

Despite the multiple endocrine, cardiovascular, and 
gastroenterologic problems reported in these patients, 
studies looking at metabolism and bone quality are 
virtually absent from the literature. In a small clinical 
study conducted on 20 WBS adults of at least 30 years 
of age, the authors reported 12 individuals meeting 
criteria for either osteoporosis or osteopoenia at the 
femoral site, and 10 individuals meeting criteria for 
either osteoporosis or osteopoenia at the lumbar site. 
However, this study did not report extensive data 
about the patients’ bone density and metabolism.8

Therefore, the purpose of our study was to evaluate 
bone quality and metabolism in a cohort of children, 
adolescents, and young adults with WBS.

SUbJECTS aND mEThODS

Forty-one patients (21 females and 20 males; mean 
age 12.5±6.11 years) with WBS were recruited con-
secutively from December 2012 until February 2015 
at the Genetics and Molecular Medicine Unit at Anna 
Meyer Children’s University Hospital in Florence, 
Italy. The cohort included both children (31 patients, 
15 females, 16 males; mean age 9.6±2.74 years) and 
young adults (10 patients, 6 females, 4 males; mean 
age 21.4±5.11 years).

Our study was conducted according to the Dec-
laration of Helsinki and the European Guidelines on 
Good Clinical Practice. Ethical approval was obtained 

from the Ethics Committee of the Meyer Children’s 
University Hospital. Written informed consent was 
obtained from parents of the WBS patients. Due 
to low reading ability and IQ, all participants with 
WBS provided verbal or written consent after a brief 
description of the study, according to age (in the case 
of patients aged ≥7 years) and ability to complete the 
written consent. 

Case definition and study protocol
WBS diagnosis was made according to clinical 

phenotype assessed by experienced medical geneti-
cists. The classical phenotype included typical facial 
features, mental retardation/developmental delay, 
supravalvular aortic stenosis, other congenital heart 
disease, inguinal hernia, and hypercalcaemia, as 
previously reported.5,9 Diagnosis was confirmed by 
fluorescent in situ hybridisation results for elastin 
deletion at 7q11.23. All subjects with WBS in this 
study exhibited the typical 1.55 Mb microdeletion. 
A minimum of 10 metaphases were scored for the 
deletion of the 7q11.23 region in each patient. In 
some cases, array CGH (44 K array platform Agilent 
oligonucleotides with a resolution of approximately 
100 kb) was performed to analyse and precisely map 
the position of each deletion in this region and confirm 
the minimal region of loss of 1.55 Mb.

For the WBS patients and controls, the participants 
or their parents were asked to fill out a questionnaire 
that was then reviewed by the medical staff during 
the baseline examination. The questions were related 
to the following items: presence or absence of con-
genital or acquired cardiac defects, a positive history 
of hypo-/hypercalcaemia, diabetes, thyroid diseases, 
coeliac disease, current and past medications, espe-
cially vitamin D and/or calcium intake, familial and 
personal bone fracture history and osteoporosis, and 
physical activity.

Using an activity questionnaire, physical activity 
was assessed with a modified activity score composed 
of scores for sports/leisure activities (0, <2 or >2 
hours per week). Outdoor exposure was quantified 
from both questions regarding each subject’s average 
number of daily outdoor hours across each season and 
a prospective daily time-activity diary, as previously 
described.10



406 S. STAGI ET AL

Calcium dietary and vitamin D intake was assessed 
using the semiquantitative validated Food Frequency 
Questionnaire, as previously reported.10,11 The selection 
of items was based on the patient’s diet, frequency of 
eating, and relative importance of food items, such as 
a calcium and vitamin D source. The questionnaire 
included the following food items: milk and dairy 
products, including calcium-enriched items such as 
yoghurt, cheese, and chocolate as well as eggs, meat, 
fish, cereals, bread, vegetables, and fruits.

For all subjects, we determined clinical and de-
mographic data including height, weight, body mass 
index (BMI), pubertal staging, and, when appropriate, 
bone age. 

The patients were divided into two groups ac-
cording to their growth velocity, pubertal staging, 
and/or bone age: 1) paediatrics (patients who had not 
reached adult height) and 2) adults (patients who had 
reached adult height).10

Exclusion criteria for both WBS patients and con-
trols included already-known bone metabolic diseases, 
hyper-/hypothyroidism, hyper-/hypoparathyroidism, 
malabsorptive disorders, chronic renal insufficiency, 
cancer, and drug addiction on the basis of medical 
history and questionnaires for osteoporosis risk fac-
tors. None of the participants had a recent history of 
travelling to warmer, sunnier areas prior to and/or 
during the study and no subjects used any medication 
that could compromise the study evaluation such as 
topic or systemic glucocorticoids, anticonvulsant 
therapy, calcium, vitamin D supplements in the past 
six months, sexual steroids, or GnRH analogues.

WBS patients and controls underwent a quantitative 
bone ultrasonometry (QUS) scan to evaluate their bone 
mineral status. The investigation also consisted of a 
fasting blood sampling that was analysed to determine 
the following measurements: serum concentrations 
of creatinine, albumin, calcium (total and ionised), 
phosphate, 25-hydroxyvitamin D (25[OH]D), and 
1,25-dihydroxyvitamin D (1,25[OH]2D), plasma levels 
of parathyroid hormone (PTH), and markers of bone 
formation (bone alkaline phosphatase and osteocalcin) 
and bone resorption (urinary deoxypyridinoline). 
Because PTH-related peptide (PTHrP) shares N-
terminal homology with PTH, to exclude any possible 
interference regarding the PTH assay by the PTHrP, 

the samples of few WBS subjects (3 children and 2 
adults) were tested for cross-reactivity with PTHrp; 
all results were negative for such a cross-reactivity.

Serum 25(OH)D levels were stratified according 
to the following brackets: ≤10, 11-20, 21-30, and >30 
ng/mL, and defined as severe deficiency, deficiency, 
insufficiency, and sufficiency, respectively, according 
to previously established guidelines for bone health 
(in the absence of a consensus regarding appropriate 
levels for endocrine and extra-endocrine health).12,13 

Control group
The data obtained were compared with two age-, 

sex-, and body-size-matched healthy control groups 
for paediatric (155 subjects, 75 females and 80 males; 
mean age 9.7±2.93 years) and adult patients (50 sub-
jects, 30 females and 20 males; mean age 22.3±5.42 
years). For every patient, we selected five control 
subjects who matched the following criteria: age ±12 
months, height ±5 cm, weight ±2.0 kg, and equivalent 
pubertal stage. Informed consent was obtained from 
all subjects and/or parents. These healthy control 
groups were randomly selected from a population 
survey of healthy Caucasian inhabitants in Tuscany 
with no endocrine or metabolic diseases, some of 
whom were evaluated for non-inflammatory mus-
culoskeletal complaints. Some of the individuals in 
this group have been previously reported.14

QUS scans
Bone mineral density (BMD) was also evaluated 

with a DBM Sonic 1200 device (IGEA Bone Profiler, 
Carpi, Italy). The device was equipped with two 
probes mounted on an electronic calliper. The emitter 
probe was positioned on the medial surface and the 
receiver probe was positioned on the lateral side of 
the measured phalanx, as previously reported.14 The 
time interval between emission and reception of the 
ultrasound signal was measured and expressed in m/s. 

Using this technique, we measured the amplitude-
dependent speed of sound (AD-SoS, m/s: the interval 
between the start time of the transmitted signal and 
the time the signal received reached the predetermined 
minimum amplitude value of 2 mV for the first time) 
and the bone transmission time (BTT, μs: the differ-
ence between the transmission time in the phalanx 
soft tissue and the bone and transmission time in the 
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phalanx soft tissue). AD-SoS and BTT standard de-
viation score (SDS) were automatically generated.14 

The final result is the average AD-SoS and BTT 
over four fingers (digits II-V). All of the QUS meas-
urements were carried out by the same operator on 
the patients’ non-dominant hands. The coefficients of 
precision, in vivo, were 0.8% and 1.5% for AD-SoS 
and BTT, respectively.

Since bone size could influence QUS parameters,15 
we created a height-adjusted z-score for AD-SoS 
using control children’s data to overcome this bias. 
Low bone mineral status was defined in the presence 
of at least one densitometric parameter ≤-2.0 Z-score 
among AD-SoS or BTT.

Study and laboratory methods
Height was measured using a wall-mounted sta-

diometer and weight was measured to the nearest 0.1 
kg. All of the measurements were carried out by the 
same trained staff members. The coefficient of vari-
ation (CV) values was <1% for these measurements.

We calculated BMI as weight in kilograms divided 
by height in metres squared (kg/m2). Age-related 
reference values for height, weight, and BMI were 
obtained from specific WBS charts16-18 for WBS pa-
tients and from a wide sample of Italian children for 
healthy controls.19

Height and BMI were normalised for chronological 
age by converting to SDS. SDS values were calculated 
according to the following formula: (patient value – 
mean of age-related reference value)/standard deviation 
of the age-related reference value.20 Pubertal staging 
was carried out according to Tanner and Whitehouse’s 
criteria using an orchidometer for the boys.21

All laboratory measurements were performed on 
blood samples collected after an overnight fast and on 
a 24-hr urinary collection. Serum levels of calcium, 
phosphate, creatinine, and albumin were performed 
at the Clinical Laboratory of the Anna Meyer Chil-
dren’s University Hospital and were measured in all 
samples by a standard autoanalyser method routinely 
used for daily practice (Siemens Dimension Vista® 
500 Systems, Siemens Healthcare Diagnostics, Tar-
rytown, NY).

Normal serum concentrations of total calcium 

are 2.2-2.7 mmol/L for children and 2.2–2.6 mmol/L 
for adults, as previously described.10 Normal blood 
concentrations of phosphate are 1.4-1.7 mmol/L for 
children aged 2-12 years and 1.1-1.4 mmol/L for youth 
aged 12-16 years of age; the normal adult range is 
0.8-1.5 mmol/L.10

Blood-ionised calcium concentrations were meas-
ured within a few minutes of sampling with an ICA 
Kit (McLendon Clinical Laboratories, Chapel Hill, 
NC, USA). The normal range is 1.10-1.32 mmol/L.

Serum 25(OH)D and PTH were determined by 
chemiluminiscence enzyme-labeled immunometric 
assays using an IMMULITE 2000 Systems analyser 
(Siemens, Gwynedd, UK). The intra- and inter-assays 
CVs were <5% and <8% and <8% and <10%, respec-
tively). The normal range is stated as 12.0-72.0 pg/
mL. When carried out, PTHrP levels were measured 
immunoradiometrically (Nichols Institute Diagnostics, 
San Juan Capistrano, CA, USA).

Serum 1,25[OH]2D was determined according to 
a competitive binding protein assay (Nichols Institute 
Diagnostics, San Juan Capistrano, CA, USA). The 
inter-assay CV was 8% and the normal range is stated 
as 19.9-67.0 pg/mL. 

A commercially available radioimmunoassay kit 
was used to measure serum osteocalcin levels (CIS 
Diagnostici S.p.A., Tronzano Vercellese, Italy). The 
sensitivity of the method was 0.50 ng/mL. 

Urinary deoxypyridinoline concentrations were 
measured using high-resolution chromatography in a 
fluid environment (Medical System, Genova, Italy). 
We expressed deoxypyridinoline values in nM for 
mM of nocturnal 12-hr urinary creatinine. The in-
tra- and inter-assay CV of RIA and IRMA methods 
were <9.8%. 

The serum level of bone-specific alkaline phos-
phatase (BSAP) was measured by immunoassay (Me-
tra Biosystems, Mountain View, CA, USA) with a 
sensitivity of 0.7 U/L and a CV of 3.9-5.8%. 

Statistical analysis
Statistical analyses were performed using SPSSX 

(SPSSX Inc., Chicago, IL, USA). Summaries of 
continuous variables are given as mean ± standard 
deviation (or median and range, depending on whether 
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SoS z-score ≤-2.0: 45.1% vs. 1.9%, p <0.001; BTT 
z-score ≤-2.0: 19.3% vs. 0.6%, p <0.001) and adults 
(AD-SoS z-score ≤-2.0: 70% vs. 6.0%, p <0.001; 
BTT z-score ≤-2.0: 10% vs. 4%, p=0.002). 

Regarding only WBS patients, we disclosed a 
significantly increased percentage of adults showing 
a reduced bone mineral status (70.3% and 19.3%) 
by comparison with the children (45.1% and 10.1%; 
respectively, p <0.001 and p=0.002). Moreover, WBS 
patients with a positive history of fracture more fre-
quently show AD-SoS and BTT z-scores ≤-2.0 (80.0%) 
compared with WBS patients with a negative history 
of fracture (respectively, 44.4% and 8.3%; p <0.001).

The assessment of bone metabolism enabled us to 
demonstrate that WBS subjects showed significantly 
higher ionised (p <0.001) and total calcium levels 
(p <0.001) and reduced phosphate levels (p=0.010) 
compared with controls (Table 1). Interestingly, WBS 
patients disclosed significantly higher PTH levels 
compared with controls (p <0.001). However, ion-
ised and total calcium and PTH levels did not differ 
between children and adults with WBS. 

Children and young adults with WBS exhibit-
ed significantly lower serum osteocalcin levels (p 
<0.001) and urinary deoxypyridinoline concentra-
tions (p <0.001) compared with age-matched con-
trols. Nonetheless, similar results were not observed 
when the adult cohorts were compared in terms of 
osteocalcin (10.1±4.35 vs. 9.2±3.97 ng/mL; p=0.526), 
whereas we discovered a significantly higher urinary 
deoxypyridinoline concentration in WBS adults com-
pared with controls (30.1±5.17 vs. 12.3±4.47 nM/mM 
creatinine; p <0.001). Furthermore, WBS patients did 
not exhibit significantly different serum BSAP levels 
compared with age-matched controls (100.9±29.83 
vs. 103.2±33.51 U/L, p=0.683), whereas a significant 
difference was discovered comparing WBS adults 
subgroup with controls (76.4±20.6 vs. 19.1±9.3 U/L; 
p <0.001).

None of WBS patients exhibited 25[OH]D values 
<10 ng/mL (deficient). Fifteen patients (36.6%) had 
values of 10-20 ng/mL, 18 patients (43.9%) had 
values of 20-30 ng/mL, and 8 patients (19.5%) had 
values >30 ng/mL. The mean level of all patients 
was 23.7±7.30 ng/mL (controls: 31.8±13.24 ng/mL; 
p <0.001). Additionally, 1,25[OH]2D values were in 

the data were normally distributed or not). To com-
pare differences, we used the Student’s t-test and the 
Mann-Whitney U test depending on the distribution 
of the analysed variable. The chi-squared test and 
Fisher’s exact test were used to examine associations 
between dichotomous variables. Spearman’s (rank) 
correlation test was used to determine the correlation 
coefficients. We used multiple stepwise regression 
to determine the variables (age [years], sex [M:F], 
serum PTH concentrations, ionised and total calcium, 
phosphate, BSAP, 25[OH]D and 1,25[OH]2D levels, 
serum osteocalcin levels, urinary deoxypyridinoline 
concentrations, quantitative assessment of physical 
activity [hours per week], calcium intake [mg/day], 
and vitamin D intake [I.U./day]) that might correlate 
independently with AD-SoS z-score values. P values 
<0.05 were considered to be statistically significant.

RESUlTS

The primary demographic, clinical, and laboratory 
characteristics of patients with WBS and the controls 
are summarised in Table 1. 

The history of fractures was not statistically dif-
ferent between WBS patients (2 males and 3 females; 
12.2%) and the controls (8 males and 13 females, 
10.2%) (Table 1). In addition, no significant differ-
ences were found in dietary calcium and vitamin D 
intakes between the WBS patients and the controls 
(Table 1). 

WBS patients showed a significantly impaired bone 
mineral status, exhibiting reduced AD-SoS and BTT 
z-scores compared with controls (p <0.001) (Table 1). 
They also showed an impaired bone mineral status 
compared to healthy controls even when divided into 
two groups, paediatric (p < 0.001) and adult patients 
(p <0.001) (Table 1). 

Overall, 51.2% of WBS patients had a low bone 
mineral status (z-score ≤-2.0), which is significantly 
higher than controls (2.9%; p <0.001). In particular, 
AD-SoS was ≤-2.0 z-score in 48.8% of WBS vs. 
2.9% of controls (p <0.001), and BTT z-scores were 
≤-2.0 in 17.1% vs. 1.5% (p <0.001), respectively. 
Interestingly, compared to the controls, these data 
maintained the statistical significance when WBS 
subjects were divided in two groups, children (AD-
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Table 1. Baseline characteristics of Williams-Beuren syndrome (WBS) patients and controls
WbS Controls p

Subjects, number 41 205 -

Male:female ratio 20:21 105:100 -

Age, yrs
Children 9.6 ± 2.74 9.7 ± 2.93 0.861

Adults 22.4 ± 5.11 22.3 ± 5.42 0.957

Height, SDS  -
Children -0.7 ± 0.60 -0.1 ± 0.81 < 0.001

Adults -0.8 ± 0.53 -0.1 ± 0.74 0.006

BMI, SDS
Children -0.3 ± 0.74 0.1 ± 0.62 0.001

Adults -0.2 ± 0.62 0.2 ± 0.81 0.146

History of fracture, % 12.2 10.2 0.505
Ad-SOS, z-score -1.4 ± 1.39 0.3 ± 1.25 < 0.001

Children -1.2 ± 1.40 0.0 ± 0.81 < 0.001

Adults -1.9 ± 1.27 -0.1 ± 0.89 < 0.001

BTT, z-score -0.8 ± 1.15 0.3 ± 1.02 < 0.001
Children -0.8 ± 1.17 0.3 ± 0.98 < 0.001

Adults -0.9 ± 1.14 0.2 ± 0.74 < 0.001

Calcium intake, mg/day 760 ± 239 805 ± 250 0.290
Children 778 ± 252 845 ± 300 0.246

Adults 746 ± 223 789 ± 201 0.546

Vitamin D intake 163 ± 43 178 ± 47 0.059
Children 176 ± 46 194 ± 51 0.070

Adults 153 ± 40 171 ± 44 0.236

Total calcium, mmol/L 2.4 ± 0.06 2.2 ± 0.16 < 0.001

Ionised calcium, mmol/L 1.3 ± 0.14 1.1 ± 0.13 < 0.001

Phosphorus, mmol/L 1.2 ± 0.25 1.3 ± 0.22 0.010

PTH, pg/mL 51.7 ± 17.74 25.2 ± 11.07 < 0.001

BSAP, U/L 100.9 ± 29.83 103.2 ± 33.51 0.683

Osteocalcin, ng/mL 66.9 ± 28.76 91.0 ± 23.62 < 0.001

Urinary deoxypiridinoline, nM/mM creatinine 21.4 ± 10.18 40.2 ± 15.61 < 0.001

25(OH)D, ng/mL 23.7 ± 7.28 31.8 ± 13.24 < 0.001

1,25(OH)2D, pg/mL 83.2 ± 17.64 45.3 ± 22.12 < 0.001
BMI: body mass index; 25(OH)D: 25-hydroxyvitamin D; 1,25(OH)2D: 1,25-dihydroxyvitamin D; PTH: parathyroid hormone
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the normal range in 12.2% of patients, with a mean 
of 83.2±17.64 pg/mL (controls: 45.3±22.12 pg/mL; 
p <0.001). None of them exhibited low levels and 36 
patients (87.8%) had high 1,25[OH]2D levels.

