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Vitamin D and diabetes 
mellitus: an update – 2013
Vitamin D e diabetes melito: uma atualização – 2013

Luiz Henrique Maciel Griz1, Francisco Bandeira1, Mônica Andrade 
Lima Gabbay2, Sergio Atala Dib2, Eduardo Freese de Carvalho3 

ABSTRACT
Vitamin D deficiency and diabetes mellitus are two common conditions and they are widely prevalent 
across all ages, races, geographical regions, and socioeconomic conditions. Epidemiologic studies 
have shown association of vitamin D deficiency and increased risk of chronic diseases, such as can-
cer, cardiovascular disease, type 2 diabetes, and autoimmune diseases, such as multiple sclerosis 
and type 1 diabetes mellitus. The identification of 1,25(OH)2D receptors and 1-α-hydroxilase expres-
sion in pancreatic beta cells, in cells of the immune system, and in various others tissues, besides 
the bone system support the role of vitamin D in the pathogenesis of type 2 diabetes. Observational 
studies have revealed an association between 25(OH) D deficiency and the prevalence of type 1 dia-
betes in children and adolescents. This review will focus on the concept of vitamin D deficiency, its 
prevalence, and its role in the pathogenesis and risk of diabetes mellitus and cardiovascular diseases. 
Arq Bras Endocrinol Metab. 2014;58(1):1-8

Keywords
Vitamin D; diabetes mellitus; pathogenesis

RESUMO
A deficiência de vitamina D e o diabetes melito são enfermidades comuns na população e são alta-
mente prevalentes em todas as raças, idades, regiões geográficas e situação socioeconômica. Es-
tudos epidemiológicos mostram uma associação entre hipovitaminose D com o aumento do risco 
de doenças crônicas, tais como câncer, doença cardiovascular, diabetes melito do tipo 2 e doenças 
autoimunes como a esclerose múltipla e o diabetes mellitus do tipo 1. A identificação de receptores 
da 1,25(OH)2 D e da expressão da 1 α-hidroxilase nas células betapancreáticas, em células do sistema 
imunológico e em uma variedade de células do organismo além do tecido ósseo, suporta o papel da 
vitamina D na patogênese do diabetes tipo 2 e do tipo 1. Esta revisão apresenta e discute o conceito 
de deficiência de vitamina D, sua prevalência e seu papel na patogênese e no risco de desenvolvi-
mento do diabetes melito e doenças cardiovasculares. Arq Bras Endocrinol Metab. 2014;58(1):1-8
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INTRODUCTION

V itamin D deficiency and diabetes mellitus are two 
common conditions in the elderly population. 

Vitamin D deficiency is currently a topic of intense in-
terest, and is widely prevalent across all ages, races, ge-
ographical regions, and socioeconomic strata. Subopti-
mal vitamin D status contributes to many conditions, 
including osteomalacia, osteoporosis, falls, and fractu-
res (1,2). In addition, epidemiologic observations have 
associated low vitamin D status with an increased risk of 
non-musculoskeletal diseases, such as cancer (3), mul-
tiple sclerosis (4), type 1 diabetes mellitus (5), type 2 
diabetes mellitus (6) and cardiovascular disease (7).

Vitamin D (calciferol) is a generic name for a 
group of fat steroids of which the two major forms 
are vitamin D2 (ergocalciferol) and vitamin D3 
(colecalciferol). Both forms of vitamin D undergo 
identical metabolism. Vitamin D is obtained from skin 
irradiation and limited dietary sources. Vitamin D from 
the skin and diet is metabolized in the liver to 25(OH)
D, which has a long life and is the major circulating 
metabolite and marker of vitamin D status (8). In the 
kidney, 25-hydroxyvitamin D is metabolized by the 
enzyme 25-hydroxyvitamin D-1(alpha)-hydroxylase 
(CYP27B1) to its active form, 1,25(OH)2D, which 
exerts its effects by means of steroid hormone nuclear 



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

2  Arq Bras Endocrinol Metab. 2014;58/1

Vitamin D and diabetes mellitus

receptors. The characteristics of 1,25(OH)2D are those 
of a hormone, and consequently vitamin D is a pro-
hormone, rather than a true vitamin. 

Vitamin D is not only essential for maintaining bone 
health, but it also plays a role in several other biochemical 
mechanisms within the human body. The mechanism 
of action of the active form of vitamin D is similar to 
that of other steroid hormones and is mediated by its 
binding to vitamin D receptor (VDR). VDRs are found 
in most tissues, not just in those that participate in the 
classic actions of vitamin D such as bones, intestines 
and kidneys, and the enzyme responsible for converting 
25 (OH)D to 1,25(OH)2D is also expressed in a variety 
of extrarrenal sites, such as endothelial cells, beta cells, 
and immune cells (9).

The number of subjects with type 2 diabetes mellitus 
is rising, due to effect of age, growth of the population, 
sedentariness and, mainly, obesity. Although changes in 
lifestyle, particularly weight loss and physical activity, 
delay the progression of diabetes, weight loss is diffi-
cult to be achieved and maintaind. The identification 
of easily modifiable risk factors is therefore urgently 
needed for primary prevention of diabetes. Certain nu-
tritional factors, such as vitamin D are also believed to 
play a role, and it has been suggested that endemic low 
vitamin D status contributes to the increased preva-
lence of diabetes mellitus. There is increasing evidence 
that vitamin D metabolism affects the risk of diabetes. 
Studies in  humans have shown that vitamin D supple-
mentation in infancy reduces the risk of type 1 diabetes 
mellitus during early adulthood (10). Published studies 
in animals identified a pancreatic receptor to the ac-
tive metabolite of vitamin D. As vitamin D modulates 
insulin receptor gene expression and insulin secretion, 
it is an interesting environmental candidate for type 2 
diabetes mellitus (11). 

This review will focus on the concept of vitamin 
D, its prevalence, and its role in the pathogenesis of 
diabetes mellitus, its risks and complications.

CONCEpT AND pREvAlENCE Of vITAMIN D 
INSUffICIENCy AND DEfICIENCy 

The concept of normal 25(OH)D concentration is 
a challenge. It has been suggested that vitamin D 
deficiency be defined as a 25(OH)D below 20 ng/
mL, insufficiency as a 25 (OH)D of 21 – 29 ng/mL, 
and sufficiency as a 25 (OH)D of 30 – 100 ng/mL (to 
convert to nanomoles per liter, multiply by 2.496) (12). 

A meta-analysis of high-quality primary prevention 
randomized control trials (RCT) of vitamin D and 
fracture risk consistently found that antifracture efficacy 
started at 25(OH)D levels of at least 30 ng/mL (13).

The guideline, written by the Endocrine Society 
Task Force, reports that 25(OH)D levels of 30 ng/
mL or higher compared with 20 ng/mL provide 
increase benefits (14). In contrast, the Institute of 
Medicine (IOM) report, based on evidence from 
observational studies and recent randomized trials, 
suggests that a serum level of 20 ng/mL of 25(OH)
D would protect 97.5% of the population against 
adverse skeletal outcomes (15). Hypovitaminosis D has 
become endemic owing to the insufficient ingestion 
of vitamin D in combination with the use of sun 
protection clothing and sunblocks. The prevalence 
of vitamin D deficiency has been reported with great 
frequency even in sunny regions of the world. Studies 
on the prevalence of hypovitaminosis D in Saudi 
Arabia, Australia, Turkey, the Arab Emirates and India 
have shown that 30%-50% of children and adults had 
25(OH)D levels below 20 ng/mL. In Recife (latitude 
10ºS), Pernambuco,Brazil, the prevalence of vitamin 
D deficiency in postmenopausal women was 8% for 
25(OH)D values below 15 ng/mL and 43% for those 
below 25 ng/mL (16).

An observational study carried out in Italy in 
postmenopausal women revealed that vitamin D levels 
in postmenopausal women were lower in those with 
type 2 diabetes mellitus than in those in the control 
group (39% vs. 25%) (17). A Japanese study evaluating 
581 diabetic patients and 51 nondiabetic ones showed 
a prevalence of hypovitaminosis D (< 20 ng/mL) of 
75% with no differences between the type 2 diabetic 
patients and the control group (18). A study carried 
out in United Kingdom evaluated the prevalence of 
hypovitaminosis D in type 2 diabetic patients in an Asian 
community and its impact on the control of glycemia 
(19). The results revealed that the prevalence of vitamin 
D (< 20 ng/mL) was > 80%, being more common in 
the diabetics than in the control group (83% vs. 70%;  
p = 0.07), and that the glycated hemoglobin levels were 
higher in the women with vitamin D deficiency.

vitamin D and insulin resistance

The identification of 1,25(OH)2D receptors and 
the 1 α hydroxilase expression in pancreatic beta 
cells support the possibility of vitamin D role in the 
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pathogenesis of type 2 diabetes mellitus (20). In 
animals it has been demonstrated that the secretion of 
pancreatic insulin is inhibited by vitamin D deficiency 
(21) and that in humans vitamin D deficiency is related 
to glucose intolerance and type 2 diabetes mellitus 
(22). Hypovitaminosis D leads to a deficiency in the 
secretion of insulin and induces glucose intolerance 
(23), while its replacement with vitamin D reestablishes 
these abnormalities (24). 

Vitamin D affects the function of beta cells in various 
ways. The active form of vitamin D exerts its effects 
by activating the nuclear vitamin D receptor (VDR). 
The binding of 1,25(OH)2D to the VDR leads to the 
transcription of genes regulated by 1,25(OH)2D. The 
effect of vitamin D on insulin synthesis and secretion is 
evidenced by the presence of the vitamin D response 
element (VDRE) in the human insulin gene promoter 
and transcriptional activation of the human insulin 
gene caused by 1,25(OH)2D (25). An indirect effect 
of vitamin D on beta cells may be mediated by its 
regulation in the extracellular concentration of calcium 
and the influx of calcium through the beta cells (26). 

Vitamin D may also affect insulin resistance through 
the renin-angiotensin-aldosterone system. It is believed 
that angiotensin II contributes to increased insulin 
resistance by inhibiting the action of insulin in the 
vascular tissue and skeletal muscle, leading to a decrease 
in glucose uptake (27). Data support the vitamin 
D-VDR complex as a potential regulator of renin 
activity in humans and polymorphisms in the VDR 
gene may be associated with the pathogenesis of type 2 
diabetes mellitus by influencing insulin resistance (28). 

However, whether vitamin D may influence insulin 
secretion and action is controversy. Although some 
studies found no association between serum 25(OH)
D levels and parameters of insulin action (29), others 
have shown positive associations. In the Canadian 
Prospective Metabolism and Islet cell Evaluation 
(PROMISE) study cohort (30), three univariate 
analyses indicated a significant positive association 
between serum 25(OH)D and the insulin sensitivity 
index for the oral glucose tolerance test (IS-OGTT): r 
= 0.30, p < 0.001. A significant negative association was 
found between serum 25(OH)D and the homeostasis 
model assessment (HOMA-IR): r = -0.29, p < 0.001, 
as well as significant positive associations between 
serum 25(OH)D levels and the insulinogenic index/
HOMA ratio: r = 0.14, p = 0.002. In the multivariate 
regression analyses, serum 25(OH)D was a significant 

independent predictor of insulin sensitivity and beta 
cell function across all models (31).

In HIV positive patients there is prolonged exposure 
to the HIV virus and anti-retroviral therapy (ART), and 
both have been associated with metabolic abnormalities 
and insulin resistance. Vitamin D deficiency has been 
reported to be higher in various age groups of HIV-
infected individuals, ranging from 60% of adolescents 
and young adults with serum 25(OH)D levels of less 
than 10 ng/mL in the Netherlands (32) (40° N) to 
more than 80% of adults, with a mean age of 41 years, 
showing serum 25(OH)D levels of less than 18 ng/
mL in Italy (30° N). In a group of premenopausal HIV 
women with a mean age of 40 years living in the city 
of Recife (10° S), 60% of them with lipodystrophy, 80% 
with dyslipidemia and 38% with metabolic syndrome, 
we found a 41% prevalence of vitamin D deficiency 
using a cut point of 30 ng/mL for serum 25(OH)D. 
After full adjustments, total serum cholesterol levels 
and the duration of ART were independently associated 
with vitamin D deficiency (33).

vitamin D and type 2 diabetes mellitus 

Vitamin D deficiency appears to predispose individuals 
to becoming type 2 diabetics, and there is evidence 
from observational studies that suggests an association 
between low levels of vitamin D and a risk of type 2 
diabetes mellitus. 

A decrease in the concentration of vitamin D was 
reported in a population of Asians from Bangladesh 
resident in London at risk for type 2 diabetes mellitus 
compared with individuals with no such risk and who 
also presented a higher prevalence of type 2 diabetes 
mellitus than a British Caucasian population (34). 

An English cohort (6) comprising a total of 524 
randomly selected nondiabetic men and women, aged 
40-69 years at baseline, with measurements for serum 
25(OH)D and IGF-1 in the population-based Ely Study, 
had their glycemic status (oral glucose tolerance), lipids, 
insulin, anthropometry, and blood pressure measured 
and metabolic syndrome risk (metabolic syndrome z 
score) derived at baseline and at 10 years of follow-
up. This prospective study reports inverse associations 
between baseline serum 25(OH)D and future 
glycemia and insulin resistance. These associations are 
independent of risk factors and potential confounders. 
These findings confirm results from a Finnish cohort 
study showing a significant inverse association between 
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serum 25(OH)D and risk of type 2 diabetes in a simple 
model. However, the association was attenuated in the 
multivariate analysis, adjusting for potential risk factors 
for type 2 diabetes. 

An analysis from the Nurse Health Study 
demonstrated that women with a mean ingestion of 
vitamin D greater than 800 IU per day had a 33% lower 
risk of type 2 diabetes mellitus than those whose daily 
ingestion was less than 200 IU (35). 

To determine the association between serum 25(OH)
D and diabetes risk and whether it varies according to 
ethnicity, an analysis of data from the Third national 
and Nutrition Examination Survey (1988-1994) was 
carried out. In this cross-sectional survey of a nationally 
representative sample of the U.S population, 25(OH)D 
was available from 6,228 people (2,766 non-Hispanic 
whites, 1,736 non-Hispanic blacks, and 1,726 Mexican 
Americans), aged ≥ 20 years with fasting and/or 2-h 
plasma glucose and serum insulin measurements. The 
results showed an inverse association between vitamin 
D status and diabetes, possibly involving resistance, in 
non-Hispanic whites and Mexican Americans, but not 
in non-Hispanic blacks (36). 

All this data suggests that hypovitaminosis D may 
be a major risk factor in glucose intolerance in some 
individuals, but not in all populations. One explanation 
for the lack of association could be the existence of 
a variable effect in the threshold between different 
ethnic groups. It is possible that a particular population 
may have a diminished sensibility to vitamin D or to 
the effects of the parathyroid hormone (PTH). A 
cross-sectional study performed on obese female 
adolescent Afro-Americans suggested that 25(OH)D 
concentrations < 15 ng/mL represent the threshold 
from which vitamin D deficiency produces a negative 
effect on insulin sensibility (37), and adolescents in 
NHANES III with serum 25(OH)D levels of less than 
15 ng/mL were more likely to have elevated blood 
glucose levels than those with the highest 25(OH)D 
values (> 26 ng/mL) (OR, 2.5; 95% CI, 1.0-6.4) (38).

Unlike observational studies, experimental studies 
lack evidence to support the hypothesis that vitamin 
D supplementation reduces the risk of diabetes or 
glucose intolerance. In a meta-analysis (39) published 
in 2007, none of the six studies reviewed was able to 
demonstrate a significant change in glucose intolerance. 
However, three of the studies were of short duration  
(≤ 3 months), and two of these employed the active form 
of vitamin D (1,25-dihydroxyvitamin D3). In addition, 

the primary outcome of these studies was not the effect 
of vitamin D supplementation on glucose metabolism. 
In the placebo-controlled Women’s Health Initiative 
(WHI), the use of calcium supplement of 1,000 mg 
per day and vitamin D3 400 IU per day failed to reduce 
the risk of progression to diabetes over a period of 
seven years (40). The null result may, however, be 
attributable to the use of a low dose of vitamin D in the 
active treatment group.

In a systematic review (41) of studies published 
in English using Medline up to the end of February 
2011, a total of eight observational studies and 11 
interventional studies were included, in order to 
ascertain the association between vitamin D status and 
the incidence of type 2 diabetes mellitus and the effect 
of vitamin D supplementation on blood glucose results. 
The daily ingestion of > 500 IU of 25(OH)D reduced 
the risk of diabetes by 13% a against an ingestion of 
< 200 IU per day. Individuals with higher 25(OH)D 
levels (> 25 ng/mL) had a lower risk of developing 
type 2 diabetes than those in the group with 25(OH)
D levels of < 14 ng/mL. In a post-hoc analysis of eight 
studies comprising individuals with normal glucose 
tolerance levels at baseline, and in three small studies 
(32-60) of patients with type 2 diabetes vitamin D 
supplementation had no effect on the blood glucose 
results.

To determine whether vitamin D supplementation, 
with or without calcium, improved glucose homeostasis 
in adults at risk for diabetes, a randomized, double-
blind, placebo-controlled study (42) was conducted, 
assigned in a 2-by-2 factorial-design, in which patients 
were given either cholecalciferol (2000 IU once 
daily), or calcium carbonate (400 mg twice daily) for 
16 weeks. The results showed that supplementation 
with cholecalciferol, but not with calcium, improved 
beta cell function and had only a marginal effect on 
attenuating the rise in glycated hemoglobin. However, 
supplementation with cholecalciferol does not improve 
glycemic control in diabetic subjects with normal serum 
25(OH)D levels.

vitamin D and cardiovascular disease

A growing body of evidence suggests that low levels 
of 25(OH)D may adversely affect the cardiovascular 
system (43). 

Cross-sectional studies show associations between 
decreased sun exposure or hypovitaminosis D and 

Vitamin D and diabetes mellitus
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increased risk for myocardial infarction, stroke, heart 
failure, and peripheral arterial disease, and studies in 
rodents have shown that vitamin D protects against 
cardiac hypertrophy and myocardial dysfunction (44). 

Several mechanisms may explain the link between 
vitamin D deficiency and cardiovascular disease. 
Vascular smooth muscle cells and endothelial cells 
express receptors for vitamin D and have the ability to 
convert circulating 25(OH)D into 1,25(OH)2 D (45). 
In vitro, activated 1,25(OH)2D suppresses renin gene 
expression, and regulates the growth and proliferation 
of vascular smooth muscle cells and cardiomycytes 
(44,46). 

Demographic data in a sample representative of 
the United States from the Third National Health and 
Nutrition Examination Survey revealed that 25(OH)
D levels are associated with important cardiovascular 
disease risk factors. The prevalence of diabetes mellitus 
(odds ratio 1.98), obesity (odds ratio 2.29), increased 
levels of triglycerides (odds ratio 1.47) and arterial 
hypertension (odds ratio 1.30) were all significantly 
greater in the lower quartiles of the 25(OH)D serum 
levels than in the higher quartiles (< 0.001 for all) 
(47). Pilz and cols. found an association of vitamin 
D deficiency with heart failure and sudden cardiac 
death (SCD) in a large cross-sectional study of patients 
referred for coronary angiography. After adjustment for 
cardiovascular risk factors, the hazard ratios (with 95% 
confidence intervals) for death due to heart failure and 
for SCD were 2.84 (1.20-6.74) and 5.05 (2.13-11.97), 
respectively, when comparing patients with severe 
vitamin D deficiency [25(OH)D < 10 ng/mL] with 
persons in the optimal range [25(OH)D > 30 ng/mL] 
(48). On the other hand, a systematic review and meta-
analysis found (51 eligible trials of moderate quality) 
that 25(OH)D was associated with nonsignificant 
effects on the patient-important outcomes of death 
[RR, 0.96; 95% confidence interval (CI), 0.93, 1.00; 
P = 0.08], myocardial infarction (RR, 1.02; 95% CI, 
0.93, 1.13; P = 0.64), and stroke (RR, 1.05;95%CI, 
0.88, 1.25; P = 0.59) (49).

A study verified the relationship between hypovita-
minosis D and intimal medial thickening (IMT) of the 
common carotid artery, measured by ultrasonography 
among 390 type 2 diabetic patients. Hypovitaminosis 
D was defined as a serum 25(OH)D concentration ≤ 
15 ng/mL and IMT as a focal thickening > 1.2 mm at 
the level of the common carotid artery. They found a 
strong inverse and independent the association between 

serum 25(OH)D and carotid artery IMT. The patients 
with hypovitaminosis D (n = 130) had a marked in-
crease in common carotid artery IMT (1.10 ± 0.15 vs. 
0.87 ± 0.14 mm, p < 0.001) (50).

Despite a large number of cross-sectional studies 
and a limited number of clinical trials that evaluated 
25(OH)D concentrations as a potential determinant of 
cardiovascular disease and type 2 diabetes, it remains 
uncertain whether improving vitamin D status would 
reduce risk of these conditions. 

vitamin D and type 1 diabetes mellitus 

Type 1 diabetes mellitus (T1D) is caused by a 
complex autoimmune process associated with altered 
humoral and cellular immunity. The autoimmune 
response involves both β-cell specific autoantibodies 
and autoreactive pathogenic CD4 and CD8T cells 
infiltrating the pancreatic islets (insulitis). The pre-
diabetic phase of T1D may have relapsing-remitting 
course that leads to slowly progressive pancreatic islet 
β-cell failure. Progression occurs depending on the 
interplay between antigen spreading, β-cell proliferation 
and loss of regulatory T (Treg) cells.

In the last few years, intervention trials in new-
onset T1D has been taken to silence and/or modulate 
this altered immune response. A growing body of 
evidence from animal and in vitro studies suggests 
the potential of 25(OH)D to modulate the immune 
response: 1) the presence of VDR on human activated 
inflammatory cells, 2) the ability of 25(OH)D to inhibit 
lymphocyte proliferation and 3) the ability of activated 
macrophages to produce 1,25(OH)2D, expressing 
CYP27B1. Additionally, most tissues in the body have 
VDR, which are also expressed in activated T and B 
human lymphocytes. 

Initial studies showed that 25(OH)D not only acts 
suppressing lymphocyte proliferation, but may also 
modify the Th1/Th2 cytokine profile, which might 
help to limit the potential tissue damage associated 
with Th1 cellular immune responses (51). However 
a subsequent analysis demonstrated that although in 
vitro 25(OH)D seems to support a shift from Th1 to 
Th2, its effects in vivo on T cells are more complex, 
showing both inhibition of Th1 and Th2 cytokines, 
and reduced levels of Th1 cells.

In animal models (mostly NOD mouse) high doses 
of 1,25(OH)2D successfully reduce the incidence 
of diabetes by decreasing the numbers of effector T 

Vitamin D and diabetes mellitus
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cells, inducting Treg cells and reducing chemokine 
production by islet cells (52). Treg cells exert suppressor 
rather than effector functions, and it seems that the 
differentiation of Treg is an important mechanism 
linking 1,25(OH)2D and adaptive immunity. The 
immunosuppressive mechanism is probably mediated 
by the induction of tolerogenic antigen presenting cells 
(like dendritic cells), increased IL-10 secretion and the 
expression of Toll-like receptor 9 (TLR9) by Tregs, 
suggesting a novel link between innate and adaptive 
immune response.

It also has been reported that exposition of human 
β cell to 1,25(OH)2D protects them from death 
by reducing expression of MHC class I molecules, 
inducing expression of anti-apoptotic A20 protein and 
decreasing expression of FAS (that regulates activation-
induced cell death) (53).

In vivo studies have shown that 1,25(OH)2D 
inhibits the expression of inflammatory cytokines in 
monocytes, such as IL-6, TNF-alfa, IL-8, and IL-12 
in normal individuals. The influence of this vitamin on 
cytokine production by lymphocytes may be another 
important link between the 25(OH)D and the immune 
system (54). Other facets of T-cell function may also 
be affected by the hormone, such as the homing of 
T cells to specific tissues. The studies suggested that 
1,25(OH)2D acts inhibiting migration of T cells to 
lymph nodes.

There are data showing that 25(OH)D supplemen-
tation to offspring during infancy, as well as dietary 
exposure during pregnancy, was associated with a re-
duced risk of human type 1 diabetes. Children who 
took 2000UI regularly had a RR of 0.22 (0.05-0.89), 
while children suspected of having rickets during the 
first year of life had a RR of 3.0 (1.0-9.0) risk of T1D 
(10). It is interesting to observe that in Finland, while 
the recommended dosage of 25(OH)D has decreased 
gradually in the last few decades, associated with a de-
crease in compliance to supplementation recommenda-
tions, there was an increase in the incidence of T1D. 
Together with the observation that incidence rates of 
T1D tended to be higher at higher latitudes in both 
hemispheres, the association of ultraviolet B irradiance 
with risk of T1D was observed in 51 regions world-
wide, which raises the possibility of 25(OH)D having 
a role in the development of the disease. In addition, 
a number of observational studies have revealed an as-
sociation between 25(OH)D deficiency, and the prev-

alence of T1D in children and adolescents compared 
with non-diabetic individuals (55). 

Another piece of evidence of the complex role of 
25(OH)D is the extensive genetic analyses linking 
the polymorphic variation in the genes for several 
components of the 25(OH)D metabolic and signaling 
system to T1D. Some specific VDR gene haplotypes 
appear to protect against diabetes, while polymorphisms 
in the CYP27B1 gene have been shown to affect diabetes 
susceptibility (56,57). Given the evidence that variation 
in the CYP27B1 etiologically contributes to T1D risk, 
other genes that control vitamin D metabolism are also 
biologically plausible candidates, and should be studied. 

In a clinical setting, two recent trials found no 
significant effect of 1,25(OH)2D on the preservation 
of β-cell function after type 1 diabetes onset (58,59). 
Nevertheless, the dose and mechanistic action of 
vitamin D are still under discussion. On the other hand, 
in a randomized, double-blind, placebo-controlled 
trial in new-onset T1D, we studied the effect of 2000 
IU of 25(OH)D on peripheral cytokine levels, Treg 
cells and the decline of residual β-cell function. We 
found that the cumulative incidence of progression to 
undetectable (≤ 0.1 ng/ml) fasting serum C-peptide 
during the 18 months of follow-up reached 18.7% in 
the 25 (OH)D group, and 62.5% in the placebo group 
(P = .012) while stimulated C-Peptide reached this 
level in 6.2% of the 25(OH)D and 37.5% of placebo 
group (P = .047). We also found a tendency to increase 
IL-10 and Treg cells (CD4+CD25+Foxp3), which might 
have contributed to the less progressive β-cell decay in 
the 25(OH)D group (60). 

In any case, further studies based on large patient 
cohorts are needed to show whether the administration 
of 25(OH)D or 1,25(OH)2D significantly reduces 
the risk of T1D or contribute to the preservation of 
C-peptide after the diagnosis.

CONClUSIONS

There is evidence that vitamin D deficiency leads 
to glucose intolerance and predisposes to type 2 
diabetes mellitus, while the restoration of vitamin D 
levels may reduce the risk of type 1 diabetes mellitus. 
Despite observational studies showing a strong 
association between vitamin D deficiency and diabetes 
mellitus, randomized clinical trials with vitamin D 
supplementation are of short duration, with small 
numbers of patients, and small doses of vitamin D 

Vitamin D and diabetes mellitus
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supplementation, thereby not permitting any definitive 
conclusions. Questions persist about the optimal level 
of 25 (OH)D to prevent the risk of developing diabetes 
mellitus. However, a large long-term clinical trials are 
needed to clarify these issues. Vitamin D is inexpensive 
and should a trial confirm its benefit in the prevention 
of diabetes, it will have a major impact on public health.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Challenges and pitfalls in the 
diagnosis of hyperprolactinemia
Desafios e armadilhas no diagnóstico da hiperprolactinemia

Lucio Vilar1, Maria Fleseriu2, Marcello D. Bronstein3

ABSTRACT
The definition of the etiology of hyperprolactinemia often represents a great challenge and an 
accurate diagnosis is paramount before treatment. Although prolactin levels > 200-250 ng/mL are 
highly suggestive of prolactinomas, they can occasionally be found in other conditions. Moreover, 
as much as 25% of patients with microprolactinomas may present prolactin levels < 100 ng/mL, 
which are found in most patients with pseudoprolactinomas, drug-induced hyperprolactinemia, 
or systemic diseases. On the other hand, some conditions may lead to falsely low PRL levels, 
particularly the so-called hook effect, that is an assay artifact caused by an extremely high level of 
PRL, and can be confirmed by repeating assay after a 1:100 serum sample dilution. The hook effect 
must be considered in all patients with large pituitary adenomas and PRL levels within the normal 
range or only modestly elevated (e.g., < 200 ng/mL). An overlooked hook effect may lead to incorrect 
diagnosis and unnecessary surgical intervention in patients with prolactinomas. Another important 
challenge is macroprolactinemia, a common finding that needs to be identified, as it usually requires 
no treatment. Although most macroprolactinemic patients are asymptomatic, many of them may 
present galactorrhea or menstrual disorders, as well as neuroradiological abnormalities, due to the 
concomitance of other diseases. Finally, physicians should be aware that pituitary incidentalomas are 
found in at least 10% of adult population. Arq Bras Endocrinol Metab. 2014;58(1):9-22

Keywords 
Hyperprolactinemia; diagnostic pitfalls; hook effect; macroprolactinemia; pituitary incidentalomas

RESUMO
A definição da etiologia da hiperprolactinemia muitas vezes representa um grande desafio e um diag-
nóstico preciso é fundamental antes do tratamento. Embora níveis de prolactina > 200-250 ng/mL 
sejam altamente sugestivos de prolactinomas, ocasionalmente podem ser encontrados em outras 
condições. Além disso, até 25% dos pacientes com microprolactinomas podem apresentar-se com 
níveis de prolactina < 100 ng/mL, os quais são evidenciados na maioria dos pacientes com pseudo-
prolactinomas, hiperprolactinemia induzida por drogas ou doenças sistêmicas. Por outro lado, deve-
-se atentar às condições que podem levar a valores de prolactina falsamente baixos, particularmente 
o chamado efeito gancho. Este último é um artefato causado por um nível extremamente elevado 
de PRL e que pode ser confirmado pela repetição do exame após diluição do soro a 1:100. O efeito 
gancho deve ser considerado em todo paciente com grandes adenomas hipofisários e níveis de pro-
lactina dentro da faixa normal ou apenas moderadamente elevados (p. ex., < 200 ng/mL). Um efeito 
gancho não detectado pode levar a diagnóstico incorreto e intervenção cirúrgica desnecessária em 
pacientes com prolactinomas. Outro desafio importante é a macroprolactinemia, um achado comum 
que precisa ser identificado visto que geralmente não requer tratamento. Ainda que a maioria dos 
pacientes seja assintomática devido à concomitância de outras doenças, muitos podem apresentar 
galactorreia ou distúrbios menstruais, bem como anormalidades neurorradiológicas. Finalmente, os 
médicos devem estar cientes de que incidentalomas hipofisários são encontrados em pelo menos 
10% da população adulta. Arq Bras Endocrinol Metab. 2014;58(1):9-22

Descritores 
Hiperprolactinemia; armadilhas diagnósticas; efeito gancho; macroprolactinemia; incidentalomas hipofisários

INTRODUCTION

Hyperprolactinemia is the most common endocrine 
disorder of the hypothalamic-pituitary axis (1-3). 