A quantitative assessment of physical activity in 
patients with WBS and controls revealed significant 
differences between the two groups; the percentage 
of current physical activity levels was significantly 
lower for WBS patients compared with controls (0 
hours per week group: 63% and 27%, respectively; 
<2 hours per week group: 31% and 53%, respectively; 
>2 hours per week group: 6% and 20%, respectively). 

Spearman’s (rank) correlation test showed that 
AD-SoS z-score values were significantly inversely 
correlated with age for WBS patients (r=-0.59; p 
<0.005). Both BSAP and osteocalcin levels also showed 
a significant correlation with total calcium values 
(r=0.49; p <0.005). PTH correlated significantly with 
ionised calcium (r=0.47; p <0.05) and osteocalcin 
(r=0.68; p <0.005).

The multiple regression analysis included age, sex, 
PTH, ionised and total calcium levels, phosphate levels, 
25[OH]D and 1,25[OH]2D levels, serum osteocalcin 
levels, urinary deoxypyridinoline concentrations, 
quantitative assessment of physical activity, calcium 
intake, and BSAP levels; this analysis did not identify 
significant predictors of a lower AD-SoS z-score.

DISCUSSION

Our results confirm that WBS patients have an 
impaired bone mineral status and metabolism and 
we propose that this condition probably starts at the 
prepubertal age. Furthermore, nearly 80% of WBS 
patients with a positive history of fracture showed an 
impaired bone mineral status. This result underlines 
the importance of QUS evaluation in WBS starting 
as from childhood and adolescence for the early 
diagnosis of bone quality disorder.

QUS is in fact an easy-to-use, radiation-free, and 
portable technique that is particularly appropriate 
for assessing bone status in a long-term follow-up 
of paediatric syndromic patients with cognitive dis-
abilities.22

Although the International Society for Clinical 

Densitometry (ISCD) 2007 Position Development 
Conference (PDC) stress the utility of QUS in fracture 
risk assessment, diagnosis of osteoporosis, treatment 
initiation and monitoring, and quality assurance/quality 
control,23 dual X-ray absorptiometry (DXA) is currently 
the most widely used tool for BMD measurement 
and must be considered as the gold standard for the 
diagnosis of osteoporosis and fracture prediction.24

Our data show that bone metabolism of WBS 
subjects appears to be altered and this impairment 
may be present in both paediatric and adult groups. 
Regarding calcium metabolism, the WBS patients 
analysed in our study showed increased calcium, 
PTH, and 1,25(OH)2D levels compared to healthy 
controls and this finding partially confirms the results 
of Cherniske et al. In fact, these authors reported a 
high percentage of increased PTH and 1,25(OH)2D 
levels and moderately reduced 25(OH)D levels in 
WBS adults.8 Unfortunately, they did not report the 
values of serum calcium, 25(OH)D, 1,25(OH)2D, 
and PTH, nor those of dual X-ray absorptiometry to 
allow a comparison to be made. Interestingly, in the 
study of Cherniske et al, only WBS subjects over 35 
years of age showed a reduction of the mean serum 
calcium levels and reduced osteocalcin levels.8 Our 
data seem to demonstrate a low bone formation in 
children and adolescents (i.e., reduced osteocalcin 
levels and normal deoxypyridinoline concentration); 
on the other hand, our adults showed increased bone 
resorption (i.e., normal osteocalcin levels and increased 
deoxypyridinoline concentration). These two mark-
ers may help to explain the impaired bone mineral 
status in WBS.

Aetiopathogenesis of bone metabolism disorder 
in WBS may be multifactorial, including both un-
known bone characteristics specific to this genetic 
syndrome and environmental factors, i.e., lack of 
physical activity or poor nutrition.25-27 In fact, concern-
ing lack of physical activity, WBS may show distinc-
tive congenital and acquired cardiovascular lesions, 
thyroid disorders, and progressive joint limitations 
in addition to a variable failure to thrive during the 
infancy, observed in more than 70% of cases.1 Some 
subjects may develop coeliac disease.9 These findings 
are likely to variably contribute to the impaired bone 
mineral status in WBS and their identification may 
help in correcting modifiable risk factors to improve 
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the bone health of these patients. Among these fac-
tors, the lower rate of motor activity among WBS 
patients is certainly of considerable importance our 
present study corroborating previous data on lack of 
physical activity in these patients.26 By contrast, WBS 
patients showed an intake of vitamin D and calcium 
comparable to that of the controls, which suggests 
that the problem may not be nutritional. Nevertheless, 
their 25(OH)D levels were significantly lower than 
those of controls, which could reflect reduced expo-
sure to sunlight due to a different lifestyle. Many of 
the aspects highlighted by this cross-sectional study 
need to be confirmed and further substantiated with 
longitudinal data that would allow us to better grasp 
the effect of each variable on the metabolism and 
bone mineral status in WBS.

Regarding the causes of this apparent impairment 
of bone metabolism in patients with WBS, we may 
also hypothesise a dysregulation of calcium-PTH 
metabolism. In fact, calcium homeostasis is likely 
altered in patients with WBS due to infancy hyper-
calcaemia, hypercalciuria, or medullary nephrocalci-
nosis.28,29 However, when treated with low-calcium/
vitamin D-deficient infant formula, these patients 
developed rickets29 and osteoporosis in the first years 
of life30 despite increased 1,25(OH)2D levels.31 The 
mechanisms underlying transient hypercalcaemia in 
WBS patients are as yet poorly understood and there 
are currently several hypotheses that seek to explain 
this phenomenon. It is possible that hypercalcaemia 
depends on an increased renal sensitivity to PTH in 
normocalcemic WBS patients or that it depends on a 
reduced 1,25-dihydroxyvitamin D3 degradation.33,34 
Furthermore, the deficiency of Williams syndrome 
transcription factor (WSTF), a nuclear protein codi-
fied by the Williams-Beuren Syndrome Chromosome 
Region 1 gene (WBSCR1, OMIM *603431), may 
play a role in the aetiology of hypercalcaemia in 
WBS,35 because of evidence of abnormal chromatin 
remodelling activity.36 Other authors suspect that 
the haploinsufficiency of the general transcription 
factor II-I gene (GTF2I, *601679) may have an ef-
fect on the impaired calcium metabolism. This gene 
encodes TFII-I, a multifunctional transcription factor37 
that acts as a negative regulator of calcium entry by 
suppressing the surface accumulation of transient 
receptor potential C3 (TRPC3) channels.38 In the 

event of deficiency of GTF2I, TRPC3 seems to be 
over-expressed in the intestine and lymphocytes in 
WBS, potentially contributing to both gastrointestinal 
and renal calcium increased absorption.37 Moreover, 
other data appear to show a role of TFII-I as a potential 
negative regulator of osteoblast differentiation and of 
the Runx2-induced transcription of the osteocalcin 
gene, which is crucial to bone development.39 Thus, 
TFII-I haploinsufficiency may explain the impaired 
bone mineral status and bone metabolism data of 
WBS patients and down-regulation in both early 
(ALP) and late (OCN) genetic markers of osteoblast 
differentiation.39 

In conclusion, WBS patients exhibit a significant 
reduction in bone mineral status and are character-
ised by impaired bone metabolism. Further studies 
involving large series and conducted longitudinally 
will help us to better understand these dysregulations. 
We suggest close monitoring of bone mineral status 
and metabolism in WBS patients starting from the 
paediatric age. The role of possible treatment aimed 
to reduce these alterations will have to be assessed 
in the future.
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AbstrAct

ObJECTIvE: This article describes the development and validation of the osteoporosis treat-
ment questionnaire (OSTREq), which is a physician-reported outcome tool aiming to evalu-
ate physicians’ criteria in the choice of osteoporosis treatment. DESIgN: The questionnaire 
–named OSTREq– consisting of 17 questions that were divided into eight sections “health 
Care System”, “patients’ preference in administration routes”, “Usage, Cost”, “Severity of 
Disease”, “Treatment Efficacy”, “Safety profile”, “pharmaceutical Industry”, affecting the 
decision and overall execution of a therapeutic approach, was developed by an expert panel 
and was later officially translated into English. In the second phase, orthopedic surgeons were 
asked to complete OSTREq. Six indirect methods to evaluate validity were adopted: explor-
atory factor analysis, confirmatory factor analysis, subscale validity, known group validity, 
floor or ceiling effects, interpretability. To assess the reliability of the questionnaire, internal 
consistency validity as well as test-retest and parallel forms were calculated. RESUlTS: One 
hundred seventy-two orthopedic surgeons were interviewed with an average period of experi-
ence in clinical practice of 10.5 years (SD ±8.9 years). The factors “Severity of Disease” and 
“Treatment Efficacy” were the most important in the choice of osteoporosis treatment, while 
the factor “pharmaceutical Industry” had the least impact. The methodology of validation 
proved that the questionnaire possesses construct validity, discriminate ability, reliability, and 
sensitivity to change. CONClUSIONS: OSTREq represents a comprehensive and focused 
tool that, for the first time, assesses physicians’ criteria in the choice of osteoporosis treatment. 
This tool could assist health care systems and pharmaceutical companies to be aware which 
parameters drive physicians’ preferences regarding osteoporosis treatment.
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INTRODUCTION 

Osteoporosis is a generalized skeletal disorder and 
represents a major health issue worldwide with seri-
ous complications that may even be life-threatening, 
especially for the elderly. Furthermore, osteoporosis 
creates a significant economic burden. The Interna-
tional Osteoporosis Foundation (IOF) estimated the 
total costs resulting from osteoporotic fractures at 
€37 billion in 2010 for countries within the European 
Union.1 For Greece, the cost was €680 million and, 
based on anticipated demographic changes, is expected 
to increase to €814 million by 2025.2

The proper management of osteoporosis and its 
associated fractures is essential for maintaining high 
health care standards and quality of life for patients. 
Although the disease is traditionally defined as a T-
score of 2.5 standard deviations or more compared to 
young normal populations, the majority of fragility 
fractures occur in patients within the osteopenic and 
not the osteoporotic range.3,4 Therefore, the deci-
sion treatment should consider, in addition to the 
well-known bone mineral density (BMD) index, 
the individual fracture risk profile. Several clinical 
factors associated with increased fracture risk have 
been identified and assessment tools for the predic-
tion of osteoporotic fractures have been developed. 
The most widely used is the FRAX model (https://
www.shef.ac.uk/FRAX).5

Different criteria for the initiation of anti-os-
teoporotic treatment have been set in each country. 
The FRAX model has been calibrated for the Greek 
population and has been incorporated in the national 
diagnostic and therapeutic guidelines.6 Bearing in 
mind that cost-effective intervention thresholds should 
ideally be country-specific, we recently established 
the thresholds considered cost-effective within the 
Greek setting.7

Individualized treatment is considered the ideal 
way of dealing with the disease. After establishing the 
need to initiate osteoporosis treatment, physicians are 
expected to choose the most suitable regimen for the 
patient based on medical history information, fracture 
risk assessment and previous anti-osteoporotic treat-
ment. Moreover, the risk to benefit ratio should be 
constantly considered in the design and implementa-
tion of a chosen therapeutic approach.8 Apart from 

patients’ characteristics, the choice to initiate, change 
or continue a specific therapeutic intervention could 
be influenced by a wide range of factors including 
physician-related issues, health care system rules 
and, probably, pharmaceutical industry support and 
promotion. Therefore, and given the multiple available 
choices for osteoporosis treatment, it is still unclear 
how physicians reach their decision on a specific 
regimen and which factors influence their choices. 

In this study, we aimed to develop and validate a 
simple questionnaire in order to evaluate the factors 
that influence clinicians’ decision to initiate, continue 
or change a regimen for osteoporosis treatment.

mEThODS

In order to develop the questionnaire, 10 experts 
(4 orthopedic surgeons, 4 endocrinologists, and 2 
rheumatologists), recognized for their significant 
contribution to the field of osteoporosis, were invited 
to assist in this project. Each expert was asked to 
list the 10 most important factors that drive his/her 
decision when choosing a specific regimen for osteo-
porosis treatment (including initiation, continuation 
or change of a regimen), and a list of 100 questions 
was subsequently developed. After excluding his/
her own 10 questions, each member of the panel was 
given the remaining 90 questions in order to evaluate 
each one as “necessary”, “useful but not necessary” 
or “not necessary”. Similar questions were merged 
and the content validity ratio for each question was 
estimated; all questions with a score between 0.7 
and 1 were included in the final questionnaire.9 The 
final questionnaire consisted of 17 questions divided 
into eight sections detailing the issues affecting the 
decision on and overall execution of a therapeutic 
approach, namely “Health Care System”, “Patients’ 
Preferences regarding regimen’s administration”, 
“Usage”, “Cost”, “Severity of Disease”, “Treatment 
Efficacy”, “Safety Profile”, and “Pharmaceutical 
Industry”. Given that the study is aimed at develop-
ing and validating an “OSteoporosis TREatment 
Questionnaire”, the acronym OSTREQ was created.

As the questionnaire was originally developed in 
Greek, a translation into English also took place in 
accordance with the existing guidelines.10 Specifi-
cally, two bilingual translators, one with a medical 
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background, produced the English translation and 
reached a consensus on the result. Two other transla-
tors, totally blind to the original translation, translated 
back the English version of the questionnaire into 
Greek in order to ensure that the translated version 
reflected the same item content as the original. Next, 
the study committee reviewed all translations and 
reached a consensus on the pre-final version, which 
was tested on 30 orthopedic surgeons who completed 
the questionnaire and were also interviewed about the 
meaning of each question. Finally, the study com-
mittee, in coordination with the developers of the 

questionnaire, adapted the final version, which is 
presented herein (Figure 1). 

In the second phase of the study, orthopedic sur-
geons were asked to complete OSTREQ. The only 
inclusion criterion was their exclusive occupation in 
private practice; their demographic and professional 
characteristics are shown in Table 1. Participants were 
recruited from all over Greece in a representative 
manner according to the distribution of the specialty 
of orthopedics within the Greek territory. The question-
naire was scored so that the higher the score in each 
question the more the doctor was positively influenced 

Figure 1. OSTREQ questionnaire.
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towards selection of a treatment. No specific treatment 
was evaluated as the participants were instructed to 
fill in the questionnaire bearing in mind all available 
anti-osteoporotic medications. 

All questions were coded and scored and the com-
pleted questionnaires were included in the data set. 
Individual unanswered items were excluded from 
the analysis. All the data were entered, checked for 
missing values, and analyzed using the statistical 
programs SPSS version 17.0 (SPSS Inc., Chicago, 
IL, USA) and SAS version 7.0 (SAS Institute, Cary, 
NC, USA). Data are presented as means (±SD). The 
normal distribution of the data was examined using 
the Kolmogorov-Smirnov test and P-P plots. Next, 
six indirect methods to evaluate validity were adopt-
ed: exploratory factor analysis; confirmatory factor 
analysis; subscale validity; known groups validity; 

floor or ceiling effects; interpretability. To assess the 
reliability of the questionnaire, the internal consist-
ency validity as well as test-retest and parallel forms 
were calculated. 

We chose not to describe the validity and reliability 
methods in the “Methods” section but to elaborate 
upon them in the “Results” section together with the 
outcome of analysis in order to facilitate and improve 
the readability of the paper and help the reader follow 
the methodology. 

The study was approved by the local Institutional 
Review Board of 251 Hellenic Air Force & VA Gen-
eral Hospital, Athens. All participants provided their 
written informed consent. 

RESUlTS

A total of 226 orthopedic surgeons were invited to 
participate: 172 responded positively and completed 
the questionnaire (response rate: 76.1%). Their aver-
age period of experience in clinical practice was 10.5 
years (± 8.9 years). 

The descriptive statistics of the completed ques-
tionnaires are presented in Table 2 and in supplemen-
tary Table 1. The responses to most of the questions 
were normally distributed. Skewness is a measure of 
asymmetry and a value of more than 1 or less than 
-1 indicates skewness in the data. Skewness values 
ranged between -2.09 and 0.6; only 2 questions had 
skewness lower than -1, indicating skewed or non-

Table 1. Demographic and professional characteristics of participat-
ing physicians 

Gender (male/female) n (%) 163 (94.8%) / 9 (5.2%)
Age (yrs) 47.21±7.68
Yrs of specialty 8 (14) [1-43]
Patients per month 200 (207.5) [15-1000]
Osteoporotic patients per month 40 (56.5) [2-350]
% osteoporotic patients per month 22.2% (18) [3.3-75]
Footnote: With the exception of age (mean±SD), all other pa-
rameters are presented as median (ΙQR) [min-max] due to the 
sample’s distribution.

Table 2. Descriptive statistics initial assessment and reassessment 

mean SD min max

Initial assessment 
(n=172)

Administration - Usage 17.44 2.96 6.00 23.00
Disease-Treatmenttt efficacy 25.77 5.25 7.00 30.00
Health care system-cost 9.19 2.41 4.00 15.00
Pharmaceutical industry 7.19 1.67 3.00 10.00
Total score 62.32 7.83 35.00 79.00

Reassessment
(n=40)

Administration-Usage 18.43 2.04 14.00 22.00
Disease-Treatmenttt efficacy 27.18 1.96 24.00 30.00
Health care system-cost 8.23 1.76 6.00 13.00
Pharmaceutical industry 6.98 1.10 4.00 10.00
Total score 63.28 5.24 53.00 76.00

SD: standard deviation.
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normal distribution of the responses to these questions.

In this particular group of physicians, the factors 
“Severity of Disease” and “Treatment Efficacy” were 
the most important in the choice of osteoporosis treat-
ment, while the factor “Pharmaceutical Industry” had 
the least importance (Table 2). More specifically, in 
terms of each particular query, question 12 regard-
ing the effect of an agent on reducing fracture risk 
had the higher score (4.51), followed by question 14 
(4.42) regarding the effect on patients’ quality of life, 
which included the parameters mobility, self-care, 
usual activities, pain/discomfort, and anxiety/depres-
sion (supplementary Table 1). By contrast, question 
15 concerning the possible adverse events had the 
lowest impact on treatment choice (2.73), followed 
by question 7 (3.03) regarding the cost borne by the 
National Health System (supplementary Table 1).

Exploratory factor analysis (EFA) was conducted 
using the principal component extraction method with 
Varimax rotation to determine the factor structure 
of the 17 questions of the OSTREQ questionnaire. 
Questions with factor loadings ≥40 (including values 
that rounded to 0.40) and those that did not load on 
more than one factor were retained. Questions not 
meeting these criteria were removed one at a time. 
Factor analyses were repeated until a solution was 
attained in which all questions included in the analysis 
met all criteria.11,12

The Bartlett Test of Sphericity was 1590 and was 
highly significant (p <0.001). The Kaiser-Meyer-Olkin 
Measure of Sampling Adequacy was equal to 0.801, 
showing that the data were suitable for factor analysis. 
The 17 questions were analyzed via the maximum 
likelihood extraction method using a Varimax rota-
tion. Four factors, with an eigenvalue of over 1 and 
questions factor loadings greater than or equal to 0 
≥40, were identified. We used the scree test to deter-
mine the number of factors to retain and rotate, which 
again suggested a 4-factor solution. Only question 
15 was excluded from the analysis because it was 
loaded on more than one factor and its loadings were 
not greater or equal to 0.40. Finally, the EFA yielded 
16 questions with a 4-factor solution, the eigenvalue 
for the first factor being 5.2, accounting for 30.4% of 
the variance, for the second factor it 2.9, accounting 
for 17.1%, for the third factor 2.1, accounting for 

12.1% of the variance, and for the fourth factor 1.3, 
accounting for 7.8%. Factor loadings, which are the 
correlation coefficients between the questions and 
the factor, ranged from 0.65 to 0.90 (Tables 3 and 4).