The elevation of prolactin (PRL) serum levels is not an 
unique disease per se. Rather, it has multiple etiologies 
(4,5). A prolactinoma is the most common cause of 
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chronic hyperprolactinemia after pregnancy, primary 
hypothyroidism, and drugs that rise serum prolactin 
levels have been ruled out (6). 

The occurrence of clinically apparent hyperprolacti-
nemia depends on the study population (7). The preva-
lence has been reported to range from 0.4% in an unse-
lected healthy adult population in Japan to 5% seen at a 
family planning clinic (8). The rate is even higher among 
patients with specific symptoms possibly related to 
hyperprolactinemia. Indeed, it is estimated at 9% among 
women with amenorrhea, 25% among women with ga-
lactorrhea, 16-30% among women with infertility, and as 
high as 70% among women with both amenorrhea and 
galactorrhea (7-9). Hyperprolactinemia has also been 
reported to be present in 3-10% of patients with erectile 
dysfunction and/or premature ejaculation (10).

The measurement of PRL levels has increasingly 
broader indications. It is included in the work-up for 
menstrual disorders, infertility and galactorrhea in 
women, and in the work-up for sexual dysfunction or 
infertility in men. Moreover, it plays a fundamental role 
in the evaluation and monitoring of sellar tumors (4,5). 

When determining the etiology of hyperprolactine-
mia and interpreting PRL levels, clinicians need to be 
aware of some conditions that can lead to misdiagnosis 
and, consequently, to inappropriate management. In 
this review article, the authors aim to comment on the 
most important causes of hyperprolactinemia and par-
ticularly to emphasize the main challenges and pitfalls 
that can be faced in the diagnostic approach of hyper-
prolactinemic subjects.

pROlACTIN fUNCTION AND REGUlATION
Prolactin primary function in humans is to assist in 
the development and maturation of the breast during 
pregnancy and the subsequent production of milk 
during lactation. Unlike the other hormones of the 
adenohypophysis, prolactin secretion is predominantly 
under inhibitory effect of the hypothalamus by means 
of one or more PRL inhibitory factors (PIF) that reach 
the pituitary via the hypothalamic-pituitary portal 
vessels (3,5,11). Dopamine is the main physiological 
PIF, which acts on surface membrane of dopamine D2 
receptors on lactotroph cells. Disruption of the pituitary 
stalk and, therefore, the transport of dopamine to the 
lactotrophs, or blockade of endogenous dopamine 
receptors by a variety of drugs, leads to a moderate 
increase in PRL secretion (7,11,12). There are a 
number of agents that also stimulate PRL synthesis 

and release, including thyrotropin releasing hormone 
(TRH), vasoactive intestinal peptide (VIP), oxytocin, 
and estrogen (4-6).

pROlACTIN SERUM ISOfORMS

PRL size is heterogeneous in terms of circulating mole-
cular forms. The predominant form in healthy subjects 
and in patients with prolactinomas is monomeric PRL 
(molecular mass 23 kDa), while dimeric or big PRL (45-
60 kDa), and big-big PRL or macroprolactin (150-170 
kDa) correspond to less than 20% of the total PRL (13-
15). When the serum of a patient with hyperprolacti-
nemia contains mostly macroprolactin, the condition is 
termed macroprolactinemia (16,17). In approximately 
90% of cases, macroprolactin is composed of a complex 
formed by an IgG and a monomeric PRL (17,18). Ma-
croprolactin causes hyperprolactinemia as a consequence 
of low renal PRL clearance and decreased stimulation of 
the dopaminergic tonus (19). Though still controversial, 
studies indicate that macroprolactin has both low bio-
activity and bioavailability (17,19,20), thus explaining 
why most patients with macroprolactinemia lack typical 
symptoms related to hyperprolactinemia (17,19,21).

ETIOlOGy

Causes of hyperprolactinemia fall into three main cate-
gories: physiologic, pharmacologic and pathologic. Fur-
thermore, as previously mentioned, hyperprolactine mia 
can arise when macroprolactin is the predominant iso-
form (19,21) (Tables 1 and 2).

pHySIOlOGIC CAUSES 

The most important physiologic causes of hiperprolacti-
nemia are pregnancy and breast-feeding (3,4). During 
normal pregnancy, serum PRL progressively rises to 
around 200 to 500 ng/mL (4,000 to 10,000 mU/L), 
an increase thought to be due to rising estrogen con-
centrations (11). 

A variety of stress conditions (e.g., physical discom-
fort, exercise, hypoglycemia, myocardial infarction, sur-
gery, fear of venipuncture, etc.), food ingestion, coitus, 
and sleep, are also potent stimuli to PRL release (3,11). 
Psychological stress may cause minimal elevations of PRL 
(22), but chronic hyperprolactinemia has not been repor-
ted with any chronic psychiatric state except pseudocye-
sis, in which PRL levels fall with psychotherapy (22,23). 
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inhibition of serotonin reuptake (opiates, fenfluramine, 
fluoxetine, sibutramine), etc. (1,4-7,22,24-26). Any 
drug that affects the hypothalamic dopamine system 
and/or pituitary dopamine receptors can potentially 
induce hyperprolactinemia (6,26).

Vilar and cols. (27) showed in the Brazilian 
Multicenter Study on Hyperprolactinemia (BMSH), 
that antidepressants and neuroleptics (in monotherapy 
or in combination) were the culprit in a large majority 
of the cases (82.2%). Among antipsychotics, the 
most frequently involved ones were haloperidol, 
phenothiazines, and risperidone, while tricyclic drugs 
are the main representants among the antidepressants. 
Other studies (28) found the following rates of 
hyperprolactinaemia associated with each therapeutic 
drug class: 31% for neuroleptics, 28% for neuroleptic-
like drugs, 26% for antidepressants, 5% for H2-receptor 
antagonists, and 10% for other drugs. 

In one group of 106 patients receiving antipsychotics, 
hyperprolactinemia was present in 81%, 35%, 29%, 
and 38% of patients taking risperidone, olanzapine, 
ziprasidone, and typical antipsychotics, respectively (29).

The newer atypical antipsychotics (AAP) are 
characterized by increased antipsychotic efficacy, and 
fewer neurological and endocrine related side-effects 
as compared to classical antipsychotic drugs. With the 
exception of risperidone, amilsulpride and molindone 
that are often associated with high PRL levels (30), 
most of AAP elicit poor hyperprolactinemic response 
or no hyperprolactinemia at all (12). Furthermore, 
addition of drugs like quetiapine and aripiprazole was 
shown to reverse the hyperprolactinemia induced by 
other AAPs (31).

The evaluation of drug-induced hyperprolactinemia 
can be challenging; it is noteworthy to always consider 
the concomitance of a pathologic cause. In an 
ideal situation (if it is possible with the disease, and 
corroborated by a psychiatrist, it is recommended 
to perform repeated PRL measurements after 
discontinuing the medication for at least 3 to 4 days. 
When drug withdrawal is unsafe, an MRI should be 
performed to rule out a sellar mass. If drug-induced 
hyperprolactinemia is confirmed, one should try to 
switch to an alternative medication (6,19). 

One of our patients chronically treated with 
haloperidol presented moderate increase in PRL levels 
(60-95 ng/mL) which was attributed to the drug. When 
she developped amenorrhea three years later, a pituitary 
MRI was performed, disclosing a huge sellar mass, 

Table 1. Causes of hyperprolactinemia

physiologic 
Pregnancy; lactation; stress; sleep; coitus; exercise 

pathologic 
Systemic diseases – Primary hypothyroidism; adrenal insufficiency; PCOS (?); 
renal insufficiency; cirrhosis; pseudocyesis; epileptic seizures

Hypothalamic diseases – tumors (craniopharyngiomas, dysgerminomas, 
meningiomas, etc.); infiltrative disorders (histiocytosis, sarcoidosis, etc.), 
metastasis; cranial radiation; Rathke’s cleft cysts, etc. 

Pituitary diseases – Prolactinomas; acromegaly; thyrotropinomas; Cushing’s 
disease; infiltrative disorders; metastasis; lymphocytic hypophysitis; empty 
sella syndrome, etc. 

Stalk disorders – Hastitis; seccion; traumatic brain injury (TBI) 

Neurogenic – Chest wall lesions (burns; breast surgery; thoracotomy; nipple 
rings; herpes zoster; etc.); spinal cord injury (cervical ependymoma; tabes 
dorsalis; extrinsic tumors; etc.), breast stimulation, etc.

Idiopathic 

Ectopic prolactin production – Renal cell carcinoma; ovarian teratomas; 
gonadoblastoma; non-Hodgkin lymphoma, uterine cervical carcinoma; 
colorectal adenocarcinoma, etc.)

Macroprolactinemia
Drug-induced (Table 2)

Table 2. Drug-induced hyperprolactinemia

Antipsychotics
Typical – Phenothiazines; butirophenones; thyoxanthenes 

Atypical – Risperidone; molindone; amisulpride; quetiapine; olanzapine 

Antidepressants
Tricyclics – Amitriptyline; desipramine; clomipramine 

MAO inhibitors – Pargyline; clorgyline 

SSRIs – Fluoxetine; citalopram; paroxetine

Antihypertensive drugs 
Verapamil; α-methyldopa; reserpine; labetolol 

Anticonvulsivants 
Phenytoin 

prokinetic agents
Metoclopramide; domperidone

Others
Estrogens; anesthetics; cimetidine; ranitidine; opiates; methadone; morphine; 
apomorphine; heroin; cocaine; marijuana; alcohol; sibutramine, etc.

pHARMACOlOGIC CAUSES

The most common cause of non-physiological hyper-
prolactinemia is the use of drugs that act through diffe-
rent mechanisms: increased transcription of PRL gene 
(estrogens), antagonism of dopamine receptor (risperi-
done, haloperidol, metoclopramide, domperidone, sulpi-
ride, etc.), dopamine depletion (reserpine, methyldopa), 
inhibition of hypothalamic dopamine production (vera-
pamil, heroin, morphine, enkephalin analogs, etc.), inhi-
bition of dopamine reuptake (tricyclic antidepressants, 
cocaine, amphetamine, monoamine oxidase inhibitors), 
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confirmed to be a non-functioning pituitary adenoma 
(Figure 1). Therefore, the presence of an apparent drug-
induced hyperprolactinemia does not necessarily exclude 
other disorders and/or the need for a pituitary MRI.

Systemic diseases

Pathological hyperprolactinemia can be also caused by 
other endocrine and non-endocrine systemic diseases. 
Up to 40% percent of patients with overt primary hy-
pothyroidism, and up to 22% of those with subclinical 
hypothyroidism (defined by increased TSH with normal 
serum thyroid hormones) could have mild elevation of 
PRL levels that can be normalized by thyroid hormone 
replacement (3,33,34). The major mechanism causing 
hyperprolactinemia in primary hypothyroidism is an in-
crease in TRH levels, which in turn stimulates PRL secre-
tion. Moreover, other mechanisms, such as reduced PRL 
clearance, decreased sensitivity to the suppressant effect 
of dopamine on PRL synthesis, and decreased circulating 
thyroid hormone levels could also be involved (5,19). 
Furthermore, one should be aware of the occasional con-
comitance of primary hypothyroidism and prolac tinomas. 
Although rare, it should be kept in mind when high PRL 
levels persist despite normalization of thyroid function (Fi-
gure 2) (1,4). Glucocorticoids have a suppressible effect on 
PRL gene expression and PRL release (22). Thus, hyper-
prolactinemia may occasionally be observed in patients 
with adrenal insuficiency in whom PRL levels return to 
normal with glucocorticoid replacement (3,22,35). 

The relationship between polycystic ovary syndro-
me (PCOS) and hyperprolactinemia remains contro-
versial. Several studies showed a high rate (up to 30%) 
of hyperprolactinemia in women with PCOS, thought 
to be a consequence of elevated estrogen levels and do-
paminergic tonus reduction (19,36). However, a phy-
siopathological link between PRL and PCOS was not 
confirmed in two recent studies, and their relationship 
was considered a fortuitous association (37,38).

figure 1. Huge sellar mass (confirmed to be a non-functioning pituitary 
adenoma) in a patient chronically treated with haloperidol who presented 
with mild elevation of prolactin. 

pATHOlOGIC CAUSES

pituitary and hypothalamic disordes

Prolactin secreting pituitary adenomas or prolactino-
mas represent the most common type of pituitary ade-
noma (about 40%) being the main cause of pathological 
hyperprolactinemia (4-6). Other tumors of the hypo-
thalmic-pituitary region may also present hyperprolac-
tinemia, either by increased production of PRL (mixed 
pituitary adenomas producing GH and PRL, TSH and 
PRL, or ACTH and PRL) or by compression of the 
pituitary stalk (e.g., clinically non-functioning pituitary 
adenomas and craniopharyngiomas) (4,5). In the latter 
situation, such tumors are called pseudoprolactinomas 
since they do not secrete PRL, but rather interfere with 
the supply of dopamine from the hypothalamus to the 
pituitary (3-5). Infiltrating lesions, hypophysitis, aneu-
risms, empty sella, and radiotherapy can also result in 
hyperprolactinemia due to inadequate hypothalamic 
production of dopamine or to pituitary stalk disruption 
(3,22). Interestingly, hypophysitis can also present very 
low prolactin levels (32).

figure 2. Microprolactinoma in a patient with primary hypothyroidism 
(arrow). This condition should be considered whenever PRL levels remain 
elevated following normalization of TSH and free T

4
.
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About 30% of patients with chronic renal failure, 
and up to 80% of patients on hemodialysis have elevated 
PRL levels. This is probably secondary to decreased 
clearance and increased production of PRL as a 
result of disordered hypothalamic regulation of PRL 
secretion. Correction of renal failure by transplantation 
results in normoprolactinemia, sometimes within days 
(3,11,39). Mild hyperprolactinemia is also found, with 
variable frequencies, in alcoholic cirrhosis (16 to 100%) 
and nonalcoholic cirrhosis (5 to 13%) (22,40). The 
etiopathogenesis in these cases is unknown (19,41).

Idiopathic hyperprolactinemia

The term idiopathic hyperprolactinemia (IH) has been 
reserved for patients without an obvious cause for the 
disorder (5,22). Presumably, in many such cases, small 
prolactinomas may be present but are too small (e.g., < 
3 mm) to be detected by current radiological techniques. 
In other cases, PRL elevation could result from 
hypothalamic regulatory dysfunction (6). In one-third 
of the patients with IH, elevated PRL levels will resolve, 
and in one-half of patients, PRL levesl will remain stable 
(1,3). Alternatively, De Bellis and cols. (42) found high 
prevalence of anti-pituitary antibodies (APA) in 25.7% of 
patients with idiopathic hyperprolactinemia, whereas all 
patients with microprolactinomas and normal controls 
were negative for APA. It is noteworthy that many cases 
initially diagnosed as IH were later confirmed as having 
macroprolactinemia (43-45).

Neurogenic hyperprolactinemia

Sexual breast stimulation and breastfeeding lead to 
reflex release of PRL, in part, by afferent neural pathways 
going through spinal cord. The same mechanism would 
explain elevation of PRL levels following traumatic or 
irritative lesions, disorders of the chest wall (mastectomy 
and thoracotomy, herpes zoster, burns, etc.), of the 
spinal cord (cervical ependymoma, syringomyelia, tabes 
dorsalis, extrinsic tumors), and nipple rings (3,5,22). 
The association of hyperprolactinemia with chronic 
nipple piercing was reported by some authors (46,47), 
but not confirmed in a recent study (48). 

Ectopic prolactin secretion

An unusual and extremely rare cause of hyperprolacti-
nemia is the ectopic production of PRL. Symptomatic 
hyperprolactinemia due to well-documented PRL pro-
duction from renal cell carcinoma (49), gonadoblasto-

ma (50), uterine cervical carcinoma (51), non-Hodgkin 
lymphoma (52), colorectal adenocarcinoma (53), and 
ectopic pituitary tissue in three ovarian teratomas (54-
56) has been reported. More recently, probable PRL 
ectopic secretion by a perivascular epithelioid cell tu-
mor (57) and a low grade malignant mesenchymal tu-
mor (58) were reported, but staining for PRL in the 
tumors was negative. 

Given its rarity, the search for an ectopic source of 
PRL secretion is not warranted unless there is a great 
clinical evidence of an extrapituitary tumor (3,22). 

Macroprolactinemia

Macroprolactinemia is a condition where more of 60% 
of circulating PRL is made up of macroprolactin (44). 
It may be observed in both sexes (although women 
represent about 90% of published cases), and at all ages, 
including subjects over 65 y.o. and below 12 y.o. (1,59). 
In recent studies, its prevalence has ranged between 
10-26% (44,59-61), but the precise prevalence of 
macroprolactinemia in hyperprolactinemic populations 
remains largely unknown. 

Different assays recognize macroprolactin differen-
tly (62). It has been demonstrated that some of the new 
assays show lower cross-reactivity with macroprolactin; 
however, the number of samples defined as macropro-
lactin is still significant (63).

Pituitary PRL is antigenic, leading to the production 
of anti-PRL auto-antibodies. These antibodies reduce 
PRL bioactivity and delay its clearance, inducing 
macroprolactinemia. Antibody-bound PRL is big 
enough to be confined to vascular spaces and, therefore, 
macroprolactinemia seems to develop mostly due to 
the delayed PRL clearance, rather than its increased 
production (16,17). 

Methods for detection of macroprolactin

The gold standard for the diagnosis of macroprolac-
tinemia is gel-filtration chromatography, but because 
this method is laborious and expensive, polyethyle-
ne glycol (PEG) serum precipitation has been wide-
ly used as a screening method (16,17,44,45,61,63). 
The test, which enables the diagnosis in at least 80% 
of cases, is based on the observation that immuno-
globulins exposure to defined concentrations of PEG 
lead to their insolubilization (1,4,63). PEG precipi-
tates macroprolactin, whose levels in the supernatant 
decrease significantly. Recoveries < 40% are indicative 
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of predominance of macroprolactin whereas recoveries 
> 60% point to the diagnosis of monomeric hyperpro-
lactinemia (44,63,64). 

Clinical relevance

As previously mentioned, macroprolactinemia is a com-
mon finding in endocrinological practice that usually re-
quires no treatment. It has been mostly suspected when 
hyperprolactinemic patients do not present the typical 
symptoms and/or evidence of a pituitary tumor on mag-
netic resonance imaging (MRI) (15,21,44,60,65,66). 
However, many patients with macroprolactinemia can 
have nonspecific symptoms, and neuroradiological ab-
normalities are also frequent (see below) (44,59,65). 
Furthermore, PRL levels are highly variable and overlap 
with those found in patients with monomeric hyperpro-
lactinemia (44,59,61,65). So, neither of these conditions 
can be differentiated on the basis of clinical features, MRI 
findings or PRL levels alone. 

One should also bear in mind that macroprolac-
tinemia may be associated with any other causes of 
hyperprolactinemia (4,19,59,60). In this context, ma-
croprolactinemia association with pituitary adenomas 
requires special attention (67,68), especially if PRL le-
vels remain elevated after PEG precipitation (Figure 3) 
(1,4,65). However, the prevalence of macroprolactine-
mia did not differ in patients with prolactinomas and in 
the control group (3.5% vs. 3.7%; p = 1.00) in a recent 
study (69). Macroprolactinemia was recently reported 
in 5.8% of women with PCOS (70). 

Unfortunately, sometimes, the presence of macro-
prolactinemia may delay or hamper the diagnosis of 
psychogenic erectile dysfunction (71). This situation 
should be considered whenever patients with erectile 
dysfunction and hyperprolactinemia have normal tes-
tosterone levels.

In conclusion, presence of macroprolactin may 
change the initial diagnosis in a large proportion of 
patients. In the series reported by Isik and cols. (44), 
idiopathic hyperprolactinemia, was initially diagnosed 
in 41 patients, and was subsequently excluded in 28 
of them (63%). Moreover, diagnosis of PRL-secreting 
pituitary microadenoma shifted to non-secreting 
pituitary microadenoma in 10 of 49 patients (20%) (44). 
Thus, macroprolactinaemia may represent a relevant 
cause of misdiagnosis, unnecessary investigation and 
inappropriate treatment.

DIAGNOSTIC EvAlUATION

For the correct identification of the etiology of hyper-
prolactinemia, some parameters must be taken into 
account: medical history, physical examination, clinical 
features, laboratory findings (especially PRL serum le-
vels), as well as imaging studies of the pituitary and sella 
turcica. Furthermore, the screening for macroprolacti-
nemia should often be considered.

In addition to PRL determination, TSH, free T4, 
and creatinine levels should be obtained to rule out sec-
ondary causes of hyperprolactinemia (1,4,39). More-
over, acromegaly must be investigated by means of 
IGF-1 measurement in all patients with a macroadeno-
mas, even though there are no manifestations of this 
disease (72). Finally, β-hCG measurement is mandato-
ry in any childbearing woman with amenorrhea (1,4). 

Medical history and physical examination 

Once hyperprolactinemia is detected, one should 
first investigate the use of substances that may rise 
PRL levels. It is mandatory to rule out pregnancy in 
amenorrheic women with hyperprolactinemia, even 
though they sometimes categorically deny such a 
possibility. There have been cases of pregnant woman 
who inadvertently underwent a pituitary CT scan in the 
investigation of hyperprolactinemia. It is important to 
remember, that opiate abuse and the use of some illicit 
drugs (e.g., cocaine and marijuana), are also possible 
causes of hyperprolactinemia (73), and this information 
may be omitted by patients during history taking. 

figure 3. Microprolactinoma in a patient with macroprolactinemia (arrow). 
After PEG precipitation, PRL recovery was low (25%) but PRL levels 
remained elevated (93 ng/mL).
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Data that could reinforce primary hypothyroidism is 
the presence of goiter or a surgical scar in the anterior 
cervical region, prior head or neck radiotherapy, the 
presence of menorrhagia – observed in about one third 
of the cases (74) – or the presence of typical manifesta-
tions of thyroid dysfunction (cold intolerance, slurred 
speech, drowsiness, asthenia, etc.). It should be em-
phasized, however, that many hypothyroid patients are 
asymptomatic (74), and that hyperprolactinemia may 
also be found in patients with subclinical hypothyroi-
dism (33). So, the possibility of primary hypothyroi-
dism should also always be considered regardless the 
presence of symptoms suggestive of the disease.

Although galactorrhea is the most characteristic 
clinical manifestation of hyperprolactinemia, it is 
not always present and may be intermittent or only 
detectable by the expression in the nipple (75). Indeed, 
among patients with prolactinomas, galactorrhea 
has been reported in 30-80% of women and 14-33% 
of men (5,75). Moreover, up to 50% of women with 
galactorrhea have normal PRL levels, characterizing 
the so-called idiopathic galactorrhea (76). On physical 
examination, one must also investigate the presence of 
irritative or traumatic lesions of chest wall (e.g., burns, 
herpes zoster, recent surgical scars, nipple rings, etc.) 
which could cause reflex PRL elevation (1,4,5,22). 
It is advisable to perform the breast exam apart from 
drawing PRL to prevent false elevation.

Other clinical features

As already mentioned, the typical manifestations of 
hyperprolactinemia are galactorrhea and symptoms 
associated with hypogonadism: oligomenorrhea, ame-
norrhea, infertility, decreased libido, and erectile dys-
function. Prolonged hypogonadism in both women 
and men may result in increased bone loss. Moreover, 
neuro-ophthalmogical symptoms can be observed in 
patients with macroprolactinomas. Few patients with 
prolactinomas are asymptomatic (5,27,39). When ty-
pical symptoms of hyperprolactinemia are absent, ma-
croprolactinemia should be suspected (6,7). However, 
the presence of galactorrhea, menstrual disorders and/
or infertility does not exclude this diagnosis. Indeed, 
one or more of these manifestations have been descri-
bed in at least 30% of cases. In a large series, galac-
torrhea, menstrual disorders, infertility and association 
of galactorrhea and menstrual disorders were found 
in 46%, 39%, 28%, 28% and 12% respectively, presu-

mably resulting from concomitant disorders, such as 
PCOS, pituitary tumors, etc. (59). Their overall pre-
valence was somewhat lower than those observed in 
patients with monomeric hiperprolactinemia (Table 3). 
Similar data has been reported in subsequent studies 
(16,17,21,45,60,65) (Table 3) (Figure 4). Asympto-
matic patients are more numerous in the macroprolac-
tinemic group (44,65).

Pituitary adenomas are rarely associated with diabetes 
insipidus (DI) (77). Thus, when a hyperprolactinemic 
patient present with a sellar mass and DI, a pituitary 
adenoma is less likely; differential diagnosis should 
include other types of sellar tumors (e.g., dysgerminoma, 
craniopharyngioma, etc.), hypophysitis, metastasis or 
other infiltrative disorders (77,78).

Imaging studies

Computed tomography (CT) scanning and especially 
magnetic resonance imaging (MRI) virtually visualize 
all macroprolactinomas (diameter ≥ 10 mm) and pseu-
doprolactinomas, as well as most microprolactinomas 
(diameter < 10 mm) (77,79). On the other hand, at le-
ast 10% of the general adult population undergoing de-
dicated imaging have a possible pituitary microadeno-
ma (80,81). Thus, the lesion seen on the MRI may be 
an incidental finding in patients whose hyperprolactine-
mia has other etiologies: drug-induced systemic disea-
se, or macroprolactin predominance (44,59,61,65,68). 
Furthermore, primary hypothyroidism may result in 
pituitary hyperplasia and diffuse pituitary enlargement 
that could lead to misdiagnosis of prolactinoma or 
pseudoprolactinoma. Indeed, there have been reports 
of patients who unduly underwent pituitary surgery. 
Pituitary enlargement is reversible with L-thyroxine re-
placement (82,83) (Figure 5).

Abnormal pituitary images (microadenomas, cystic 
lesions, empty sella or, less frequently, macroadenomas) 
have been reported in 8-26% of patients with macro-
prolactinemia (21,43,44,59,65) but this frequency 
is similar to that found in the general population (6-
20%) (80,81). However, in a recent study involving 88 
macroprolactinemic patients, 65% had abnormal MRI, 
compared with 81% of 244 subjects with monomeric 
hyperprolactinemia (44). Other authors have highli-
ghted that macroprolactinemia and pituitary inciden-
talomas could coexist (19,68), a situation in which one 
can mistakenly attribute hyperprolactinemia to a micro-
prolactinoma. 
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Table 3. Comparison of clinical, biological, and neuroradiological findings between macroprolactinemic patients and subjects with monomeric 
hyperprolactinemia from 3 series

findings Macroprolactinemia Monomeric hyperprolactinemic p-value

Females

Vallette-Kasic and cols. (59)

Vilar and cols. (65) 

Isik and cols. (44)

94%

85%

90%

NA*

83%

95.5%

-

ns

ns

Mean age (years)

Vallette-Kasic and cols. (59)

Vilar and cols. (65)

Isik and cols. (44)

35.0 ± 11.1

38.0 ± 12.1

30.7 ± 9.8

32.8 ± 9.5

36.4 ± 10.5

35.0 ± 10.1

ns

ns

0.0161

Mean PRL levels (ng/mL)

Vallette-Kasic and cols. (59)

Vilar and cols. (65)

Isik and cols. (44)

35.0 ± 11.1

113.3 ± 94.5

95.6 ± 47.3

32.8 ± 9.5

565.9 ± 2726.4**

125.3 ± 123.9

ns

< 0.001

ns

Only galactorrhea

Vallette-Kasic and cols. (59)

Vilar and cols. (65)

Isik and cols. (44)

46%

13%

39%

66%

29%

57%

0.003

ns

0.04

Only menstrual disorders

Vallette-Kasic and cols. (59)

Vilar and cols. (65)

Isik and cols. (44)

39%

24%

36%

49%

26%

54%

0.04

ns

ns

Galactorrhea + menstrual disorders

Vallette-Kasic and cols. (59)

Vilar and cols. (65)

Isik and cols. (44)

12%

2%

NA

34%

34%

NA

0.003

< 0.0001

-

Erectile dysfunction

Vallette-Kasic and cols. (59)

Vilar and cols. (65)

Isik and cols. (44)

50%

50

50%

NA

42

72%

-

ns

ns

No symptoms

Vallette-Kasic and cols. (59)

Vilar and cols. (65)

Isik and cols. (44)

NA

61%

32%

NA

11%

11%

-

< 0.0001

0.02

Normal MRI

Vallette-Kasic and cols. (59)

Vilar and cols. (65)

Isik and cols. (44)

78%

24%

34%

69%

80%

18%

ns

< 0.0001

0.02

* Sex ratio (female/male) of 87/1; ** 119.5 ± 64.9 ng/mL without including macroprolactinomas (p = 0.842 vs. macroprolactinemia).
NA: not available.

figure 4. Comparative clinical features in women with macroprolactinemia 
or monomeric hyperprolactinemia (Adapted from Ref. 65).
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Detection of macroprolactinemia does not neces-
sarily exclude the need to perform imaging studies of 
the sellar region, particularly if there are symptoms 
associated with hyperprolactinemia or neuro-ophthal-
mologic manifestations. The following case is illustra-
tive: a young overweight woman with oligomenorrhea 
attributed to PCOS and macroprolactinemia was pres-
cribed an oral contraceptive agent. Four months la-
ter, she presented intense headache and a subsequent 
pituitary MRI demonstrated a large macroadenoma 
(Figure 6). 
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figure 5. Diffuse pituitary enlargement in a patient with primary hypothyroidism-induced hyperprolactinemia, 
before (A) and after (B) L-thyroxine replacement.