Confirmatory factor analysis (CFA) was used to 
examine and confirm the factor structure of the ques-
tionnaire as suggested by the EFA of the questionnaire. 
The CFA was carried out using the Analysis of Moment 
Structure (AMOS) Version 7.0.13 The sample size 
required for the CFA based on researchers’ conven-
tions ranged for the participants’ ratio from 3:1 to as 
high as 12:1. Stable factor models can be found with 
samples as small as 10014 and with samples as small 
as 150 if 10 or more items load at 0.4 or higher.15 The 
OSTREQ consisted of 17 questions, thus our sample 
size of 172 is within the above guidelines. Rejecting 
or accepting a model was based on a number of global 
fit indices: chi-square tested the fit of the observed 
covariance matrix obtained under the constraints of 
the model; the root mean square error of approxima-
tion (RMSEA); the comparative fit index (CFI); the 
normed fit index (NFI); the goodness fit index (GFI); 
and the adjusted GFI (AGFI). Chi-square-degrees of 
freedom (d.f.) ratio <2.0, RMSEA <0.06, CFI >0.90, 

Table 3. Eigenvalues and explained variance 

Component Eigenvalues % of variance
1 5.17 30.41
2 2.91 17.10
3 2.06 12.14
4 1.34 7.85
5 0.84 5.51
6 0.79 4.65
7 0.64 3.75
8 0.57 3.33
9 0.50 2.94

10 0.42 2.44
11 0.37 2.19
12 0.31 1.83
13 0.30 1.76
14 0.23 1.36
15 0.19 1.13
16 0.16 0.93
17 0.12 0.68
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GFI >0.85, AGFI >0.80, NFI >0.90 indicate an ac-
ceptable fit.16-19

A 4-factor model was conducted by confirmatory 
factor analysis (Figure 2) yielding acceptable global fit 
indices. The resulting global fit indices X2 = 113.23, 
p <0.001, chi-square-degrees of freedom (d. f.) ratio  
= 2.01, RMSEA = 0.062, CFI = 0.91, NFI = 0.85, 
GFI = 0.85, AGFI = 0.81 showed that the 4-factor 
solution proposed herein should be retained. 

Convergent or criterion validity was not performed 
because the OSTREQ is the first questionnaire which 
examines the factors that clinicians take into consid-
eration when choosing a particular regimen either to 
initiate or to continue or to change a treatment for 
osteoporosis.

Subscale validity was evaluated by examining the 
subscale correlations. There was a low correlation 
between the 4 factors of the OSTREQ questionnaire 
(r<0.25), indicating uncorrelated factors as expected. 
Only the factor “Disease - Treatment Efficacy” had a 
low statistically significant correlation with the fac-
tors “Pharmaceutical Industry” (r = 0.201 p = 0.008) 

and “Administration - Usage” (r = 0.285 p <0.001) 
(supplementary Table 2).

Known groups validity of the OSTREQ question-
naire was examined in terms of the ability of the ques-
tionnaire to distinguish between subgroups of doctors 
on the basis of their time of clinical experience (less 
than 5 years vs 5-15 years vs more than 15 years). The 
ANOVA model was used for the statistical analysis.

The OSTREQ questionnaire discriminated well 
between subgroups of physicians on the basis of their 
clinical experience. Only the “Administration - Us-
age” and “Disease - Treatment Efficacy” subscales 
tended to be lower in physicians with 15+ years 
working experience compared with those with less 
than 5 years, and 5-10 years, respectively (Table 5).

Floor or ceiling effects are considered to be present 
if more than 15% of responders achieve the lowest or 
highest possible score, respectively.20 If floor or ceil-
ing effects are present, it is likely that extreme items 
are missing at the lower or upper end of the scale, 
indicating limited content validity. As a consequence, 
physicians with the lowest or highest possible score 

Table 4. Factor loadings 

Items Disease - Treatment Efficacy administration - Usage health Care System - Cost pharmaceutical Industry
Q12 0.878
Q13 0.873
Q11 0.868
Q10 0.863
Q14 0.846
Q9 0.771
Q5 0.764
Q6 0.737
Q4 0.730
Q3 0.712
Q2 0.654
Q8 0.853
Q7 0.844
Q1 0.723
Q17 0.898
Q16 0.878
Question 15 excluded from the analysis; all loadings below 0.4 are not presented.
Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser Normalization
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vides an estimate of how reliably a scale estimates an 
individual’s “true score”, which is the score that would 
be obtained for the person if the scale were measured 
perfectly, without any error. Because clinicians are 
more interested in the error associated with an instant 
in time rather than over a short time interval, the SEM 
was calculated based on the alpha coefficient with 
the formula: SEM = standard deviation x [square root 
(1- Cronbach alpha)]. The SEM carries with it 68% 
CI. To achieve 90% CI, the SEM was multiplied by 
the z value associated with the 95% CI (z = 1.96). 

The error associated with the “Administration - 
Usage”, “Disease - Treatment Efficacy”, “Health Care 
System - Cost” and “Pharmaceutical Industry” factors 
at a given point in time (SEM) were 0.21, 1.15, 0.48, 
and 0.26 scale points, respectively (supplementary 
Table 3).

Internal consistency validity of the OSTREQ was 
determined by calculating the Cronbach alpha coef-
ficient.21 A Cronbach alpha coefficient value of 0.7 
indicates sufficient reliability for research purposes 
and suggests that items are interdependent and ho-
mogeneous in terms of the construct they measure. 
For clinical applications a >0.8 is desirable.22 The 

Figure 2. Confirmatory factor analysis, 4-factor structure.

Table 5. Known-groups validity 

Clinical status N mean±SD p value

Administration - 
Usage

Below 5 years 71 18.62±2.53
0.0505-15 years 46 19.04±2.52

15+ years 54 17.17±2.92

Disease - 
Treatment 
Efficacy

Below 5 years 71 27.98±2.49
0.0555-15 years 46 27.23±4.56

15+ years 54 26.28±2.10

Health Care 
System - Cost

below 5 years 71 8.81±2.14
0.5155-15 years 46 8.65±1.96

15+ years 54 8.11±2.42

Pharmaceutical 
Industry

Below 5 years 71 7.12±1.29
0.4685-15 years 46 7.42±1.36

15+ years 54 6.94±1.35

Total 
Below 5 years 71 65.19±4.92

0.3465-15 years 46 64.12±6.64
15+ years 54 62.94±5.26

cannot be distinguished from each other, thus reli-
ability is reduced. Furthermore, the responsiveness 
is limited because changes cannot be measured in 
these physicians.

The percentage of physicians scoring at the lowest 
possible level of the scale and at the highest possible 
level for the “Administration - Usage”, “Disease - 
Treatment Efficacy”, “Health Care System - Cost” 
and “Pharmaceutical Industry” factors were 0.6%, 
3.5% - 0.6%, 26.2% - 1.2%, 4.1% and 0.6%, 10.2%, 
respectively. The critical value of 15% was surpassed 
only for the “Disease - Treatment Efficacy” factor 
which had a ceiling effect, thus it can conclusively 
be stated that there were no floor and ceiling effects 
for all factors.

Interpretability: The error associated with a single 
application of the OSTREQ was analyzed using the 
standard error of measurement (SEM). The SEM pro-



420 P. MAKRAS ET AL

internal consistency of the 17 items of the OSTREQ 
questionnaire was measured with Cronbach’s alpha 
and yielded a value from 0.780 for the factor “Dis-
ease - Treatment Efficacy” to 0.93 for the factor 
“Administration - Usage”, which indicate excellent 
internal consistency; the items are interdependent and 
homogeneous in terms of the construct they measure 
(supplementary Table 4). 

Test-retest reliability (stability) indicates the stabil-
ity of patients’ response in time and it was determined 
by calculating ICC (intraclass correlation coefficient: 
the error in measurements as a proportion of the total 
variance) between the total scores of the initial as-
sessment of the OSTREQ and the total scores of the 
reassessment after 3 days. Because this coefficient 
does not correct for systematic differences and agree-
ment by chance, the scores of the 2 assessments were 
tested for systematic differences by using the paired 
t-test.23-25

The paired samples t-test between initial assess-
ment and reassessment of all factors indicated no 
statistically significant differences. ICC between 
initial assessment and reassessment of the test ranged 
between 0.890 and 0.925 (p <0.001). The above results 
of stability indicated that OSTREQ’s factors were 
remarkably consistent between the two occasions 
(supplementary Table 5).

Parallel forms reliability is a measure of reliability 
obtained by administering different versions of the 
OSTREQ questionnaire (both versions must contain 
questions that probe the same construct, skill, knowl-
edge base, etc.) to the same group of individuals. The 
scores from the two versions can then be correlated 
in order to evaluate the consistency of results across 
alternate versions.23-25 The reliability of the parallel 
forms was examined using a sample of 40 random 
physicians. An example of the form of questions is 
presented in supplementary Figure 1. The scores from 
the two different versions of the OSTREQ question-
naire were very highly correlated for all factors (r 
>0.9890), which proved the consistency of results 
across alternate versions.

DISCUSSION 

Several questionnaires have been developed to 

assess the risk of fracture and the necessity of treat-
ment in patients with decreased bone mass.26-28 Fur-
thermore, there are studies evaluating questionnaires 
based on patients’ preferences regarding osteoporosis 
treatment.29-32 However, all these tools are exclusively 
addressed to patients. In the present study, we aimed 
to develop what is, to the best of our knowledge, the 
first questionnaire evaluating the factors that influ-
ence the physician’s decision to initiate, continue or 
change a regimen for osteoporosis treatment.

Our questionnaire was completed by physicians 
of the same specialty. In contrast to other countries, 
orthopedic surgeons represent the specialty with the 
highest percentage of prescriptions for osteoporosis 
treatment in Greece. The participants were represen-
tatively selected from all regions of Greece in order to 
avoid local or regional biases in their responses. From 
their ranking, it is evident that questions associated 
with the severity of the disease and the efficacy of each 
treatment weigh the most in a physician’s decision to 
administer a specific treatment, while cost, system 
approval procedures and pharmaceutical industry 
support are considered of less importance. In addition, 
it seems that the possibility of adverse events is not 
a major issue of concern among this group of physi-
cians, indicating that osteoporosis treatment is still 
regarded as a reasonably safe therapeutic intervention 
with minimum and rare unfavorable events. More 
experienced physicians tended to value patients’ pref-
erences and difficulties in the procedures of treatment 
less than physicians with fewer years of experience. 
In addition OSTREQ failed to discriminate between 
subgroups of physicians on the basis of their clini-
cal experience as concerns the subscales of “Health 
Care System - Cost” and “Pharmaceutical Industry”. 
However, this phenomenon is clinically relevant as 
clinical experience is obviously important in terms 
of administration and usage of medication as well as 
regarding factors such as the disease per se and the 
treatment used. Factors such as health care system, 
cost, and pharmaceutical industry are expected to 
have a universal impact on physicians and this was 
proved with the analysis of “known group’s validity” 
in this group of doctors.

The same questionnaire could be completed by 
other specialties involved in the management of osteo-
porosis, e.g. endocrinologists, rheumatologists, etc.; 
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in that case, the recorded responses could be consider-
ably different from those recorded by the orthopedic 
surgeons in the present study. Furthermore, physicians 
from different countries could respond quite differ-
ently based on their culture and professional habits 
as well as their national guidelines. However, this 
fact does not negate the validation of the instrument, 
which was adequately designed and performed very 
satisfactorily. To our knowledge, there are no data 
regarding the physicians’ attitudes in other countries, 
as information is only given after the implementation 
of national guidelines and health care system rules 
and not as a consequence of personal preferences 
and decisions; OSTREQ might be helpful to clarify 
the parameters affecting the physicians’ decision in 
every country and specialty and thereby guide both 
medical education and health care policies. 

The present tool was developed as a general osteo-
porosis treatment questionnaire; however, it could be 
used easily and with minimal modifications to evalu-
ate physicians’ opinion on a specific antiosteoporotic 
agent. Finally, our questionnaire could serve as the 
basis for the development of physician-addressed 
questionnaires evaluating other diseases and condi-
tions, e.g. diabetes mellitus, arterial hypertension, etc.

In conclusion, we developed and validated a gen-
eral osteoporosis treatment questionnaire that could 
provide assessment of the criteria that physicians take 
into consideration when they decide to implement 
a regimen for osteoporosis. This tool could assist 
health care systems and pharmaceutical companies 
understand which parameters drive physicians’ choices 
regarding the treatment of osteoporosis.
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AbstrAct 

ObJECTIvE: preferential IgF-1Ec expression has been firmly associated with skeletal muscle 
repair mechanisms, post-infarction remodeling of the myocardium, the pathophysiology of 
endometriosis and prostate cancer biology. Therefore, we have studied the possible biological 
significance of synthetic Ec peptide, a putative cleavage product of IgF-1Ec in pC-3 cells and 
C2C12 myoblasts. DESIgN: We had previously designed and synthesized commercially peptides 
corresponding to the human Ec and its mouse igf1 counterpart as well as synthetic peptides 
that correspond to parts of the hEc. Using proliferation and mitogenic signaling assays, we 
tested their effect on pC-3 cells and C2C12 myoblasts at different doses and in different cul-
ture conditions. RESUlTS: human Ec, hEc, was documented as exerting progression but not 
competence growth factor actions, activating ERK1/2 without affecting akt phosphorylation 
in pC-3 cells. a narrow concentration range of hEc (5-50nm) stimulated the growth of pC-3 
cells grown in culture media supplemented with 10% FbS. hEc did not stimulate the growth 
of pC-3 cells cultured with media containing 0.5% FbS or in mouse C2C12 myoblasts under 
any culture conditions. The activity of hEc was blocked by a neutralizing anti-human IgF-1Ec 
antibody but not by a neutralizing anti-human IgF-1 receptor antibody. The synthetic mouse 
Ec was inactive in human pC-3 cells; however, it stimulated significantly the proliferation of 
mouse C2C12. by analyzing the bioactivity of synthetic hEc fragments, we documented that 
hEc’s active core is located in the last 4aa of its C-terminal end. CONClUSION: The hEc 
peptide is an important progression factor for human pC-3 prostate cancer cells.
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INTRODUCTION

Insulin-like growth factor 1 (IGF-1) is a key in-
tercessor in human physiology and pathophysiology, 
including cancer.1 Type I IGF-1 receptor (IGF-1R) 
mediates the effects of IGF-1 by triggering two major 
intracellular signaling cascades: the phosphatidylino-



424 E. PAPAGEORGIOU ET AL

sitol 3-kinase/AKT kinase (PI3K/AKT) pathway 
and the Raf kinase/mitogen activated protein kinase 
(Raf/MAPK) pathway.2,3 IGF-1R-dependent signal-
ing regulates a wide range of cellular responses, 
including cell proliferation. IGF-1 can act both as 
a competence growth factor, stimulating the “G0 to 
G1 transition” of quiescent/dormant cells, and as a 
progression growth factor, stimulating the “G1 to G2 
transition” of somatic cells in the cell cycle.4,5 

By alternative splicing of exons 5 and 6, human igf1 
produces three transcripts, namely IGF-1Ea, IGF-1Eb 
and IGF-1Ec.3 Since they contain exon 3 and exon 
4, all of them can produce mature IGF-1. However, 
translation of these transcripts produces different 
E-domain peptides, namely Ea, Eb, and Ec. It is, 
therefore conceivable that the preferential expression 
of IGF-1Ec detected in several experimental settings 
after tissue damage supports the need of the injured 
tissue for an auxiliary to IGF-1, Ec-related bioactiv-
ity.6-9 Indeed, several studies have confirmed that 
synthetic human Ec (hEc) and mouse E (mE) peptide 
[a product of the E domain of IGF-1Eb transcript of 
mouse igf1] possess mitogenic, angiogenic and migra-
tory growth factor activity in vitro. In addition, other 
studies in several experimental settings, including 
prostate cancer models, in vitro and in vivo,6,8,19 have 
suggested that Ec may act via an IGF-1R-independent 
signaling pathway.6,15-17 Moreover, using molecular 
engineering, we have recently produced human PC-3 
prostate cancer transfectans with specific Ec overex-
pression (PC-3hEc cells). These PC-3hEc cells have 
been documented, using in vitro and in vivo models,20 
as possessing an increased oncogenic capacity and 
invasive/metastatic capability.

However, the biologic importance of synthetic E 
domain-related peptides has been challenged in studies 
using various bioassay systems, including mesenchy-
mal stem cells and mouse C2C12 myoblasts.21 Since 
there exist significant amino acid (aa) differences 
(Table 1) between hEc and its mouse counterpart mE 
(putative product of the IGF-1Eb of mouse igf1), we 
have analyzed possible differences in the mode of 
action of synthetic hEc and mE, employing various 
experimental models (human PC-3 prostate cancer 
cells and mouse C2C12 myoblasts) and various cell 
culture conditions.22

Herein we report that hEc peptide [24 amino acids 
of the carboxy (C)-terminal end of human Ec], is a 
significant progression factor but not a competence 
growth factor, stimulating the growth of human PC-3 
cells grown in culture media supplemented with 10% 
fetal bovine serum (10% FBS). Notably, hEc did not 
stimulate significantly the growth of mouse C2C12 
myoblasts under any experimental condition. In ad-
dition, mE stimulated the growth of mouse C2C12 
myoblasts but not that of human PC-3 cells under 
any experimental condition. Moreover, hEc and all 
of the synthetic fragments that contained the last 4 
amino acids of hEc’s C-terminal end activated ERK1/2 
without affecting AKT phosphorylation in human 
PC-3 prostate cancer cells.

maTERIalS aND mEThODS

Synthetic peptides
We had previously designed and synthesized com-

mercially peptides corresponding to human Ec (last 
24 amino acids of human Ec) and to its mouse igf1 
counterpart, a putative product of the IGF-1Eb tran-
script (last 25 amino acids of the mouse Eb; mE), as 
well as various synthetic peptides that correspond 
to parts of the hEc, namely hEc (1-12; N-terminal 
end), hEc (13-24; C-terminal end) and hEc (21-24; 
C-terminal end) (Table 1). Furthermore, we synthe-
sized a scrambled peptide, which was designed to 
contain the same amino acids of hEc, in a random 

Table 1. The amino acid (aa) sequence of synthetic human (hEc) 
and mouse (mE) peptides* tested for bioactivity, in vitro
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manner, avoiding any aa sequence that corresponds 
to hEc or mE (Table 1). The scrambled peptide was 
used as negative control. In addition, the commer-
cially available mature IGF-1 (rhIGF-1, Chemicon 
International Inc., Temecula, CA, USA) was used as 
positive control in our bioassays systems.