A B

Baseline   After 6 months of L-thyroxine replacement 

figure 6. Large non-functioning pituitary adenoma disclosed in a patient with macroprolactinemia (arrows).

prolactin levels

Vigorous exercise and nipple stimulation should be 
avoided for at least 30 minutes before checking PRL 
levels (39). However, supine rest is not necessary 
prior to sampling. Venipuncture stress may cause 
elevation in PRL level, but it is usually mild (< 40-
60 ng/mL) (5,22). PRL is secreted episodically, and 
its levels measured during the day may possibly be 
beyond the upper limit of normality for a particular 
laboratory in healthy individuals (1,3). The diagnosis 
of hyperprolactinemia is made when serum PRL levels 
are found on two separate occasions to be above the 
standard upper limit of normal range (usually 20 to 25 
ng/mL or 400 to 500 mIU/liter) (4,39). Nevertheless, 
a single determination may be sufficient if PRL levels 
are clearly elevated (e.g., > 100 ng/mL) (6). 

The magnitude of PRL elevation can be useful in 
determining the etiology of hyperprolactinemia, since 
the highest values are found in patients with prolac-
tinomas (1-5). For example, levels > 250 ng/mL are 
highly suggestive of the presence of a macroprolacti-
noma (3-5), although they may occasionally be found 
in other conditions (27), as shown below. In contrast, 
most patients with pseudoprolactinomas, drug-induced 
hyperprolactinemia or systemic diseases present with 
PRL levels < 100 ng/mL (6,27). However, exceptions 
to theses rules are not rare (1,3).

pseudoprolactinomas

In patients with “pseudoprolactinomas”, whose main 
etiology are nonfunctioning pituitary adenomas (NFPA), 
hyperprolactinemia results from compression of the pi-
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tuitary stalk and PRL levels are generally < 100 ng/
mL (1,84,85), but could rarely exceed 250 ng/mL 
(27,86). In the Brazilian Multicenter Study on Hyper-
prolactinemia (BMSH), among 82 patients with NFPA, 
PRL levels ranged from 28 to 490 ng/mL (mean, 80.9 
± 54.5), but in 82% they were < 100 ng/mL (Table 4) 
(27). Previously, there have been reports of a NFPA 
with PRL of 662 ng/mL and an intrasellar plasmacyto-
ma with suprasellar extension and PRL levels of 504 
ng/mL (86,87). More recently, very high PRL levels 
(1,403 ng/mL) were also reported in a patient with a 
giant aneurysm of the internal carotid artery (88).

Acromegalic patients may occasionally present very 
high PRL levels (e.g., > 2,000 ng/mL) in cases of co-
secreting GH & PRL adenomas. These patients may 
have a dramatic response to cabergoline (Figure 7) (72). 

prolactinomas

Circulating PRL levels usually parallel tumor size, in a 
way that microprolactinomas (MIC) (diameter < 10 mm) 
usually result in PRL levels of 100-200 ng/mL, but not 
infrequently they may be < 100 ng/mL, and occasionally 
reach 500 ng/mL or more (6,7). Macroprolactinomas 
(MAC) (diameter ≥ 10 mm) are typically associated with 
PRL values > 250 ng/mL (4-6), which not seldom may 
exceed 1,000 ng/mL (27). 

In the BMSH, PRL varied between 32-525 ng/
mL (mean, 165.6 ± 255.1; < 100 ng/mL in 25%, 100-
249 ng/mL in 45.8%, and ≥ 250 ng/mL in 8.2%) in 
MIC whereas in MAC, PRL ranged from 108-21,200 
ng/mL (mean, 1422.9 ± 3134.7; > 250 ng/mL in 
67%) (27) (Table 3). On the other hand, if a very large 
macroadenoma (greater than 3 cm) is found in a patient 
with a normal or only mildly elevated PRL level, the so-
called “hook effect” must be suspected. The hook effect 
is an assay artifact caused by an extremely high level of 
PRL, which saturates the detecting antibody used in 
the PRL assay, thus resulting in a falsely low reported 
value (39,89,90). The hook effect may be preventing 
by repeating the assay after a 1:100 serum sample 
dilution. Indeed, this step will result in a dramatic rise 
in PRL levels if the patient has a macroprolactinoma, 
remaining low in cases of NPFA (1,6,89). In one of 
such cases, a patient with a giant skull base tumor 
with suprasellar extension and PRL of 103 ng/mL 
underwent debulking surgery through a right frontal 

Table 4. Prolactin levels (ng/mL) according to the etiology of the 
hyperprolactinemia in the Brazilian multicenter study on hyperprolactinemia

Etiology nº (%) Mean pRl (range)

Macroprolactinomas 250 (20.2) 1422.9 ± 3134.7 (108-21,200)

Microprolactinomas 444 (36) 165.6 ± 255.1 (32-525)

Idiopathic 45 (3.6) 163.9 ± 81.8 (46-328)

Macroprolactinemia 115 (9.3) 119.5 ± 112.9 (32.5-404)

Drug-induced 180 (14.6) 105.1 ± 73.2 (28-380)

Acromegaly 40 (3.2) 99.3 ± 57.4 (28-275)

NFPA 82 (6.6) 80.9 ± 54.5 (28-490)

Primary hypothyroidism 78 (6.3) 74.6 ± 42.4 (30-253)

NFPA: non-functioning pituitary adenomas.
Adapted from ref. 27.

figure 7. Pituitary MRI from a patient with a GH and prolactin cosecreting adenoma before (A) and after (B) the 
treatment with cabergoline. PRL level was 2,700 and there was a dramatic response to cabergoline (Adapted from 
Ref. 72). Acromegaly should be screened in any patient with a  pituitary macroadenoma.

A B

Before treatment 
PRL = 2,700 ng/mL

IGF-1 = 860 ng/mL (normal: 80-500)

After 6 months under cabergoline (3 mg/wk)
PRL = 3.5 ng/mL

IGF-1 = 320 ng/mL
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Systemic diseases/Drugs 

In patients with systemic diseases or in use of drugs 
that induce hyperprolactinemia, PRL levels are 
usually < 100 ng/mL (3-5). However, marked 
hyperprolactinemia (PRL levels as high as 2000 ng/
mL) can be found in patients with renal failure using 
medications that could induce hyperprolactinemia 
(92). In patients with primary hypothyroidism, Honbo 
and cols. (34) reported a modest PRL increase in 40% 
of patients, but levels > 25 mg/liter only occurred in 
10% of cases. Another study found hyperprolactinemia 
in 42% of hypothyroid subjects, but only in about 30% 
PRL levels were > 60 mg/liter (93). Among 78 patients 
with primary hypothyroidism evaluated in BMSH, PRL 
levels range was 30-253 (mean, 74.6 ± 42.4; < 100 ng/
mL in 87%) (27). 

Although PRL elevation is usually mild (25-100 
ng/mL), in cases of drug-induced hyperprolactinemia, 
it is also highly variable (26). Indeed, metoclopramide, 
risperidone, and phenothiazines can lead to prolactin 
levels > 200 ng/mL (4,6,26). Among 180 cases 
enrolled in BMSH, most (64%) present PRL levels < 
100 ng/mL, but in 5% they exceed 250 ng/mL (range, 
28-380; mean, 105.1 ± 73.2) (27). 

Macroprolactinemia

In most patients with macroprolactinemia, PRL levels 
are <100 ng/mL, but they are highly variable: from 20-
663 mg/L (mean, 61 ± 66; < 100 mg/L in about 91% of 
cases) (58), to 119.5 ± 112.9 (range, 32.5-404; < 100 
mg/L in 74%) among 115 patients in the BMSH (27). 
PRL levels were lower in macroprolactinemic patients 
than in those with monomeric hyperprolactinemia, but 
there was a great overlap between groups (43,59-61,65). 

CONClUSION

The definition of the etiology of hyperprolactinemia 
often represents a great challenge to clinicians, and an 
accurate diagnosis is paramount before treatment. Inde-
ed, dopamine agonists and surgery represent the therapy 
of choice for prolactinomas and pseudoprolactinomas, 
respectively (5-7,79). Moreover, the correction of hy-
pothyroidism and withdrawal of the culprit drug could 
enable PRL normalization (3-5), while macroprolactine-
mia usually does not require treatment (17,21,43,59). 

The PRL levels may be very useful in determining 
the cause of PRL and values > 200-250 ng/mL are hi-

craniotomy approach with the presurgical diagnosis 
of invasive NFPA. The excised tumor tissue showed a 
strong positive staining for PRL and after surgery his 
serum prolactin level was reported as 13,144 ng/mL 
(89) (Figure 8). In another case, retesting the original 
serum prolactin sample of 164.5 ng/mL (normal, 
1.6 to 18.8) with serial dilutions revealed prolactin 
level of 26,000 ng/mL. This patient also underwent 
unwarranted surgical debulking procedure (90).

Cystic macroprolactinomas (Figure 9), which have 
a smaller amount of lactotroph cells, may present with 
modest increase in PRL levels, and tend to respond 
less favorably to dopamine agonist therapy (91). Once 
the possibility of falsely low PRL levels is excluded, 
any PRL value < 100 ng/mL in a patient harboring a 
pituitary macroadenoma is therefore highly suggestive 
of a pseudoprolactinoma (3,4,85).

figure 8. Giant invasive pituitary prolactinoma with falsely low serum PRL 
(103 ng/mL.) due to the hook effect. PRL levels rose to 13,144 ng/mL 
after a 1:100 serum sample dilution (Adapted from Ref. 89).

figure 9. A large cystic macroprolactinoma (arrows). PRL level was 88 
ng/mL and the treatment with cabergoline did not result in PRL 
normalization nor in significant tumor shrinkage.

Diagnosis of hyperprolactinemia  
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ghly suggestive of prolactinomas. However, they can 
occasionally be found in medication-induced hyperpro-
lactinemia and in cases of macroprolactinemia, as well 
as very rarely in patients with pseudoprolactinomas  
(4-6,59,86). In the Brazilian Muticenter Study on 
Hyperprolactinemia, only values of 500 ng/mL or gre-
ater showed a clear distinction between prolactinomas 
and other causes of hyperprolactinemia (27). On the 
other hand, when faced with patients with a macroade-
noma and hyperprolactinemia, one should be aware of 
the conditions that may lead to falsely low PRL levels, 
particularly the hook effect or the presence of a tumor 
with a large cystic component, which implies in smaller 
amounts of PRL secreting cells (1). Once excluded these 
conditions, any patient harboring a macroadenoma asso-
ciated with PRL levels < 100 ng/mL will have a pseudo-
prolactinoma until proven otherwise (1,4,85).

The hook effect must be considered in all patients 
with large pituitary adenomas and PRL levels within the 
normal range, or only modestly elevated (e.g., < 200 
ng/mL). The confirmation of this assay artifact may 

prevent incorrect diagnosis and unnecessary surgical 
intervention in patients with prolactinomas (6,89,90).

Another important challenge is macroprolactine-
mia, a condition that represents an often-overlooked, 
underestimated etiology of hyperproalactinemia. Mo-
reover, macroprolactinemic patients cannot be diffe-
rentiated by their monomeric hyperprolactinemia 
counterparts in terms of clinical and neuroradiological 
findings (16,44), nor by PRL levels, unless they are 
very high (e.g., > 700 ng/mL) (59,61,65). Although 
there is no consensus yet on the indications for macro-
prolactinemia screening, there is an increasing number 
of endocrinologists who consider this approach for all 
patients without an obvious etiology for the PRL eleva-
tion (9,16,17,21,43-45,60,61,64,94-96). Noteworthy, 
PRL measurement should be avoided in asymptomatic 
patients in the absence of a known pituitary adenoma to 
prevent challenges associated with macropro lactinemia.

An algorithm suggested by the authors for evaluation 
of hyperproplactinemia is shown in figure 10.

Disclosure: no potential conflict of interest relevant to this article 
was reported.

Hyperprolactinemia

MP MicroPRLoma Hook effect? MacroPRLomaMP + PI

Rule out drugs use, primary hypothyroidism, pregnancy and renal failure 

Pituitary MRI
MacroPRL screening

• MRI Nl
• MacroPRL (+)
• MonoPRL Nl

Follow-up DA
(if indicated)

• MIC
• MacroPRL (+/-)
• MonoPRL ↑

• MIC
• MacroPRL (+)
• MonoPRL Nl

Follow-up

• MAC
• MacroPRL (+)
• MonoPRL Nl or < 100

MP + NFPA

Surgery (if indicated )

No Yes DA

• MAC
• MacroPRL (+/-)
• MonoPRL > 250

figure 10. Evaluation of hyperprolactinemia.

Nl: normal; MacroPRL: macroprolactin; MIC: microadenoma; MP: macroprolactinemia; MonoPRL: monomeric prolactin; MAC: macroadenoma; 
MicroPRLoma: microprolactinoma; ↑: High; PI: pituitary incidentaloma; MacroPRLoma: macroprolactinoma; NFPA: non-functioning pituitary adenoma; 
DA: dopamine agonist; +: positive; +/-: positive or negative.
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Comparação entre a resposta de crescimento ao tratamento 
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ABSTRACT
Objectives: GH therapy is still controversial, except in severe GH deficiency (SGHD). The objective of 
this study was to compare the response to growth hormone (GH) therapy in children with partial GH 
insensitivity (PGHIS) and mild GH deficiency (MGHD) with those with SGHD. Subjects and metho-
ds: Fifteen PGHIS, 11 MGHD, and 19 SGHD subjects, followed up for more than one year in the Bra-
zilian public care service, were evaluated regarding anthropometric and laboratory data at the begin-
ning of treatment, after one year (1st year) on treatment, and at the last assessment (up to ten years 
in SGHD, up to four years in MGHD, and up to eight years in PGHIS). Results: Initial height standard 
deviation score (SDS) in SGHD was lower than in MGHD and PGHIS. Although the increase in 1st 
year height SDS in comparison to initial height SDS was not different among the groups, height-SDS 
after the first year of treatment remained lower in SGHD than in MGHD. There was no difference in 
height-SDS at the last assessment of the children among the three groups. GH therapy, in the entire 
period of observation, caused a trend towards lower increase in height SDS in PGHIS than SGHD but 
similar increases were observed in MGHD and SGHD. Conclusion: GH therapy increases height in 
PGHIS and produces similar height effects in MGHD and SGHD. Arq Bras Endocrinol Metab. 2014;58(1):23-9

Keywords
Idiopathic short stature; growth hormone therapy; growth hormone deficiency; partial GH insensitivity

RESUMO
Objetivos: O tratamento com GH é ainda controverso, salvo na deficiência grave de GH (SGHD). O 
objetivo deste estudo foi comparar a resposta ao tratamento com GH em indivíduos com insensi-
bilidade parcial ao GH (PGHIS) e na deficiência moderada do GH (MGHD) com SGHD. Sujeitos e 
métodos: Quinze pacientes com PGHIS, 11 com MGHD e 19 com SGHD, seguidos por mais de um 
ano no Sistema Único de Saúde, foram avaliados antropométrica e laboratorialmente, no início, com 
um ano de tratamento e na última avaliação (tempo máximo de dez anos na SGHD, quatro anos na 
MGHD e oito anos na PGHIS). Resultados: O escore de desvio-padrão (EDP) da estatura inicial foi 
menor nos indivíduos com SGHD do que naqueles com MGHD e PGHIS. Embora o aumento no EDP 
da estatura no primeiro ano em comparação com o inicial não fosse diferente entre os grupos, o EDP 
da altura no primeiro ano de tratamento permaneceu menor na SGHD que na MGHD. Não houve 
diferença no EDP da estatura na última avaliação entre os três grupos. O tratamento com GH, no 
período completo da observação, provocou uma tendência a menor aumento no EDP da estatura 
nos pacientes com PGHIS que naqueles com SGHD, entretanto aumentos semelhantes foram en-
contrados nos grupos MGHD e SGHD. Conclusão: O tratamento com GH aumentou a estatura nos 
indivíduos com PGHIS e produziu efeitos similares na estatura em MGHD e SGHD. Arq Bras Endocrinol 
Metab. 2014;58(1):23-9

Descritores
Baixa altura idiopática; tratamento com hormônio do crescimento; deficiência de hormônio do crescimento; insensibilidade 
parcial ao GH 
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INTRODUCTION

Growth hormone (GH) has been used to treat chil-
dren with GH deficiency (GHD) since 1958. Due 

to the poor supply, the use of GH extracted from cada-
veric pituitaries was limited to severe GHD (SGHD). 
In order to ensure treatment for children who needed 
it mostly, a GH stimulation test peak less than 5 ng/mL 
was required to initiate GH therapy. In 1985, after the 
description of four cases of Creutzfeldt-Jakob disea se, 
recombinant human GH (rhGH) replaced cadaveric 
GH in the treatment of GHD (1,2). The unlimited 
production of rhGH allowed the offer of the treat-
ment to more children, and the GH peak cutoff va-
lue during the stimulation test was increased to 7 ng/
mL, and finally to 10 ng/mL). The Food and Drug 
Administration (FDA) approved the use of rhGH for 
GHD children and adults, and subsequently to chro-
nic renal failure, Turner syndrome, AIDS cachexia, 
Prader-Willi syndrome, children born small for gesta-
tional age (SGA), idiopathic short stature (ISS), short 
bowel syndrome, Noonan syndrome and SHOX Dele-
tion (3-5). 

A GH concentration of 10 ng/mL determined 
by radioimmunoassay is equivalent to 7 ng/mL in 
monoclonal assays (6,7). Children with height of two 
or more standard deviations (SDs) below the mean for 
chronological age and sex in the absence of an identified 
cause   are classified as ISS (5,8). There is a group of short 
children who exhibit high response to pharmacological 
tests (GH peak ≥ 40 mU/L or 18 ng/mL), with low or 
normal insulin-like growth factor-I (IGF-I) levels, that 
are considered by some authors as having partial GH 
insensitivity (PGHIS), with a potential responsiveness 
to higher dose of rhGH (9-12). However, it is not a 
consensus, and it is rather arguable.

Since 2010, in Brazil, with the current laboratory 
methods of chemiluminescence and fluorometry, the GH 
peak level required by the Health System to provide GH 
treatment for GHD children is less than 5 ng/mL (13). 
This demand excludes from treatment children with GH 
peak between 5 and 10 ng/mL, which might have mild 
GH deficiency (MGHD), as well as those with possible 
PGHIS. However, some children possibly bearing 
MGHD or PGHIS were treated in the public health care 
system in northeastern Brazil, in the state of Sergipe, 
before this law was determined. The assessment of GH 
therapy response in both groups can be very helpful 
and provide better understanding of the underlying 

process. This prompted us to compare the response to 
GH therapy in patients with MGHD and PGHIS with 
that observed in a group of children with severe GH 
deficiency (SGHD), in a preliminary attempt to analyze 
the usefulness of such approach in a public scenario.

SUBJECTS AND METHODS

Subjects

In a retrospective study, medical records of 86 children 
were analyzed. The records came from the Endocri-
nology Division of the University Hospital of Fede-
ral University of Sergipe, Brazil, who had used rhGH 
(HORMOTROP® AQ, Dong – A Pharmaceutical Co. 
Ltd, South Korea). GH dose was 30 µg/kg/day in se-
vere GH deficiency, and 50 µg/kg/day in other condi-
tions. Inclusion criteria were patients with short stature 
and serum IGF-I concentration below the mean for 
chronological age and gender, who had received GH 
therapy for at least one year. All of them had undergone 
stimulation test (clonidine or insulin hypoglycemia) 
and GH were measured by chemiluminescence (GH 
ICMA Immulite, Diagnostic Products Corporation, 
Los Angeles, CA) or fluorometric assays (Auto Delfia, 
Wallac, Turku, Finland). Exclusion criteria were incom-
plete medical records (n = 12), Turner syndrome (n = 
10), chronic renal failure (n = 1), concomitant use of 
GnRH analogue treatment for central precocious pu-
berty (n = 2), chronic disease, corticosteroid treatment, 
dysmorphic syndromes (n = 3), SGA (n = 4), and GH 
peak between 10 and 18 ng/mL (n = 9). Therefore, 45 
children were selected for the study. 

Subjects were arbitrarily classified according to GH 
peak in: a) PGHIS: GH peak ≥ 18 ng/mL, n = 15, 10 
boys; b) MGHD: GH peak ≥ 5 and < 10 ng/mL, n = 
11, 7 boys; and c) SGHD: GH peak < 5 ng/mL, n = 
19, 10 boys. Seven individuals from this latter group 
had multiple pituitary deficits. 

The study was approved by the Ethical Committee 
of Federal University of Sergipe and written consent 
was obtained from the guardians of all participants 
before enrolling them in the study. 

Assessed variables and study design

Data on chronological age (CA), height, weight, body 
mass index (BMI), growth velocity (GV), pubertal 
stage, IGF-I levels and bone age (BA) were collected 

GH in mild GHD or partial GH-IGF insensitivity
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in 3 moments from the medical records: just before 
starting rhGH (initial) treatment, after 1 year on rhGH 
therapy (first year), and at the last medical record 
(present), after 3.15 (2.77) years on treatment, range 1 
to 10 years in SGHD, 2.42 (1.12) years; range 1 to 4 
years in MGHD, 2.01 (1.71) years; range 1 to 8 years 
in PGHIS. Data regarding rhGH doses, duration of 
treatment and parents’ height were also obtained. Mid-
parental height (MPH) was calculated by the mean 
difference of the father and mother height, corrected 
by 13 cm according to the gender of the child. IGF-I 
was measured by the immunoradiometric assay, with 
double extraction and assay sensitivity of 0.8 ng/mL 
(Diagnostic Systems Laboratories, Inc., Webster, TX). 
The intra- and interassay variabilities were 2.3 and 
2.6%, respectively. 

Statistical analysis

Height and BMI were converted to standard deviation 
scores (SDS) for chronological age using the British 
data as the reference (14). Mid-parental height (MPH) 
was calculated by the mean of the father and mother 
height, corrected by 13 cm according to the child 
gender. Serum IGF-I SDS was calculated according to 
the data provided by the manufacturer for chronological 
age and gender. Variations (∆) in Height-SDS, Weight-
SDS, BMI-SDS, IGF-I-SDS, and BA between initial 
and present evaluations were calculated for each group. 

Data with normal distribution are presented as means 
(standard deviations). Data without normal distribution 
are presented as medians (interquartile ranges). One-way 
ANOVA with Bonferroni post-hoc test was used to compare 
variables among the three groups (SGHD, MGHD e 
PGHIS), and paired t test was used to compare the initial 
and present doses within each group. Fisher’s test was 
used to analyze the distribution pattern of pubertal stages 
in the groups. MANCOVA and ANCOVA were used 
to analyze possible influence of confounder variables in 
initial height SDS, 1st year height SDS, and present height 
SDS, and in ∆ Height SDS, respectively. Statistical analysis 
was performed in the software SPSS/PC 18.0 (SPSS Inc, 
Chicago II). Probability values ≤ 0.05 were considered 
statistically significant. 

RESUlTS  

As expected the GH peak were different among the 
3 groups (p = 0.02). GH peak in the SGHD group 
2.0 (1.4) ng/mL, was lower than in MGHD 7.1 (1.4) 

ng/mL (p < 0.0001), and PGHIS group 24.5 (7.7) 
ng/mL (p < 0.0001). 

There were no differences in age or MPH values 
among the groups (Table 1). There was no difference 
in the frequency of pubertal individuals between SGHD 
(6/16) and MGHD group (5/9), but between SGHD 
and PGHIS (11/15, p = 0.003). No difference was 
found in the frequency of pubertal individuals between 
MGHD and PGHIS.

Table 1 also shows the initial, first year, and present 
anthropometric parameters of SGHD, MGHD, and 
PGHIS groups. Initial height-SDS was lower in SGHD 
than in MGHD (p < 0.01) and PGHIS (p < 0.001) 
groups. No difference was found in initial height-SDS 
between MGHD and PGHIS. The increase in 1st year 
height SDS in comparison to initial height SDS was 
not different between the groups, SGHD 0.49 (0.57), 
MGHD 0.51 (0.62), and GHPIS 0.21 (0.25). Height-
SDS after the first year of treatment was still lower in 
SGHD than in MGHD (p = 0.03), but no difference was 
found at the last assessment (present) of the children. 
The significant difference between MPH SDS and initial 
height SDS between SGHD and PGHIS (p = 0.019) 
disappeared in the first year and at the last assessment. 

Table 2 shows the initial, first year and present 
IGF-I levels, bone age, and GH doses of the three 
groups. Initial IGF-I SDS was lower in SGHD than in 
PGHIS (p = 0.001), but no difference was observed 
in initial IGF-I SDS between SGHD and MGHD or 
MGHD and PGHIS. First year and present IGF-I 
SDS were similar in the three groups. GH doses were 
similar, except in the first year when they were higher in 
PGHIS than in SGHG (p = 0.026) (Table 2).

Table 3 shows the variation in height-SDS, IGF-I 
SDS, and BA between the initial and present moments. 
GH therapy brought a lower increase in IGF-I SDS (p 
= 0.03), and a trend towards a lower increase in height 
SDS (p = 0.07) in PGHIS than in SGHD, while similar 
results were observed in MGHD and SGHD. 

MANCOVA using initial height SDS, 1st year height 
SDS, and present height SDS as dependent variables, 
group as factor, and initial age, initial GH dose, duration 
of treatment and pubertal stage (defined as pubertal or 
non-pubertal) as cofactors, revealed that only duration 
of treatment had a significant effect (p = 0.001) of 
0.469 (partial eta squared) with an observed power 
of 0.973. The model explained 51.7% (adjusted R 
squared) of the variability in these variables. ANCOVA 
using the ∆ Height SDS as dependent variable, group 

GH in mild GHD or partial GH-IGF insensitivity
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Table 1. Initial, first year (1st), and present anthropometric parameters, and mid-parental height (MPH) of severe GH deficiency (SGHD), moderate GH 
deficiency (MGHD), and partial insensitivity to GH (PGHIS). Present assessment was done after 3.15 (2.77) years on treatment; range 1 to 10 years in 
SGHD, 2.42 (1.12); range 1 to 4 years in MGHD, 2.01 (1.71) years; range 1 to 8 years old in PGHIS. Data are expressed as means (standard deviations) 
except for the initial present height in SGHD and MGHD and first year height in MGHD, which are expressed as medians (interquartile ranges) 

SGHD MGHD pGHIS

Initial age (years) 10.8 (3.5) 10.7 (2.5) 11.9 (2.5)

Pubertal stage

I (n) 10 4  4

II (n) 1 3  5

III (n) 3 2  5

IV (n) 2  -  1

Initial height SDS -3.33 (1.37) -2.14 (0.54)* -2.15 (0.91)** 

1st year height SDS -2.92 (1.54) -1.62 (0.83)* -2.09 (1.03)  

Present height SDS -2.02 (1.20) -1.28 (1.02) -1.58 (1.01)

MPH SDS -1.46 (1.06) -1.27 (0.88) -1.32 (0.62)

Initial height SDS – MPH SDS -1.87 (1.37) -0.94 (0.93) -0.76 (0.80)*

1st year height SDS – MPH SDS -1.39  (1.34) -0.43 (1.05) -0.57 (0.89)

Present height SDS – MPH SDS - 0.56 (1.07) -0.08 (1.11) -0.19 (0.87)

Initial SDS BMI -0.68 (1.33) 0.29 (1.01) -1.16 (1.29)

1st year SDS BMI -0.69 (2.22) 0.61 (1.60)  -1.16 (1.03)  

Present BMI SDS -0.16 (1.44) 0.21 (1.07) -0.73 (1.27)

Initial growth velocity (cm/year) 3.51 (1,10) 3.47 (0.92) 4.27 (1.13)

1st year growth velocity (cm) 7.43 (3.59) 8.42 (4.50) 6.99 (2.62)

Present velocity (cm/year) 6.93 (3.06) 6.10 (2.31) 6.98 (2.92)

SDS: standard deviation score; * p < 0.05 and ** p < 0.01 compared with SGHD group.

Table 2. Initial, first year and present IGF-I levels, bone age (BA), difference between BA and chronological age (CA), treatment period and GH doses used 
in severe the GH deficiency (SGHD), moderate GH deficiency (MGHD), and partial insensitivity to GH (PGHIS) group. Data are expressed as means (standard 
deviations), except for present BA and initial dose in SGHD, which are expressed as medians (interquartile ranges). GH doses represent yearly intervals. 
GH doses represent yearly intervals. Present assessment was done after 3.15 (2.77) years on treatment, range 1 to 10 years in SGHD, 2.42 (1.12); range 
1 to 4 years old in MGHD, 2.01(1.71) years; range 1 to 8 years in PGHIS

variables     SGHD MGHD      pGHIS

Initial IGF-I SDS                      -2.12 (0.65) -1.58 (0.71)  -1.11 (0.71)**

1st year IGF-I SDS -1.16 (2.06) -0.24 (1.51) -0.51 (1.31)

Present IGF-I SDS 0.17 (1.41) 0.20 (1.31) -0.22 (1.59)

Initial BA (years) 8.10 (3.32) 9.50 (3.10) 11.51 (2.34)*

1st year BA (years) 10.32 (2.35) 10.80 (2.28) 12.33 (2.88)

Present BA (years) 12.00 (4.13) 13.62 (1.76) 13.06 (1.93)

Initial CA-BA (years) 3.04 (2.70) 1.28 (1.31) 1.41 (2.0)

1st year CA-BA (years) 2.12 (1.81) 2.17 (1.66) 1.99 (2.05)

Present CA-BA (years) 3.5 (2.32) 1.62 (1.84) 2.14 (1.48)

Initial dose (µg/kg/day) 47.36 (13.90) 50.00 (12.29) 51.53 (7.40)

1st year dose (µg/kg/day) 45.55 (9.56) 50.30 (11.78) 57.33 (9.78)*

Present dose (µg/kg/day) 49.61 (12.90) 56.00 (16.08) 56.22 (9.82) 

Treatment period (years) 3.1 (2.8) 2.4 (1.1) 2.0 (1.0)

SDS: standard deviation score; * p < 0.05 and ** p < 0.01 compared with SGHD group.

as factor, and initial age, initial GH dose and pubertal 
stage as cofactors, revealed that group and initial GH 
dose had significant effects (p = 0.001) of 0.339 and  

(p = 0.027) of 0.143 with observed power of 0.943 and 
0.611, respectively. This model explained 47.1% of the 
variability in this variable (adjusted R squared). 
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Table 3. Variation of Height-SDS (∆ Height-SDS), of BMI-SDS (∆ BMI-SDS), of IGF-I-SDS (∆ IGF-I-SDS), of Bone Age (∆ BA) in years, and of the difference 
between Chronological Age (CA) and Bone Age (∆ CA-BA) from the initial to the present assessment in severe GH deficiency (SGHD), moderate GH 
deficiency (MGHD) and partial insensitivity to GH-IGF-I (PGHIS). Data are expressed as means (standard deviations). Present assessment was done after 
3.15 (2.77) years on treatment, range 1 to 10 years in SGHD, 2.42 (1.12) years; range 1 to 4 years in MGHD, 2.01(1.71) years; range 1 to 8 years in PGHIS

variables     SGHD MGHD      pGHIS

∆ Height SDS 1.30 (1.22) 0.81(0.85) 0.54 (0.50)

∆ BMI SDS 0.51 (0.99) -0.01 (0.88) 0.41 (1.13)

∆ IGF-I SDS 2.42 (1.40) 2.25 (1.08) 1.04 (1.31)*

∆ BA (years) 4.91 (3.41) 3.71 (1.49) 1.50 (1.17)*

∆ CA-BA (years) 1.04 (1.33) 0.48 (0.68) 0.95 (1.29)

SDS: standard deviation score; * p < 0.05 compared with SGHD group.

DISCUSSION

The main finding of this study was that, despite the 
higher initial height SDS of MGHD and PGHIS 
children in comparison to SGHD, they presented 
substantial height gain with present height SDS close 
to MPH SDS, probably due to the increase in IGF-I 
SDS in the three groups. While MGHD and SGHD 
behave similarly in response to rhGH therapy, a lower 
increase in IGF-I SDS was found in PGHIS compared 
to SGHD. The lower increase in IGF-I levels could, 
at least in part, explain the trend towards the small 
increase in height SDS observed in PGHIS group 
compared to SGHD. 

Besides the historical GH indication to SGHD, 
nowadays, GH is indicated for nine non-GH deficient 
conditions, including ISS (3,4,15,16). ISS is a condi-
tion where individuals have SDS height less than -2, 
without evidence of endocrine, systemic, nutritional, 
or chromosomal abnormalities. It can be considered 
as part of the ongoing process that is limited between 
GHD and normality, covering different degrees of GH 
secretion and responsiveness (17,18). Although, ISS 
definition might include GH peak greater than 10 ng/
mL (8), in our study we selected a particular subgroup 
that we called PGHIS that did not include children 
with GH peak between 10 and 18 ng/mL. PGHIS is 
defined as a variant of the GH insensitivity syndrome 
(Laron syndrome), characterized by a smaller reduction 
in stature, without facial abnormalities and with IGF-I 
concentrations near the lower limit of normality. In the-
ory, PGHIS can be overcome by an exogenous adminis-
tration of GH (8,11,19,20). Therefore, in these patients, 
the classic IGF-I generation test is not useful (19). 

Heterozygous mutations in the GH receptor or 
post-signaling defects may be the cause of stature 
reduction in PGHIS (21,22). As molecular screening 

is restricted to a few centers, our data suggest that the 
hormonal PGHIS diagnosis can be sufficient for the 
indication to treatment with GH. The data also show 
that short children with GH peak ≥ 18 ng/mL and 
IGF-I levels below the mean may benefit from rhGH 
treatment. Furthermore, GH therapy in children with 
PGHIS may have consequences beyond the height, 
considering that these children have more fat (18), 
probably due to impairment of lipolytic and anabolic 
actions of GH (23-26). 

The response to GH therapy with titrated doses to 
keep IGF-I in normal range, was similar in SGHD and 
MGHD. The difference between MPH and present 
height reinforce this finding. Based on experience 
and considerable research since the 1980s, the SGHD 
group would be expected to have a higher height 
response to replacement doses of GH. Our data suggest 
a superposition of height response between children 
with GH peak less than 5 ng/mL and children with 
the GH peak between 5-10 ng/mL with the schedule 
of treatment used. Whereas the majority of children 
with GH deficiency should be located in this last group 
(27), it seems exaggerated the requirement of the 
cutoff value of 5 ng/mL for treatment. It is possible 
that GH secretion in the range 5-10 ng/mL is enough 
in children with normal height and perfect GH-IGF-I 
axis, but not in short children with abnormalities in this 
axis (8). 

Our MGHD group increased their SDS height in 
the first year by 0.5, but this was not observed in the 
PGHIS group. The lower increase in height SDS in 
PGHIS may be consequent to the lower increase in 
IGF-I. Approximately one third of children with GH 
deficiency or ISS fail to increase the SDS height by 0.5 
during the first year of treatment (8,28), suggesting 
that they require higher dose of GH to surpass any 

GH in mild GHD or partial GH-IGF insensitivity
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possible partial GH or IGF-I insensitivity. This finding 
indicates that GH dose in PGHIS should be titrated to 
keep IGF-I SDS in the upper range of normality, ideally 
around +2, as suggested by Cohen and cols. (8). This 
author compared two groups of prepubertal children 
with subnormal IGF-I: GHD (peak GH less than 7 
ng/mL) and ISS (peak GH greater than 7 ng/mL). 
In the ISS, the strategy to keep SDS IGF-I around +2 
required higher doses of GH (median 65 and 119 mg/
kg/day, respectively), suggesting partial PGHIS in the 
second group. An increase of 0.3 to 0.5 SDS in height 
has been considered a successful first year response to 
GH therapy in ISS children, although this response is 
highly variable and dose dependent (5). Our cutoff 
of 18 ng/mL surely selected individuals with higher 
probability of expressing some degree of PGHIS in this 
spectrum of patients. It is important to point out that 
this group may include some patients with partial IGF-I 
insensitivity. This does not invalidate our findings, since 
these patients would also benefit from the higher IGF-I 
levels provided by the GH therapy with a more intense 
saturation of the IGF-I receptors. 

Safety profile was not assessed in this study, as 
it demands several years after GH discontinuation. 
Nevertheless, GH treatment seems to be safe and the 
concept of individualization of therapy increasingly 
expands (8,12,27,29-34). Despite the controversy of 
the French (35) arm, with 30% increased risk of death 
with GH doses higher than 50 µcg/kg/day, which was 
not observed in the Dutch, Belgian, and Swedish (36) 
arm of the “Santé Adulte GH Enfant (SAGhE)”, FDA 
believes that the benefits of continuing GH therapy 
outweighs the potential risk (37).   

Our study has some features driven from the real 
world in which was done. One such characteristic is the 
more advanced pubertal stage in the PGHIS group. As 
the increase in final height in ISS is mainly due to the 
prepubertal growth and it is correlated with the growth 
velocity in the first year of treatment (38,27), the larger 
proportion of pubertal children in PGHIS group may 
have reduced the time of growth induced by GH 
therapy in these children. Pubertal status can influence 
the GH treatment response by reducing the duration 
of treatment, the most relevant co-factor to the height 
effect, in our analysis. We must also consider that a degree 
of IGF insensitivity may be present in some patients 
from this group, making us wonder if higher IGF-I 
levels would be necessary to reach the same outcome 
observed in the MGHD and SGHD groups. But in real 
world, while SGHD children are easily diagnosed, the 

diagnosis of PGHIS is usually delayed as physicians wait 
for a possible catch-up that eventually does not occur. 
As the duration of GH treatment mostly influenced 
height gain, physicians may synchronize duration of 
treatment with tempo of growth. 

 A limitation of this study was not having included 
control groups of normal or ISS children without 
treatment. A comparison with normal children by 
expressing data as SDS for sex and chronological age 
was made in order to minimize this problem. Another 
possible criticism to our data could be a small number 
of subjects recruited, due to our strict exclusion criteria 
in patients of the public health service, reducing the 
statistical power to reveal subtle differences. Anyway, 
this paper reports the largest number of PIGHS 
individuals treated with GH published so far. A third 
limitation was the criterion of inclusion, using serum 
IGF-I concentration below the mean for chronological 
age and gender. We adapted it to short children with low 
height velocity, from the last international consensus in 
which, in a short patient with normal height velocity, 
plasma IGF-I level above the mean for age and gender 
would not require GH testing (5).

 In conclusion, the results seem to indicate that 
PGHIS and MGHD can benefit from GH therapy. 
Maybe a higher GH replacement dose is necessary in 
PIGHIS to reach the same height gain, as a higher 
increase in IGF-I levels seems to be related with a 
better outcome. Further studies may assess the efficacy 
and safety of this of this approach. 

Acknowledgments: we would like to thank the “Center for 
Health Care of the State of Sergipe (CASE)” for their assistance.

Disclosure: no potential conflict of interest relevant to this article 
was reported.

REfERENCES
1. Hintz RL. The prismatic case of Creutzfeldt-Jacob disease associa-

ted with primary growth hormone treatment. J Clin Endocrinol 
Metab. 1995;80(8):2298-301.

2. Frasier SD. The not-so-good old days: working with pituitary 
growth hormone in North America, 1956-1985. J Pediatr. 
1997;131(2):S1-4. 

3. Maheshwari N, Uli NK, Narasimhan S, Cuttler L. Idiopathic short 
stature: decision making in growth hormone use. Indian J Pediatr. 
2012;79(2):238-43.

4. Kemp SF, Frindik JP. Emerging options in growth hormone 
therapy: an update. Drug Des Devel Ther. 2011;5:411-9.

5. Cohen P, Rogol AD, Deal CL, Saenger P, Reiter EO, Ross JL, et al.; 
2007 ISS Consensus Workshop participants. Consensus statement 
on the diagnosis and treatment of children with idiopathic short 

GH in mild GHD or partial GH-IGF insensitivity



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

29 Arq Bras Endocrinol Metab. 2014;58/1

stature: a summary of the Growth Hormone Research Society, the 
Lawson Wilkins Pediatric Endocrine Society, and the European 
Society for Paediatric Endocrinology Workshop. J Clin Endocrinol 
Metab. 2008;93:4210-7.

6. Wilson DM, Frane JA. A brief review of the use and utility of 
growth hormone stimulation testing in the NCGS: do problems 
and clinical consequences. Growth Horm IGF Res. 2005;15(A):21-5.

7. Bidlingmaier M, Freda PU. Measurement of human growth 
hormone by immunoassays: current status, unsolved problems 
and clinical consequences. Growth Horm IGF Res. 2010;20:10-25.

8. Cohen P, Germak J, Rogol AD, Weng W, Kappelgaard AM, 
Rosenfeld RG, et al. Variable degree of growth hormone (GH) 
and insulin-like growth factor (IGF) sensitivity in children with 
idiopathic short stature compared with GH-deficient patients: 
evidence from an IGF-based dosing study of short children. J Clin 
Endocrinol Metab. 2010;95(5):2089-98.

9. Savage MO, Blum WF, Ranke MB, Postel-Vinay M, Cotterill AM, 
Hall K, et al. Clinical features and endocrine status in patients 
whit growth hormone insensitivity (Laron syndrome). J Clin 
Endocrinol Metab. 1993;77:1465-71. 

10. Rosenfeld RG, Rosenbloom AL, Guevara-Aguirre J. Growth 
hormone insensitivity due to primary GH receptor deficiency. 
Endocrine Reviews. 1994;15:369-90.

11. Martinelli CE Jr, Sader MS, Previato JK, Figueira M, Rangel MAP, 
Miraki-Moud F, et al. Final height in patients with idiopathic short 
stature and high growth hormone responses to stimulation tests. 
Horm Res. 2007;67:224-30.

12. Milani SLS. Caracterização clínica e laboratorial de crianças e 
adolescentes com insensibilidade parcial ao hormônio de cres-
cimento ou ao IGF-I. Tese (Doutorado em Pediatria) Faculdade de 
Medicina de Ribeirão Preto da Universidade de São Paulo; 2009.

13. Ministério da Saúde. Portaria n° 110, Protocolo Clínicas e 
Diretrizes Terapêuticas – Hipopituitarismo; 2010.

14. Tanner JM, Goldstein H, Whitehouse RH. Standards for children’s 
height at ages 29 years allowing for height of parents. Arch Dis 
Child. 1970;45:755-62.

15. Pedicelli S, Peschiaroli E, Violi E, Cianfarani S. Controversies in 
the definition and treatment of idiopathic short stature (ISS). J 
Clin Res Pediatr Endocrinol. 2009;1(3):105-15. 

16. Blizzard RM. History of growth hormone therapy. Indian J Pediatr. 
2012;79(1):87-91.

17. Ranke MB. Towards a consensus on the definition of idiopathic 
short stature. Horm Res. 1996;45:64-6.

18. Kemp SF, Frindik JP. Managing idiopathic short stature: role of 
somatropin (rDNA origin) for injection. Biologics. 2010;4:147-55. 

19. Savage MO, Burren CP, Blair JC, Woods KA, Metherell L, Clarck 
AJL, et al. Growth hormone insensitivity: pathophysiology, 
diagnosis, clinical variation and future perspectives. Horm Res. 
2001;2:32-5.

20. Albin AK, Ankarberg-Lindgren C, Tuvemo T, Jonsson B, 
Albertsson-Wikland K, Ritzén EM, et al. Does growth hormone 
treatment influence pubertal development in short children? 
Horm Res Paediatr. 2011;76:262-72. 

21. Woods RA, Dastot F, Preece MA, Clarck AJL, Postel-Vinay, 
Chatelain PG, et al. Phenotype: genotype relationships in growth 
hormone insensitivy syndrome. J Clin Endocrinol Metab. 
1997;82(11):3529-35. 

22. Attie KM. Genetic studies in idiopathic short stature. Curr Opin 
Pediatr. 2000;12:400-4.

23. Fischer-Posovsky P, Tornqvist H, Debatin KM, Wabitsch M. 
Inhibition of death receptor mediated apoptosis in human 
adipocytes by insulin-like growth factor I (IGF-I)/IGF-I receptor 
autocrine circuit. Endocrinology. 2004;145(4):1849-59.

24. Mauras N, Haymond MW. Are the metabolic effects of GH and 
IGF-I separable? Growth Horm IGF Res. 2005;15(1):19-27.

25. Yuen KCJ, Dunger DB. Impact of treatment with recombinant 
human GH and IGF-I on visceral adipose tissue and glucose 
homeostasis in adults. Growth Horm IGF Res. 2006;16(1):55-61. 

26. Oliveira CRP, Meneguz-Moreno RA, Aguiar-Oliveira MH, Barreto-
Filho JAS. Papel emergente do eixo GH/IGF-I no controle 
cardiometabólico. Arq Bras Cardiol. 2011;97(5):434-9.

27. Bang P. Principles of growth hormone and insulin-like growth 
factor-I treatment in children with idiopathic short stature. Horm 
Res Paediatr. 2011;76(3):24-6. 

28. Lesage C, Walker J, Landier F, Chatelain P, Chaussain JL, 
Bougnères PF. Near-normalization of adolescent height with 
growth hormone therapy in very short children without growth 
hormone deficiency. J Pediatr. 1991;119:29-34.

29. Allen DB, Rundle AC, Graves DA, Blethen SL. Risk of leukemia 
in children treated with human growth hormone: review and 
reanalysis. J Pediatr. 1997;131:32-6.

30. Kemp SF, Kuntze J, Attie KM, Maneatis T, Butle S, Frane J, et 
al. Efficacy and safety results of long-term growth hormone 
treatment of idiopathic short stature. J Clin Endocrinol Metab. 
2005;90(9):5247-53.

31. Geffner ME, Dunger DB. Future directions: growth prediction 
models. Horm Res. 2007;68(5):51-6. 

32. Kristrom B, Aroson S, Dahlgren J, Gustafsson J, Halldin M, 
Ivarsson SA, et al. Growth hormone (GH) dosing during catch-up 
growth guided by individual responsiveness decreases growth 
response variability in pre pubertal children with GH deficiency or 
idiopathic short stature. J Clin Endocrinol Metab. 2009;94:483-90.

33. Quigley CA, Gill AM, Crowe BJ, Robling K, Chipman JJ, Rose 
SR, et al. Safety of growth hormone treatment in pediatric 
patients with idiopathic short stature. J Clin Endocrinol Metab. 
2005;90:5188-96.

34. Bell J, Parker KL, Swinford RD, Hoffman AR, Maneatis T, Lippe 
B. Long-term safety of recombinant human growth hormone in 
children. J Clin Endocrinol Metab. 2010;95:167-77.

35. Carel, JC, Ecosse E, Landier F, Meguellati-Hakkas D, Kaguelidou 
F, Rey G, et al. Long-term mortality after recombinant growth 
hormone treatment for isolated growth hormone deficiency or 
childhood short stature: preliminary report of the French SAGhE 
Study. J Clin Endocrinol Metab. 2012;97(2):416-25.

36. Sävendahl L, Maes M, Albertsson-Wikland K, Borgström B, Carel 
JC, Henrard S, et al. Long-term mortality and causes of death in 
isolated GHD, ISS, and SGA patients treated with recombinant 
growth hormone during childhood in Belgium, The Netherlands, 
and Sweden: preliminary report of 3 countries participating in the 
EU SAGhE study. J Clin Endocrinol Metab. 2012;97(2):213-7.

37. FDA Food and Drug Administration, 2011. Available at: http://
www.fda.gov/Drugs/DrugSafety/ucm237773.htm. Accessed on: 
Abr 24, 2011.

38. Saenger P, Attie KM, Dimartino-Nardi J, Hintz R, Fraham L, Frane 
JW. Metabolic consequences of 5-year growth hormone (GH) 
therapy in children treated with GH for idiopathic short stature. 
Genentech Collaborative Study Group. J Clin Endocrinol Metab. 
1998;83:3115-20.

GH in mild GHD or partial GH-IGF insensitivity



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

30

original article

 Arq Bras Endocrinol Metab. 2014;58/1

The value of red blood 
cell distribution width in 
subclinical hypothyroidism
O valor da amplitude de distribuição de 
eritrócitos no hipotireoidismo subclínico

Hea Min Yu1, Kang Seo Park1, Jae Min Lee1

ABSTRACT
Objective: Therefore, we evaluated the relationship between the subclinical hypothyroidism and 
red cell distribution width (RDW) levels in a healthy population. Subjects and methods: The me-
dical records of 23,343 consecutive health subjects were reviewed. Subjects were classified into four 
thyroid stimulating hormone (TSH) groups to determine the correlation between TSH and other va-
riables in detail (0.3 to < 2.5 mU/L, 2.5 to < 5 mU/L, 5 to < 7.5 mU/L, and ≥ 7.5 mU/L). Results: In the 
multivariate linear regression analysis, RDW was associated with TSH levels, and e-GFR was inverse-
ly associated with TSH levels, respectively (standardized beta coefficient = 0.102, -0.019; p < 0.001, p 
< 0.001). After adjusting for age and sex, in the four groups, TSH levels were significantly correlated 
with RDW, estimated glomerular filtration rate (e-GFR), and free thyroxine (fT4) levels in all groups. 
Furthermore in the 4th group, RDW levels were more strongly associated with TSH levels than in the 
other groups (p = 0.006). Conclusions: RDW levels are correlated with euthyroid and subclinical 
thyroid status. Notably, RDW is more correlated with subclinical hypothyroidism than the euthyroid 
status. This study presents the relationship between the RDW levels and thyroid function using TSH 
level in a large healthy population. Arq Bras Endocrinol Metab. 2014;58(1):30-6

Keywords
Red blood cell distribution width; subclinical hypothyroidism; thyroid stimulating hormone

RESUMO
Objetivo: Avaliamos a relação entre o hipotireoidismo subclínico e os níveis de distribuição do ta-
manho dos eritrócitos (RWD) em uma população saudável. Pacientes e métodos: Foram revisadas 
as fichas médicas de 23.343 sujeitos saudáveis consecutivos. Os sujeitos foram classificados em 
quatro grupos de nível de hormônio tireoestimulante (TSH) para se determinar a correlação entre o 
TSH e outras variáveis, em detalhe (0,3 a < 2,5 mU/L; 2,5 a < 5 mU/L; 5 a < 7,5 mU/L; e ≥ 7,5 mU/L). Re-
sultados: Na análise de regressão linear múltipla, a distribuição do tamanho dos eritrócitos (RWD) 
foi associada aos níveis de TSH, e a taxa estimada de filtração glomerular (e-GFR) foi inversamente 
associada aos níveis de TSH, respectivamente (coeficiente betapadronizado = 0,102; -0,019; p < 0,001; 
p < 0,001). Depois do ajuste para idade e sexo, nos quatro grupos, os níveis de TSH se correlaciona-
ram significativamente com os níveis de RDW, e-GFR e tiroxina livre (fT4) em todos os grupos. Além 
disso, no quarto grupo, os níveis de RDW estiveram mais fortemente associados aos níveis de TSH 
do que nos outros grupos (p = 0,006). Conclusões: Os níveis de RDW estão correlacionados com o 
estado eutiroide e com o hipotireoidismo subclínico. Notavelmente, a RDW é mais correlacionada 
com o hipotireoidismo subclínico do que com o estado eutiroide. Este estudo apresenta uma relação 
entre os níveis de RDW e a função tiroidiana por meio da concentração de TSH em um grande núme-
ro de indivíduos saudáveis. Arq Bras Endocrinol Metab. 2014;58(1):30-6
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INTRODUCTION

R ed cell distribution width (RDW) is a quantitative 
measure of variation of circulating red blood cell 

size, and is routinely assessed in the differential diag-
nosis of anemias, especially in the microcytic category. 
In addition to aiding the diagnosis of anemia, RDW 
levels have been associated with cardiovascular and re-
nal disease in recent studies (1). Higher RDW measure-
ments, even within a normal reference range, have been 
strongly and independently linked with cardiovascular 
mortality in patients with cardiovascular disease and in 
a community-based population (2,3). RDW has also 
been associated with an increased risk of new cardiovas-
cular events in patients with previous myocardial infarc-
tion (4). Additionally, an inverse and graded association 
between RDW and renal function was reported in a lar-
ge cohort of adult outpatients (5). These data support 
the hypothesis that RDW is a useful predictor of disease 
associated with cardiovascular or renal disease (3,6).

Besides, a relationship between cardiovascular and 
thyroid disease has been shown in several studies, some 
of which also linked cardiovascular disease to subclinical 
hypothyroidism (7-10). Renal disease has also been 
associated with thyroid disease, because thyroid 
hormone affects the regulation of volume status and 
vascular resistance (5,11). Hypothyroidism, including 
subclinical hypothyroidism, increases systemic vascular 
resistance as well as vascular resistance of afferent and 
efferent arterioles of the kidney. This increased vascular 
resistance lowers the effective renal plasma flow and 
glomerular filtration rate (GFR) without increasing 
blood urea nitrogen (BUN) or creatinine (Cr) levels, 
although reversible elevation of serum Cr may occur 
(12-14). 

Therefore we assumed that the RDW may be 
associated with subclinical hypothyroidism. The goal 
of this study was to evaluate the relationship between 
subclinical hypothyroidism and RDW levels in a large 
healthy sample.

MATERIAlS AND METHODS

Study design and subjects

This study utilized a cross-sectional analysis and 
included the review of medical records from 25,192 
(14,889 male and 10,303 female) consecutive patients 
who completed the routine Health Investigation at 

the Eulji University Hospital Health Screening Center 
in Korea, from January 1st, 2007 to December 31st, 
2008. Participants comprised healthy subjects with no 
known systemic diseases and who were not taking any 
medication that may affect thyroid function, and were 
not pregnant or within the first year of the postpartum 
period. Subjects with history of thyroid dysfunction 
(hyperthyroidism or hypothyroidism) were excluded 
from the study. The number of subjects excluded 
from the study due to disease state, medication use, or 
improper condition was 1,711. A total of 138 subjects 
(48 male and 90 female) who were diagnosed with 
thyroid disease in advance based on written informed 
consent, even though having normal thyroid function 
and who had abnormal thyroid function level (TSH < 0.3 
or abnormal fT4 level) were also excluded. There were 
a total of 1,849 patients (662 males and 1,187 females) 
excluded from the study, resulting in the enrollment 
of 23,343 patients. Written informed consent for data 
collection was obtained from all participants. The study 
was approved by the institutional review board at the 
Eulji University Hospital. 

Demographic and clinical data

Basic demographic information (age, sex) and physical 
data including height, bodyweight, body mass index 
(BMI), and systolic and diastolic blood pressures 
(BP) were collected. History of pregnancy, alcohol 
or tobacco use, family and personal history of thyroid 
disease, diabetes, dyslipidemia, and hypertension were 
obtained. Due to the fact that RDW can be influenced by 
recent illnesses or other stressors, information on recent 
treatment for anemia (including blood transfusions) or 
acute illnesses, including cold, flu, diarrhea, vomiting, 
pneumonia, or ear infections within the past 4 weeks 
were collected using a standardized questionnaire.

Laboratory data were collected in the morning 
and fasting blood samples were obtained from each 
participant. Laboratory tests performed included 
thyroid function tests (TSH, T3, free T4), CBC (WBC, 
RBC, Hemoglobin, Hematocrit, MCV, MCH, RDW), 
lipid profile (total cholesterol, triglyceride, HDL 
cholesterol, LDL cholesterol), blood chemistry (total 
protein, albumin, BUN, Cr, uric acid), iron, vitamin 
B12, folate, erythrocyte sedimentation rate (ESR), 
high sensitivity C-reactive protein (hs-CRP), and 
rheumatoid factor (RF). Serum TSH, free T4, and T3 
concentrations were measured with chemiluminescent 
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immunoassays with an ADVIA Centaur XP analyzer 
(Diamond Diagnostics, USA). Hematological tests 
were performed on the ADVIA 2120i (Siemens Health 
Care Diagnostic, USA). Chemistry was measured 
on the ADVIA 1800 (Siemens Medical Solution 
Diagnostic, USA). Blood specimens were drawn from 
an antecubital vein in all patients. 

BMI was calculated as weight (kg) divided by height 
squared (m2). Systolic and diastolic BP readings were 
obtained after the participant rested for 5 min. To 
obtain the most accurate blood pressure readings, 3-4 
consecutive measurements were taken on the same arm 
using a mercury sphygmomanometer, and an average 
value was calculated. Kidney function was defined by 
estimated glomerular filtration rate (e-GFR) using the 
formula developed and validated in the Modification of 
Diet in Renal disease (MDRD) study, because a number 
of factors such as age, ethnicity, and sex can influence 
serum creatinine concentrations. The MDRD formula 
is as follows: e-GFR (ml/min/1.73 m2) = 175 x (serum 
creatinine)-1.154 x (age)-0.203 x 0.742 (if the participant is 
female) x 1.212 (if the participant is black).