Cell Cultures
Human PC-3 prostate cancer cells (PC-3 cells) 

and mouse C2C12 myoblasts were obtained from the 
American Type Culture Collection (ATCC, Manas-
sas, VA, USA) and cultured in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM) (Gibco, Invitrogen, 
Carlsbad, CA), supplemented with 10% fetal bovine 
serum (FBS) (Gibco, Invitrogen), containing 100 U/
mL penicillin/streptomycin (Gibco, Invitrogen). The 
cells were grown at 37°C in a humidified atmosphere 
of 5% CO2. The cells were initially cultured to reach 
70-80% confluence. Following this, two types of 
experiments were performed to search for evidence 
as to whether the synthetic peptides under investiga-
tion are either competence or progression growth 
factors. In the first series of experiments, the cells 
were seeded for 24hrs after plating and the media 
continued to be supplemented with 10% FBS during 
the experimental procedure. We then added various 
doses of the scrambled peptide (negative control), 
mature IGF-1 peptide (positive control), hEc, mE 
and the synthetic hEc fragments, hEc (1-12), hEc 
(13-24), hEc,21-24 for 48 hrs. In the second type of 
experiments, after the cell plating, the culture media 
were changed to contain 0.5% FBS for 48 hrs. The 
latter is known to increase the distribution of cells 
into the G0 phase, thus facilitating the testing of 
putative competence growth factor activity in vitro. 
A competence growth factor “pushes” cells to enter 
the cell cycle/G0-G1 transition.4,5 In both series of 
experiments, human PC-3 cells and mouse C2C12 
myoblasts were challenged with various concentra-
tions of synthetic peptides for 48 hrs (0.5nM up to 
200nM; final concentration/well).

Cell proliferation assays
(a) The rate of proliferation/metabolism of cells was 

measured using the 3-(4,5-dimethylthiazol-2-yl)-2.5 
diphenyl tetrazolium bromide (MTT assays; Sigma 
Ltd). Cells were plated in 96-well plates at a cell den-
sity of 103cells/well and grown in media (150μl/well) 

supplemented with either 10% or 0.5% FBS, depend-
ing on the experiment. After treatment with synthetic 
peptides, 15μl of (5mg/ml) MTT was added to each 
well in a humidified atmosphere (37°C, 5%CO2) for 
up to 4 hr. Then MTT was aspirated and 150 ml of 
DMSO was added to each well. The optical density 
(OD) was measured at 450nm using a microplate 
reader (VersaMax; Molecular Devices, Sunnyvale, 
CA, USA), as described previously.23

(b) The actual number of alive PC-3 and C2C12 
cells in cultures was assessed using the trypan blue 
exclusion assays, whereby cells were plated (at a cell 
density of 8x104 cells/well) in 12-well plates and ex-
posed to various doses of the synthetic peptides under 
investigation. After 48 hrs, the cells were harvested 
and counted by the trypan blue exclusion method, as 
described previously.23

(c) The DNA content from identical experiments 
was extracted by the phenol/chloroform method. The 
DNA content was measured using a spectrophotometer 
(Biospec Nano; Shimadzu Scientific Instruments, Co-
lumbia, MD, USA). This analysis provided evidence 
for the rate of DNA synthesis in vitro.24

Characterization of hEc & mE activity
In order to investigate whether IGF-1R mediates 

the activity of synthetic hEc in the PC-3 cells, the 
cell cultures were pre-incubated for 1 hr with either 
a monoclonal anti-human IGF-1R neutralizing anti-
body (R&D Systems; Minneapolis, MN, USA) or a 
polyclonal rabbit anti-human IGF-1Ec antibody. The 
latter was raised against the 24 amino acids of the 
hEc.22 The IGF-1R neutralizing antibody was used at 
a concentration of 10 μg/ml (1:50 dilution), following 
the manufacturer’s recommendation, and the rabbit 
anti-IGF-1Ec antibody was used at 1:50 dilution, as 
previously described.20

Cell cycle analysis by flow cytometry
Cells were seeded in 12-well plates at a cell density 

of 8x104cells/well and then challenged by synthetic 
peptides, as described above. After the experimental 
procedure, adherent and floating cells were combined, 
washed with PBS and fixed overnight at 4°C in 70% 
ethanol in PBS. Fixed cells were then stained with 
CyStain DNA 1step (Partec GmbH; Münster, Ger-
many). Cell cycle analysis was performed using a 
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FACS Calibur CyFlow ML Partec flow cytometer, 
using the ModFit and Flowmax 3.0 software. This 
analysis provided evidence for the effects of the 
synthetic peptides under investigation in the distri-
bution of PC-3 cells into the various phases of the 
cell cycle (G0/G1, S and G2/M phases), as described 
previously.15,20,23,24

Western analysis
Cells were seeded in 6-well plates grown in culture 

media supplemented with 10% FBS and challenged 
with synthetic peptides under investigation for 5, 
15 and 30 min. Cells were extracted using RIPA 
buffer (Cell Signaling; Beverly, MA, USA) supple-
mented with protease and phosphatase inhibitors 
(Cell Signaling; Beverly, MA, USA). After 30 min 
of incubation on ice, the cell lysates were cleared 
by centrifugation (14,000 rpm, for 30 min at 4°C). 
Protein concentration was measured using the BCA 
Protein Assay Kit (Pierce Biotechnology; Rockford, 
IL, USA). An equal amount of protein extracts (20 
μg) was heated at 95°C for 5 min, electrophoresed 
in 12% SDS-PAGE under denaturing conditions 
and transferred onto a PVDF membrane (BIO-RAD 
Laboratories; Hercules, CA, USA). The blots were 
blocked with TBS-T (20 mmol/L Tris-HCl, pH 7.6, 
137 mmol/L NaCl, and 0.1% Tween 20) contain-
ing 5% nonfat dried milk at room temperature for 
1 hr. The membranes were probed overnight with 
primary antibodies against phospho-ERK1/2 and 
phospho-AKT (Cell Signaling; Beverly, MA, USA) 
at 1:1,000 dilution in TBS/T containing 5% BSA 
(Santa Cruz Biotechnology; Santa Cruz, CA, USA), 
and with GAPDH (1:2,000 dilution; Santa Cruz 
Biotechnology; Santa Cruz, CA). The blots were 
then washed and incubated with a secondary goat or 
mouse antibody raised against rabbit IgG conjugated 
to horseradish peroxidase (1:2,000 dilution) (Santa 
Cruz Biotechnology; Santa Cruz, CA, USA). The 
bands were visualized by exposing the blots to X-ray 
film after incubation with ECL substrate for 5 min 
(SuperSignal; Pierce Biotechnology; Rockford, IL, 
USA), as described previously.15,20,23

Statistical analysis
One-way analysis of variance (ANOVA) was 

employed to evaluate significant changes in all cell 
treatment conditions compared to controls, except for 

the MTT assays where two-way ANOVA was used. 
Specifically for the MTT assay comparisons, in order 
to reveal if the effect of the various factors used for 
cell treatment is stable for different concentrations or 
between different FBS levels, the treatment factors 
were used as the stable factor (group), while their 
concentrations or %FBS were the repeated factor 
(group X concentration or FBS interactions; SPSS 
v. 22 statistical package, SPSS Inc. Headquarters; 
Chicago, USA). Where significant F ratios were 
found for main effect or interactions (p<0.05), the 
means were compared using Tukey’s post-hoc test, 
while Bonferroni corrections for multiple compari-
sons were performed where appropriate. All data are 
presented as mean ± standard deviation (SD). The 
level of significance was set at p<0.05.

RESUlTS

Characterization of hEc and mE activity in vitro
Synthetic hEc stimulated the proliferation of human 

PC-3 cells when grown in culture media supplemented 
with 10% FBS, as assessed by MTT (Figure 1: panel A) 
and trypan blue assays (Figure 1: panel C). However, 
hEc did not stimulate significantly the proliferation 
of PC-3 cells in culture media supplemented with 
0.5% FBS (Figure 1: panel B and panel D). These 
data suggest that hEc is a progression but not a com-
petence growth factor. In addition, analysis of DNA 
content confirmed the ability of hEc to stimulate DNA 
synthesis in PC-3 cells, acting as progression factor 
(Figure 2: panel B) but not as a competence growth 
factor (Figure 2: panel E).

However, synthetic hEc did not stimulate (stimula-
tion 20%-30%) mouse C2C12 myoblasts (Figure 3: 
panel A) and synthetic mE did not stimulate human 
PC-3 cells under any experimental conditions (Fig-
ure 1 & Figure 2: panel C and panel F). Moreover, 
synthetic mE stimulated the growth of mouse C2C12 
myoblasts (Figure 3: panel A & panel B). These data 
suggest that synthetic hEc and mE exert species spe-
cific actions in vitro.

The mature IGF-1 acted both as a competence and 
a progression factor in our bioassay systems, while 
the scrambled peptide did not stimulate PC-3 cells 
and mouse C2C12 myoblasts under any experimental 
conditions (Figure 1; Figure 2 and Figure 3). Inter-
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Figure 1. Proliferation assays on human PC-3 cells. The effects of synthetic peptides on metabolic activity proliferation and on the 
actual cell number of human PC-3 prostate cancer cells in vitro. The growth of human PC-3 cells was analyzed after 48hrs exposure 
to putative growth substances using various concentrations (dose-dependent effect). The rate of proliferation/metabolism of the human 
PC-3 cells was assessed by MTT assays (A) using cell culture media supplemented with 10% fetal bovine serum (FBS). hEc resulted 
in a dose-dependent stimulation of cell proliferation/metabolism at concentrations of 2.5nM up to 50nM, whereas hEc concentration 
>100nM produced an over-dosing effect (A). hEc had no significant effect on human PC-3 cultures supplemented with 0.5% FBS (B). 
Unlike hEc, IGF-1 stimulated the growth of human PC-3 cells in both experimental conditions tested (0.5% and 10% FBS) (A, B). In 
addition, mE and scrambled peptide did not stimulate the growth of human PC-3 cells (A, B). Moreover, the trypan blue exclusion as-
says revealed similar results under identical experimental conditions (C, D). Mature IGF-1 produced significant increases in the actual 
number of PC-3 cells grown in both culture conditions (0.5% and 10% FBS) (C, D). Scrambled peptide did not stimulate the growth of 
PC-3 cells in any experimental condition (C, D). The results are expressed as means ± SD (X± SD) of three independent experiments 
performed in triplicate. *: p<0.05, **: p<0.01, ***: p<0.001 significantly different as compared to controls.

estingly, synthetic hEc exerted its actions within a 
relatively narrow range of concentrations (5-50nM), 
thus producing a significant over dosing effect at 
100nM. This effect was not noted by mature IGF-1 
in vitro (Figure 1: panel A and panel C and Figure 
2: panel A and panel D). A similar pattern of activ-
ity was documented also with mE in mouse C2C12 
myoblasts (Figure 3: panel A and panel B).

Analysis of the cell cycle revealed that the distri-
bution of PC-3 cells at G1/G0 phase was increased in 
cultures supplemented with 0.5% FBS as compared to 
those supplemented with 10% FBS (Figure 4: panel 
A vs panel D). The exogenous administration of 
20nM hEc or 20 nM IGF-1 increased the distribution 
of PC-3 cells into S phase at the expense of G1/G0 

phase (Figure 4: panel B and panel C, respectively). 
This data corroborates our results obtained by MTT, 
trypan blue exclusion and DNA content assays.

Mode of hEc actions
Investigating whether hEc activity in PC-3 cells 

is mediated by IGF-1R, we analyzed its effects in 
presence and absence of neutralizing anti-IGF-1R 
antibody and specific anti-human IGF1Ec antibody.22 
Such analysis revealed that hEc’s activity can be 
blocked by the anti-IGF1Ec antibody but not by 
the anti-IGF-1R antibody. The IGF-1 was used as a 
positive control for IGF-1R-mediated specific action 
(Figure 5: panel A; trypan blue assays and Figure 5: 
panel B; DNA content assays).
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In addition, analysis of ERK1/2 and AKT phos-
phorylation by Western blots has revealed that hEc 
can activate ERK1/2 without affecting AKT (Figure 5: 
panel D). Again, mature IGF-1 was the positive con-
trol, knowing that it activates both ERK1/2 and AKT 
(Figure 5: panel C). The scrambled peptide activated 
neither ERK1/2 nor AKT in PC-3 cells after 5, 15, and 
30 min (Figure 5: panel E). These data suggested that 

hEc activates ERK1/2 via a mechanism that cannot 
be blocked by neutralizing IGF-1R antibody.

Furthermore, testing of synthetic hEc fragments 
enabled us to document that the N-terminal fragment 
of hEc [hEc (1-12)] is inactive. However, similarly 
to full length hEc, all the C-terminal fragments of 
hEc were active in PC-3 cells grown in culture media 

Figure 2. DNA content. The effects of the synthetic peptides were tested either in PC-3 cells grown in cell culture media supplemented 
with 10% or in media containing 0.5% FBS at concentrations of 20nM and 100nM for 48hrs. The 20nM of the hEc peptide increased 
significantly the DNA content of PC-3 cells grown with 10% FBS, while hEc at a concentration of 100nM produced an over-dosing 
effect (B). In addition, mE concentration of 20nM and 100nM did not increase the DNA content of human PC-3 cells (C, F). IGF-1 
increased the DNA content in PC-3 cells grown under both experimental conditions (0.5% and 10% FBS) (A,D). The results are ex-
pressed as means ± SD (X± SD) of three independent experiments performed in triplicate. *: p<0.05, **: p<0.01, ***: p<0.001 signifi-
cantly different as compared to controls.

Figure 3. Proliferation assays for mouse C2C12 cells. The ability of synthetic peptides to stimulate the proliferation of mouse C2C12 
myoblasts was assessed in PC-3 cells grown in cell culture media supplemented with 10% FBS (A) and 0.5% FBS (B). IGF-1 and 
mouse mE stimulated the growth of C2C12 myoblasts in both experimental conditions. hEc and scrambled peptide did not stimulate 
the growth of C2C12 myoblasts (A, B). The results are expressed as means ± SD (X± SD) of three independent experiments performed 
in triplicate. *: p<0.05, **: p<0.01, ***: p<0.001 significantly different as compared to controls, # statistically significant compared to 
hEc peptide.
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supplemented with 10% FBS [hEc (13-24) and hEc 
(21-24)] (Figure 6: panel A; trypan blue assays and 
Figure 6: panel B; DNA content assay). The analysis 
of ERK1/2 and AKT phosphorylation revealed that 
all the hEc fragments containing the last 4aa of its 
C-terminal end provoked the activation of ERK1/2 
without affecting AKT [hEc (13-24 and hEc (21-24)] 
and acted as progression factors in human PC-3 cells. 
The N-terminal hEc [hEc (1-12)] did not affect ERK1/2 
activation and growth of PC-3 cells (Figure 6: panel 
C, panel D and panel E). Therefore, we concluded 
that the active core of hEc is located in the last 4aa 
of its C-terminal end.

DISCUSSION

The time frame between two mitotic divisions is 

known as the somatic “cell cycle”, while “interphase” 
is the time from the end of one mitosis, or mitotic 
(M) phase, until the start of the next one. After com-
pletion of mitosis, cells may either enter a condition 
called G1 phase, during which RNAs and proteins 
are synthesized but there is no DNA replication, 
or withdraw from the cell cycle into the G0 phase 
(quiescence/dormancy). G0 phase cells can reenter 
the cell cycle (G0 to G1 transition) with the action of 
competence growth factors, such as platelet-derived 
growth factor (PDGF) and basic fibroblast growth 
factor (bFGF).25-27 Competence growth factors can 
initiate this process via the activation of transcrip-
tion factors which are the products of the so-called 
“early response genes” (proto-oncogenes), such as 
c-fos and c-myc and ras. The gatekeeper p53, among 
other events, controls the G0 to G1 transition.28,29 In 

Figure 4. Cell cycle analysis. Analysis of phase distribution of human PC-3 cells grown in cell culture media supplemented with 10% 
FBS and 0.5% fetal bovine serum (FBS), after stimulation with the synthetic peptides under investigation, as assessed by flow cytom-
etry. The human PC-3 cells, which were grown with culture media containing 0.5% FBS, had an increased cell distribution in the G1/
G0 phase as compared to PC-3 cells grown with 10% FBS (A, D). In addition, stimulation with hEc and IGF-1 increased the distribu-
tion of PC-3 cells in the S phase at the expense of the G1/G0 phase (A, B). This hEc effect was not evident in PC-3 cells grown with 
culture media containing 0.5% FBS (B, E).
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vitro, the supplementation of cell culture media with 
significant amounts of serum (>5%) provides the cells 
with competence and progression factors necessary 
to maintain cell survival and growth in vitro. Serum 
deprivation (0.5% FBS) is an experimental technique 
aiming to synchronize somatic cells in the G0 phase 
in vitro. It is well known that cancer cells and cell 
lines require less serum supplementation to achieve 
efficient survival and growth in vitro.25-29 

In the late G1 phase the cells reach the restriction 
point (R); beyond this point cells are committed to DNA 
replication in the S (synthesis) phase. Other growth 
factors, such as epidermal growth factor (EGF) and 
IGF-1, are progression growth factors, accelerating 
the transition of cells already in the cell cycle from 
the G1 to G2 phase. Notably, the progression from 
G2 phase to M phase is independent of further growth 
factor stimulation.29 The above is crucial background 

Figure 5. Mitogenic effects of the putative growth substances. Analysis of the mitogenic effects of putative growth substances tested 
on human PC-3 cells, using cell culture pre-incubated with neutralizing IGF-1R antibody or IGF-1Ec antibody. The analysis involved 
trypan blue exclusion assays (A) and DNA content assays (B). Pre-incubation with anti-IGF-1R Ab blocked the effect of IGF-1 but it 
did not alter the proliferative effects of hEc on human PC-3 cells. However, the anti-IGF-1Ec antibody neutralized the proliferative 
effects of hEc on human PC-3 cells. Furthermore, Western blot analysis revealed that IGF-1 activated both ERK1/2 and AKT in PC-3 
cells (C). However, synthetic hEc activated ERK1/2 but not AKT (D). The scrambled peptide did not activate ERK1/2 and AKT in 
PC-3 cells (E). The results are expressed as means ± SD (X± SD) of three independent experiments performed in triplicate. *: p<0.05, 
**: p<0.01, ***: p<0.001 significantly different as compared to controls.
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knowledge in cell physiology that enables analysis 
of the role of putative growth substances in vitro. 
Therefore, when testing for putative mitogens in 
cell cultures using culture media supplemented with 
0%-0.5% FBS (cells trapped in the G0 phase), the 
process is not expected to detect any bioactivity if the 
substance under investigation is only a progression 
factor without competence growth factor activity.21 
According to our results this is the case of hEc in vitro. 

Moreover, our data revealed that hEc possesses 
species-specific activity, acting as a progression factor 
in human PC-3 cells but not in mouse C2C12 myo-
blasts. hEc did not stimulate significantly (20%-30%; 
p>0.05) the growth of C2C12 myoblasts. All the 
synthetic hEc fragments that contained the last 4aa of 
the hEc C-terminal end exerted this species-specific 

activity. The synthetic hEc fragment that contained 
the N-terminal end was documented as being inactive 
in all bioassay systems. Similarly, mE, which was 
active in mouse C2C12 myoblasts, did not stimulate 
significantly the growth of human PC-3 cells. Since 
the last 4 amino acids of the C-terminal end of hE 
and mE differ only in the amino acid residue at po-
sition 23, the role of rat position 23 in hEc appears 
crucial for its biological action on human PC-3 cells. 
Interestingly, in the literature the first synthetic hEc 
peptide was initially produced bearing an unexplained 
modification of its sequence at residue 23 (H instead 
of R), apparently copying the aa sequence of the mE 
C-terminal end.31,32 Conceivably, such a change, which 
was repeated thereafter by other investigators, has 
contributed to the confusing data about hEc’s activity 
using either human or mouse in vitro systems.