Definition of subclinical hypothyroidism

Subclinical hypothyroid disease was defined as elevated 
serum TSH levels with normal fT4 (reference range 
of 0.8-1.7 ng/dL) concentrations (7,15). Subjects 
were classified into two groups based on TSH levels 
representing subclinical hypothyroidism (> 5 mU/L) 
or a euthyroid state (0.3-5 mU/L). These two groups 
were further subdivided into four TSH groups to 
determine the correlation between TSH and other 
variables. For the purposes of this study, TSH levels 
were examined as a continuous variable and were 
divided into quartiles using the following cutoff values: 
0.3 to < 2.5 mU/L, 2.5 to < 5 mU/L, 5 to < 7.5 
mU/L, and ≥ 7.5 mU/L. 

Statistical analysis

With the exception of sex distribution, shown as n (%), 
all demographic and laboratory data are presented as 
means ± SD and organized by TSH group. Participant 
characteristics were studied across TSH subgroups 
and differences between groups were examined for 
significance using a univariate linear regression (for 
continuous variables) and the Pearson chi-square test 
(for categorical variables) (Table 1). Multivariate linear 
regression analysis was used to determine factors that 

were associated with higher TSH levels (Table 2).  
A partial correlation analysis was performed to identify 
correlations between TSH levels and variables, 
including RDW levels in each group after adjusting for 
age and sex (Table 3). Data were analyzed using the 
statistical package SPSS version 18.0 (SPSS, USA) and 
p-values < 0.05 were considered statistically significant.

RESUlTS

A total of 23,343 consecutive healthy subjects (14,227 
men and 9,116 women) were examined in the Health 
Investigation Center. All subjects were classified in one 
of four groups based on baseline TSH levels. There 
were 16,896 patients in the 1st quartile group (TSH: 
0.3-2.5 mU/L), 5079 in the 2nd quartile group (TSH: 
2.5-5.0 mU/L), 645 in the 3rd quartile group (TSH: 
5.0-7.5 mU/L), and 283 in the 4th quartile group 
(TSH: ≥ 7.5 mU/L). The euthyroid group included 
the 1st and 2nd groups, and the subclinical hypothyroid 
group included the 3rd and 4th groups. 

Table 1 presents demographic characteristics and 
physical/clinical data, as well as a comparison of 
laboratory results according to the TSH quartile. More 
elders and more women were included in the subclinical 
hypothyroid group than the euthyroid group. RDW, 
ESR, total protein, total cholesterol, HDL, and 
LDL levels positively correlated with increasing TSH 
quartiles. In addition, RBC, hemoglobin, hematocrit, 
uric acid, free T4 levels, and e-GFR decreased with 
increasing TSH quartiles. 

In a multivariate linear regression analysis, RDW 
was associated with TSH levels (standardized beta 
coefficient = 0.102; p < 0.001), and e-GFR was 
inversely associated with TSH levels (standardized 
beta coefficient = -0.019; p < 0.001) (Table 2). Other 
factors such as RBC, Hb, Hct, ESR, total protein, total 
cholesterol, and FT4 were also correlated with baseline 
TSH levels as shown in table 2. Although other factors 
except RDW and e-GFR correlate with TSH levels, 
their variance inflation factor (VIF) shows high levels 
(not shown in Table 2). In terms of multicollinearity, 
just two of these factors, RDW and e-GFR, have 
independent, significant association with TSH levels.

We adjusted variables that were found to be 
associated with TSH levels. Table 3 presents the 
correlation of TSH levels with variables in the four 
groups and in the entire investigated population after 
adjusting for age and sex. In all four groups, TSH levels 
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Table 1. Baseline demographic and physical/clinical characteristics and laboratory examination values across TSH quartiles

variables

Euthyroid Subclinical hypothyroidism

p valueQuartiles

1st 2nd 3rd 4th

Number 16,896 5,079 645 283

TSH (mU/l)

Unweighted (median) 1.48 3.14 5.8 8.9

Interquartile range 0.3-2.5 2.5-5 5-7.5 > 7.5

Age (years) 41.8 ± 10.0 41.5 ± 10.6 42.8 ± 11.6 43.2 ± 11.3 0.956

Female sex (%) 34.5% 49.3% 58.9% 63.3% < 0.001*

BMI (kg/m2) 23.6 ± 3.1 23.4 ± 3.2 23.7 ± 3.5 23.5 ± 3.2 0.935

Blood pressure (mmHg)

Systolic 125.2 ± 15.8 124.5 ± 16.1 125.8 ± 16.3 124.2 ± 16.9 0.015*

Diastolic 73.0 ± 10.8 72.5 ± 10.8 73.2 ± 10.9 71.9 ± 10.2 0.377

WBC (103/μL) 6.6 ± 1.7 6.4 ± 1.6 6.4 ± 1.6 6.4 ± 1.6 0.563

RBC (106/μL) 4.8 ± 0.5 4.7 ± 0.5 4.6 ± 0.5 4.6 ± 0.4 < 0.001*

Hemoglobin (g/dL) 14.8 ± 1.6 14.7 ± 1.6 14.2 ± 1.6 14.1 ± 1.5 < 0.001*

Hematocrit (%) 42.4 ± 4.1 41.4 ± 4.2 41.0 ± 4.2 40.6 ± 3.9 < 0.001*

MCV (fL) 88.5 ± 4.4 88.2 ± 4.6 88.5 ± 4.6 88.3 ± 4.3 0.534

MCH (pg) 30.9 ± 1.8 30.7 ± 2.0 30.8 ± 2.0 30.7 ± 1.9 0.348

Iron (μg/dL) 118 ± 8.9 116 ± 5.9 121 ± 10.1 117 ± 4.4 0.053

Vitamin B
12 

(pg/mL) 421 ± 95.3 420 ± 99.2 423 ± 91.3 422 ± 92.3 0.096

Folate (ng/mL) 7.1 ± 2.3 7.2 ± 2.1 7.3 ± 2.0 7.2 ± 2.0 0.076

RDW (%) 12.50 ± 0.93 12.51 ± 0.95 12.61 ± 0.95 12.82 ± 1.05 < 0.001*

ESR mm/hr 8.0 ± 8.5 9.3 ± 9.2 11.0 ± 10.9 11.4 ± 10.5 < 0.001*

Total protein (g/dL) 7.5 ± 0.4 7.5 ± 0.4 7.6 ± 0.4 7.6 ± 0.4 < 0.001*

Albumin (g/dL) 4.6 ± 0.2 4.6 ± 0.2 4.6 ± 0.2 4.6 ± 0.2 0.860

BUN (mg/dL) 13.7 ± 3.6 13.4 ± 4.1 13.5 ± 3.5 13.7 ± 3.3 0.084

Creatinine (mg/dL) 1.0 ± 0.2 1.0 ± 0.3 1.0 ± 0.2 1.0 ± 0.1 0.678

e-GFR (mL/min/1.73 m2) 75.9 ± 9.5 74.5 ± 9.8 72.8 ± 9.9 72.0 ± 9.7 < 0.001*

Uric acid (IU/L) 5.4 ± 1.4 5.2 ± 1.4 5.1 ± 1.5 5.0 ± 1.3 < 0.001*

Total cholesterol (mg/dL) 189.1 ± 33.5 188.5 ± 33.6 189.3 ± 35.0 192.5 ± 37.1 < 0.001*

Triglyceride (mg/dL) 133.2 ± 90.9 128.4 ± 84.7 130.4 ± 85.5 127.7 ± 100.6 0.948

HDL (mg/dL) 55.5 ± 12.4 56.9 ± 12.8 57.0 ± 13.2 57.0 ± 14.1 0.001*

LDL (mg/dL) 106.9 ± 28.8 105.3 ± 28.4 105.5 ± 29.2 108.2 ± 29.5 0.023*

hs-CRP (mg/dL) 0.2 ± 0.4 0.2 ± 0.3 0.2 ± 0.54 0.1 ± 0.3 0.532

Rheumatoid factor (IU/mL) 8.1 ± 13.5 8.0 ± 14.0 7.9 ± 10.0 7.8 ± 13.3 0.657

T3 (ng/dL) 125.0 ± 22.6 122.6 ± 23.7 118.6 ± 15.3 99.0 ± 39.3 0.487

fT4 (ng/dL) 1.3 ± 0.2 1.2 ± 0.2 1.2 ± 0.2 1.1 ± 0.2 < 0.001*

Data were presented as means ± SD except for n (%) for sex. Data between four groups were compared using Pearson chi-square test for categorical variables, simple linear regression for other 
continuous variables, and Univariate linear regression analysis.* p < 0.05, indicates significant correlation with TSH levels. TSH: thyroid stimulating hormone; BMI: body mass index; MCV: mean 
corpuscular volume; MCH: mean corpuscular hemoglobin; RDW: red cell distribution width; ESR: erythrocyte sedimentation rate; BUN: blood urea nitrogen; e-GFR: estimated glomerular filtration 
rate; HDL: high density lipoprotein; LDL: low density lipoprotein; hs-CRP: high sensitivity C-reactive protein; T3: triiodothyronine; fT4: free thyroxine.

were significantly correlated with RDW, e-GFR, and 
fT4 levels (p < 0.001). Furthermore, in the 4th group, 
RDW levels have a tendency to be more strongly 

associated with TSH levels than in the other groups 
(p = 0.006). Other variables that were correlated with 
TSH levels are shown in table 3.

The value of red blood cell distribution width
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Table 2. Factors associated with higher levels of TSH in multivariable linear regression

1% increase in TSH 95% CI P value

RBC -0.343 -0.493 to -0.193 < 0.001*

Hb -0.187 -0.212 to -0.109 < 0.001*

Hct -0.175 -0.247 to -0.092 < 0.001*

RDW 0.102 0.049 to 0.154 < 0.001*

ESR -0.009 -0.015 to -0.002 0.007*

T. protein 0.576 0.441 to 0.711 < 0.001*

e-GFR -0.019 -0.024 to -0.014 < 0.001*

UA 0.001 -0.044 to 0.046 0.964

TC 0.002 0.001 to 0.003 0.006*

HDL -0.003 -0.007 to 0.002 0.236

LDL -0.001 -0.004 to 0.003 0.710

fT4 -0.088 -0.125 to -0.032 < 0.001*

Positive coefficients indicate a direct relation between the characteristic and higher levels of TSH. * p < 0.05, indicates significant correlation with TSH levels. CI: confidence interval; TSH: thyroid 
stimulating hormone; Hb: hemoglobin; Hct: hematocrit; RDW: red cell distribution width; ESR: erythrocyte sedimentation rate; T. protein: total protein; e-GFR: estimated glomerular filtration rate; UA: 
uric acid; TC: total cholesterol; HDL: high density lipoprotein; LDL: low density lipoprotein; fT4: free thyroxine.

Table 3. Correlation of TSH levels and variables by TSH groups and all subjects after adjusting for age and sex

variables

All
(n = 23,343)

1st

(n = 16,896)
2nd

(n = 5,079)
3rd

(n = 645)
4th

(n = 283)

Euthyroid Subclinical hypothyroidism

r P value r P value r P value r P value r P value

RBC -0.013 0.058 0.008 0.319 -0.012 0.409 -0.049 0.211 -0.123 0.039*

Hb -0.003 0.688 -0.010 0.207 0.000 0.972 -0.012 0.752 -0.039 0.515

Hct -0.009 0.188 -0.011 0.159 -0.003 0.840 -0.027 0.496 -0.094 0.115

RDW 0.024 < 0.001* 0.019 0.014* 0.028 0.045* 0.082 0.038* 0.166 0.006*

ESR 0.018 0.010* 0.012 0.158 0.027 0.069 -0.016 0.705 -0.063 0.324

T. protein 0.058 < 0.001* 0.042 < 0.001* 0.029 0.04* 0.003 0.938 0.124 0.039*

e-GFR -0.063 < 0.001* -0.054 < 0.001* -0.039 0.006* -0.087 0.027* -0.144 0.017*

UA 0.019 0.005* 0.026 0.001* 0.015 0.273 -0.071 0.073 0.038 0.532

TC 0.03 < 0.001* 0.010 0.194 -0.02 0.149 0.052 0.192 0.144 0.017*

HDL -0.004 0.595 -0.002 0.792 0.017 0.239 0.089 0.024* -0.003 0.966

LDL 0.024 < 0.001* -0.007 0.372 -0.03 0.041* 0.042 0.3 0.198 0.001*

fT4 -0.076 < 0.001* -0.074 < 0.001* -0.053 < 0.001* -0.89 0.031* -0.477 < 0.001*

Results were presented as the coefficient (r) of partial correlation analysis after adjusting for age and sex for each group. * p < 0.05, indicates significant correlation with TSH levels. TSH: thyroid 
stimulating hormone; Hb: hemoglobin; Hct: hematocrit; RDW: red cell distribution width; ESR: erythrocyte sedimentation rate; T. protein: total protein; e-GFR: estimated glomerular filtration rate;  
UA: uric acid; TC: total cholesterol; HDL: high density lipoprotein; LDL: low density lipoprotein; fT4: free thyroxine.

DISCUSSION

RDW is calculated by dividing the RBC standard 
deviation by the mean corpuscular volume (MCV), 
and reflects the variability in the size of circulating 
RBCs (16). Calculating RDW requires an inexpensive 
test, and the value is routinely reported by automated 
laboratory equipment used to perform complete blood 
counts. Recently, higher RDW levels have been related 
to cardiovascular morbidity and mortality in several 

studies (3,6,17). Moreover, an independent association 
between higher RDW levels and lower e-GFR levels 
has been demonstrated in a large cohort of unselected 
adult outpatients (5).

Subclinical hypothyroidism may impair left ventri-
cular diastolic function, alter endothelial function, in-
crease hs-CRP level, and thus increase the risk of athe-
rosclerosis (7,18). Therefore, screening and treatment 
for subclinical hypothyroidism has been suggested to 

The value of red blood cell distribution width
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prevent cardiovascular disease. The interplay between 
thyroid and kidney functions has long been known. 
Thyroid hormones have significant effects on renal 
hemodynamics, control of salt and water, and active 
tubular transport processes of ions (5,11). Previous 
studies have shown a close relationship between stage 
2-4 chronic kidney disease (CKD) and subclinical hy-
pothyroidism (11,19). Thyroid hormone therapy can 
preserve renal function with subclinical hypothyroi-
dism patients (20). When considering the relationship 
between RDW and cardiovascular and renal disorders, 
it seems logical that subclinical hypothyroidism may 
affect RDW levels because thyroid hormone is associa-
ted with cardiovascular and renal disorders. Our initial 
hypothesis of the relationship between subclinical hy-
pothyroidism and RDW was formed based on these 
aforementioned studies. 

Although the exact mechanisms explaining how 
RDW is associated with other diseases have not 
been defined, it is possible that oxidative stress and 
inflamma tion play a role in reducing RBC survival (21-
23). Overtly increased RDW may be a consequence 
of anemia or anemia-related nutritional deficiencies 
(such as vitamin B12 or folate deficiencies) or recent 
blood transfusion. Inflammation may also impact 
erythropoiesis, erythrocyte circulatory half-life, and 
erythrocyte deformability, promoting anisocytosis and, 
thus, increasing RDW levels. In a large unselected 
outpatient sample, greater RDW values were 
independently associated with greater CRP levels 
(21,22). However, in the present study, the association 
between TSH levels and RDW levels persisted after 
adjusting for multiple potential confounding factors. 
Besides, after adjusting for inflammatory markers such 
as CRP and ESR, we identified an association between 
TSH and RDW levels.

In our study, an independent association was found 
between high TSH levels in the setting of subclinical 
hypothyroidism and RDW, and e-GFR levels. That 
is, the adjustment for multiple potential confounders 
attenuated, but did not eliminate, the association 
between high TSH levels and RDW, and e-GFR levels. 
In addition to reaching statistical significance, we might 
assume that high levels of RDW in the subclinical 
hypothyroidism patient may show the possibility of 
coexisting complications.

The strengths of our analysis include the large 
sample size and the use of a central laboratory for 
all assays. In addition, outcomes were ascertained 

according to specified criteria from individuals who 
were unaware of TSH levels. However, our study also 
has some limitations that should be considered. First, 
it was limited by its cross-sectional study design, and 
cause/effect relationships were not shown. The study 
was not longitudinal, either. Although the incidence of 
subclinical hypothyroidism in the large study sample 
of healthy individuals is similar to that observed in 
the overall population, follow-up was lacking and, 
therefore, it was not a cohort study, which would 
have been a preferable study design. Future studies are 
needed with a large cohort and sufficient patient follow-
up to determine the significance of early treatment 
of subclinical thyroid disease. Second, although we 
considered several potential confounding factors in the 
regression models, the relationship between RDW and 
TSH levels may be influenced by unmeasured residual 
confounding factors. Third, all variables including RDW 
and TSH were assessed with a single measurement 
that might be influenced by biological vari ability or 
measurement error, although such errors are likely to 
attenuate the observed associations between RDW and 
TSH levels. Fourth, the proportion of male subjects 
was larger than female subjects. The main reason for 
this discrepancy is that the social worker-based health 
check-up is usually performed in male patients devoted 
to social life. Additionally the proportion of excluded 
females with abnormal thyroid function tests and thyroid 
disease was larger than the number of males excluded. 

In conclusion, RDW levels and e-GFR are correlated 
with euthyroid and subclinical hypothyroid status. RDW 
is especially more strongly correlated with subclinical 
hypothyroidism. Although there are published reports 
that examined the relationship between RDW levels 
and thyroid function (24,25), this study represents the 
first examination of the relationship between RDW 
levels and subclinical hypothyroidism using TSH levels 
in large scale healthy population. The present findings 
are broadly applicable as RDW is widely available to 
clinicians as part of the complete blood count and there 
are no additional costs to obtain these data, in contrast to 
other novel markers of subclinical hypothyroid disease. 
Future prospective studies would be useful to provide 
additional information regarding the mechanisms that 
correlate RDW with subclinical hypothyroidism. 

Disclosure: no potential conflict of interest relevant to this article 
was reported. This research did not receive any specific grant 
from any funding agency in the public, commercial or not-for-
profit sector. 

The value of red blood cell distribution width



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

36  Arq Bras Endocrinol Metab. 2014;58/1

REfERENCES
1. Allen LA, Felker GM, Mehra MR, Chiong JR, Dunlap SH, Ghali JK, 

et al. Validation and potential mechanisms of red cell distribution 
width as a prognostic marker in heart failure. J Card Fail. 
2010;16(3):230-8.

2. Felker GM, Allen LA, Pocock SJ, Shaw LK, McMurray JJ, Pfeffer 
MA, et al. Red cell distribution width as a novel prognostic 
marker in heart failure: data from the CHARM Program and the 
Duke Databank. J Am Coll Cardiol. 2007;50(1):40-7.

3. Lippi G, Filippozzi L, Montagnana M, Salvagno GL, Franchini M, 
Guidi GC, et al. Clinical usefulness of measuring red blood cell 
distribution width on admission in patients with acute coronary 
syndromes. Clin Chem Lab Med. 2009;47(3):353-7.

4. Anderson JL, Ronnow BS, Horne BD, Carlquist JF, May HT, Bair 
TL, et al. Usefulness of a complete blood count-derived risk 
score to predict incident mortality in patients with suspected 
cardiovascular disease. Am J Cardiol. 2007;99(2):169-74.

5. Lippi G, Targher G, Montagnana M, Salvagno GL, Zoppini G, Guidi 
GC. Relationship between red blood cell distribution width and 
kidney function tests in a large cohort of unselected outpatients. 
Scand J Clin Lab Invest. 2008;68(8):745-8.

6. Perlstein TS, Weuve J, Pfeffer MA, Beckman JA. Red blood cell 
distribution width and mortality risk in a community-based 
prospective cohort. Arch Intern Med. 2009;169(6):588-94.

7. Surks MI, Ortiz E, Daniels GH, Sawin CT, Col NF, Cobin RH, et al. 
Subclinical thyroid disease: scientific review and guidelines for 
diagnosis and management. JAMA. 2004;291(2):228-38.

8. Sawin CT, Geller A, Wolf PA, Belanger AJ, Baker E, Bacharach P, et 
al. Low serum thyrotropin concentrations as a risk factor for atrial 
fibrillation in older persons. N Engl J Med. 1994;331(19):1249-52.

9. Parle JV, Maisonneuve P, Sheppard MC, Boyle P, Franklyn JA. 
Prediction of all-cause and cardiovascular mortality in elderly 
people from one low serum thyrotropin result: a 10-year cohort 
study. Lancet. 2001;358(9285):861-5.

10. Razvi S, Ingoe L, Keeka G, Oates C, McMillan C, Weaver JU. 
The beneficial effect of L-thyroxine on cardiovascular risk 
factors, endothelial function, and quality of life in subclinical 
hypothyroidism: randomized, crossover trial. J Clin Endocrinol 
Metab. 2007;92(5):1715-23.

11. Vargas F, Moreno JM, Rodriguez-Gomez I, Wangensteen R, Osuna A, 
Alvarez-Guerra M, et al. Vascular and renal function in experimental 
thyroid disorders. Eur J Endocrinol. 2006;154(2):197-212.

12. Lim VS. Thyroid function in patients with chronic renal failure. Am 
J Kidney Dis. 2001;38(4 Suppl 1):S80-4.

13. Suher M, Koc E, Ata N, Ensari C. Relation of thyroid disfunction, 
thyroid autoantibodies, and renal function. Ren Fail. 
2005;27(6):739-42.

14. den Hollander JG, Wulkan RW, Mantel MJ, Berghout A. 
Correlation between severity of thyroid dysfunction and renal 
function. Clin Endocrinol (Oxf). 2005;62(4):423-7.

15. Papi G, Uberti ED, Betterle C, Carani C, Pearce EN, Braverman LE, 
et al. Subclinical hypothyroidism. Curr Opin Endocrinol Diabetes 
Obes. 2007;14(3):197-208.

16. Evans TC, Jehle D. The red blood cell distribution width. J Emerg 
Med. 1991;9 Suppl 1:71-4.

17. van Kimmenade RR, Mohammed AA, Uthamalingam S, van 
der Meer P, Felker GM, Januzzi JL Jr. Red blood cell distribution 
width and 1-year mortality in acute heart failure. Eur J Heart Fail. 
2010;12(2):129-36.

18. Wang CY, Chang TC, Chen MF. Associations between sub-
clinical thyroid disease and metabolic syndrome. Endocr J. 
2012;59(10):911-7. Epub 2012 Jul 5.

19. Mooraki A, Broumand B, Neekdoost F, Amirmokri P, Bastani B. 
Reversible acute renal failure associated with hypothyroidism: 
report of four cases with a brief review of literature. Nephrology 
(Carlton). 2003;8(2):57-60.

20. Shin DH, Lee MJ, Kim SJ, Oh HJ, Kim HR, Han JH, et al. 
Preservation of renal function by thyroid hormone replacement 
therapy in chronic kidney disease patients with subclinical 
hypothyroidism. J Clin Endocrinol Metab. 2012;97(8):2732-40.

21. Patel KV, Ferrucci L, Ershler WB, Longo DL, Guralnik JM. Red 
blood cell distribution width and the risk of death in middle-aged 
and older adults. Arch Intern Med. 2009;169(5):515-23.

22. Ferrucci L, Guralnik JM, Bandinelli S, Semba RD, Lauretani F, Corsi 
A, et al. Unexplained anaemia in older persons is characterised by 
low erythropoietin and low levels of pro-inflammatory markers. 
Br J Haematol. 2007;136(6):849-55.

23. Kiefer CR, Snyder LM. Oxidation and erythrocyte senescence. 
Curr Opin Hematol. 2000;7(2):113-6.

24. Geetha GP, Srikrishna R. Role of red blood cell distribution width 
(RDW) in thyroid dysfunction. Int J Biol Med Res. 2012;3(2):1476-8.

25. Montagnana M, Lippi G, Targher G, Salvagno GL, Guidi GC. The 
red blood cell distribution width is associated with serum levels 
of thyroid stimulating hormone in the general population. Int J 
Lab Hematol. 2009;31(5):581-2.

The value of red blood cell distribution width



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

37

original article

 Arq Bras Endocrinol Metab. 2014;58/1

Response to sorafenib treatment in 
advanced metastatic thyroid cancer
Resposta ao tratamento com sorafenibe em pacientes 
com carcinoma metastático de tireoide

Fabian Pitoia1 

ABSTRACT
Objective: To investigate the efficacy of sorafenib in progressive radioiodine resistant metastatic 
thyroid carcinoma. Subjects and methods: Off-label observational study. Sorafenib 400 mg twice 
daily was evaluated. Therapy duration was 12 ± 3 months (range 6-16 months). Results: Eight pa-
tients were included (seven papillary, one insular variant). The eight patients meeting study criteria 
received sorafenib 400 mg orally twice a day until disease progression or unacceptable toxicity de-
veloped. One patient showed a partial response with tumor regression of -35%, six months after the 
beginning of the treatment; five patients exhibited stable disease and two patients had progressive 
disease and died. Thyroglobulin decreased within 4 weeks in all patients by 50% ± 23%. Adverse 
events: one patient had heart failure, and recovered after sorafenib withdrawal. However, she died 
five months later of sudden death. Conclusion: These data suggest a possible role for sorafenib in 
the treatment of progressive metastatic DTC. Adverse event are usually manageable, but severe ones 
may appear and these patients should be strictly controlled. Arq Bras Endocrinol Metab. 2014;58(1):37-41

Keywords
Metastasis; sorafenib; thyroid; cancer

RESUMO
Objetivo: Investigar a eficácia do sorafenibe no carcinoma de tireoide metastático progressivo e 
refratário à iodoterapia. Sujeitos e métodos: Estudo observacional do efeito do sorafenibe off-label 
administrado 400 mg duas vezes ao dia. A duração da terapia foi de 12 ± 3 meses (variação de 6-16 
meses). Resultados: Oito pacientes foram incluídos (sete com variante papilífera e um com variante 
insular). Os oito pacientes que preencheram os critérios do estudo receberam o sorafenibe 400 mg 
por via oral duas vezes por dia até progressão da doença ou toxicidade inaceitável. Um paciente 
apresentou uma resposta parcial com regressão tumoral da lesão alvo de 35% seis meses após o 
início do tratamento; cinco pacientes apresentaram doença estável e dois pacientes progrediram 
e morreram. A tireoglobulina diminuiu 50% ± 23% em 4 semanas em todos os pacientes. Eventos 
adversos: um paciente teve insuficiência cardíaca e morreu por morte súbita cinco meses após a 
retirada do sorafenibe. Conclusão: Esses dados sugerem um possível papel para sorafenibe para o 
tratamento do CDT metastático progressivo. Arq Bras Endocrinol Metab. 2014;58(1):37-41
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INTRODUCTION

D ifferentiated thyroid cancer (DTC) accounts 
for more than 90% of all thyroid cancers 

and includes the papillary, follicular, and poorly 
differentiated histological types. The incidence of the 
disease continues to rise rapidly worldwide, especially 
in women (1), long-term survival is excellent, and most 
patients die of other causes. A good overall prognosis 
generally applies to patients aged < 60 years with no 
extension beyond the thyroid capsule, and no local or 

distant metastases (2). These patients can experience 10-
year survival rates as high as 85% (2,3). Unfortunately, 
local or distant metastases can occur, and 25%-66% of 
patients with locally advanced or metastatic disease will 
become refractory to treatment with radioiodine (RAI) 
(4,5). Patients with advanced RAI-refractory DTC are 
rare, representing < 5% of patients with clinical thyroid 
cancer. This subgroup of patients has a poor overall 
prognosis, with 10-year survival rates of only 10% and 
a median survival from the discovery of metastases of 
only 3 to 5 years (4-6).
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The American Thyroid Association and the Latin 
American Thyroid Society, among others societies in the 
world, currently provide recommendations to include 
patients with advanced, RAI-refractory DTC in clinical 
trials or considering treatment with off-label small-
molecule kinase inhibitor (e.g., sorafenib, sunitinib, 
pazopanib etc.) if trials are not available (7,8), but the 
practical details of managing these patients often vary 
between physicians and countries (9). 

To optimize care, it is important to reach a common 
definition of 131I refractory disease, both for clinical trials 
and in community practice. At least 131I refractory disease 
should be defined as the presence of a lesion that does not 
uptake 131I detected at imaging, or clinical evidence that 
131I is no longer beneficial despite visible uptake or, for 
example, cumulative activity > 600 mCi (4,10,11). In the 
latter case, tumor progression should also be confirmed 
by imaging performed every 6 to 14 months according 
to Response Evaluation Criteria in Solid Tumors (12). 
As tumor markers, such as thyroglobulin (Tg) reflect 
risk, not tumor burden, increasing concentrations of 
these markers should be considered suspicious, but not 
diagnostic, of progressive disease, as should the results 
of 18-fluorodeoxyglucose (FDG) PET/computerized 
tomography (9,11). RAI-resistance might be complicated 
to define when mixed response is present.

The objective of this study was to investigate the 
efficacy of off-label compassionate use of sorafenib in 
progressive radioiodine resistant metastatic thyroid car-
cinoma.

SUBJECTS AND METHODS

Eligible patients to receive sorafenib treatment after 
confirmation of RAI-resistant metastatic thyroid cancer 
were > 18 years old with histologically confirmed 
thyroid carcinoma (papillary & follicular subtypes) for 
which no curative or standard palliative therapies were 
available. Patients had evidence of disease progression 
by Response Evaluation Criteria in Solid Tumors 
(RECIST) in the 12 months before entering the study, 
and all patients had measurable disease according to 
RECIST criteria. Previous therapies such as radioiodine 
therapy (n = 8), radiotherapy (n = 4), radiofrequency 
ablation and percutaneous ethanol injection (n = 2) 
had been performed in these patients. Other inclusion 
criteria were Eastern Cooperative Oncology Group 
performance status (ECOG) = 2 with preserved renal, 
hepatic, and bone marrow function. All patients 

provided written informed consent and the protocol 
was reviewed and approved by an external ethics 
committee. Mean radiodiodine cumulative dose before 
considering RAI resistance was 810 ± 312 mCi 131I. 

Study design

Off-label compassionate use observational study. 
Sorafenib 400 mg twice daily was evaluated. The 
primary endpoint was the objective RECIST score 
assessed on day 30 and every 12 weeks thereafter. 
Additional endpoints were duration of tumor response 
and changes in tumor marker (Tg) measured initially, 
at 4 weeks, and then every 4 weeks. Clinical benefit was 
defined as partial response, PR (at least a 30% decrease in 
the sum of diameters of target lesions) or stable disease, 
SD (neither sufficient increase nor decrease in the size 
of target lesions considered to be meaningful). Patients 
were withdrawn from the study after radiological 
confirmation of tumor disease progression, PD (a 20% 
or greater increase in the sum of diameters of the target 
lesions) according to RECIST criteria. Mean therapy 
duration was 12 ± 3 months (range 6 to 16 months).

RESUlTS

Between May 2010 and January 2013, eight patients 
were included (7 papillary, 1 insular variant), whose 
baseline characteristics are summarized in table 1. At 
baseline, all patients had previously undergone total 
thyroidectomy and RAI therapy (mean cumulative 
activity 830 ± 312 mCi), four patients (50%) had 
received radiotherapy (2 for neck, and 2 for bone 
metastasis) and two patients with bone and soft tissue 
metastases were treated with radiofrequency ablation 
and percutaneous ethanol injections. In all cases there 
was progressive disease confirmed by RECIST criteria.

Efficacy

One patient showed a partial response with tumor 
regression of -35% three months after the beginning of 
the treatment. This patient kept this response after 16 
months of full dosage of sorafenib treatment (Figure 1); 
5 patients exhibited stable disease after a mean follow-
up of 8 ± 3 months, and 2 patients had stable disease 
for 8 and 12 months, respectively, and then exhibited 
progressive disease and died (Table 2). Marker 
correlation: In figure 2, the mean decrease in serum Tg 
after sorafenib treatment can be observed (50 ± 23%). 

Sorafenib in metastatic thyroid cancer
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Table 1. Baseline characteristics, mean radioiodine cumulative received 
dose before sorafenib treatment and follow-up of included subjects

n = 8 patients

Sex 

M/F 4 (50%)/4 (50%)

Mean age (range) 61 ± 12 (48-73)

Papillary thyroid cancer 7 (88%)

Insular thyroid cancer 1 (12%)

TNM stage

IV 8 (100%)

ATA risk of recurrence

High 8 (100%)

Metastatic site

Lymph nodes and lungs 2 (25%)

Lungs and bones 4 (50%)

Lungs 2 (25%)

Mean cumulative radioiodine dose before 
sorafenib treatment (mCi)

810 ± 312

Follow-up after sorafenib prescription in 
months (range)

12 ± 3 (6-16)

Table 2. Tumor response to sorafenib treatment

Tumor response n (%)

Partial response (PR) 1 (12.5)

Stable disease (SD) 5 (62.5)

Progressive disease (PD) 2 (25)

figure 1. 69-year-old male patient with dedifferentiated papillary thyroid carcinoma. After 12 years of follow-up and a cumulative radioiodine activity of 
700 mCi, progressive lung and cervical neck metastases were observed. He denied receiving cervical surgery. This figure shows two 18-FDG PET-CT 
performed with an interval of 6 months. A decrease in 18-FDG uptake (SUV) in the cervical mass after 6 months of 800 mg b/d of sorafenib treatment (A) 
and a decrease in size and 18-FDG uptake (SUV) in lung metastasis were observed (B). There was a Partial Response in metastatic lung disease and 
Stable Disease in cervical lymph node metastasis.

A B

figure 2. Results of serum Tg levels in 8 patients with advanced DTC 
treated with sorafenib. The black arrow indicates sorafenib withdrawal in 
patient number 1 due to a severe adverse event (heart failure, see text). 

Other pictures better illustrate some of the responses to 
sorafenib treatment (Figure 1 and Figure 3).

Adverse events

One patient suffered heart failure probably related to 
sorafenib, which led to the withdrawal of the drug 9 
months after starting the treatment. She died 5 months 
later after sorafenib withdrawal, from sudden death. 
The initial ejection fraction (EF) before sorafenib 
prescription was 67%, which decreased to 25% when 
heart failure developed. One month after sorafenib 
withdrawal EF increased to 55% after additional 
cardiovascular medications.

Other adverse events were: fatigue (n = 3), diarrhea 
(n = 3), hand-foot syndrome (n = 1), mucositis (n = 
1), rash (n = 1), and hair loss (n = 1). Hypertension 
was not observed. In two patients, sorafenib dose was 
reduced 400 mg/d, and in two to 600 mg/d due to 
these adverse events. Two other patients are still on the 
full dose (800 mg/d), one patient after 16 months of 
treatment.



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

40  Arq Bras Endocrinol Metab. 2014;58/1

figure 3. 53-year-old male patient with dedifferentiated papillary thyroid carcinoma metastatic to lung and bones. There was a symptomatic and imaging 
response in lung metastasis: (A) baseline; (B) after 5 months of 800 mg/d sorafenib treatment (no RECIST criteria), and (C) stable disease in lytic and soft 
tissue pelvic metastasis.

A B C

DISCUSSION

Sorafenib is a multiple tyrosine kinase inhibitor (TKI), 
targeting CRAF, BRAF, VEGF receptor (VEGFR)-1, 
-2, -3, PDGF receptor (PDGFR)-β, RET, c-kit and 
Flt-3 (13). As a multifunctional inhibitor, sorafenib 
inhibits tumor growth, progression, metastasis and 
angiogenesis, as well as downregulating mechanisms 
that protect tumors from apoptosis. These findings 
have suggested that sorafenib may significantly improve 
outcomes in patients with DTC.

Several Phase II trials have assessed the effects of 
sorafenib monotherapy in over 200 patients with thyroid 
cancer, most with DTC, with other patients having 
medullary and anaplastic carcinomas (14-20). The 
median progression-free survival (PFS) ranged from 14 
to 24 months, with PR rates as high as 38%, and disease 
control rates (defined as SD plus PR) of 59%-100%. 
Median overall survival was reported to be as long as 35 
months. In approximately 62% of these series (50% in 
ours), patients required dose reductions due to adverse 
events (AEs) that were mostly grade 1 or 2. Similar to 
what it was seen in these 8 patients, the most common 
AEs have been hand–foot skin reactions and other skin 
toxicities, fatigue, weight loss, and diarrhea.

A less common but serious adverse event associated 
with TKIs is systolic and diastolic congestive heart 
failure (20). Patients may present with very dramatic 
symptoms of heart failure, as it occurred with one 
of our patients. Others demonstrate mild symptoms 
which may be difficult to differentiate from fatigue due 
to the TKI or the tumor itself (20). This toxicity is not 
completely understood, but platelet-derived growth 
factor receptor-β (PDGFR-β) inhibition has been 
implicated as playing a role in the response to pressure 
overload-induced stress (21). 

The encouraging results of these trials and the need 
for improvement in the treatment of 131I refractory 
DTC have led to the designing of a double-blind, 
multicenter, multinational, randomized Phase III trial 
of sorafenib in 380 patients with locally advanced or 
metastatic I-131 refractory DTC (DECISION) (19).

The results of this trial were recently presented 
(22). Finally, a total of 417 patients were randomized 
(207 to sorafenib and 210 to placebo); median age 
63 yrs., 52% female. Tumor histology by independent 
assessment was 57% papillary, 25% follicular, and 10% 
poorly differentiated. Ninety-six percent of patients 
had metastatic disease; the most common target 
lesions were lungs (71%), lymph nodes (40%), and 
bones (14%). Sorafenib significantly extended PFS, the 
primary endpoint of the study, compared to placebo. 
The median PFS was 10.8 months among patients 
treated with sorafenib, compared to 5.8 months among 
patients receiving placebo (HR = 0.587 [95% CI, 0.454-
0.758]; p < 0.0001). Safety and tolerability in the study 
were generally consistent with the known profile of 
sorafenib. The Phase 3 DECISION data will probably 
form the basis for regulatory submissions of sorafenib 
for the treatment of RAI-refractory differentiated 
thyroid cancer. However, there was no statistically 
significant difference in overall survival between the 
treatment arms (HR = 0.802 [95% CI, 0.539-1.194]; 
p = 0.138), a secondary endpoint of the trial, this was 
due to that median overall survival has not yet been 
reached in either arm (22).

In this investigation, the efficacy and toxicity profile 
of off-label compassionate use of sorafenib for the 
treatment of advanced and refractory thyroid cancer 
in an unselected population representative of routine 
clinical practice was reported. The observed efficacy 

Sorafenib in metastatic thyroid cancer
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data are comparable with other published studies with 
sorafenib in DTC patients. With the fase III Decision 
Study already finished, it is expected that sorafenib 
(and probably, in the near future, other drugs of this 
type) will soon be available to improve survival of RAI-
refractory advanced thyroid cancer patients.

Disclosure: no potential conflict of interest relevant to this article 
was reported.

REfERENCES 
1. Jemal A, Bray F, Center MM, Ferlay J, Ward E, Forman D. Global 

cancer statistics. CA Cancer J Clin. 2011;61(2):69-90.

2. Hundahl SA, Fleming ID, Fremgen AM, Menck HR. A National 
Cancer Data Base report on 53,856 cases of thyroid carcinoma 
treated in the U.S., 1985-1995. Cancer. 1998;83(12):2638-48.

3. Eustatia-Rutten CF, Corssmit EP, Biermasz NR, Pereira AM, Romijn 
JA, Smit JW. Survival and death causes in differentiated thyroid 
carcinoma. J Clin Endocrinol Metab. 2006;91(1):313-9.

4. Durante C, Haddy N, Baudin E, Leboulleux S, Hartl D, Travagli JP, 
et al. Long-term outcome of 444 patients with distant metastases 
from papillary and follicular thyroid carcinoma: benefits and limits 
of radioiodine therapy. J Clin Endocrinol Metab. 2006;91(8):2892-9. 

5. Hodak SP, Carty SE. Radioiodine-resistant differentiated thyroid 
cancer: hope for the future. Oncology. 2009;23(9):775-6.

6. Robbins RJ, Wan Q, Grewal RK, Reibke R, Gonen M, Strauss HW, et 
al. Real-time prognosis for metastatic thyroid carcinoma based on 
2-[18F]fluoro-2-deoxyd-glucose-positron emission tomography 
scanning. J Clin Endocrinol Metab. 2006;91(2):498-505.

7. Cooper DS, Doherty GM, Haugen BR, Kloos RT, Lee SL, Mandel 
SJ, et al. Revised American Thyroid Association management 
guidelines for patients with thyroid nodules and differentiated 
thyroid cancer. Thyroid. 2009;19(11):1167-214. 

8. Pitoia F, Ward L, Wohllk N, Friguglietti C, Tomimori E, Gauna A, et 
al. Recommendations of the Latin American Thyroid Society on 
diagnosis and management of differentiated thyroid cancer. Arq 
Bras Endocrinol Metabol. 2009;53(7):884-7.

9. Brose MS, Smit J, Capdevila J, Elisei R, Nutting C, Pitoia F, et 
al. Approach to the patient with advanced differentiated thyroid 
cancer. Expert Rev Anticancer Ther. 2012;12(9):1137-47. 

10. Pacini F, Ito Y, Luster M, Pitoia F, Robinson B, Wirth L. Radioactive 
iodine-refractory differentiated thyroid cancer: unmet needs and 
future directions. Expert Rev Endocrinol Metab. 2012;7(5):541-54. 

11. Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, Ford 
R, et al. New response evaluation criteria in solid tumours: revised 
RECIST guideline (version 1.1). Eur J Cancer. 2009;45(2):228-47. 

12. Kim A, Balis FM, Widemann BC. Sorafenib and sunitinib. 
Oncologist. 2009;14(8):800-5. 

13. Gupta-Abramson V, Troxel AB, Nellore A, Puttaswamy K, Redlinger 
M, Ransone K, et al. Phase II trial of sorafenib in advanced thyroid 
cancer. J Clin Oncol. 2008;26(29):4714-9.

14. Keefe SM, Troxel AB, Rhee S. Phase II trial of sorafenib in patients 
with advanced thyroid cancer. J Clin Oncol. 2011;29(Suppl. 15), 
abstract 5562. 

15. Kloos RT, Ringel MD, Knopp MV, Hall NC, King M, Stevens R, et 
al. Phase II trial of sorafenib in metastatic thyroid cancer. J Clin 
Oncol. 2009;27(10):1675-84. 

16. Ahmed M, Barbachano Y, Riddell A, Hickey J, Newbold KL, Viros 
A, et al. Analysis of the efficacy and toxicity of sorafenib in thyroid 
cancer: a phase II study in a UK based population. Eur J Endocri-
nol. 2011;165(2):315-22.

17. Hoftijzer H, Heemstra KA, Morreau H, Stokkel MP, Corssmit EP, 
Gelderblom H, et al. Beneficial effects of sorafenib on tumor pro-
gression, but not on radioiodine uptake, in patients with differen-
tiated thyroid carcinoma. Eur J Endocrinol. 2009;161(6):923-31.

18. Capdevila J, Iglesias L, Halperin I, Segura A, Martínez-Trufero 
J, Vaz MA, et al. Sorafenib in metastatic thyroid cancer. Endocr 
Relat Cancer. 2012;19(2):209-16.

19. Brose MS, Nutting CM, Sherman SI, Shong YK, Smit JW, Reike 
G, et al. Rationale and design of decision: a double-blind, 
randomized, placebo controlled phase III trial evaluating the 
efficacy and safety of sorafenib in patients with locally advanced 
or metastatic radioactive iodine (RAI)-refractory, differentiated 
thyroid cancer. BMC Cancer. 2011;11:349.

20. Cabanillas ME, Hu MI, Durand JB, Busaidy NL. Challenges asso-
ciated with tyrosine kinase inhibitor therapy for metastatic thyroid 
cancer. J Thyroid Res. 2011;2011:985780. doi: 10.4061/2011/985780. 

21. Chintalgattu V, Ai D, Langley RR, Zhang J, Bankson JA, Shih 
TL, et al. Cardiomyocyte PDGFR-beta signaling is an essential 
component of the mouse cardiac response to load-induced 
stress. J Clin Invest. 2010;120(2):472-84. 

22. Brose M, Nutting C, Jarzab B, Elisei R, Siena S, Bastholt L, et al. J 
Clin Oncol 2013;31 (suppl; abstr 4) Presented June 2, 2013, at the 
49th Annual Meeting of the American Society of Clinical Oncology 
(ASCO) in Chicago, IL at 3:20pm CDT (Abstract #4).

Sorafenib in metastatic thyroid cancer



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

42

original article

 Arq Bras Endocrinol Metab. 2014;58/1

Impact of metformin treatment and 
swimming exercise on visfatin levels 
in high-fat-induced obesity rats
Impacto do tratamento com metformina e da natação 
nos níveis de visfatina em ratos com obesidade 
induzida por dieta com alto teor de gordura

Ya Gao1, Changjiang Wang2, Tianrong Pan1, Li Luo2

ABSTRACT
Objective: Visfatin is a recently discovered adipocytokine that contributes to glucose and obesity-
related conditions. Until now, its responses to the insulin-sensitizing agent metformin and to exercise 
are largely unknown. We aim to investigate the impact of metformin treatment and/or swimming exer-
cise on serum visfatin and visfatin levels in subcutaneous adipose tissue (SAT), peri-renal adipose 
tissue (PAT) and skeletal muscle (SM) of high-fat-induced obesity rats. Materials and methods: 
Sprague-Dawley rats were fed a normal diet or a high-fat diet for 16 weeks to develop obesity model. 
The high-fat-induced obesity model rats were then randomized to metformin (MET), swimming ex-
ercise (SWI), or adjunctive therapy of metformin and swimming exercise (MAS), besides high-fat 
obesity control group and a normal control group, all with 10 rats per group. Zoometric and glycemic 
parameters, lipid profile, and serum visfatin levels were assessed at baseline and after 6 weeks of 
therapy. Visfatin levels in SAT, PAT and SM were determined by Western Blot. Results: Metformin 
and swimming exercise improved lipid profile, and increased insulin sensitivity and body weight 
reduction were observed. Both metformin and swimming exercise down-regulated visfatin levels 
in SAT and PAT, while the adjunctive therapy conferred greater benefits, but no changes of visfatin 
levels were observed in SM. Conclusion: Our results indicate that visfatin down-regulation in SAT 
and PAT may be one of the mechanisms by which metformin and swimming exercise inhibit obesity. 
Arq Bras Endocrinol Metab. 2014;58(1):42-7

Keywords
Endocrinology; metabolic syndrome; adipocytokine

RESUMO
Objetivo: A visfatina é uma adipocina recentemente descoberta que contribui com as condições re-
lacionadas à glicose e à obesidade. Até hoje, pouco se sabe da sua resposta à metformina, um agente 
sensibilizador de insulina, e ao exercício. Nosso objetivo foi investigar o impacto do tratamento com 
metformina e/ou da natação sobre a visfatina no soro e no tecido adiposo subcutâneo (TAS), tecido 
adiposo perirrenal (TAP) e músculo esquelético (ME) em ratos com obesidade induzida por dieta com 
alto teor de gordura. Materiais e métodos: Ratos Sprague-Dawley foram alimentados com uma 
dieta normal ou com alto teor de gordura por 16 semanas para o desenvolvimento de um modelo 
de obesidade. Os ratos do modelo de obesidade foram, então, randomizados para a metformina, 
natação ou terapia de combinação com metformina e natação, além do grupo controle de obesidade 
induzida por alto teor de gordura e do grupo controle normal. Cada grupo apresentava 10 ratos. 
Parâmetros zoométricos e glicêmicos, perfil lipídico e níveis de visfatina sérica foram avaliados no 
momento inicial e após seis semanas de tratamento. Os níveis de visfatina em TAS, TAP e ME foram 
determinados por Western Blot. Resultados: A metformina e a natação melhoraram o perfil lipídico 
e aumentaram a sensibilidade à insulina, com redução do peso corporal. Tanto a metformina quanto 
a natação levaram à regulação para baixo dos níveis de visfatina no TAS e TAP, enquanto a terapia de 
combinação apresentou os maiores benefícios, mas não foram observadas alterações nos níveis de 
visfatina no ME. Conclusão: Nossos resultados indicam que a regulação para baixo da visfatina no 
TAS e TAP pode ser um dos mecanismos pelos quais a metformina e a natação inibem a obesidade. 
Arq Bras Endocrinol Metab. 2014;58(1):42-7 

Descritores
Endocrinologia; síndrome metabólica; adipocitocina

1 Department of Endocrinology, 
The Second Hospital of An Hui 
Medical University, Hefei, China
2 Department of Endocrinology, The 
First Affiliated Hospital of An Hui 
Medical University, Hefei, China

Correspondence to:
Changjiang Wang
Department of Endocrinology,
The First Affiliated Hospital of
An Hui Medical University,
Jixi Road, Hefei – 230022, China
wangchangjianghf@hotmail.com

Received on June/14/2013
Accepted on Oct/24/2013



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

43 Arq Bras Endocrinol Metab. 2014;58/1

INTRODUCTION

T he metabolic syndrome (MS) is a cluster of several 
metabolic abnormalities, including central (intra-

abdominal) obesity, insulin resistance, hypertension, 
dyslipidemia and hyperglycemia, that has become one 
of the major public-health challenges (1). Obesity plays 
a causative role in the pathogenesis of MS (2). While 
abdominal obesity is determined by the accumulation 
of both subcutaneous adipose tissue and visceral 
adipose tissue, excess accumulation of visceral adipose 
tissue appears to play a more significant pathogenic 
role. Adipose tissue secretes a number of bioactive 
peptides or proteins, named adipokines. Since the first 
adipokine, leptin, was discovered in 1994, the adipose 
tissue has been granted many vital roles in addition to 
energy storage, making it an endocrine organ in its own 
right (3,4).

Visfatin, associated with a wide range of biologic 
effects, including glucose and lipid metabolism, has 
been implicated in the pathogenesis of diabetes and 
obesity. It is previously described as a pre-B cell colony-
enhancing factor, which is abundantly expressed in 
visceral adipose tissue. Numerous evidences indicate that 
visfatin plays an important role in glucose homeostasis 
(5). It has been shown that visfatin binds to the insulin 
receptor at a distinct site, and exerts its hypoglycemic 
activity by reducing glucose release from hepatocytes, 
and stimulating glucose utilization in peripheral tissues 
(6). The synthesis and secretion of visfatin are shown to 
be up-regulated in several animal models of obesity, as 
well as human with abdominal obesity and/or type 2 
diabetes mellitus (7-9).

Metformin is widely used as a hypoglycemic 
agent in the treatment of type 2 diabetic patients. 
The hypoglycemic activity of metformin is related 
to the reduction of hepatic glucose output and 
gluconeogenesis, and stimulation of glucose utilization 
in the skeletal muscle (10). Physical exercise exerts 
an immediate and substantial elevation of energy 
expenditure (11), improves the metabolic risk profile, 
and reduces mortality (12). Both metformin and 
physical exercise have been recommended in the 
treatment of diabetes associated with obesity. However, 
little is known about the mechanism of metformin and 
physical exercise affecting visfatin levels in obesity.

The focus of the present study was to investigate the 
effects of metformin and swimming exercise on visfatin 
levels in a high-fat-induced obesity rat model.

MATERIAlS AND METHODS

Animal model and treatment protocol

Animal experiments were conducted in accordance with the 
Declaration of Helsinki and the An Hui Medical University 
Guide for the Care and Use of Laboratory Animals. Male 
Sprague-Dawley rats (160-190 g) of 6 weeks of age were 
supplied by the An Hui Medical University.

Animals were housed in individual cages under 
constant temperature (25 ± 1°C) and humidity (50-
60%) with a 12h-light and 12h-dark cycle. After being 
acclimatized to the housing for one week, a total 70 rats 
were randomly divided into normal control group (NC, 
n = 10) fed a normal diet, and a high-fat diet group (HF, 
n = 60) fed a high-fat diet. Both diets were purchased 
from the An Hui Medical University, and the nutrient 
composition of the high-fat diet expressed as a percentage 
of weight content was as follows: 34% carbohydrate, 19% 
protein, and 22% lipid (lard as the major source of lipids), 
with the same amount of fiber, vitamins, and minerals 
as in the normal diet. After being fed for 16 weeks, the 
obesity model was established from the HF group and 
was re-divided into four groups: metformin (MET, 
n = 10), swimming exercise (SWI, n = 10), adjunctive 
therapy of metformin and swimming exercise (MAS, n 
= 10), and obesity control (OB, n = 10). Metformin, 
purchased from Squibb Company, was administered 
orally to the MET group and MAS group at a dose of 
200 mg/day. Exercise was performed in plastic barrels 
filled with warm water at 35°C 5 days a week for 1 h, as 
previously described (13) in the SWI group and MAS 
group. The animals were weighed every week during the 
6 week-treatment. Rats in NC group and OB group were 
fed with the normal diet and high- fat diet respectively, 
without any treatment. Body weight (BW), fasting blood 
glucose (FBG), triglycerides (TG), total cholesterol 
(TCH), fasting insulin (FINS), and serum visfatin were 
detected before and after 6 weeks of treatment. At the 
end of 22 weeks, animals were killed by decapitation 
at designated time points. Subcutaneous adipose tissue 
(SAT), peri-renal adipose tissue (PAT) and skeletal muscle 
(SM) were rapidly separated from the omentum, peri-
renal adipose pad and lower limbs, respectively, frozen in 
liquid nitrogen, and stored at -80°C.

Serum assay

Blood was collected from the tail vein at the baseline 
and from the inferior vena cava at the end of treatment 

Impact of metformin in induced obesity rats
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respectively. Serum concentrations of FBG, TG, 
and TCH were measured using an automatic blood 
chemistry analyzer (Roche Modular DPP Switzerland). 
FINS was determined by radioimmunoassay kits (R&D 
Company USA) and serum visfatin was determined 
by enzyme-linked-immunosorbent assay kit (R&D 
Company USA).

Western blot analysis

Each protein sample was subjected to 12% NuPAGE 
gradient gel electrophoresis and transferred onto a 
nylon membrane. The membrane was blocked by 
TBS-T (20 mM of Tris-HCl, pH 7.5, 137mM of NaCl, 
and 0.1% Tween 20) containing 5% nonfat dry milk, 
and then expressions were detected using dilutions 
of the primary antibodies. Membranes were washed 
in 0.1% Tween-20/TBS, and then incubated with 
horseradish peroxidase-conjugated secondary antibody. 
Bound antibodies were visualized using an enhanced 
chemiluminescence reagent (Pierce Company USA), 
and quantified by densitometry using an electrophoresis 
image analysis system (FR980, Shanghai Furi Science 
& Technology). Data were expressed as relative density 
of the protein normalized to β-actin. The rates of 
inhibition were estimated by comparison with the 
untreated control (100%). Triplicate experiments with 
triplicate samples were performed.

Statistical analysis

Data were described as means ± SD. All comparisons 
were conducted by ANOVA (one-way analysis of 
variance) and Duncan’s multiple comparison tests to 
identify differences among the groups in the SPSS/
PC statistical program (Version 10.0 for Windows; 
SPSS, Chicago, IL, USA). P value less than 0.05 was 
considered statistically significant.

RESUlTS

Biochemical analysis

As shown in Table 1, BW, FBG, TG, TCH, FINS, 
and serum visfatin levels of each group in the obesity 
model were higher than those in the NC group, with 
statistical significance (P < 0.01 or P < 0.05). There was 
no statistical difference among the four groups of the 
obesity model established from HF group.

After 6 weeks of treatment, BW, FBG, TG, TCH, 
FINS, and serum visfatin levels in the group of MET, SWI, 
and MAS were decreased compared to the OB group (P < 
0.01 or P < 0.05, Table 2). Although there was a more sig-
nificant change of the biochemical markers in MAS group, 
the data did not show statistical differences between the 
MAS group and the MET/SWI group. Thus, an inves-
tigation with a larger sample size may be further needed. 

Impact of metformin in induced obesity rats

Table 1. Comparison of metabolic parameters and visfatin levels among the five groups before intervention (mean ± SD)

Group BW
(g)

TG
(mmol/l)

TCH
(mmol/l)

fBG
(mmol/l)

fINS
(mIU/l)

visfatin
(ng/ml)

NC (n = 10) 431.3 ± 47.22 0.51 ± 0.11 1.32 ± 0.13 4.87 ± 0.84 9.04 ± 3.71 278.03 ± 128.97

OB (n = 10) 523.5 ± 36.87a 1.07 ± 0.25a 1.89 ± 0.24a 7.10 ± 1.21a 17.04 ± 4.15b 476.32 ± 86.25a

MET (n = 10) 520.80 ± 38.91a 0.95 ± 0.27a 1.82 ± 0.23a 6.73 ± 1.55a 21.33 ± 7.99a 548.71 ± 67.97a

SWI (n = 10) 530.40 ± 71.32a 0.93 ± 0.17a 1.77 ± 0.28a 6.95 ± 0.96a 15.82 ± 4.31b 596.24 ± 90.92a

MAS (n = 10) 522.33 ± 59.27a 0.89 ± 0.18a 1.69 ± 0.35a 6.52 ± 1.19a 19.13 ± 7.19a 504.37 ± 83.35a

a P < 0.01, b P < 0.05 vs. Normal Diet group.

Table 2. Comparison of metabolic parameters and visfatin levels among the five groups after intervention (mean ± SD)

Group BW
(g)

TG
(mmol/l)

TCH
(mmol/l)

fBG
(mmol/l)

fINS
(mIU/l)

visfatin
(ng/ml)

NC (n = 10) 444.62 ± 58.68 0.65 ± 0.09 1.38 ± 0.39 4.83 ± 0.48 7.42 ± 2.56 252.43 ± 67.34

OB (n = 9) 518.00 ± 50.38a 1.06 ± 0.18a 1.85 ± 0.14c 6.82 ± 0.93a 10.85 ± 2.10a 482.00 ± 104.50a

MET (n = 9) 402.90 ± 38.07d 0.68 ± 0.09d 1.46 ± 0.28b 5.12 ± 0.46d 6.74 ± 1.96d 363.85 ± 88.90cd

SWI (n = 9) 436.60 ± 70.58b 0.58 ± 0.08d 1.46 ± 0.30b 5.18 ± 0.64d 6.36 ± 2.21d 357.17 ± 69.63cb

MAS (n = 9) 430.77 ± 46.74d 0.62 ± 0.13d 1.41 ± 0.24b 5.08 ± 0.71d 5.75 ± 1.53d 343.75 ± 83.48cb

a P < 0.01; c P < 0.05 vs. Normal Diet group; d P < 0.01, b P < 0.05 vs. Obesity group.
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Effects of different treatments on visfatin levels in 
SAT, pAT and SM

We examined the expression levels of visfatin protein 
by western blot in different tissues of the five groups. 
As shown in figure 1, the expression of visfatin protein 
in PAT of the obesity group was higher than that of 
the NC group, which was also observed in SAT and 
SM (Figure 1B and 1C). In SAT and PAT, visfatin 
expression levels in the MAS group, MET group, and 
SWI group were decreased after intervention compared 
to OB group, specially in the MAS group. However, in 
the NC, visfatin levels in the MAS group, MET group, 
and SWI group were decreased with no statistical 
significant difference.

the study include: (a) both metformin treatment and 
swimming exercise can down-regulate visfatin levels 
in serum and adipose tissue; (b) neither treatment 
has effect on visfatin levels in skeletal muscle; (c) both 
therapies can significantly improve insulin sensitivity 
and glucolipid metabolism.