Figure 6. Mitogenic effects of the synthetic fragments of hEc. The synthetic fragments of hEc (a) hEc (1-12), (b) hEc (13-24), (c) hEc 
(21-24) were tested for mitogenic activity in human PC-3 cells using trypan blue exclusion assays (A) and DNA content assays (B). 
The fragment hEc (1-12) did not affect the growth of human PC-3 cells (A, B). However, all the synthetic fragments that contained the 
last 4 amino acids (aa) of the hEC’s C-terminal end stimulated the growth of human PC-3 cells. In addition, the synthetic fragments, 
hEc (13-24) and hEc (21-24), activated ERK1/2 (D, E), while the synthetic hEc (1-12) did not affect the phosphorylation of ERK1/2 
in human PC-3 cells (C).
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Furthermore, synthetic hEc exerted its action within 
a very narrow concentration range, reaching a plateau 
of its dose-dependent effects at 50nM (optimal dose 
for in vitro testing = 20nM). The testing of hEc action 
at a concentration of 100nM produced no significant 
stimulation of the growth of human PC-3 cells in 
vitro. Therefore, it is conceivable that the contradict-
ing reports on hEc’s actions may be attributable to 
the variability of experimental settings (human and 
mouse models), the narrow range of activity (tests 
performed at 100nM) and the absence of competence 
factor activity (testing in media with 0% FBS).

hEc action was not blocked by neutralizing the 
anti-IGF-1R antibody, while its effect was blocked 
by the anti-human IGF-1Ec antibody. These data 
corroborate previous reports on hEc action15,16 and 
the recently reported oncogenic role of hEc in PC-3 
prostate cancer cells and immortalized (SV-40) hu-
man prostate cancer epithelial cells (HPrEC cells), 
both molecularly engineered to overexpress specifi-
cally hEC (PC-3hEc and HPrEc-hEc transfectans), in 
vitro and in vivo.20 Interestingly, HPrECP-hEc cells, 
orthotopically injected into SCID mice, provoked 
metastases in these mice. Immortalized HPrEC cells 
without expression of Ec do not produce metastases; 
however, all the SCID mice injected with HPrECP-
hEc cells died within 12 weeks, showing a remarkable 
increase in the mortality rate.20 Furthermore, hEc 
overexpression produced epithelial to mesenchymal 
transition (EMT) in PC-3hEc cells and PC-3hEc-
induced tumours in SCID mice. Notably, hEc-induced 
EMT was causatively mediated by ERK 1/2 activation 
and ZEB-1 expression, however, by a mechanism that 
was independent of IGF-1R signalling.20

In addition, we recorded strong evidence supporting 
the notion that IGF-1Ec overexpression in prostate 
cancer tumours (PC-3hEc tumours in SCID mice) 
is provoked by the host’s immune reaction. Indeed, 
PC-3hEc cells are able to attract and to increase the 
invasiveness of human mesenchymal cells in vitro, 
while IGF-1Ec expression is enhanced in PC-3 cells 
after co-culturing with pre-sensitized human mesen-
chymal cells.20 In cancer biology, bone marrow-derived 
mesenchymal stem cells (MSCs) are locally recruited 
to establish a supportive stroma around the tumour, a 
phenomenon elicited by the release of paracrine signals 
by the tumour. Bearing in mind the above, our data 

suggesting an overexpression of IGF-1Ec by injured 
tissues, such as by the surrounding tissues in prostate 
cancer, is reminiscent of the preferential expression 
of IGF-1Ec post-skeletal muscle damage and that of 
the myocardium during the post-infarction period.30-36

Interestingly, species-specific differences of hEc 
and mE actions may point to a possible different mode 
of actions at the receptor level. It has been reported 
that mE requires IGF-1R for its bioactivity,36 while 
hEc appears to act in an IGF-1R independent man-
ner.15,20,33 Thus, the residue rat position 23 of hEc is 
probably crucial for hEc receptor recognition.

Taking into consideration all these data, we con-
clude that hEc is a progression factor for human 
PC-3 cells but not for mouse C2C12 myoblasts, that 
it increases the growth and metastatic capability of 
PC-3 hEc and HPrECP-hEc transfectans in vitro and 
in vivo and that hEc overexpression can induce EMT 
of PC-3 cells via an IGF-1R-independent [possibly 
via a hEc receptor (hEc.R)].

CONClUSION

hEc may have an important role in human prostate 
cancer biology. Since the preferential overexpression 
of IGF-1Ec in several pathologies produces both IGF-1 
and hEc, it is conceivable that the biological role of 
hEc may be auxiliary to that of IGF-1 (additive and/
or synergistic/antagonistic actions) in human tissues 
which undergo repair/remodeling and/or in the tumour 
microenvironment (host-tumour cell interactions). 
We therefore conclude that further investigation into 
the possible biological role of E domain products of 
igf1 is warranted. 
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AbstrAct

baCKgROUND aND ObJECTIvE: multiple Endocrine Neoplasia type 2 (mEN2) is a rare 
genetic disorder characterized by medullary thyroid carcinoma (mTC), pheochromocytoma 
and primary hyperparathyroidism. mEN2 is an autosomal dominant syndrome caused by mu-
tations in the RET proto-oncogene. In the vast majority of patients, the mutations are localized 
in exons 10, 11 and 13-15 of the RET gene. Rare variants located in exon 8 were recently identi-
fied but their clinical significance remains unclear. DESIgN aND mEThODS: We studied two 
sisters presenting with pheochromocytoma as the first tumor. One of the sisters was diagnosed 
with a right pheochromocytoma at the age of 44 and at age 53 she developed an invasive left 
pheochromocytoma with no other endocrine neoplasia. The other sister was diagnosed with 
a left pheochromocytoma at age 50 and at age 64 she had a right phemochromocytoma and 
mTC. Neither of the two sisters presented evidence of primary hyperparathyroidism. muta-
tions of the RET proto-oncogene were investigated by DNa sequencing. RESUlTS: We detected 
a germline missense variant in RET exon 8 (p.Cys531arg) in both sisters. The p.Cys531arg 
variant was not present in a third 50-year-old sister who has remained to date clinically unaf-
fected. CONClUSION: This is the first case showing the p.Cys531arg variant in RET exon 
8 co-segregating with family members affected by a syndrome reminiscent of mEN2a. Our 
results suggest that this variant has a specific genotype-phenotype correlation as it is associated 
with the development of pheochromocytoma before the onset of mTC.
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INTRODUCTION

Multiple Endocrine Neoplasia type 2 (MEN2, 

OMIM 171400) is a rare (approximately one in 200,000 
live births) autosomal dominant tumor syndrome. 
Distinct MEN2 subtypes have been recognized.1-5 
MEN2A is the most common form of MEN2 and its 
first manifestation is often MTC, usually occurring 
between the ages of 20 and 30 years.6 MEN2A is 
characterized by MTC and pheochromocytoma plus 
primary hyperparathyroidism.7
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Since the discovery of the MEN2 causative gene, 
the RET proto-oncogene, direct genetic testing for 
at-risk individuals has been recommended.8 Patients 
with germline RET mutations may undergo risk as-
sessment and may be offered thyroidectomy prior 
to developing clinically evident MTC.9,10 However, 
due to the varying clinical effects of RET mutations, 
establishing precise genotype-phenotype correlations 
remains challenging. The RET gene is located on 
chromosome 10 (10q11.2) and comprises 21 exons 
that encode for a transmembrane tyrosine kinase 
receptor involved in growth and differentiation of 
neural crest-derived tissues.7,11,12 Most RET mutations 
are located in one of six conserved cysteines in the 
extracellular domain that induce a ligand-independent 
RET domerization.13-16 Although most characterized 
RET mutations are located in exons 10, 11, 13, 14, 
15 and 16,17,18 additional mutations in exons 5 and 8 
have been reported.19

Here we report a rare germline missense variant 
in RET exon 8 (p.Cys531Arg) that co-segregates with 
affected siblings in an atypical Portuguese MEN2A 
family. The p.Cys531Arg variant was recently identi-
fied in apparently sporadic cases of MTC,19 but its 
clinical significance remains unclear. Our results show 
that this variant is associated with the development 
of pheochromocytoma before the onset of MTC, thus 
suggesting a novel genotype-phenotype correlation. 

CaSE REpORT

A 44-year-old Caucasian female (index case) was 
admitted to our endocrine outpatient department 
in 1995 because of paroxysmal hypertension and 
headaches lasting for several weeks. As biochemi-
cal and functional evaluation was indicative of left-
sided pheochromocytoma, she was submitted to left 
adrenalectomy. There was no evidence of any other 
endocrine neoplasia. At age 53 a right pheochromo-
cytoma was confirmed on 123I-MIBG scanning. Right 
adrenalectomy was performed. Two years later liver 
and paravertebral metastasis were found and treated 
with 131I-MIBG (total activity 800 mCi). At age 57 a 
slight calcitonin elevation was first detected [6pg/mL 
(Reference Value <5pg/mL)], as well as a 17×14mm 
hypoechogenic thyroid nodule that was found to be 
benign after histological analysis. When she was 63 

(in 2013), hyperparathyroidism with hypercalcemia 
lacking surgical criteria were detected (Table 1). 
Both parathyroid function and calcitonin are under 
careful follow-up. The authors do not exclude the 
possibility that the moderate increase in calcitonin 
is related either to the hyperparathyroidism or to the 
malignant pheochromocytoma, as this hormone is also 
produced in chromaffin cells.20 Indeed, both sporadic 
and familial pheochromocytomas have previously been 
associated with calcitonin production.21,22 At the same 
time, normetanephrines were still high and did not 
suppress on the clonidine test (Table 2). 123I-MIBG 
scanning revealed high uptake in lesions diagnosed 
in the mediastinum and left pulmonary apex, as well 
as in the lower right paramedian mediastin and left 
dorsal paramedian region. A new therapeutic session 
with 131I-MIBG was offered.

The 50-year-old female sister of the index case pre-
sented in 1993 with clinical, analytical and imagiologic 
evidence of a left pheochromocytoma with no evidence 
of any other endocrine neoplasia. Left adrenalectomy 
was performed. Two years later, in 1995, when her 
sister was first diagnosed with pheochromocytoma, 
both sisters were submitted to genetic testing for the 
most common RET and SHD mutations but none were 

Table 1. Analytic evaluation of Case 1 in 2013, when she was 63 
years old. Mild hyyperparathyroidism with hypercalcemia, as well 
as mild calcitonin elevation were diagnosed
parameter (Reference value) value
PTH (14-72pg/mL) 128
Vitamin D (30-80ng/mL) 22.2
Serum Calcium (8.6-10.2mg/dL) 10.7
Serum Phosphorus 2.4-5.1mg/dL 3.4
Calcitonin (<5pg/mL) 6.4
NSE (0-16.3ug/L) 20

Table 2. Clonidine Suppression Test performed in Case 1 after bi-
lateral adrenalectomy: normetanephrine values were initially high 
and did not suppress after clonidine administration

Clonidine Suppression Test (300mg po)
0 min 180 min

Metanephrines (<90ug/24h) 85 50
Normetanephines (<180ug/24h) 464 231
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detected. At age 64 a right phemochromocytoma was 
found and surgically resected. At age 65 the patient 
presented increased serum calcitonin levels and was 
diagnosed with MTC following total thyroidectomy. 

In 2013, genomic DNA was extracted from both 
patients and their unaffected sister. For the index 
case, exons 5, 8, 10, 11 13, 14, 15 and 16 of the RET 

gene (10q11.21, OMIM 164761, NM_020630.4) 
were analyzed. In addition, 100-200 intronic nu-
cleotides flanking each splice site were sequenced. 
The nomenclature used to describe the genetic vari-
ants follows the Human Genome Variation Society 
(HGVS) guidelines. Two heterozygous variants were 
identified (Figure 1). One is located in exon 8 and 

Figure 1. A) Schematic illustration of RET protein domains and exonic structure of RET mRNA. The locations of the variants are 
indicated. B) Identification of variants by sequence analysis of the RET gene.

A

B
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consists of a T to C substitution at position c.1591, 
leading to a cysteine to arginine amino acid change 
in codon 531 (c.1591T>C, p.Cys531Arg). The second 
variant is located in intron 13 and consists of A to G 
substitution at position c.2393-68 (c.2393-68A>G). In 
light of these results, we next screened RET exons 8 
and 14 in the two sisters. The affected sister was also 
heterozygous for both variants. The asymptomatic 
sister carried the intron 13 variant but the sequence 
of exon 8 is normal. The parents of the three sisters 
were unavailable for DNA testing. The offspring of 
the two affected sisters were not genetically analyzed; 
they are clinically and biochemically asymptomatic. 

DISCUSSION

Most MEN2 families studied so far have germline-
activating mutations of the RET proto-oncogene in 
exons 10, 11 and 13-15. Although genetic variants in 
other locations along the gene have been identified, 
their clinical significance remains unclear.19,23-31 In 
this report we describe a family with a syndrome 
reminiscent of MEN2A that carries two distinct RET 
variants. The c.2393-68A>G intronic variant has 
been previously described32 and is included in the 
NCBI database of single nucleotide polymorphisms 
(http://www.ncbi.nlm.nih.gov/projects/SNP/sn_pref.
cgi?rs=57622093 6). An in silico analysis performed 
with MutationTaster (www.mutationtaster.org) indi-
cates that this variant does not affect splicing. Consist-
ent with the view that this variant is likely benign, it 
is present in the asymptomatic 50-year-old sibling of 
the two patients. In contrast, the c.1591T>C variant 
in exon 8 is present in the two affected sisters but not 
in the asymptomatic sibling.

The c.1591T>C variant is a missense genomic 
alteration in codon 531 causing substitution of a 
cysteine by an arginine in the extracellular cysteine-
rich domain of the RET receptor. Although it is still 
described in the ARUP® MEN2 database (http://www.
arup.utah.edu/database/MEN2/MEN2_welcome.php) 
as a variant of unknown functional significance, 
in silico analysis performed with MutPred (http://
mutpred.mutdb.org/), PolyPhen (http://genetics.bwh.
harvard.edu/pph2/) and UMD (http://umd-predictor.
eu) indicates that this variant is probably damaging. 

When HEK 293T cells were transiently transfected 
with an expression vector for the C531R variant, the 
mutant protein was more tyrosine phosphorylated than 
wild-type RET, suggesting that receptors with this 
mutation can be activated even in the absence of the 
ligand.19,33 However, the amount of phosphorylation 
found for p.C531R was significantly lower than that 
obtained with the most common MEN2A-causing 
mutation p.C634R.9 Moreover, in contrast to cysteines 
encoded in exons 10 and 11, which are commonly 
mutated in hereditary MEN2, cysteine 531 is less con-
served throughout evolution.34 Taken together, these 
observations suggest that mutation of cysteine 531 
can activate the RET receptor but has mild oncogenic 
potential. In agreement with this interpretation, the 
two patients studied developed tumours much later 
than typical MEN2A cases. 

The two sibling patients reported in this study pre-
sented additional features that are unusual in typical 
MEN2A cases. First, the index case had malignant 
pheochromocytoma, which is very rare in MEN2A.35 
Second, pheochromocytoma was the only neoplasia 
identified in the index case and in her affected sister 
pheochromocytoma preceded MTC. This raises the 
hypothesis that the p.C531R mutation is associated 
with higher incidence of pheochromocytoma. In agree-
ment with this view, patients with another mutation in 
exon 8 (G533C) had pheochromocytoma preceding 
MTC,28,29 while an American family with 47 affected 
relatives also showed a strong association of this 
mutation with pheochromocytoma.31 

In conclusion, we report a family carrying a rare 
germline missense variant in RET exon 8 that is as-
sociated with late-onset pheochromocytoma before 
development of MTC. Given that direct genetic testing 
is crucial for accurate diagnosis of MEN2, molecular 
risk assessment, informed family counseling and 
therapeutic profiling, our report provides new insight 
into genotype-phenotype associations involving muta-
tions in RET exon 8. 
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AbstrAct

Familial isolated pituitary adenomas (FIpa) constitute 2-3% of pituitary tumours. AIP is the 
most commonly mutated gene in FIpa. We herein report a novel germline mutation of the AIP 
gene in a family with FIpa. We present two patients, a father and his 12-year-old daughter, 
diagnosed clinically and using laboratory measures with acromegaly-gigantism. both under-
went transsphenoidal hypophyseal surgery for macroadenomas. We initially detected a novel 
heterozygous germline AIP mutation, c.836G>A (p.W279*), in the father’s DNA. We then 
found the same mutation in his affected daughter. pituitary adenomas associated with AIP 
mutations mostly present as FIpa (68%) at an early age (78% occur at <30 years old). They 
are often growth hormone (gh) - or prolactin - secreting macroadenomas (88%) that have 
already extended beyond the sella at the time of diagnosis. acromegalic cases are resistant to 
somatostatin analogues and multimodal management is frequently essential to control the 
disease. Our patients had normalized gh/IgF-1 values soon after surgery, although enough 
time may not have elapsed to reach final cure. While penetrance of the disease can be as low as 
10% in FIpa, especially children and young patients with somatotropinoma and prolactinoma 
should be surveyed for inactivating mutations or deletions in AIP. Determining the causative 
mutations may be of assistance in early diagnosis, treatment success, and genetic counseling.
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most common intracranial neoplasms. Most occur 
sporadically, while 5% of all cases present as a compo-
nent of inherited syndromes due to germline mutations 
in different genes, such as MEN1 (encoding menin), 
AIP (encoding aryl hydrocarbon receptor interacting 
protein), PRKAR1A (encoding protein kinase cAMP-
dependent type I regulatory subunit alpha), and CD-
KN1B (encoding cyclin-dependent kinase inhibitor 
1B).1,2 The first isolated familial pituitary tumors, 

INTRODUCTION

Hypophyseal (pituitary) adenomas are one of the 
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which in most cases were familial acromegaly, were 
identified in 1999.3 Following reports from the same 
center, familial isolated pituitary adenoma (FIPA) was 
identified as a separate clinical entity.4 

FIPA is characterized by pituitary adenomas oc-
curring in two or more family members and absence 
of genetic and clinical features of multiple endocrine 
neoplasia type 1 (MEN-1), multiple endocrine neo-
plasia type 4 (MEN-4), Carney complex, or other 
multitumour conditions.4 FIPA is found in 2-3% of 
pituitary adenomas.4 AIP, which was first identified 
as causative of FIPA in 2006, is the most commonly 
mutated gene.5,6 We herein report a novel germline 
mutation of the AIP gene in a family with FIPA.

CaSE REpORT

A 39-year-old male patient presented to the endo-
crinology outpatient clinic complaining of multiple 
skin tags all over his body, especially on the neck 
and under the armpits. The lesions had progressively 
increased over several years. He was also suffering 
from facial and hand edema but denied any change in 
shoe size. On physical examination, a large number of 
flesh-colored skin tags measuring 0.2-1.5 cm in size 
were detected all over the body and especially all over 
the neck and under the armpits. Acanthosis nigricans 
was also evident on the neck and under the armpits. 
He had a blood pressure of 130/80 mmHg, a regular 
pulse rate of 82bpm, and coarse facial features. Prog-

natism was absent. He was 186 cm tall and weighed 
103kg. He had a body mass index (BMI) of 29.77 kg/
m2 and abdominal obesity. The liver was palpable 2 
cm below the costal margin. Physical examination of 
other organ systems revealed no abnormality. Family 
history of acromegaly and gigantism was absent. He 
described his 12-year-old daughter as being taller and 
heavier than her peers. At his next visit, his daughter 
was also examined. She had grown 4-5 cm in the 
last year. She was 178 cm in height (4.3 SDS) and 
weighed 81 kg (5.3 SDS). Her BMI was 25.56 kg/
m2. She was over the 97th percentile for both height 
and weight. Acanthosis nigricans was evident under 
the armpits. She was at Tanner stage 4 (telarche stage 
4 and pubarche stage 4) and had been menstruating 
for 6 months. Examination of other organs revealed 
no abnormality.

Basal GH and IGF-1 levels were measured due to 
clinical suspicion of acromegaly-gigantism in both 
family members. They were higher than the age-
matched reference range. GH was measured during 
the 75g oral glucose tolerance test but was not sup-
pressed below 1 ng/ml. Complete blood count and 
blood chemistry panel were within normal limits. 
Other pituitary hormone levels were also normal as 
shown in Table 1.

The father had a right-sided pituitary mass mea-
suring 13×12×8mm in size, which was isointense 
on T1 and T2 weighted MRI images and showed no 

Table 1. Laboratory data of patients
Father Daughter

before operation after operation  
(6th month)

before operation after operation  
(6th month)

GH (ng/ml) 9.97 (0.05-3.0) 0.284 (0.05-3.0) 6.29 (0.05-17.3) 1.07(0.05-17.3)
IGF-1 (ng/ml) 626 (109-494) 300 (109-494) 1504 (183-850) 821 (183-850)
PRL (ng/ml) (3.46-19.4) 13.5 13.3 15.9 11.2
ACTH (pg/ml) (7.2-63.3) 41.4 27.4 20.9 59.6
Cortisol (µg/dl) (3.7-19.4) 14.1 18.7 20.29 24.9
FSH (µIU/ml) 3.32 (0.95-11.95) 2.85 3.9 (2.55-16.69) 3.5
LH (µIU/ml) 3.9 (0.57-12.07) 2.1 1.64 (1.8-11.78) 2.03
TSH (µIU/ml) (0.35-4.94) 1.39 1.84 1.94 3.39
Free T4 (ng/dl) (0.7-1.48) 1.06 1.12 1.05 0.94
Calcitonin (pg/ml) (0-10) <2 - <2 -
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enhancement after intravenous contrast medium admin-
istration. Minimal extension into the right cavernous 
sinus was evident. The optic chiasm was spared and 
other related structures were normal. His daughter also 
had a right-sided pituitary mass measuring 12×15×10 
mm in size, which was hypointense on T1 weighted 
images and hyperintense on T2 weighted MRI im-
ages; it consisted of cystic areas and demonstrated 
no enhancement after intravenous contrast medium 
administration. The lesion extended into the right 
cavernous sinus and circumvented the cavernous 
segment of the internal carotid artery medially. The 
optic chiasm and other related structures were intact. 
Both patients had normal visual field examination.

Histologic examination of the father’s mass revealed 
negative staining for ACTH and PRL, extensive posi-
tive staining for GH, and negative staining for p53. 
The staining index for Ki-67 was lower than 1%. The 
histologic examination of the girl’s mass revealed a 
disrupted reticular fibrin network, negative staining 
for ACTH and PRL, and positive staining for GH and 
p53. The staining index for Ki-67 was 7%.

Both patients provided written informed consent 
for genetic analysis and Institutional Review Board 
approval was obtained. We extracted DNA from 
whole blood and performed Sanger sequencing of the 
AIP gene (NM_003977.2) with primers covering the 
exonic sequences as well as the exon-intron junctions. 
We initially detected a novel heterozygous germline 
AIP mutation, c.836G>A (p.W279*), in the father’s 
DNA. We subsequently found the same mutation in 
the affected daughter (Figure 1).

Removal of the pituitary adenomas of both family 
members was performed by endoscopic transsphe-
noidal surgery. Somatostatin analogues were not 
administered either before or after surgery. GH and 
IGF-1 levels of both patients returned to normal 3 
months after surgery and were within normal limits 
at the 6th month control visit.

DISCUSSION 

In families with FIPA, one of the most important 
genetic causes is related to mutations and deletions 
in the AIP gene. These mutations are often charac-
terized by onset at a young age and GH-and PRL-

secreting pituitary adenomas leading to acromegaly 
or gigantism.7 Until recently, 91 different variants 
were reported as disease-causing in the AIP gene 
(HGMD Professional 2016.1 database accessed on 
06/2016).

The human AIP gene encodes a 37kDa protein 
of 330 amino acids and consists of an N-terminal 
immunophilin-like domain and a C-terminal tet-
ratricopeptide repeat (TPR) domain similar to other 
proteins.8 Approximately 75% of all AIP mutations 
lead to an impaired C-terminal TPR domain and/
or final α-7helix.9 We herein report the detection of 
a novel mutation, p.W279*, in the AIP gene. This 
mutation is located within the third motif of the AIP 
TPR domain and very likely leads to a dysfunctional 
truncated protein with impaired ability to interact with 
chaperones and client proteins.10

Pituitary adenomas associated with AIP mutations 
have several characteristic features: 1) the most fre-
quent clinical presentation is FIPA (68%); 2) most of 

Figure 1. Sequence chromatograms showing the heterozygous 
AIP mutation detected in both patients. A wild-type sequence 
from a control subject is shown in the top panel. The G>A mu-
tation in the affected patients affects the Tryptophan residue at 
position 279 by introducing a Stop codon.
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them are somatotropinomas or prolactinomas; early 
onset ones can lead to gigantism; 3) 78% of patients 
are less than 30 years old; 4) most of the adenomas 
(88%) are macroadenomas that have already extended 
beyond the sella at the time of diagnosis; 5) GH excess 
is resistant to somatostatin analogues and multimodal 
management is frequently warranted to control the 
disease.11 The features of our cases represent a typical 
example of those reported in the literature. Although 
GH/IGF-1 levels were normalized soon after trans-
sphenoidal surgery, sufficient time may not have 
elapsed to judge cure.

FIPA may be either homogeneous (affected fam-
ily members having identical pituitary tumor types) 
or heterogeneous (affected family members having 
different pituitary tumor types).4 Our case was an 
example of homogeneous FIPA due to GH-secreting 
pituitary adenomas in both members.

The penetrance of FIPA varies between 10 to 50%.12 
Especially children and young patients with somato-
tropinomas and prolactinomas should be surveyed for 
inactivating mutations or deletions in AIP. Determin-
ing the causative mutations may be of benefit in early 
diagnosis, treatment success, and genetic counseling.
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AbstrAct

ObJECTIvE: heterozygous mutations on the melanocortin-4-receptor gene (MC4R) are the 
most frequent cause of monogenic obesity. We describe a novel MC4R deletion in a girl with 
severe early onset obesity, tall stature, pale skin and red hair. CaSE REpORT: Clinical and 
hormonal parameters were evaluated in a girl born full-term by non-consanguineous parents. 
her body mass index (bmI) at presentation (3 years) was 30 kg/m2 (z-score: +4.5SDS). by the 
age of 5.2 years, she exhibited extreme linear growth acceleration and developed hyperinsu-
linemia. mEThODS: Direct sequencing of the MC4R, MC1R and for the known FTO single 
nucleotide polymorphism (SNP) rs9939609 was performed for the patient and her family. 
RESUlTS: a novel heterozygous MC4R p.met215del (c.643_645delaTg) deletion was identi-
fied in the patient, her father and her brother, both of whom exhibited a milder phenotype. 
3D structural dynamic simulation studies investigated the conformational changes induced by 
the p.met215del. The patient and her mother were also found to be carriers of the obesity risk 
associated FTO rs9939609 SNp. Finally, the identification of the known p.arg160Trp MC1R 
variant in the patient accounts for the red hair and pale skin phenotypic features. CONClU-
SION: The p.met215del causes global conformational and functional changes as it is localized 
at the alpha-helical transmembrane regions and the membrane spanning regions of the beta-
barrel. This novel mutation produces a severe overgrowth phenotype that is apparent as from 
infancy and is progressive in childhood. The additional negative effect of environmental and
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INTRODUCTION

Monogenic obesity accounts for 2-4% of obesity 
cases in children.1 Mutations on the melanocortin 4 
receptor (MC4R) are the most frequent monogenetic 
cause of human obesity.2,3 MC4R plays a critical role in 
body weight regulation through the leptin-melanocortin 
axis. It is a 332 amino acid protein encoded by a single 
exon gene localized on chromosome 18q22.32 (OMIM 
#155541). It is expressed on the hypothalamic nuclei 
where it integrates a satiety signal provided by the 
alpha-melanocyte stimulating hormone (a-MSH) and 
an orexigenic signal provided by the Agouti related 
peptide (AGRP).4 Targeted deletion of the MC4R 
results in severe obesity in homozygous mice, while 
heterozygous female animals have an intermediate body 
weight.5 Homozygous and heterozygous mutations on 
the MC4R gene in humans may lead to hyperphagic 
and severe early onset obesity phenotypes.6 

Genome-wide association studies (GWAS) have 
detected a strong association between single nucleotide 
polymorphisms (SNPs) within or near the MC4R gene 
as well as within the fat mass and obesity-associated 
gene (FTO), and obesity various phenotypes.7,8 The 
FTO gene, located on chromosome 16q12.2 (OMIM 
#610966), is another key gene that appears to be 
responsible for variations in body weight and com-
position. The FTO rs9939609 SNP have been highly 
associated with increased body mass; it has two al-
leles, T and A, the latter being a variant associated 
with risk of obesity. AA homozygotic individuals are 
on average 3 kg heavier, with an increased BMI of 
about 0.8 kg/m2, than those without the risk allele.9,10

The melanocortin 1 receptor (MC1R) gene, lo-
cated on chromosome 16q24.3 (OMIM #155555), is 
expressed on melanocytes stimulating the synthesis 
of eumelanin after binding with a-MSH. The human 
MC1R gene is highly polymorphic and certain allelic 
variants of the gene are associated with pale skin, red 
hair and skin cancer depending on the responses of 

human melanocytes to a-MSH and ultraviolet (UV) 
radiation.11-13

We report the phenotype/genotype of an obese 
girl screened for MC4R and MC1R gene mutations. 
The patient and her family were also participants in 
an FTO gene polymorphisms screening study.

CaSE REpORT aND mEThODS

Patient
A 3-year old girl presented with severe early onset 

obesity. She is the second child of non-consanguineous 
parents. The mother’s pregnancy was uncomplicated 
followed by a cesarean section because of her high 
myopia. The patient was born full-term and was ap-
propriate for gestational age in size (birth weight was 
3.15 kg; birth height was 50cm and head circumfer-
ence was 34cm) with no postnatal complications. She 
was breastfed during the first 6 months of life and 
was introduced to solid food at the age of 5 months. 
Her six-year older brother is also obese. He was 
presented at the age of 13.5 years with a BMI +2.1 
SDS (z-score) and acanthosis nigricans. Retrospective 
auxological measurements for the brother showed 
a gradual increase in his BMI between the ages of 
3.5-5 years from +1.8 SDS to +2.9 SDS (z-score) and 
then a gradual decrease until the age of presentation. 
However, he never exhibited extreme linear growth 
acceleration or signs of early sexual maturation. The 
father’s BMI is approximately 33kg/m2, while the 
mother is overweight with a BMI 27kg/m2. The family 
has never followed a healthy lifestyle. The history of 
obesity and type 2 diabetes was positive in the first 
degree relatives of both parents. Informed consent 
was taken from the parents.

Auxologic and metabolic parameters - 
Methods

The patient’s growth and metabolic parameters 
were evaluated every 4-6 months in the paediatric 

unhealthy lifestyle habits as well as a possible co-interaction of FTO rs9939609 SNP may worsen 
the phenotype.

Key words: FTO gene, Melanocortin-4-receptor gene, Novel deletion, Obesity, Red hair
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endocrinology clinic (MT). Growth charts in the growth 
analyzer (GA) 3.5 (Application Ed Dutch Growth 
Foundation, PO Box 23068, 3001 KB, Rotterdam, The 
Netherlands) were used. Growth charts US 2000 (for 
height, weight and BMI) and The Netherlands 1997 
(for waist circumference) were used as no Cyprus 
population charts are available for GA. Bone Age 
(BA) was assessed according to the Greulich and 
Pyle atlas. Blood samples were collected after an 
overnight fast. Routine biochemistry was measured 
by using the usual enzymatic assays. Plasma insulin, 
thyroid function, prolactin, ACTH, cortisol and 25-hy-
droxyvitamin D3 were determined by using the RIA 
method according to the manufacturers’ instructions. 
IGF1 was measured with IGF1-RIACT (Schering) 
and IGFBP3 by IGFBP3-IRMA (Biocode).

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

blood and the desired regions were amplified by 
polymerase chain reaction (PCR) in reaction vol-
umes of 20μl using 100ng genomic DNA. The MC4R 
(ENSG00000166603) gene was analyzed according to 
a cascade strategy and the entire coding sequence of 
999 bps of the gene was initially amplified by PCR at 
53 °C annealing temperature using the MC4R_Forward 
1: 5’ CCC TGA CCC AGG AGG TTA AA 3’ and the 
MC4R_Reverse 2: 5’ ACG GAA GAG AAA GCT GTT 
GC 3’ primers. For the complete sequencing analysis 
of the entire coding sequence of the MC4R gene the 
internal primers MC4R_Reverse 1: 5’GCA AGC TGC 
CCA GAT ACA AC3’ and MC4R_Forward 2: 5’TTT 
CAA TTG CAG TGG ACA GG3’ were used. For the 
detection of the FTO (ENSG00000140718) gene of 
the SNP rs9939609, the set of primers FTO for: 5’ 
GCT ATG GTT CTA CAG TTC CAG TCA T 3’ and 
FTO rev: 5’ AGG TCA GGA ATA ACC AGC TTA 
AAG T 3’ were used and the desired region was PCR 
amplified at 60 °C annealing temperature. 

Finally, for the identification of variants of the 
MC1R (ENSG00000258839), the set of primers MC1R 
for: 5’ CCT GGC AGC ACC ATG AAC TA 3’ and 
MC1R rev: 5’ GTA AGG AAC TGC CCA GGG TG 
3’ were used to amplify the entire coding sequence of 
the gene. The internal primers MC1Rint for: 5’ CTT 
CTA CGC ACT GCG CTA CC 3’ and MC1Rint rev: 
5’ ACG TGG TCG TAG TAG GCG AT 3’ were also 

used for the complete sequencing analysis on an ABI 
3130XL apparatus (Applied Biosystems, Waltham, 
MT, USA).

In silico analysis of the novel mC4R deletion
The in silico software of the computational al-

gorithms Mutation Taster was used to predict the 
pathogenicity of the novel deletion. 

mC4R structural analysis 
3D structural dynamic simulation studies were used 

to investigate the conformational changes induced by 
this novel amino acid deletion in the MC4R protein 
structure. 

RESUlTS

Phenotype
The patient was firstly referred to the paediatric 

endocrine clinic for extreme weight gain and hyper-
phagia (Figure 1). The patient’s psychomotor devel-

Figure 1. The photo shows the patient with severe early onset 
obesity, at the age of 6.5 years.
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opment was normal. She had no syndromic features 
and no muscle weakness but her red hair and pale skin 
were characteristic. She had no history of recurrent 
infections or sleep disorders. The patient’s growth 
curves for height, weight, BMI and waist circumfer-
ence are shown in Figure 2. Excessive weight gain 
started just after the age of 6 months. At the time of 
presentation (age 3 years), her BMI was 30 kg/m2 
(z-score: +4.5SDS), her waist circumference was 81 
cm (z-score: +6.1SDS), while her BA was 2 years 
advanced compared to her chronological age (CA). 
At the age of 5.2 years, she exhibited extreme linear 
growth acceleration with growth velocity at 10.5 cm/y 
and further BA advancement. Moderate acanthosis 
nigricans was noted in the cervical and axillary areas 
as well as a few abdominal striae. She had no signs of 
pubarche or thelarche. Additionally, she had moder-
ate genu valgum deformity of the knees. Clinical and 
biochemical parameters are shown in Table 1. Liver 
and kidney function were normal as well as her thy-
roid function, morning cortisol, ACTH and prolactin 
levels. At the age of 5.2 years, her glucose/insulin 
ratio was 5.2 and her HOMA-IR was 2.4. The oral 
glucose tolerance test (OGTT) excluded diabetes mel-
litus and confirmed hyperinsulinemia. Her IGF1 and 
IGFBP3 were at higher than normal levels. Notably, 

she had low 25-hydroxyvitamin D3. The estimated 
daily calorie intake the patient received was about 
2500 kcal (in contrast to her age-matched normal 
daily needs of 1500-1700 kcal). She was advised to 
follow a special diet under the supervision of a clini-
cal dietician. She was commenced on treatment with 
metformin 500mg per day due to hyperinsulinemia 
and also treated with vitamin D3 supplements. Six 
months after treatment she showed a slight improve-
ment in her BMI. However, the family’s attempt at 
creating for the child a healthy lifestyle by reducing 
calorie intake and increasing daily physical activity 
was not successful long-term. 

Genotype
DNA sequencing in the affected girl presenting 

with severe early onset obesity identified the novel 
heterozygous p.Met215del (c.643_645delATG) muta-
tion in the MC4R gene. The same p.Met215del was 
identified in both her father and her brother (Figure 
3). In addition to the novel p.Met215del in the MC4R 
gene, the patient inherited in heterozygosity the FTO 
SNP rs9939609 known to be linked with obesity risk 
and the p.Arg160Trp variant of the MC1R known to 
be associated with red hair and pale skin. Both FTO 
SNP rs9939609 and p.Arg160Trp of the MC1R were 

Figure 2. Growth charts of the patient with the novel MC4R p.Met215del.
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also observed in heterozygosity in 
the mother but not in the father or 
the brother of the proband. Another 
MC1R variant, p.Val60Leu, was also 
found in our patient which is known 
to be associated with red hair but to 
a lesser extent than p.Arg160Trp. 

In silico analysis of 
the novel p.Met215del 
(c.643_645delATG)

The novel heterozygous 
p.Met215del (c.643_645delATG) 
mutation is, according to the in 
silico computational algorithm 
Mutation Taster, predicted to in-
terfere with protein function and is 
characterized as a disease-causing 
mutation. 

mC4R protein structure 
The MC4R protein is a rho-

dopsin-like GPCR – cell surface 
receptor comprising a seven-trans-
membrane helical bundle.14 The 
helices, predicted to range between 
21 and 27 amino acids in length, 
are connected by three extracel-
lular and three intracellular loops 
with an extracellular N terminus 
and intracellular C terminus. The 
extracellular loops (loops 2, 4 and 
6) are between 17 and 5 amino acids 
in length, suggestive of short pro-
trusions from the membrane. The 
intracellular loops (loops 1, 3 and 
6) are between 12 and 33 amino 
acids in length and thus are likely to 
protrude further from the membrane 
into the cytoplasm, characteristic of 
the rhodopsin-like family of protein 
G receptors (Figure 4).