Adipose tissue participates in the glucose metabolism 
by secreting various adipokines, which are frequently 
associated with the action of insulin. Visfatin, a  recently 
discovered adipokine, has been shown to play a role 
similar to insulin in insulin-sensitive tissues, such as 
liver, muscle, and fat (8). Visfatin may play a dual role: 
an endocrine role, by modulating insulin sensitivity in 
peripheral organs; and an autocrine/paracrine function 
on visceral adipose tissue, facilitating differentiation 
and fat deposition (14). Though Pagano (15) have 
reported decreased plasma visfatin and its messenger 
RNA in subcutaneous adipose tissue of obese subjects, 
several other studies have reported elevated blood 
visfatin levels in patients with T2DM (9,16) or in obese 
children (17). Consistent with most findings, we noted 
significantly higher visfatin levels in obese rats compared 
with the controls in our study. Additionally, higher 
visfatin levels in perirenal adipose tissue were found 
compared with that in subcutaneous adipose tissue and 
skeletal muscle, which indicated that visceral adipose 
tissue was the major source of visfatin. However, the 
effect of hypoglycemic treatment on visfatin levels 
has not been thoroughly studied until now. Thus, the 
effect of metformin and swimming exercise treatments 
on visfatin levels was observed in our study.

There is limited data about the effect of metformin 
on adipokines, especially on visfatin. Hsieh and 
cols. (18) reported that two different metformin 
formulations had no effect on insulin sensitivity and 
serum visfatin in patients with T2DM, but patients in 
this study were under anti-diabetic treatment before 
enrolment. To avoid this potential drawback, Erdem 
and cols. (19) designed a study and observed that 12 
weeks’ treatment of metformin significantly improved 
glycemic control and insulin sensitivity in 44 newly 
diagnosed and untreated T2DM patients, but still did 
not change visfatin levels. Accordingly, a new report 
demonstrated that insulin-sensitizing modalities 
induced non-significant change of plasma visfatin (20). 
The insulin-mimetic action of visfatin may be mediated 
by binding to the insulin receptor via a distinct binding 
site. In addition, visfatin gene expression has been 
recently found to be enhanced in macrophages of 
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figure 1. Effects of different treatments on visfatin levels in subcutaneous 
adipose tissue (SAT), perirenal adipose tissue (PAT) and skeletal muscle (SM). 
(A) Visfatin expression in PAT. (B) Visfatin expression in SAT. (C) Visfatin 
expression in SM. (D) Statistical analysis of visfatin levels in the three 
tissues after the different treatments. The bar represents the mean ± SD 
of triplicate experiments with triplicate samples. ● P < 0.01, ▲ P < 0.05, 
compared with Normal control (NC) group; △ P < 0.01,*P < 0.05, compared 
with obesity (OB) group; □ P < 0.05, compared with Metformin and 
Swimming (MAS) group; ▽P < 0.05, compared with obesity group in PAT. 

DISCUSSION

This study demonstrated that both metformin treatment 
and swimming exercise could affect visfatin expression 
in a high-fat-induced rat model. The key findings of 
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human unstable carotid and coronary atherosclerotic 
lesions, where the influence of insulin sensitizers seems 
to be limited (8,21). The mechanisms cited above 
indicate that insulin sensitizers may have little effect on 
visfatin. On the contrary, we found in our study that 
visfatin levels in serum and adipose tissue decreased 
after the treatment of metformin. A recent study 
conducted in patients with polycystic ovary syndrome, 
a condition with insulin resistance, also showed that 
visfatin levels decreased compared with the control 
group after metformin treatment for 3 months (22). 
It was reported that visfatin secretion was regulated by 
insulin and glucose by means of the phosphatidylinositol 
3 kinase and protein kinase B pathways (23). Other 
study have shown that metformin has direct actions on 
adipocytes and skeletal tissue and inhibits plasminogen 
activator inhibitor-1 in adipose tissue and stimulates 
AMP-activated protein kinase in mice (19), which may 
explain what we have observed in the present study. But 
we did not see any changes in visfatin expression levels 
in skeletal muscle, neither did Varma and cols. (24). We 
speculated that low expression levels in skeletal muscle 
and different detection methods might be responsible 
for the controversial results. The present study showed 
that rats on a high-fat diet not only displayed marked 
increases in body weight, but also more pronounced 
insulin resistance and dyslipidemia, and 6 weeks of 
swimming exercise improved these signs of MS. 
Because exercise training has a profound effect on the 
prevention and treatment of obesity and diabetes, it 
was hypothesized that the effects might be mediated by 
adipocytokines. However, the effect of exercise training 
on adipokines was not consistent, and exercise-induced 
changes in visfatin have rarely been described.

Previous studies (25,26) showed a reduction in 
plasma visfatin after aerobic exercise training in patients 
with type 2 diabetes and type 1 diabetes compared with 
matched controls. In addition, exercise training that 
resulted in weight loss induced significant reductions 
in plasma visfatin in young, overweight Korean women 
(27). Visfatin was also measured in response to acute 
exercise bouts where visfatin mRNA expression in 
SAT was found to be elevated threefold in the hours 
immediately after exercise (28). These findings 
demonstrated that both acute and chronic exercise 
affected the regulation of visfatin. In the present study, 
we observed that visfatin levels decreased in serum and 
adipose tissue compared with sedentary controls after 
6 weeks of swimming exercise. The exact mechanisms 

have not yet been fully elucidated. We also observed that 
glycemic control and insulin resistance were improved 
after exercise. It was suggested that visfatin might be 
sensitive to nutrient availability, and there might be a 
negative feedback of insulin on glucose-induced visfatin 
release. Visfatin is expressed by both adipose tissue and 
skeletal muscle, and evidence of a cross-talk between 
muscle and adipose tissue is provided by the finding of 
gene activation in abdominal subcutaneous fat during 
leg muscle work (29).

Nevertheless, we did not observe any change 
of visfatin expression levels in skeletal muscle, as 
hypothesized. Visfatin change levels in the adjunctive 
therapy of metformin and swimming exercise group 
were also investigated. Interestingly, we found that 
decreased visfatin protein expression in adipose tissue 
was not accompanied by decreased visfatin in circulation 
compared with metformin and swimming exercise 
group. It is unclear whether visfatin is secreted into 
the systemic circulation, as the primary visfatin amino 
acid sequence does not contain a signal peptide (30). 
Visfatin may be secreted via an alternative pathway 
(31). The mechanisms above may explain the different 
results observed in serum and adipose tissue. 

CONClUSIONS

In conclusion, this investigation demonstrates that 
both metformin and swimming exercise lead to down-
regulation of visfatin expression in adipose tissue and 
serum, as well as improvement in glycemic and lipid 
profile, except in skeletal muscle, in high-fat obesity rat 
model. However, the current study is limited by the 
sample size, and the duration of swimming exercise 
may have been too short to result in changes of visfatin 
in the skeletal muscle. Further studies are needed to 
clarify the role of visfatin in the pathogenesis of obesity 
and type 2 diabetes.
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Thyroid autoimmunity in patients 
with hyperprolactinemia: 
an observational study
Autoimunidade tireoidiana em pacientes com 
hiperprolactinemia: um estudo observacional

Eda Demir Onal1, Fatma Saglam1, Muhammed 
Sacikara1, Reyhan Ersoy1, Bekir Cakir1

ABSTRACT
Objective: To establish whether there is a relationship between hyperprolactinemia and primary 
thyroid disorders, focusing on patients with autoimmune features. Materials and methods: The 
medical records of 100 patients with hyperprolactinemia (HPRL) were retrospectively examined. 
Records of thyroid ultrasonography (USG), basal serum levels of thyroid stimulating hormone, cir-
culating free thyroxine, free triiodothyronine, antithyroglobulin (anti-Tg), and antithyroperoxidase 
(anti-TPO) antibodies were analyzed. In 100 control subjects, matched by age and gender with HPRL 
patients, thyroid USG, thyroid function tests (TFTs), and autoantibody panel were obtained. Results: 
The median PRL in patients was 93 ng/mL (range: 37-470). Twenty-five patients (25%) and 22 controls 
(22%) had positive anti-Tg and/or anti-TPO titers (P = 0.739). The median serum PRL was 98 (37-470) 
ng/mL in patients with positive thyroid autoantibodies, and 92 (40-470) ng/mL in patients who were 
negative (P = 0.975). Among the individuals with autoantibody positivity TFTs abnormalities were 
more frequent in HPRL patients (60%, out of 25 patients, 14 with subclinical hypothyroidism and one 
with hyperthyroidism) than in controls (9.1%, out of 22 patients, 2 with subclinical hyperthyroidism) 
(P < 0.001). Twenty-seven patients with HPRL and 31 controls had goiter (27 vs. 31%, P = 0.437). Forty-
six patients (46%) and 50 (50%) controls had one or more of the features of thyroid disorder, which 
were goiter, positive thyroid autoantibody, and thyroid function abnormality (P = 0.888). Conclusion: 
HPRL may be associated with more severe thyroid dysfunction in patients with thyroid autoimmunity. 
Arq Bras Endocrinol Metab. 2014;58(1):48-52
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Hyperprolactinemia; thyroiditis; autoimmunity; goiter

RESUMO
Objetivo: Verificar se existe uma relação entre a hiperprolactinemia e distúrbios primários da tireoi-
de, focando em pacientes com características autoimunes. Materiais e métodos: Os prontuários de 
100 pacientes com hiperprolactinemia (HPRL) foram examinados retrospectivamente. Foram analisa-
dos registros de ultrassonografia da tireoide (USG), níveis séricos basais de hormônio tireoestimu-
lante, tiroxina livre, triiodotironina livre e anticorpos antitireoglobulina (anti-Tg) e antitireoperoxida-
se (anti-TPO). Foram obtidos de 100 controles, pareados por idade e sexo com pacientes com HPRL, 
USG, testes de função da tireoide (TFTs) e painel de autoanticorpos. Resultados: A média de PRL 
em pacientes foi de 93 ng/mL (variação: 37-470). Vinte e cinco pacientes (25%) e 22 controles (22%) 
foram positivos para títulos de anti-Tg e/ou anti-TPO (P = 0,739). A mediana de PRL sérica foi de 98 
(37-470) ng/mL em pacientes positivos para autoanticorpos tiroidianos e 92 (40-470) ng/mL em pa-
cientes negativos (P = 0,975). Entre os indivíduos positivos para autoanticorpos, as anormalidades da 
TFTs foram mais frequentes em pacientes HPRL (60%; de 25 pacientes, 14 com hipotireoidismo subc-
línico e um com hipertireoidismo) do que nos controles (9,1%; de 22 pacientes, 2 com hipertireoidis-
mo subclínico) (P < 0,001). Vinte e sete pacientes com HPRL e 31 controles apresentavam bócio (27 
contra 31%; P = 0,437). Quarenta e seis pacientes (46%) e 50 (50%) controles tiveram uma ou mais das 
características de problemas de tireoide, como bócio, autoanticorpos antitireoide e anormalidades 
da função tiroidiana (P = 0,888). Conclusão: A HPRL pode estar associada à disfunção da tireoide 
mais grave em pacientes com autoimunidade contra a tireoide. Arq Bras Endocrinol Metab. 2014;58(1):48-52
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Thyroid autoimmunity and hyperprolactinemia

INTRODUCTION

Prolactin (PRL) is a polypeptide hormone discovered 
more than 70 years ago to be a pituitary factor that 
stimulates mammary gland development and lactation 
(1,2). It is not only produced by lactotrophic cells of 
the anterior pituitary gland, but also by various extra-
pituitary sites as neurons, prostate, decidua, mammary 
epithelium, skin, and immune cells (3). Over the past 
decade, PRL has been linked to an extended family 
of proteins, referred to as hematopoietic cytokines 
(3). The classification of PRL as a cytokine has been 
based on several molecular and functional evidences. 
First, its receptor is a member of the cytokine receptor 
superfamily. Second, PRL is predicted to adopt the up-
up-down-down four α-helix bundle fold characteristic 
of hematopoietic cytokines (4,5). Third, similar to 
well-recognized cytokines, PRL was shown to act on 
cells of the immune system (6,7).

For the time being, the only characterized disorder 
related to PRL is hyperprolactinemia (HPRL), which 
is responsible for almost 25% of menstrual cycle 
disorders in women. It can also be argued that PRL 
should be included in the list of factors favoring the 
proliferation of certain tumors, e.g. breast and prostate 
cancer (8,9). Besides these diseases linked to abnormal 
levels of circulating PRL, a role in the pathogenesis 
of autoimmune diseases has been suggested. Hyper-
prolactinemia has been often observed in some non-
organ-specific autoimmune diseases, such as systemic 
lupus erithematosus, rheumatoid artritis, systemic 
sclerosis, and Sjogren syndrome; moreover, it has been 
also described in some organ-specific autoimmune 
diseases, such as type 1 diabetes mellitus, Graves’ diseases 
(GD), Hashimoto’s thyroiditis (HT), Addison’s disease 
(AD), lymphocytic hypophysitis (LYH), celiac disease 
(CD), and multiple sclerosis (MS) (10-19). But there 
is still considerable controversy concerning the true 
immunomodulatory role of PRL, and the subject 
deserves further investigation.

In this study, we attempted to establish whether there 
is a relationship between HPRL and primary thyroid 
disorders, focusing on patients with autoimmune 
features.

MATERIAlS AND METHODS

This is a retrospective study in endocrinology outpa-
tient clinics of a tertiary reference center in the period 
from January 2005 to April 2013. All HPRL cases 

with a records of thyroid ultrasonography (USG) and 
at least one measurement of basal serum thyroid sti-
mulating hormone (TSH), circulating free thyroxine 
(fT4), free triiodothyronine (fT3), antithyroglobulin 
(anti-Tg), and/or antithyroperoxidase (anti-TPO) an-
tibodies, were selected for inclusion. Women who were 
breastfeeding, using oral contraceptives, or pregnant 
were not enrolled. All patients participated in the stu-
dy after signing an informed consent form. The local 
Ethics Committee of our hospital approved the study.

Venous blood samples were drawn between 8 am and 
9 am from all the patients while fasting. Serum PRL, fT4, 
fT3, TSH, anti-Tg, and anti-TPO levels were measured 
by immunoassay using commercial kits. The normal 
ranges were: fT3: 1.8-4.6 pg/mL, fT4: 0.9-1.7 ng/
dL, TSH: 0.27-4.2 uIU/mL; anti-Tg: 0-115 IU/mL 
and anti-TPO: 0-34 IU/mL. Anti-Tg and anti-TPO 
titers that showed three standard deviations above the 
mean were considered positive. HPRL was defined 
as serum prolactin level > 29.9 ng/mL, according to 
the reference assay provided by the manufacturer. The 
thyroid USG was performed with a Logic 200 scanner 
using a 7.5 MHz linear array transducer and direct 
contact technique by an experienced endocrinologist. 
Goiter was diagnosed when the anteroposterior 
diameter of both lobes was ≥ 20 mm, or when any 
nodule was detected. The presence of a diffuse 
hypoechoic pattern with or without hyperechoic lines 
was considered suggestive of thyroiditis. A patient was 
defined as having primary thyroid disorders by one or 
more of the following diagnostic criteria: (i) goiter, (ii) 
positive anti-thyroid antibodies, and/or (iii) primary 
thyroid function abnormalities.

A control group, matched by age and gender with 
HPRL patients, was used for this study. All subjects 
denied having known thyroid diseases or relatives with 
any kind of thyroid disorders. In the control group, 
TFTs and autoantibody panel were obtained and 
thyroid USG was performed.

Results were expressed as medians (range). Data 
between groups were analyzed by the Mann-Whitney 
U test, as appropriate for normality, and comparisons 
between categorical data was performed by Chi-square 
test with Yates’ correction. Statistical analysis was 
performed by SPSS software (Statistical Package for 
the Social Sciences, version 18.0, SSPS Inc., Chicago, 
IL, USA). A P value of less than 0.05 was considered 
statistically significant.
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RESUlTS

Group 1 included 100 patients (mean age: 37.1 ± 10.9 
years, range 17-63) and group 2 included 100 control 
subjects (mean age: 39.9 ± 10.5 years, range 21-68). 
There were 17 males (17%) and 83 females (83%) in 
each group. There were no significant differences 
between the two groups with respect to sex and age (P 
> 0.05). The median PRL in patients was 93 ng/mL 
(range: 37-470). The median duration of HPRL was 3 
years (range: 1-20). HPRL was caused by prolactinoma 
in 93 (93%), antipsychotic drugs in 4 (4%), and stalk 
compression by nonfunctional pituitary adenoma in 
3 (3%) patients. HPRL was successfully controlled by 
cabergoline in 85 (85%), bromocriptine in 4, and by the 
combination of the two agents in 11 patients. 

The results of the evaluation of TFTs and thyroid au-
toantibody panel are shown in table 1. The fT4 was sig-
nificantly lower in group 1 (P = 0.009), but the median 
fT4 levels was still within normal range in both groups 
(Table 1). The proportion of patients with subclini-
cal hypothyroidism was significantly higher in group 1 
compared with group 2 (25% vs. 3%, P < 0.001). There 

Table 1. Thyroid function tests and autoantibody panel of the patients with 
hyperprolactinemia (HPRL) and control subjects 

patients with 
HpRl

(n = 100)

Control
(n = 100) P

TFTs

Serum TSH 2.2 (0.01-9.2) 1.9 (0.01-5.7) 0.322

Serum fT3 3.2 (1-4.6) 3.3 (2.3-4.4) 0.132

Serum fT4 1.1 (0.3-1.8) 1.2 (0.8-1.7) 0.09

Euthyroidism (%)  73 95

Hyperthyroidism (%) 1 < 0.001

Hypothyroidism (%) -

Subclinical hypothyroidism (%) 25 3

Subclinical hyperthyroidism (%) 1 2

Anti-Tg positivity (%) 16 10 0.207

Anti-TPO positivity (%) 19 17 0.712

Antibody positivity (%)a 25 22 0.739

Thyroid USG

Normal (%) 50 41

Goiter (%) 27 31 0.437

Thyroiditis (%) 23 28

TSH: thyroid stimulating hormone; fT3: free triiodothyronine; fT4: free thyroxine; anti-Tg: 
antithyroglobulin antibody; anti-TPO: antithyroperoxidase antibody; TFTs: thyroid function tests; 
USG: ultrasonography. Parametric values was expressed as means ± S.D. Statistical 
significance was set at a P value of 5%. 
Normal values: fT3: 1.8-4.6 pg/mL, fT4: 0.9-1.7 ng/dL, TSH: 0.27-4.2 uIU/mL.
a Positivity of anti-Tg and/or anti-TPO.

were no significant differences between the two groups 
with respect to autoantibody positivity and the propor-
tion of patients with ultrasonographic evidence of goiter 
or thyroiditis (P > 0.05). On the other hand, TFTs ab-
normalities were more frequent in HPRL patients (60%, 
out of 25 patients, 14 subclinical hypothyroidism and 
one hyperthyroidism) than in controls (9.1%, out of 22 
patients, 2 subclinical hyperthyroidism) when indivi-
duals with autoantibody positivity were considered (P 
< 0.001). Characteristics of 25 HPRL patients who had 
evidence of thyroid autoimmunity during follow-up are 
shown in table 2. The median serum PRL was 98 (37-
470) ng/mL in patients with positive thyroid autoanti-
bodies and 92 (40-470) ng/mL in patients who tested 
negative for thyroid autoantibodies (P = 0.975). Forty-
six patients (46%) and 50 (50%) control subjects had 
one or more of the features of thyroid disorder, which 
were goiter, positive thyroid autoantibody, and thyroid 
function abnormality (P = 0.888). The median serum 
PRL was 98.1 (37-470) ng/mL in patients with any fea-
ture of primary thyroid disorder and 91 (40-470) ng/
mL in the remaining patients in group 1 (P = 0.691). 

DISCUSSION

Autoimmune diseases result from failure of self-
tolerance. A balance between positive and negative 
regulatory factors, both of genetic and environmental 
in origin, may control the susceptibility to these 
diseases and their progression. A shift in the balance 
between T helper (Th)1 and Th2 cytokine responses 
has been suggested to play a role in the development 
of autoimmune diseases. There is evidence that PRL 
influences the cellular arm of immune defense (20). PRL 
can interfere with glucocorticoid-induced maturation of 
Th2 lymphocytes in addition to inducing the synthesis 
of IFN& and IL-2 by human leukocytes (21). PRL 
increases the molecules involved in dendritic cell-T cell 
interaction and acts on the T cell receptor-stimulated 
Th1 maturation of T cells. PRL displays a predominant 
Th1 differentiation effect on purified T lymphocytes 
(20). Data provided so far point at promotion of the 
development of Th1 cytokine profile by PRL, although 
HPRL is not always associated with a Th1 profile in 
vivo. Autoimmune diseases are often characterized by 
altered PRL levels, associated wtih both Th1 of Th2 
dominance, which suggest an immunomodulatory role 
of PRL (21).
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Table 2. Characteristics of 25 patients with hyperprolactinemia who had evidence of thyroid autoimmunity during follow-up

patient nº (sex/age) Antibody profile
Anti-Tg Anti-TpO TfTs Thyroid USG

1 (f/29), 2 (f/42), 3 (f/17) Pos Neg Euthyroid Thyroiditis

4 (f/47), 5 (f/42), 6 (f/25) Pos Pos Subclinical hypothyroid Thyroiditis

7 (f/43), 8 (f/49), 9 (f/44) Neg Pos Subclinical hypothyroid Nodular goiter

10 (f/35), 11 (f/17), 12 (f/40) Neg Pos Euthyroid Thyroiditis

13 (f/36), 14 (f/38), 15 (f/35) Pos Pos Subclinical hypothyroid Nodular goiter

16 (f/43), 17 (f/27) Pos Pos Euthyroid Thyroiditis

18 (f/20) Pos Pos Hyperthyroid Thyroiditis

19 (f/37) Pos Pos Euthyroid Nodular goiter

20 (f/34) Neg Pos Subclinical hypothyroid Normal

21 (f/50) Neg Pos Subclinical hypothyroid Thyroiditis

22 (f/25) Pos Neg Subclinical hypothyroid Thyroiditis

23 (f/48) Pos Neg Euthyroid Nodular goiter

24 (f/48) Neg Pos Subclinical hypothyroid Simple goiter

25 (f/49) Pos Neg Subclinical hypothyroid Nodular goiter

TFTs: thyroid function tests; f: female; m: male; anti-Tg: antithyroglobulin antibody; anti-TPO: antithyroperoxidase antibody; pos: positive; neg: negative.

There are several clinical studies that demonstrate a 
relationship between HPRL and autoimmune thyroid 
disease (15,22-24). Giusti and cols. showed that the 
prevalence of thyroid ultrasonographic alterations 
including goiter and chronic thyroiditis (30.8% vs. 
15.5%) and the prevalence of autoantibodies (29.6% 
vs. 14.3%) were significantly higher in HPRL than 
in controls (15). Another report by Ferrari and 
cols. reported comparable results: in a group of 82 
women with HPRL, 20% had anti-Tg and 12% had 
anti-microsomal antibodies (22). Most patients were 
euthyroid in this study. In a series by Kramer and 
cols., positivity for any of the thyroid autoantibodies 
was 57.1% in untreated HPRL, 10% in HPRL on 
treatment, and 3.6% in the control group (23). Last, 
Poyraz and cols. analyzed a group of schizophrenic 
patients and observed that the prevalence of HPRL 
was significantly higher in patients positive for thyroid 
autoantibodies (81%), when compared with patients 
negative for them (49%). Serum levels of PRL were 
also significantly higher in patients with positivity for 
thyroid autoantibodies in that series (24). Despite the 
studies mentioned above, literature is still scarce with 
respect to primary thyroid disorders in patients with 
HPRL.

Anti-TG and anti-TPO are indicators of thyroid 
inflammation and detection of these autoantibodies is a 

very specific means of diagnosing autoimmune thyroid 
disease (25,26). In this series of patients, among 
the individuals with autoantibody positivity TFTs 
abnormalities were more frequent in HPRL patients 
than in controls (60% vs. 9.1%, P < 0.001). This 
finding made us think that HPRL might be associated 
with a more severe thyroid inflammation leading 
to organ dysfunction in patients with the features of 
autoimmune disease. In this regard, our results agree 
with those of the above-mentioned studies which 
suggest a coexistence of autoimmune thyroid disease 
and HPRL (15,22-24). On the other hand there was 
no difference between the patients and controls with 
respect to antithyroid autoantibody positivity (25 vs. 
22%, P = 0.739). And the median serum PRL was not 
significantly higher in patients with positive thyroid 
autoantibodies compared with the patients who were 
negative. There may be several explanations for this 
conflict. First, a study investigating such an association 
should be a prospective randomized controlled trial 
with a large number of participants. Second, the relevant 
studies should take into consideration several possible 
confounding factors, such as iodine status, personal 
or family history of autoimmune disease, certain 
medications (e.g., immunosuppressants, amiodarone). 
The above-mentioned studies and ours do not meet 
these two requirements (15,22-24). Third, a simple 

Thyroid autoimmunity and hyperprolactinemia
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relationship between HPRL and autoimmune diseases 
may not be observed on every occasion because of 
the complexity of the immune system. Although PRL 
abnormalities have been reported in immune system 
disorders, it has not been possible to influence the 
course of these diseases by manupilating PRL release in 
any randomized controlled trial.

The prevalence of thyroid ultrasonographic altera-
tions including goiter and thyroiditis was not more prev-
alent in our patients with HPRL. Endocrinologists are 
more inclined to screen patients with HPRL under their 
care for thyroid dysfunction and thyroid nodules than 
general practitioners. For this reason we think that such 
a relationship can only be demonstrated by randomized, 
prospective, double-blind, placebo-controlled trials. 