The deletion mutation removes 
a methionine from the very end 
of helix 5, where the helix joins 
the loop. These amino acids are 
extremely important as they often 
exhibit amphipathic properties at 
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Our patient’s phenotype with hyperphagia, very 
early onset obesity, overgrowth, red hair and pale skin 
but normal ACTH and cortisol secretion led us to search 
for mutations in the main energy homeostasis gene 
MC4R and in the pigmentation-related gene MC1R. 

MC4R is expressed predominantly in the hypo-
thalamus and is involved in energy homeostasis to-
gether with MC3R. MC1R is expressed by cutaneous 
melanocytes, where it has a key role in determining 
skin and hair pigmentation. MC2R is the classical 
adrenocortical ACTH receptor and mediates the effects 
of ACTH on steroid secretion, while MC5R mainly 
participates in exocrine gland function.17 The latter 
two were not associated with our patient’s phenotype 
and thus were not tested.

We detected a novel heterozygous mutation MC4R 
p.Met215del (c.643_645delATG) deletion which 
was also found in the father and brother. Multiple 
different missense and nonsense mutations in MC4R, 
which function through different mechanisms, have 
been reported, largely in subjects with severe obesity 
commencing in childhood.18 Although homozygotes 
are found to be heavier than heterozygotes, food-
seeking behavior and body weight regulation depend 
on the amount of functional MC4R.6 The 3D structural 
dynamic simulation studies used to investigate the 
conformational changes induced by this novel MC4R 
amino acid deletion have shown distinct conformational 
changes in the protein structure. More specifically, 
the p.Met215del shortens transmembrane helix 5 and 
this may have a profound effect on its function. This 
mutation occurs on the cytoplasmic side of the chan-
nel at the point at which the helix joins the largest 
cytoplasmic loop, which could have a role in recruiting 
the transport molecule. These channels need specific 
amino acids to facilitate the transfer of ions through 
them; although M215 has not previously been associ-
ated with a specific feature, we might infer a specific 
role for this residue based on the clinical presentation. 
Similarly, a couple of other studies reported MC4R 
deletion mutations causing phenotypes comparable 
to our patient’s.19,20 

Our patient exhibited increased linear growth with 
very early BA advancement. Insulin growth factors 
(IGFs) were found to be at the upper limit of the 
normal range. Although studies showed no evidence 

the interface between hydrophobic membrane and 
aqueous cytoplasm. Furthermore, the site of dele-
tion immediately precedes the longest cytoplasmic 
loop (loop 5).

DISCUSSION

Childhood obesity has become a dramatically 
increasing epidemic worldwide affecting more than 
30% of children.15 Its rising prevalence and complex 
pathogenesis could be attributed to the interplay be-
tween dietary, environmental and genetic factors.16 This 
case report is a concrete example of the interaction 
between adipose regulatory genes and an unhealthy 
lifestyle resulting in morbid obesity. 

Figure 3. Electropherograms of the heterozygous patient car-
rying the novel MC4R p.Met215del and the known FTO 
rs9939609 SNP

Figure 4. Schematic of MC4R secondary structure based on 
schematic presentation of the rhodopsin class of GPCRs. Red 
spot indicates the site of deletion. Grey numbers indicate loop 
identities; numbers in black indicate helix identities.
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of excessive growth hormone (GH) secretion due 
to MC4R deficiency, GH pulsatility is maintained, 
suggesting a role for MC4R in controlling hypotha-
lamic somatostatinergic tone.21 Hyperinsulinemia, 
which may appear before the onset of obesity in 
these patients, is an additional factor that contrib-
utes to accelerated linear growth.22 However, the 
brother, who was found to carry the same mutation, 
has never shown extreme linear growth, despite the 
fact that he also developed early hyperinsulinemia. 
Thus, the overgrowth phenotype may be attributed to 
more complicated mechanisms generated by various 
genotypic aberrations. Farooqi et al observed that 
the MC4R mutation-affected phenotype becomes 
less prominent with age.6 This is an unexplained 
phenomenon, which is also observed in the brother 
whose BMI gradually decreased with age.

On the other hand, the obesity phenotype exhibited 
by the index patient of the present study might be af-
fected by additional factors. It should be noted that 
she has been following a very high calorie diet and 
has not exercised since early childhood. Addition-
ally, she was found to be a carrier of FTO rs9939609 
SNP. The association of this variant with BMI was 
confirmed in large population studies involving both 
adults and children.9 Studies in children suggested 
that the effect of the FTO genotype on BMI becomes 
evident only after the age of 7 years and that it is not 
directly associated with energy intake or physical 
activity.23 More recently, Hardy et al observed that the 
associations of FTO rs9939609 on body size varied 
with age, i.e. the effect increased during childhood 
and adolescence and diminished in adulthood.7 This 
finding has been confirmed in the reported patient 
and her family. The mother, who was also a FTO 
rs9939609 carrier, had a higher BMI in adolescence 
and, from obese, became overweight in adulthood 
despite continuing to follow unhealthy habits.

Finally, our patient was found to be heterozygous 
for the known p.Arg160Trp variant of the MC1R 
gene associated with fair skin and red hair, pheno-
typic features also apparent in our patient.12,24 In 
vitro experiments have demonstrated the missense 
p.Arg160Trp variant as a possible sensitizing factor 
of human melanocytes when exposed to UV radiation 
by decreasing eumelanin and increasing pheomelanin 
production.13 Although in some studies this variant 

was found to be common in melanoma patients and 
to increase the risk of melanoma more than twofold,25 
in a recent Greek study it was not found to improve 
melanoma risk prediction when added to a clinical non-
genetic model.26 Another MC1R variant, p.Val60Leu, 
which was observed in our patient, is a very frequent 
polymorphism among Caucasians and is also found 
to be associated with red hair color.27

This case report clearly illustrates the complexity 
and variability of the evolving obesity phenotype 
among members of the same family due to a novel 
MC4R mutation and its interaction with other genetic 
traits and environmental modifiers. It will be of great 
interest to see whether the phenotype of our patient 
is weakening or worsening with age. As there is 
not a one to one correlation between phenotype and 
genotype, it is possible that other genes and variants 
potentially influence her phenotype.
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AbstrAct

ObJECTIvE: Cushing`s disease during pregnancy is associated with an increased risk for 
maternal and fetal complications. In recurrent Cushing`s disease following transsphenoi-
dal surgery, and when re-operation is not feasible, medical treatment is usually considered. 
Cabergoline was found to be effective in reducing hypercortisolism in Cushing’s disease. 
Evolving data concerning the safety of cabergoline use during pregnancy show no significant 
increase in the rate of complications during pregnancy or the postnatal period. mEThODS: 
We report a 29-year-old woman, gravida 0, para 0, with recurrent Cushing`s disease, three 
years after transsphenoidal resection of pituitary aCTh-secreting macroadenoma. Repeated 
mRI revealed an empty sella with a small gadolinium-enhancing lesion, suspected to be an 
adenoma remnant on the medial wall of the right cavernous sinus. as the patient was not will-
ing to undergo repeat surgical intervention, treatment with cabergoline was initiated, with a 
gradual dose titration up to 3.5 mg/week. Clinical improvement ensued, and 4 months later, 
she conceived spontaneously. after discussing treatment options with the patient, cabergoline 
treatment at a dose of 2 mg/week was continued throughout pregnancy. RESUlTS: The patient 
showed complete clinical remission during pregnancy. Consecutive tests of 24-h urinary free 
cortisol concentration were not found to be elevated. pregnancy and delivery were uneventful 
except for mild hypothyroidism observed during the second trimester. at full term the patient 
delivered a healthy female infant, by an elective cesarean section. CONClUSION: This case 
report demonstrates that cabergoline may be an effective and safe therapeutic option for the 
treatment of Cushing’s disease during pregnancy.
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Case report

CaSE REpORT

A 29 year-old woman, gravida, 0 para 0, was re-
ferred to our outpatient clinic with a 3-year history 
of oligomenorrhea, unexplained weight gain of 20 
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kg, mood changes, and general weakness. She had 
been trying to conceive spontaneously for 2 years, 
but to no avail.

Physical examination revealed the following: weight 
96 kg, height 163 cm, BMI 36.1 kg/m2, normal blood 
pressure, central abdominal obesity, abdominal striae, 
and male pattern hirsutism scattered over the cheeks 
and the chest. Laboratory endocrine evaluation revealed 
an elevated 24-hour urinary free cortisol concentration 
(413 mcg/24h; reference range: 20-90 mcg/24h); serum 
cortisol concentration taken at 8:00 A.M. after 1 mg 
dexamethasone given at 23:00pm was 8.8 mcg/dL. 
Basal morning (8 A.M.) plasma ACTH concentration 
was elevated (22.7 pmol/L; reference range: 1.11-10 
pmol/L). The patient had normal thyroid function tests 
(TSH 2.95 mcg/mL; reference range: 0.4-4mcg/mL, 
FT4 1.24 ng/dl; reference range: 0.8-1.9 ng/dL) and 
a normal prolactin level (9.3 ng/mL, reference range: 
1.9-25 ng/mL). Serum LH and FSH concentrations 
were within the normal range (3.98 mIU/mL and 5.45 
mIU/mL respectively). Fasting plasma glucose was 
77 mg/dL, plasma sodium 141 meq/L, (reference 
range: 135-145 meq/L), and potassium 3.9 meq/L 
(reference range: 3.5-5.1 meq/L).

On gadolinium-enhanced T1-weighted MRI, the 
patient was found to harbor a hyperintense pituitary 
macroadenoma measuring 20*15*19 mm, with a 
superiorly displaced optic chiasm, deviation of the 
pituitary stalk to the right, and no signs of cavern-
ous sinus involvement (Figure 1). Visual fields were 
normal. 

The clinical, laboratory, and imaging findings were 
compatible with Cushing’s disease due to pituitary 
macroadenoma. Subsequently, the patient underwent 
endoscopic-assisted transsphenoidal resection of the 
adenoma. No complications arose during the operative 
and postoperative period. Histopathological exami-
nation of the surgical specimen was consistent with 
corticotroph-cell adenoma. Adenoma cells stained 
positive for ACTH and were negative for prolactin, 
LH, FSH, and TSH. MIB-1 staining was positive in 
1-2% of tumor cells. Laboratory tests on the first 
postoperative day revealed a low plasma cortisol 
level (plasma cortisol level 24 hours postoperativly 
was 3.4 mcg/dL). As the patient had postoperative 
hypoadrenalism, treatment with hydrocortisone was 

initiated and was gradually tapered off over a 9-month 
period as adrenal function tests became normal.

Clinical remission of Cushing’s disease ensued, 
accompanied by normalization of urinary free corti-
sol (24-h urinary free cortisol concentration was 30 
mcg/24h, 28 mcg/24h, and 55 mcg/24h at 3, 6, and 12 
months post-surgery, respectively; reference range: 
20-90 mcg/24h). 

The patient was lost to follow-up. However, 3 years 
after the transsphenoidal surgery, she presented again 
with a 6-month history of weight gain, swelling of 
the legs, hirsutism, irregular menses, and inability to 
conceive. Endocrine laboratory evaluation revealed: 
24-h urinary free cortisol concentration of 131 mcg/24h 
(reference range: 20-90 mcg/24h), basal morning 
ACTH concentration of 22 pmol/L (reference range: 
1.11-10 pmol/L), while serum cortisol measured at 
8:00 A.M. after 1 mg dexamethasone administration 
at 23:00 PM was 6.2 mcg/dL. In light of the above, 
recurrent Cushing’s disease was diagnosed.

Figure 1. Coronal gadolinium-enhanced T1-weighted MRI im-
age shows a hyperintense pituitary macroadenoma with cystic 
component. The optic chiasm is displaced superiorly.
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Repeated MRI revealed an empty sella, with a 
small gadolinium-enhancing lesion, suspected to be 
an adenoma remnant on the medial wall of the right 
cavernous sinus (Figure 2).

Since the patient was not willing to undergo a re-
peat surgical intervention, treatment with cabergoline 
was initiated, with a gradual dose titration up to 3.5 
mg/week. Shortly after the initiation of cabergoline, 
clinical improvement was observed and the patient 
conceived spontaneously 4 months after the caber-
goline treatment had started. 

After discussing treatment options with the patient, 
a decision was reached to proceed with cabergoline 
during pregnancy. The cabergoline dose was gradu-
ally titrated down from a dose of 3.5 mg/week to a 
dose of 2 mg/week reached at 7 weeks gestation, 
and was maintained at this level during the course 
of pregnancy.

Throughout pregnancy, the patient showed clinical 
remission, while consecutive tests of 24-h urinary 
free cortisol concentration were not found to be el-
evated (24-h urinary free cortisol concentration was 
67 mcg/24h, and 74 mcg/24h at 24 weeks and 28 

weeks, respectively; reference range: 20-90 mcg/24h).

The course of pregnancy was uneventful except 
for mild hypothyroidism, which was observed in 
the 20th week of pregnancy. The thyroid function 
test revealed a TSH of 5.99 mIU/L (reference range: 
0.27-4.2mIU/L), FT4 of 12.77 pmol/L (reference 
range: 12-22 pmol/L), FT3 of 3.85 pmol/L (reference 
range: 3.1-6.8 pmol/L), thus levothyroxine at a dose 
of 350 mcg/week was initiated. 

The oral glucose (100gr) tolerance test at the 28th 
week of pregnancy was normal (fasting glucose was 
82 mg/dL, 30 min post-challenge glucose was 107 
mg/dL, 60 min post challenge glucose was 99 mg/dL, 
and 120 min post-challenge glucose of 92 mg/dL).

At full term, the patient delivered a healthy female 
infant, weighing 3370 grams, by an elective cesarean 
section. 

Four months after delivery the patient decided 
voluntarily to stop taking cabergoline; 6 months later 
she presented at our outpatient clinic with recurrent 
clinical and biochemical Cushing’s syndrome. 24-h 
urinary free cortisol concentration was elevated (216 
mcg/24h; reference range: 20-90 mcg/24h) and ca-
bergoline at a dose of 3 mg/week was reinstituted.

DISCUSSION

Pregnancy is rare in patients with Cushing’s syn-
drome given the high prevalence of menstrual irregu-
larities, occurring in up to 80% of patients according 
to a series of 45 women with newly diagnosed Cush-
ing’s disease.1

Cushing’s syndrome is associated with several 
maternal morbidities including: hypertension, impaired 
glucose tolerance, diabetes, and preeclampsia. It is also 
associated with an increased risk for fetal prematurity, 
intrauterine growth retardation, spontaneous abor-
tions, and stillbirths.2 Although urinary free cortisol 
rises during normal pregnancy, it is considered to be 
the best screening method for Cushing’s syndrome 
during pregnancy.3

The data reported in the literature are not sufficiently 
extensive to allow a comparison of the outcomes for 
treated versus untreated patients, especially given 
the low incidence of Cushing’s disease in pregnant 

Figure 2. Coronal gadolinium-enhanced T1-weighted MRI im-
age shows an empty sella with a small enhancing lesion sus-
pected to be adenoma remnant on the medial wall of the right 
cavernous sinus.
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women. Nonetheless, the literature points to a trend 
towards an increased live births rate in treated com-
pared with untreated pregnancies.4

Transsphenoidal resection of an ACTH-secreting 
pituitary adenoma has been performed successfully 
during the second trimester of pregnancy and is con-
sidered the treatment of choice for Cushing’s disease.5

In cases of recurrent hypercortisolism after trans-
sphenoidal resection and, when repeated surgery is 
not feasible, medical treatment should be considered. 

Metyrapone, which inhibits the last step in cortisol 
biosynthesis (through inhibition of 11 beta hydroxy-
lase), has been the drug most often used in pregnancy. 

Metyrapone appears to be effective in suppress-
ing hypercortisolism in some of the reported cases 
without teratogenic effects. However, it may lead to 
hypertension, predisposing the pregnant patient to 
pre-eclampsia, and can increase the risk of pre-term 
delivery.6

In a recent review, Lim et al. reported 13 pregnant 
women with Cushing’s syndrome managed with me-
tyrapone alone, the majority of whom were treated in 
the second to the third trimester. Over half of these 
women delivered before the 34th week of gestation, 
three women suffered from pre-eclampsia, and two 
women had placental abruption. One stillbirth and 
two neonatal deaths occurred. The major neonatal 
complications were related to prematurity, including 
respiratory distress and neonatal jaundice. A single case 
of neonatal adrenal insufficiency was also reported.6

Ketoconazole, an antimycotic agent with anti-
steroidogenic properties, has been used in four cases 
of Cushing’s syndrome during pregnancy and did not 
result in adverse fetal or maternal events. In two of 
the four cases ketoconazole was used during the first 
trimester of pregnancy.7-10

In the rat, ketoconazole crosses the placenta and 
is teratogenic, and in humans it is classified as FDA 
category C. A recent population-based case-control 
study did not find a higher rate of congenital abnormali-
ties in infants born to mothers who had received oral 
ketoconazole treatment during pregnancy; however, 
the number of exposed cases and controls was too 
small to allow for solid conclusions.11

Moreover, ketoconazole has antiandrogenic effects 
through inhibition of aromatase activity. Thus, con-
cerns still remain regarding its use during pregnancy 
and more stratified studies are needed to establish 
its safety.

In their consensus statement, published in 2008, 
Biller et al. argued that when treatment is considered, 
metyrapone rather than ketoconazole is recommend-
ed.5 Data are scarce regarding the effect of Mitotane 
treatment on the human fetus and its safety during 
pregnancy has yet to be demonstrated.12,13

Functional D2 receptors were found to be expressed 
in about 80% of corticotroph pituitary adenomas.14 It 
has been demonstrated that cabergoline, at a median 
dose of 3.5 mg/week (maximal dose ranging from 
1-7 mg/week), is effective in controlling cortisol 
secretion for at least 1-2 years without producing 
major side effects in 40% of patients with Cushing’s 
disease unsuccessfully treated by surgery.15 A recent 
study also confirmed the effectiveness of cabergo-
line in producing a long-term (mean of 37 months) 
complete response in 30% of patients with persistent 
or recurrent Cushing’s disease after unsuccessful 
pituitary surgery.16

Several studies have assessed dopamine agonists’ 
safety throughout pregnancy. The safety of bromocrip-
tine in pregnancy, both for the mother and the fetus, 
was demonstrated in earlier studies testing more than 
6,000 pregnancies. No increased rates of spontane-
ous abortions or neonatal malformations compared 
with the normal population was demonstrated.17-19 
Albeit scarce, studies regarding the safety of caber-
goline in pregnancy showed no increased incidence 
of complications in the mother or the fetus and it is 
currently an FDA pregnancy category B drug. One 
observational study of a total of 380 pregnancies 
suggested that cabergoline treatment at a median 
dose of 1 mg/week (ranging from ≤0.25 mg/week 
to 5 mg/week) at the time of conception and during 
early pregnancy is not likely to induce an increase 
in the risk of miscarriage or of fetal malformation.20 
Another retrospective study included 100 pregnancies 
in women conceiving under cabergoline treatment 
for hyperprolactinemia and receiving the drug at a 
median dose of 0.5mg/week for a median period of 
4 weeks during early pregnancy. This study showed 
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a 10% incidence of spontaneous miscarriage, 3% 
of termination of pregnancy for fetal malformation 
and 3.4% of neonatal malformation. These rates are 
similar to those reported in the general population.21

Furthermore, one study by Stalldecker et al. was 
conducted on a sample of 103 pregnancies of women 
with hyperprolactinemia, the majority of whom had 
received cabergoline at a median dose of 0.5 mg/
week (ranging from 0.125 to 5 mg/week) during 
the first trimester of pregnancy and the rest until the 
second trimester. In this study, the researchers did 
not find a higher incidence of spontaneous abortions, 
preterm deliveries or neonatal malformations than 
in the normal population.22 Cabergoline treatment 
throughout the whole pregnancy period is less com-
mon. There are only about 15 reported pregnancies 
of patients suffering from macroprolactinomas who 
used cabergoline throughout pregnancy and they did 
not show any adverse effects.23

To our knowledge, no large study has as yet tested 
the safety of high-dose cabergoline during pregnancy. 
A recent case report described a 29-year-old woman 
with Cushing’s disease who underwent a noncurative 
transsphenoidal pituitary surgery and who conceived 
spontaneously one year after initiating cabergoline and 
was maintained on high-dose cabergoline requiring 
an incremental increase up to 10 mg per week. She 
had an uncomplicated antenatal course and went into 
labor spontaneously.24

In our patient with Cushing’s disease during preg-
nancy, we made an effort to avoid the potential risk 
for adverse maternal or fetal outcomes associated with 
untreated Cushing’s disease and the high-probability 
potential hazard of metyrapone treatment during 
pregnancy. We thus decided to continue treatment 
with cabergoline during pregnancy, weighing its 
effectiveness in reversal of hypercortisolism and its 
minimal potential adverse effects. As explicated earlier, 
most studies have examined low-dose cabergoline 
(average of 1mg/week) safety in pregnancy and have 
shown no increased incidence of complications in 
the mother or the fetus. We gradually decreased the 
cabergoline dose from 3.5 mg/week down to a dose 
of 2 mg/week, reached at 7 weeks gestation, and 
cabergoline was maintained at this dose throughout 
pregnancy. Cabergoline proved to be effective dur-

ing the course of our patient’s pregnancy with the 
patient revealing no signs of clinical recurrence and 
displaying normal consecutive 24-h urinary free 
cortisol concentrations during treatment. The 28th 
week oral glucose tolerance test was normal, further 
indicating full control of hypercortisolism attributed 
to cabergoline. Furthermore, no maternal or fetal 
complications were evident.

In conclusion, this case report demonstrates that 
cabergoline may be an effective and safe therapeutic 
option for the treatment of Cushing’s disease during 
pregnancy. Further studies are needed to delineate 
the role of cabergoline treatment and to conclusively 
confirm the safety it has to date shown in pregnant 
women with Cushing’s disease. 
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Historical Note

gIaNTS aND CyClOpES

Giant is a term used to describe a legendary hu-
manlike being of great stature and strength. In Greek 
mythology, the giants Cyclopes rebelled against the 
Olympian Gods in a battle that ended in their final 
defeat, this resulting in Olympian sovereignty on 
earth. They initially appeared in Hesiod’s Theogony 
as children of Gaia (Earth) and Uranus (Sky) and were 
described as powerful, savage and fearless beings with 
a single circular eye in the middle of their forehead.1 

The most striking and best known story regarding 
Cyclopes (“Cyclopes” is the plural form of the singu-
lar “Cyclops”) is that of Polyphemus, presented by 
Homer in his epic The Odyssey. In Book IX, Odysseus 
narrates to king Alcinous of Corfu and his court his 

Key words: Acromegaly, Cyclops gigan-
tism, Familial Isolated Pituitary Adenoma, 
Hemianopia, Homer, Odysseus, Pituitary 
adenoma

adventures in the land of the Cyclops: Odysseus and 
his men were eventually captured by one of them, 
Polyphemus, son of Poseidon. Polyphemus, who was 
a cannibal, devoured several of Odysseus’ men. In 
order to escape, they blinded Polyphemus by means 
of a huge pole with a burning tip after getting him 
drunk with sweet wine offered to him by Odysseus 
himself. What is particularly interesting in Homer’s 
narration of the scene is that he—a master of detailed 
descriptions—does not at any point specifically state 
that Polyphemus had one single eye. On the other 
hand, this appears to be implied by the use of the 
singular “we bore the red hot beam into his eye”, 
rather than the plural (eyes).2 

And yet, another impression is given when Homer 
states that the steam produced from the Cyclops’ burn-
ing eye scalded his eyelids and eyebrows (plural): “…
so that the steam from the burning eyeball scalded 
his eyelids and eyebrows”. Escaping from the cave, 
Odysseus and his companions had to face the attack 
of other Cyclopes who, responding to Polyphemus’ 
screams for help, tried to sink Odysseus’ ship as it 
was sailing away by hurling enormous rocks at it 
from the coastal hills.2 

The above raises a very intriguing question: were 
the Cyclopes a product of pure imagination or could 
they represent gigantic humans who also had issues 
with their vision in real life? 
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mEDICal DIFFERENTIal DIagNOSIS 

Extreme growth is defined as a height that is more 
than 2 standard deviations (SD) above the mean of 
the population. Overgrowth may be present at birth 
(macrosomia) and is usually due to constitutional 
factors; maternal diseases such as diabetes can also 
account for large size at birth. Overgrowth condi-
tions such as Beckwith-Wiedemann or Simpson-
Golabi-Behmel syndrome might also be responsible. 
In childhood or adolescence, a variety of endocrine 
(obesity, growth hormone [GH] excess, generalised 
lipodystrophy, glucocorticoid deficiency/resistance, sex 
hormone deficiency/insensitivity) and non-endocrine 
(sex chromosome aneuploidy, Marfan syndrome, ho-
mocystinuria, Neurofibromatosis type 1) conditions 
may be responsible for excessive growth.3-6 

In the case of the Cyclopes, there are three core 
characteristics emerging from the textual evidence 
that could provide us with clues towards establishing 
a differential diagnosis.

First of all, they did not represent isolated cases 
of gigantic creatures; rather, they were described as 
being members of a family—brothers and/or relatives 
living in close proximity—by both Homer and Hesiod. 

Second, their size is so enormous that is beyond 
human standards: Cyclopes are brothers of the Titans 
(gods) in Hesiod’s Theogony and, though mortal, 
are depicted as oversized men by several orders of 
magnitude in The Odyssey. 

Finally, they are characterised by the presence of 
one single circular eye, located in the middle of their 
forehead. However, as mentioned above, available 
descriptions of the Cyclopes are not definite regarding 
the number of their eyes. This therefore allows us to 
interpret the single circular eye as impaired “circular” 
vision. In other words, the Cyclopes could well have 
suffered from a severe impairment of their lateral 
vision in both directions, while their central vision 
would have been relatively normal. A lesion of the 
optic nerve prior to the chiasm would lead to vision 
impairment confined to the affected side, whereas a 
lesion after the chiasm would cause homonymous 
hemianopia (impaired vision of the right or left half 
of the visual field). However, a lesion affecting the 
optic chiasm results in bitemporal hemianopia, that 

is, loss of peripheral vision on both sides with central 
vision preservation. 

Therefore, to medically interpret the case of Cy-
clopes, one must seek out a single cause leading to 
familial tall stature concurrent with vision impairment 
in the form of bitemporal hemianopia. 

Of the aforementioned conditions, only those en-
compassing the oversecretion of GH prior to epiphyseal 
closure (leading to gigantism) as well as lesions in the 
area of the optic chiasm, such as neurofibromatosis 
and familial pituitary adenoma secreting GH, could 
account for such a phenotype.

Neurofibromatosis type 1 (NF1) is an autosomal 
dominant disorder and its hallmark features include 
café au lait macules, freckling and neurofibromas. 
Optic pathway tumors are not infrequent in NF1 and 
usually present with impaired visual acuity and color 
vision or proptosis; however, they may involve the 
optic chiasm and cause bitemporal hemianopia.7 Hypo-
thalamic involvement is possible in that instance and 
usually manifests as precocious or delayed puberty.8 
Nevertheless, excess GH production and markedly 
increased stature has been reported in NF1 patients 
with optic tract tumors.9 Apparently, the concurrence 
of gigantism and bitemporal hemianopia is theoreti-
cally feasible in NF1. However, the possibility of this 
being a consistent finding in a whole series/family of 
patients is extremely small, given that in NF1 optic 
gliomas can occur in any part of the optic pathway 
and those affecting the chiasm are not the commonest. 

A sizeable pituitary tumor may result in bitemporal 
hemianopia due to the close proximity of the pituitary 
gland to the optic chiasm. Furthermore, if this tumor 
is an adenoma overproducing GH that appeared be-
fore epiphyseal closure, the patient will also present 
with extreme growth. Thus, a condition responsible 
for the familial appearance of GH secreting pituitary 
adenomas might provide the link between the myth 
of the Cyclopes and reality. 

The existence of individuals of extraordinary height 
is so compelling that it has engaged the interest of the 
scientific community throughout the centuries, with 
numerous cases having been reported.10 However, 
archaeological findings compatible with extreme 
growth in ancient skeletons are extremely rare. In 
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fact, the first documentation of gigantism in a com-
plete skeleton of the Roman Era was only recently 
published.11 Another case was recently encountered 
by one of our team at a Roman cemetery close to 
today’s Serbian-Romanian border.12

Today, acromegaly is a well understood clinical 
entity caused by GH hypersecretion that leads to 
Insulin-Like Growth Factor 1 (IGF1) hyperproduc-
tion by the liver, resulting in the signs, symptoms and 
complications of the disease. In almost every instance 
(>98% of cases), a pituitary adenoma overproducing 
GH is the cause of acromegaly.13 The vast majority of 
pituitary adenomas occur sporadically. All the same, 
familial cases are increasingly being recognised, with 
a recent estimate being that up to 5% of such tumors 
are familial in origin. Familial pituitary adenomas 
may be part of the well-recognised syndromes of 
Multiple Endocrine Neoplasia Type 1 (MEN1) or 
Carney Complex (CC). Nevertheless, several families 
with members suffering from isolated pituitary tumors 
(lacking the clinical and genetic characteristics of the 
aforementioned syndromes) have been identified. The 
term Familial Isolated Pituitary Adenoma (FIPA) is 
used to describe this novel entity. In addition, more 
recently a defect on the X-chromosome leading to 
isolated gigantism was described; this and/or FIPA 
may be apposite conditions to consider for the diag-
nosis of the Cyclopes.14 

FIPA is an autosomal dominant disease with low 
penetrance, representing approximately 2% of all 
pituitary adenomas. It is defined as the presence of 
pituitary adenomas in two or more related members 
per kindred, in the absence of clinical features or 
mutations associated with MEN1 or CC. More than 
200 families with over 500 affected individuals have 
so far been described in the literature.15 Within the 
same family, patients may have the same (homogenous 
FIPA) or different (heterogeneous FIPA) pituitary 
tumor type. The adenoma subtypes in FIPA patients 
include prolactinoma 37.5%, somatotropinoma 35%, 
non-functioning adenomas 14.5%, somatoprolactino-
mas 6.4%, Cushing disease 2.9%, gonadotropinomas 
2%, plurihormonal tumors 1.2% and thyrotropinomas 
0.5%. FIPA patients are diagnosed 4 to 6 years earlier 
than patients with sporadic pituitary adenomas and 
usually have more aggressive tumors. In particular, 
somatotropinomas appear at an earlier age and are larger 

at diagnosis of FIPA than in the general population.16 

The genetic basis of FIPA was unknown until 2006 
when a Finnish group identified germline mutations in 
the AIP (aryl hydrocarbon receptor interacting protein) 
gene in several families segregating acromegaly and 
prolactinomas.17 AIP belongs to the family of tetratri-
copeptide repeat (TPR) domain-containing proteins. 
The TPR domains mediate intra- and intermolecular 
interactions in many proteins. Inactivating mutations 
in AIP predispose to tumor formation by leading to 
loss of inhibition of cAMP synthesis via alteration 
in the function of an inhibitory G-protein. In AIP-
related tumors, heterozygous germline mutations are 
associated with loss of heterozygosity (LOH) due to 
a “second hit” at the level of tumor DNA. This bial-
lelic inactivation of AIP at the tumor level has led to 
the assumption that AIP acts as a tumor suppressor.17 

To date, about 70 different germline AIP mutations 
have been identified; no somatic AIP mutations have 
been found in pituitary tumors. AIP mutations account 
for only a minority (about 20%) of FIPA kindreds, 
suggesting that the genetic basis of FIPA has only 
partially been revealed.15 

In FIPA patients bearing AIP mutations somatotro-
pinomas and prolactinomas are very frequent, making 
up 90% of cases. In particular, acromegaly patients 
with AIP mutations present at a younger age, suffer 
from larger, more frequently invasive tumors, have 
higher GH levels and show worse response to treat-
ment. Gigantism is also significantly more common 
in the setting of AIP mutations and may be considered 
as a characteristic phenotypic feature of the disease.18 

A novel syndrome of infant-onset pituitary gigan-
tism with a severe clinical phenotype was very recently 
reported for the first time by Trivellin et al. The authors 
have named it X-linked acro-gigantism (X-LAG), as 
it is caused by microduplications on chromosome 
Xq26.3, encompassing the gene GPR101. GPR101, 
which encodes a G-protein-coupled receptor, was 
overexpressed in patients’ pituitary lesions.14 Most 
cases described so far are sporadic, but familial ones 
also exist. Given the early onset and severe clinical 
presentation of the disease in these patients, GPR101 
might be considered as a promising candidate gene 
to explain cases of AIP mutation-negative patients 
with isolated gigantism. 
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As for the case under review, familial gigantism in 
the context of an aggressive pituitary somatotropinoma 
compressing the optic chiasm due to a mutation either 
in AIP or GPR101 seems to be the most likely culprit 
behind the presumed phenotype of the Cyclopes. We 
consider FIPA or X-LAG far more plausible causes 
than MEN1 or CC, as in the latter pituitary tumors, 
and particularly somatotropinomas, are rare (affecting 
less than 10% of patients) and usually appear after 
the second decade of life, rendering the possibility 
of gigantism fairly remote.19,20 

It is noteworthy that the above approach to the myth 
of Cyclops is not unique. Other authors have suggested 
alternative explanations. Bazopoulou-Kyrkanidou 
proposed that the Cyclopes were individuals suffering 
from cyclopia, a congenital malformation characterised 
by the presence of a single eye.21 Cyclopia is the most 
severe form of holoprosencephaly (HPE), which is 
defined as an inadequate or absent midline division 
of the developing forebrain into the cerebral hemi-
spheres. HPE and cyclopia are etiologically heteroge-
neous, resulting from chromosomal defects (trisomies, 
triploidy), gene mutations (involving extracellular 
signalling networks such as Sonic Hedgehog, etc.) 
as well as teratogen exposure.22 However, cyclopia 
has never been associated with extreme growth and 
familial clustering of cases is extremely rare.

In conclusion, a rigorous review of the relevant 
ancient Greek literature in light of up-to-date scien-
tific data strongly indicates that the Cyclopes could 
have been actual humans suffering from a rare and 
extraordinary disease rather than simply mythologi-
cal creatures. Gigantism in the context of FIPA or 
X-LAG caused by mutations known or still to be 
discovered can, if left untreated, even nowadays 
create true giants. 
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Letter to the Editor

Dear Editor, 

Hypokalemic periodic paralysis (HPP) is a rare 
neuromuscular disorder caused by dysfunction of the 
ion channels in red muscle cells and which is character-
ized by painless episodes of muscle weakness generally 
after strenuous exertion or a high-carbohydrate meal.1 
Most HPP cases are hereditary since the disease is 
autosomal dominant. However, some patients who 
develop HPP secondary to thyrotoxicosis are also 
described. Thyrotoxic hypokalemic periodic paralysis 
(THPP), unlike other thyroid diseases, is predomi-
nantly seen in men.2 Here we report the case of a 
patient with no known chronic illness who presented 
with paralysis and who was subsequently diagnosed 
as having thyrotoxicosis with hypokalemic periodic 
paralysis being caused by his thyroid disease.

A 41-year-old Caucasian man, without any chronic 
disease, presented to our emergency department with 
generalized muscle weakness that was especially 

pronounced in both his upper and lower extremities. 
He recalled many similar but milder episodes in 
the previous two months. The physical examination 
made by a neurologist identified no pathology but 
only quadriparesis (bilateral upper extremities 3/5, 
bilateral lower extremities 4/5). His initial potas-
sium level was 1.5 mEq/L on admission and his 
electrocardiogram showed an obvious U wave (Fig-
ure 1). An initial diagnosis of hypokalemic periodic 
paralysis was made and he was immediately given 
intravenous potassium chloride in the emergency 
department. He was then interned and, after he had 
been provided a detailed anamnesis, it was learned 
that he had no family history like his own and that 
he had had a high-carbohydrate meal a few hours 
before the quadriparesis occurred. On admission, 
blood pressure was 140/80 mmHg and heart-rate 
90 beats/minute. Physical examination revealed a 
slightly enlarged thyroid gland without nodules, while 
exophthalmos was also present. The clinical findings 
of other systems were normal. Thyroid stimulating 
hormone (TSH) level was <0.03 μU/mL (0.25–5.0), 

Figure 1. Electrocardiogram of the patient.
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free thyroxine level (fT4) 4.21 ng/dL (0.77–1.71), and 
free tri-iodothyronine (fT3) 19.55 ng/dL (0.23-0.39), 
anti-thyroid peroxidase antibodies (anti-TPO) 2261 
IU/mL (<9.0 IU/mL). Thyroid ultrasound showed that 
the left lobe measured 27×28×29mm, while the right 
lobe measured 35×31×30mm. The gland appeared 
enlarged and heterogeneous in texture. Internal septa-
tions were observed. Thyroid scintigraphy led us to 
diagnose Graves’ disease.

On the basis of these findings, the patient was 
diagnosed as having THPP associated with Graves’ 
thyrotoxicosis, and treatment with methimazole was 
initiated. Serial measurements of his serum potassium 
level, which was too low on admission and then became 
normal after administration of intravenous potassium 
chloride, remained within normal limits without any 
oral potassium supplements in the hospital. Treatment 
with propranolol was also initiated at 4×40mg per day 
and the patient was discharged with the diagnosis of 
THPP secondary to Graves’ disease.

THPP is a sporadic form of HPP and occurs in 
association with hyperthyroidism. In most cases of 
THPP, the main underlying cause is Graves’ disease. 
More than 95% of THPP cases are seen in men, de-
spite the greater tendency of women to have thyroid 
diseases. The pathogenesis of THPP, which is a rare 
complication of thyrotoxicosis causing hypokalemia 
only during episodes, is the activation of the Na+/
K+-ATPase pump because of hyperinsulinemia and 
the increase of thyroid hormones, catecholamines 
and beta-adrenergic stimulation. Besides these latter 
factors, resting after exercise can also increase Na+/
K+-ATPase activity in skeletal muscle, promoting an 
influx of potassium.3,4 Therefore, B receptor blockage, 
anti-thyroid drugs and instructing patients to avoid 
such precipitating factors as high-carbohydrate meals 

are recommended for treatment and prophylaxis of 
THPP instead of administering potassium only.5 Unless 
there are cardiopulmonary complications, KCl infu-
sion should be given, however, at a slow rate because 
it may result in rebound hyperkalemia as potassium 
shifts back into the intravascular compartment.6

The aim of this letter is to share this case of THPP 
in a patient, who, like most patients described in the 
literature, was not aware of his thyroid disease. By 
presenting this case, we wish to emphasize the impor-
tance of carrying out a good anamnesis and physical 
examination, which will lead to a right diagnosis and 
successful treatment.
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