In conclusion, our study results did show a 
remarkably high prevalence of thyroid dysfunction 
in patients with HPRL and thyroid autoimmunity, 
but thyroid autoimmunity and goiter were not more 
frequent. Autoimmunity is a complex process and 
the results of similar series in the literature should be 
cautiously interpreted. Future prospective studies on 
larger populations are needed to provide irrefutable 
evidence to support a direct causative link between 
HPRL and autoimmune thyroid disease.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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NR3C1 polymorphisms in Brazilians 
of Caucasian, African, and Asian 
ancestry: glucocorticoid sensitivity 
and genotype association
Polimorfismos NR3C1 em brasileiros de ascendência caucasiana, africana 
e asiática: sensibilidade aos glicocorticoides e associação de genótipos

Manoel Carlos L. A. Souza1, Clarissa S. Martins1, Ivan M. Silva-Junior1, Rosangela S. 
Chriguer1, Ana C. Bueno2, Sonir R. Antonini2, Wilson Araújo Silva Jr.3,4,  
Marco A. Zago1, Ayrton C. Moreira1, Margaret de Castro1

ABSTRACT
Objective: The Brazilian population has heterogeneous ethnicity. No previous study evaluated NR3C1 poly-
morphisms in a Brazilian healthy population. Materials and methods: We assessed NR3C1 polymorphisms 
in Brazilians of Caucasian, African and Asian ancestry (n = 380). In a subgroup (n = 40), we compared the 
genotypes to glucocorticoid (GC) sensitivity, which was previously evaluated by plasma (PF) and salivary 
(SF) cortisol after dexamethasone (DEX) suppression tests, GC receptor binding affinity (Kd), and DEX-50% 
inhibition (IC50) of concanavalin-A-stimulated mononuclear cell proliferation. p.N363S (rs6195), p.ER22/23EK 
(rs6189-6190), and BclI (rs41423247) allelic discrimination was performed by Real-Time PCR (Polymerase 
Chain Reaction). Exons 3 to 9 and exon/intron boundaries were amplified by PCR and sequenced. Results: 
Genotypic frequencies (%) were: rs6195 (n = 380; AA:96.6/AG:3.14/GG:0.26), rs6189-6190 (n = 264; GG:99.6/
GA:0.4), rs41423247 (n = 264; CC:57.9/CG:34.1/GG:8.0), rs6188 (n = 155; GG:69.6/GT:25.7/TT:4.7), rs258751 (n 
= 150; CC:88.0/CT:10.7/TT:1.3), rs6196 (n = 176; TT:77.2/TC:20.4/CC:2.4), rs67300719 (n = 137; CC:99.3/CT:0.7), 
and rs72542757 (n = 137; CC:99.3/CG:0.7). The rs67300719 and rs72542757 were found only in Asian des-
cendants, in whom p.N363S and p.ER22/23EK were absent. The p.ER22/23EK was observed exclusively in 
Caucasian descendants. Hardy-Weinberg equilibrium was observed, except in the Asian for rs6188 and 
rs258751, and in the African for p.N363S. The Kd, IC50, baseline and after DEX PF or SF did not differ between 
genotype groups. However, the mean DEX dose that suppressed PF or SF differed among the BclI geno-
types (P = 0.03). DEX dose was higher in GG- (0.7 ± 0.2 mg) compared to GC- (0.47 ± 0.2 mg) and CC-carriers 
(0.47 ± 0.1 mg). Conclusion: The genotypic frequencies of NR3C1 polymorphisms in Brazilians are similar 
to worldwide populations. Additionally, the BclI polymorphism was associated with altered pituitary-adrenal 
axis GC sensitivity. Arq Bras Endocrinol Metab. 2014;58(1):53-61

Keywords
NR3C1 genotypes; allelic frequencies; glucocorticoid sensitivity

RESUMO 
Objetivo: Este estudo avalia polimorfismos (SNPs) do NR3C1 na população brasileira, que possui origem 
étnica heterogênea. Materiais e métodos: SNPs do NR3C1 foram avaliados em brasileiros de ancestralida-
de caucasiana, africana ou japonesa (n = 380). Em um subgrupo (n = 40), os genótipos foram comparados 
à sensibilidade aos glicocorticoides (GC), previamente avaliada por cortisol plasmático (PF) e salivar (SF) 
após supressão com dexametasona (DEX), ensaio de afinidade do receptor ao GC (Kd) e inibição por DEX 
de 50% da proliferação de mononucleares estimulada por concanavalina-A (IC50). Discriminação alélica de 
p.N363S (rs6195), p.ER22/23EK (rs6189-6190) e BclI (rs41423247) foi realizada por PCR em tempo real. Éxons 
3 a 9 e transições éxon/íntron foram amplificados e sequenciados. Resultados: Frequências genotípicas 
(%) foram: rs6195 (n = 380; AA:96,6/AG:3,14/GG:0,26), rs6189-6190 (n = 264; GG:99,6/GA:0,4), rs41423247 (n 
= 264; CC:57,9/CG:34,1/GG:8,0), rs6188 (n = 155; GG:69,6/GT:25,7/TT:4,7), rs258751 (n = 150; CC:88,0/CT:10,7/
TT:1,3), rs6196 (n = 176; TT:77,2/TC:20,4/CC:2,4), rs67300719 (n = 137; CC:99,3/CT:0,7), e rs72542757 (n = 137; 
CC:99,3/CG:0,7). Enquanto rs67300719 e rs72542757 foram exclusivos dos nipodescendentes, p.N363S e 
p.ER22/23EK estavam ausentes nesses indivíduos. p.ER22/23EK foi exclusivo dos descendentes de cauca-
sianos. Equilíbrio de Hardy-Weinberg foi observado, exceto nos nipodescendentes para rs6188 e rs258751 
e nos afrodescendentes para p.N363S. Kd, IC50, PF ou SF basal ou após DEX foram semelhantes entre os 
genótipos. Entretanto, a dose média de DEX que suprimiu PF ou SF diferiu entre os genótipos BclI (P = 
0,03), sendo maior nos carreadores GG (0,7 ± 0,2 mg) comparada aos GC (0,47 ± 0,2 mg) e CC (0,47 ± 0,1 
mg). Conclusão: As frequências genotípicas dos SNPS de NR3C1 na população brasileira são semelhantes 
a outras populações. BclI foi associado à alteração da sensibilidade ao GC no eixo hipófise-adrenal. Arq Bras 
Endocrinol Metab. 2014;58(1):53-61
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INTRODUCTION

G lucocorticoids (GCs) affect a variety of functions 
throughout the body, such as glucose and fat me-

tabolism, stress response, immune, and central nervous 
system activity, cell development and differentiation. 
Regulation of serum GC concentrations is under the 
influence of the hypothalamus-pituitary-adrenal (HPA) 
axis, and circulating GCs themselves exert a negative 
feedback on hypothalamic and pituitary levels. GCs 
act via the cytoplasmic glucocorticoid receptor (GR), 
which is a member of the nuclear receptor family (1,2). 

The GR gene (NR3C1) maps to chromosome 5q31 
(3), and consists of 9 exons (4). The complexity of GR 
action is the existence of multiple receptor subtypes and 
isoforms with multiple biological roles (5). Alternative 
splicing of the GR primary transcript produces two 
receptor isoforms, GRα and GRβ, which differ at 
their carboxyl termini. This difference renders GRβ 
unable to bind GCs (2). GRβ has dominant-negative 
effects on hormone-induced GRα action (6,7), and 
an intrinsic transcriptional activity has been recently 
proposed (8). The GRα/GRβ ratio, however, does not 
seem to be responsible for interindividual variability 
of glucocorticoid sensitivity in normal subjects (9). 
Additionally, each isoform is subject to several post-
translational modifications, including phosphorylation, 
ubiquitinationm and sumoylation, which have been 
shown to modulate the receptor protein stability and/
or function (10).

Numerous NR3C1 mutations affecting receptor 
binding, structure, and transcriptional activity have 
been described (11), especially in patients with rare 
familial glucocorticoid resistance (11). 

Variability in glucocorticoid sensitivity can be ob-
served in several conditions, such as chronic inflamma-
tory and autoimmune diseases, including rheumatoid 
arthritis (12), pemphigus (13), idiopathic nephrotic 
syndrome (14), dialysis patients (15), and asthma (16). 
In addition, there is a considerable variability in the 
sensitivity to glucocorticoids across individuals (17,18) 
and some of these differences have been related to 
polymorphisms, some of which relatively frequent in 
the GR gene (19-22).

The ethnic origin of the Brazilian population is 
heterogeneous and unevenly distributed among the 
states throughout the country, with high degree of 
miscegenation. In addition to the native Indians and 
Portuguese colonists, Brazil received immigrants 

from Africa and the Middle East, and from several 
other countries including Italy, Spain, Germany, 
and Japan. However, little information on single 
nucleotide polymorphisms (SNPs) in the GR gene is 
available for the Brazilian population. In the present 
study, we perform an extensive DNA sequence analysis 
on NR3C1 in subsets of three different Brazilian 
populations: Caucasian, African, and Asian descendants 
to assess the allelic and genotypic frequency of GR 
SNPs. In addition, we present evidence that GR BclI 
polymorphism is associated with altered sensitivity to 
GCs. 

MATERIAlS AND METHODS

Subjects

The study protocol was approved by the Institution 
Ethics Committee (Process nº 25000.136613/2001-
02), and informed consent was obtained from all 
subjects. The sample included Afro-Brazilians based on 
criteria of physical aspects and of being a descendant 
from African parents and grandparents; Caucasian 
individuals were first or second generation of European 
immigrants mainly from the west and south of Europe; 
and Japanese descendants included the first or second 
generation of Japanese immigrants, who came to 
Brazil in the beginning of 20th century after the First 
World War. Among these subjects, there were forty 
healthy individuals of Caucasian (n = 39) and Asian 
(n = 01) ancestry (19 males and 21 females ranging 
in age from 22 to 42 years) who had been previously 
studied in three bioassays that evaluated glucocorticoid 
sensitivity: plasma and salivary cortisol measurements 
by radioimmunoassay after overnight 0.25, 0.5 and 
1.0 mg dexamethasone (DEX) suppression tests, 
DEX-mediated 50% inhibition (IC50) of concanavalin-
A-stimulated peripheral blood mononuclear cell 
proliferation (PBMC), and number of binding 
sites (Bmax) and affinity of glucocorticoid receptor 
(Kd) (18). Dexamethasone levels were measured 
by radioimmunoassay using polyclonal antiserum 
produced in rabbits immunized with dexamethasone 
21-acetate (Sigma, ST. Louis, MO, USA) and [3H]-
Dexamethasone (Amersham, Little Chalfont, UK) 
(18). At the time of the study, body weight and height 
of the subjects were determined, and the body mass 

index (BMI; mean ± standard error) was 23.2 ± 4.5 
kg/m2.

NR3C1 genotypes and glucocorticoid sensitivity
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Genetic analysis

The p.N363S (rs6195), p.ER22/23EK (rs6189 – 
rs6190), and BclI (rs41423247) were genotyped using 
TaqMan® real-time PCR (Applied Biosystems, Fos-
ter City, CA, USA) allelic discrimination technology 
(Table 1). The p.N363S (rs6195) was evaluated in 380 
individuals, including 276 of Caucasian origin, 70 Afro-
-Brazilians and 34 Asian descendents. The p.ER22/23EK 
(rs6189 – rs6190), and BclI (rs41423247) were evalua-
ted in 264 individuals, including 230 of Caucasian ori-
gin, 31 Afro-Brazilians and only 3 Asian descendants. 
Exons 3 to 9 and intron/exon boundary regions were 
amplified in 137 to 176 subjects divided in Caucasian, 
African, and Asian ancestry by PCR using specific pri-
mers previously described (23). PCR reactions were 
followed by automated direct sequencing performed 
using a commercial kit (ABI Prism® Big Dye™ Termi-
nator Cycle Sequencing Ready Reaction kit; Applied 
Biosystems, Foster City, CA, USA). The obtained 
DNA sequences were compared with the NR3C1 se-
quence (GenBank accession numbers: NT 029289 GI: 
37550092) using the Phred/Phrap/Consed Program 
(University of Washington, Department of Genome 
Sciences http://droog.mbt.washington.edu.) to assess 
GR polymorphisms or mutations.

Statistical analysis

Results are presented as means ± standard deviation (SD). 
Statistics were carried out using the Mann-Whitney test 
for continuous variables. To test for differences between 
categorized variables and genotypes, Pearson Chi-
square test was used. Hardy-Weinberg equilibrium was 
analyzed for all the detected polymorphisms. One-way 
analyses of variance (ANOVAs) were used to evaluate 
the differences in all tests of glucocorticoid sensitivity 
between genotypes. A nonlinear sigmoidal dose-
response regression (GraphPad Prism) was performed 
in a previous dose-response study (18) to obtain more 

Table 1. Primers and probes used for allelic discrimination

primers probes

Bcl I

N363S 

ER22/23EK

FWD

REW

FWD

REW

FWD

REW

5’-CAGGGTTCTTGCCATAAAGTAGACA-3’

5’-GCACCATGTTGACACCAATTCC-3’

5’-GTCATTCCACCAATTCCCGTTG-3’

5’-GTCAAGTTGTCATCTCCAGATCCTT-3’

5’-AGAAGAAAACCCCAGCAGTGT-3’

5’-CAGTAGCTCCTCCTCTTAGGGTTTTA-3’

WT

VT

WT

VT

WT

VT

5’-CTCTTAAAGAGATTGATCAGC-3’

5’-CTCTTAAAGAGATTCATCAGC-3’

5’-ACCTATTCCAATTTTCGG-3’

5’-CCTATTCCAACTTTCGG-3’

5’-CACATCTCCCCTCTCCTGA-3’

5’-CACATCTCCCTTTTCCTGA-3’

REW: reverse; FWD: forward; WT: wild type; VT: variant. 

estimated individual values of the DEX dose needed to 
obtain the cutoff values of plasma cortisol of 50 nmol/
liter and salivary cortisol of 2.6 nmol/liter. Spearman’s 
rank correlation coefficient was used to assess the 
correlation between individual DEX suppressive dose 
and BMI. Data were analyzed using GraphPad Prism 
version 4.0 software (GraphPad Software, Inc., La Jolla, 
CA). Differences were considered significant at P < 0.05. 

RESUlTS

Table 2 shows genotypic and allelic frequencies of 
polymorphisms detected in the NR3C1 gene in 
Caucasian, African, and Asian Brazilian subpopulations. 
The p.N363S (rs6195) polymorphism, also named 
rs56149945, an ATT to GTT missense alteration within 
exon 2, codon 363, that results in a receptor variant with 
an asparagine to serine substitution in a modulatory 
region of the NR3C1 gene, was detected in a frequency 
(%) of AA:96.6/AG:3.14/GG:0.26 (n = 380). 

The p.ER22/23EK (rs6189-6190), a polymorphism 
described in exon 2, which comprises two point 
mutations in codons 22 (GAG to GAA change, both 
encoding for glutamic acid) and 23 (AGG to AAG 
resulting in an amino acid change from arginine to 
lysine), was detected in a frequency of GG:99.6/
GA:0.4% (n = 264). 

The genotypic frequency (%) of the BclI 
(rs41423247) polymorphism, C/G single nucleotide 
polymorphism in intron 2 of the GR gene, which is 646 
nucleotides downstream from exon 2, was CC:57.9/
CG:34.1/GG:8.0 (n = 264). 

In the Asian descendants, the p.N363S and 
p.ER22/23EK variants were not found. In fact, 
p.ER22/23EK polymorphism was observed exclusively 
in Caucasian descendants. The Hardy-Weinberg equi-
librium was not observed in the African subpopulation 
for p.N363S.

NR3C1 genotypes and glucocorticoid sensitivity
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 Table 2. NR3C1 polymorphisms, genotypic and allelic frequencies (%) in Caucasian-, African- and Asian-Brazilian subpopulations 

location db SNp
Accession

Minor 
change

Rare
allele

Caucasian
n  

(Genotypic frequency)
(allelic frequency) 

Africann  
(Genotypic frequency)

(allelic frequency)

 Asiann  
(Genotypic frequency)

(allelic frequency)

Totaln  
(Genotypic frequency)

(allelic frequency)

Exon 2 rs 6195

(p.N363S)

A/G G 276
(AA:96/AG:4)

(A:98.0/G:2.0)

70
(AA:97.2/AG:1.4/GG:1.4)

(A:97.8/G:2.2)

34
(AA:100)

(A:100)

380
(AA:96.6/AG:3.14/GG:0.26)

(A:98.15/G:1.85)

Exon 2 rs 6189/6190

(p.ER22/23EK)

G/A A 230
(GG:99.5/GA:0.5)

(G:97.8/A:2.2)

31
(GG:100)

(G:100)

3
(GG:100)

(G:100)

264
(GG:99.6/GA:0.4)

(G:99.8/A:0.2)

Intron 2 rs41423247

BclI
C/G G 230

(CC:59.5/CG:32.6/GG:7.8)

(C:75.8/G:24.2)

31
(CC:48.3/CG:45.1/GG:6.4)

(C:71.0/G:29.0)

3
(CC:33/CG:33/GG:33)

(C:50.0/G:50.0)

264
(CC:57.9/CG:34.1/GG:8.0)

(C:75.0/G:25.0)

Intron D rs 6188

(IVS4 -16)

G/T T 91
(GG:68.1/GT:29.6/TT:2.3)

(G:83.0/T:17.0)

31
(GG:54.8/GT:32.2/TT:13)

(G:71.0/T:29.0)

33
(GG:87.8/GT:9/TT:3.2)

(G:92.5/T:7.5)

155
(GG:69.6/GT:25.7/TT:4.7)

(G:82.6/T:17.4)

Exon 8 rs 258751

(p.D678D)

C/T T 50
(CC:98/CT:2)

(C:99.0/T:1.0)

50
(CC:82/CT:18)

(C:91.0/CT:9.0)

50
(CC:84/CT:12/TT:4)

(C:90.0/T:10.0)

150
(CC:88/CT:10.7/TT:1.3)

(C:93.3/T:6.7)

Intron H rs72542757

(IVS8 -9)

C/G G 48
(CC:100)

(C:100)

40
(CC:100)

(C:100)

49
(CC:98/CG:2)

(C:99.0/G:1.0)

137
(CC:99.3/CG:0.7)

(C:99.7/G:0.3)

Exon 9 rs67300719 

p.(P750P)

C/T T 48
(CC:100)

(C:100)

40
(CC:100)

(C:100)

49
(CC:98/CT:2)

(C:99.0/T:1.0)

137
(CC:99.3/CT:0.7)

(C:99.7/T:0.3)

Exon 9 rs 6196

p.(N766N)

T/C C 86
(TT:80.2/TC:17.4/CC:2.4)

(T:89.0/C:11.0)

40
(TT:62.5/TC:32.5/CC:5)

(T :78.75/C:21.25)

50
(TT:84/TC:16)

(T:92.0/C :8.0)

176
(TT:77.2/TC:20.4/CC:2.4)

(T:87.5/C:12.5)

We also detected, in the Brazilian population, 
the G>T changing, at intron D/exon5 (rs6188) in a 
genotypic frequency (%) of GG:69.6/GT:25.7/TT:4.7 
(n = 155), and the p.D678D polymorphism (rs258751), 
at exon 8, in a frequency of CC:88.0/CT:10.7/TT:1.3 
(n = 150). For these polymorphisms, the African and 
Caucasian subpopulations were in Hardy-Weinberg 
equilibrium, but not the Asian subpopulation. 

In exon 9, we detected three polymorphisms: 
p.N766N polymorphism (rs6196) (n = 177; TT:77.2/
TC:20.4/CC:2.4); IVSH -9C>G (rs72542757), a 
C>G substitution, located in the 9 base pairs before the 
end of intron H (n = 137; CC:99.3/CG:0.7); and a 
heterozygous p.P750P polymorphism (rs67300719) 
(n = 137; CC:99.3/CT:0.7). The variant alleles for 
rs72542757 and rs67300719 were found only in the 
Japanese descendants. No polymorphism was detected 
in exons 3, 4, 6, and 7. 

In a previous study, we evaluated glucocorticoid 
sensitivity by plasma and salivary cortisol measurements 
after overnight 0.25, 0.5 and 1.0 mg DEX suppression 
doses. The administration of increasing doses of DEX 
(0.25, 0.5, and 1.0 mg) resulted in a dose-dependent 

increase in mean circulating DEX levels (1.4 ± 0.1, 2.6 
± 0.2, and 5.8 ± 0.4 nmol/liter, respectively) (18). 
Currently, the NR3C1 polymorphisms is being assessed 
in those subjects. At baseline and after administration 
of all three different doses of DEX, no differences in 
early morning serum or salivary cortisol concentrations 
were found between BclI genotype groups. However, 
the mean values of DEX dose that suppressed plasma 
and salivary cortisol (cutoff levels of plasma cortisol 
was < 50 nmol/L or 1.8 µg/dL and salivary cortisol 
was 2.6 nmol/L or 92 ng/dL) differed among the 
three groups (P = 0.03). DEX dose was higher in 
homozygous G-allele carriers (0.7 ± 0.2 mg), compared 
with heterozygous (0.47 ± 0.2 mg; P = 0.04) and also 
with CC-carriers (0.47 ± 0.1 mg; P = 0.03) (Figure 1). 
There was no correlation between the values of DEX 
dose that suppressed cortisol and BMI (r = 0.14).

At baseline and after administration of all three 
different doses of DEX, no differences in early morning 
serum or salivary cortisol concentrations were found 
between p.N363S (rs6195), intron D/exon 5 (rs6188), 
and p.N766N (rs6196) genotype groups. It was not 
possible to evaluate the association of these parameters 

NR3C1 genotypes and glucocorticoid sensitivity
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The 363S was detected mainly in heterozygosis 
in a frequency of 3.4%, only in Caucasian and African- 
origin subjects. Our data are in accordance to studies 
in randomly selected European populations, which 
have reported a frequency of the 363S allele of 3-7% 
(20,26-29). Interestingly, we observed no 363S allele 
in Brazilian subjects of Asian origin, similar to a study 
in South Asian subjects living in the United Kingdom, 
in which the 363S allele frequency was very low (0.3%) 
(30). Recently, the p.N363S polymorphism was neither 
detected in a Japanese population (31) nor in Chinese 
Han individuals, a subset of Asian-origin population (32).

The 363S polymorphic allele, located at exon 2, 
which alters the N-terminal transactivation domain, has 
been associated with increased sensitivity to GCs (20). 
Studies in Australia have linked the 363S allele with 
raised body mass index (BMI) in healthy normotensive 
adults of Anglo-Celtic descent (26), and with coronary 
artery disease (33). In addition, it was found that the 
p.N363S polymorphism is associated with central 
obesity in European men from northeast England (27), 
and in overweight French Caucasians men with type 2 
diabetes mellitus (29). In contrast, studies in Swedish 
and Danish populations have not found an association 
of N363S with altered sensitivity to GCs or with obesity 
(28,34). 

In our study, among all genotyped subjects, we 
evaluated the association of p.N363S variant and BMI, 
early morning serum or salivary cortisol concentrations 
at baseline and after administration of different doses of 
DEX, GR binding affinity (Kd), and the concentration 
of DEX (mol/L) that caused 50% inhibition of 
peripheral mononuclear cell proliferation in 40 healthy 
subjects. We found no association between p.N363S 
variant and each of these parameters. Indeed, given 
the low prevalence of p.N363S variant in the overall 
population, mainly in subjects of Asian origin, it is 
unlikely that the presence of p.N363S variant is the 
mechanism underlying GC sensitivity, obesity, or other 
dysmetabolic features. 

We detected the p.ER22/23EK polymorphism 
in a low frequency (2%) and exclusively in Caucasian 
Brazilian subpopulation. Although our Japanese 
descendants sample size was limited, the p.ER22/23EK 
polymorphism was not detected in a population of 
Chinese Han individuals, another subset of Asian-
origin population (32).

Recently it has been elucidated that p.ER22/23EK 
changes the balance between the A and B translational 
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figure 1. Mean values of dexamethasone dose (mg) that suppressed 
plasma and salivary cortisol (cutoff levels of plasma cortisol was < 50 
nmol/L or 1.8 µg/dL, and salivary cortisol was 2.6 nmol/L or 92 ng/dL) in 
GG-carriers (white bars), CG-carriers (striped bars), CC-carriers (black 
bars). Dose was significantly higher in GG-genotype carriers. * P = 0.03. 

with p.ER22/23EK, p.P750P, and the intron H 
polymorphisms since they were rarely observed in the 
Brazilian population.

The GR binding affinity (Kd) and the concentration 
of DEX (mol/L) that caused 50% inhibition of peripheral 
mononuclear cell proliferation (IC50) did not differ 
among genotype groups. In addition, we did not find 
any differences in BMI between any genotype groups.

DISCUSSION

The heterogeneous ethnic origin of the Brazilian 
population may contribute both to decrease inter-
population diversity and to restore part of total 
genetic diversity. The NR3C1 genetic background is 
well established in several countries of Europe whose 
immigrants came to Brazil. However, there are few 
studies on NR3C1 genetic background of African 
descendants, and most of them regard African-
Americans. It is important to point out that African-
Brazilians have different genetic background from 
African-Americans, which can be demonstrated by 
studies on several polymorphisms, especially linked 
to the βs hemoglobin mutation (24,25). Therefore, 
the study on NR3C1 genetic background in all 
subpopulations that generated the current Brazilian 
population might provide important anthropological 
information. 

The single nucleotide polymorphism database 
dbSNP currently lists 2617 SNPs in the human GR 
gene locus. However, of these polymorphisms, only 64 
are in the coding region, and only 39 lead to amino 
acid changes (http://www.ncbi.nlm.nih.gov/SNP/). 

NR3C1 genotypes and glucocorticoid sensitivity
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isoforms of the GR protein (35). The presence of the 
p.ER22/23EK polymorphism favors the translation 
initiation from methionine 1 (GR-A) over initiation 
from methionine 27 (GR-B), resulting in a decrease 
in transactivation with normal transrepression (35). 
This polymorphism has been associated with relative 
glucocorticoid resistance, and with greater insulin 
sensitivity and lower total and low-density lipoprotein 
(LDL) cholesterol levels (22). Furthermore, it was 
reported that p.ER22/23EK SNP was more prevalent 
in older individuals, suggesting that it may have a 
beneficial effect on survival. In 402 men studied in 
a follow-up of 4 years, while all the p.ER22/23EK 
carriers survived, 19% of non-carriers died. In addition, 
the p.ER22/23EK SNP has been associated with 
a beneficial body composition and muscle strength 
in young adults (36,37). In the present study, 
we found no association between p.ER22/23EK 
polymorphism and BMI, baseline and after different 
doses of DEX early morning serum or salivary cortisol 
concentrations, GR binding affinity (Kd), and the DEX 
IC50 of peripheral mononuclear cell proliferation, 
suggesting no association between this polymorphism 
and glucocorticoid resistance. 

BclI polymorphism has been associated with 
increased GC sensitivity determined by skin blanching 
response to topical GCs and increased cortisol 
suppression after low-dose DEX (19,38,39). In a 
large group of Dutch elderly individuals, subjects 
with the G allele had lower cortisol levels after 
dexamethasone suppression test as well as a tendency 
towards a decreased lean body mass and abdominal 
fat distribution, high blood pressure, altered insulin 
sensitivity, and cardiovascular risk factors, suggesting 
hypersensitivity to GC (38). In 42 blood donors, 
association between the BclI variant genotype and an 
increased in vitro sensitivity to GCs was observed by 
DEX-mediated inhibition of concanavalin-A-stimulated 
PMBC (40). On the contrary, our data show no 
differences in BMI, Kd, IC50, and early morning serum 
or salivary cortisol concentrations at baseline and after 
dexamethasone suppression tests among BclI genotype 
groups. However, the mean values of DEX dose that 
suppressed plasma and salivary cortisol differed among 
the three genotype groups. DEX dose was higher in 
homozygous G-allele carriers, compared with GC 
heterozygous and also with CC-carriers. Variable 
absorption and metabolism of dexamethasone may 
influence the result of the DEX suppression tests, thus, 

in order to avoid these interferences, dexamethasone 
levels were simultaneously measured with cortisol 
to ensure that all individuals have achieved adequate 
plasma dexamethasone concentrations. Besides, no 
correlation was observed between DEX suppressive 
dose and BMI, which suggests that the degree of 
obesity is not responsible for the differences observed 
between the genotypes.

Recently, the BclI polymorphism have been 
associated with younger age of onset, unfavorable 
course, and higher inflammatory activity in girls with 
idiopatic juvenile arthritis (41). The GG genotype 
was also associated with more severe lung damage in 
cystic fibrosis patients (42) and with Crohn’s disease 
(43), suggesting a possible decrease in glucocorticoid 
sensitivity. Conversely, in Crohn’s disease, GG 
genotype was also related with increased response 
to glucocorticoid treatment (44). It is possible that 
the BclI polymorphism exerts different influence 
depending on tissue, disease and ethnicity (44). Since 
BclI is an intronic polymorphism, it is also possible 
that its effect on GR activity may occur by selectively 
acting on repressor or enhancer sites (42). Indeed, 
one of the major limitations of genetic association 
studies is the lack of reproducibility. Problems with 
the number of individuals studied, racial heterogeneity, 
population stratification (founder effect), functionality 
and multiple testing often mean that studies are not 
reproducible. Further analysis is required to replicate 
any of these findings and to understand the mechanism 
underlying the observed association.

Studies on the relationship between GR variants 
and cardiovascular disease (CVD) risk using different 
parameters of atherosclerosis have also yielded 
conflicting results (33,45,46). A recent study based 
on follow-up of a large population has examined the 
association of BclI, p.N363S, p.ER22/23EK, and 
GR-9β glucocorticoid receptor variants with changes 
in cortisol sensitivity and CVD. BclI, p.N363S 
and p.ER22/23K- GR9β glucocorticoid receptor 
haplotypes were not associated with the risk of 
myocardial infarction, CVD, high sensitivity C reactive 
protein and IL-6 levels, and intima-media thickness 
(47). These findings replicate and further support the 
results of a previous study performed in a population of 
552 elderly persons (45). On the other hand, another 
study evaluating p.N363S, p.ER22/23EK, BclI 
and GR-9β demonstrated that only in men, the BclI 
variant was associated with a 34% higher CVD risk and 

NR3C1 genotypes and glucocorticoid sensitivity
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the GR9β variant with a 41% higher CVD risk (48). 
However, the authors suggest that these results should 
be replicated in other studies.

We also detected, in the Brazilian population, the 
G>T change, at intron D/exon5 (rs6188). Similar 
frequency (GG:64.4/GT:25.6/TT:10.0%) was 
reported in 90 American subjects (databases NCBI-
dbSNP). In our study, for the rs6188 polymorphism, 
the African and Caucasian subpopulations were in 
Hardy-Weinberg equilibrium, whereas the Asian 
subpopulation was not. The Asian subpopulation 
evaluated in the present study showed a small frequency 
of the T allele. Similarly, a very low frequency of the 
T allele was reported (databases NCBI-dsSNP) in 91 
Japanese subjects (GG:83.7/GT:1.63) and in 90 Han 
Chinese subjects (GG:87.8/GT:9.8/TT:2.4). It is 
important to point out that the subjects of our Asian 
subpopulation are from a Japanese colony, located at 
Southwest of Sao Paulo State, which present a very 
high number of consanguineous marriages. The rs6188 
polymorphism has been associated neither with altered 
glucocorticoid sensitivity nor with any other disease.

Furthermore, other genetic variants were found at 
low frequencies, some of them in a single individual, 
and were not useful for genetic association studies.  
However, these rare alleles could be informative, in the 
future, in familial analysis of inherited diseases associ-
ated with NR3C1. For the p.D678D polymorphism 
(rs258751), the African and Caucasian subpopulations 
were in Hardy-Weinberg equilibrium, whereas the 
Asian subpopulation was not. Frequency of CC:95.1% 
and CT:4.9% was reported in 90 American subjects (da-
tabases NCBI-dbSNP). As we can observe, there was 
no TT genotype in the American population. On the 
other hand, we observed two subjects from Asian-Bra-
zilian subpopulation with TT homozygous genotype; 
probably this was the cause of the absence of Hardy-
Weinberg equilibrium. This polymorphism was also de-
scribed in homozygosis in Japanese subjects resident in 
Japan (31). However, differently from the Asian-Bra-
zilian population, in the Japanese population this poly-
morphism was on Hardy-Weinberg equilibrium. Once 
again, we can speculate that, due to a greater number of 
consanguineous marriage in the Asian-descendant Bra-
zilian subpopulation, there was a greater chance of in-
heriting the T allele. Probably, more generations would 
be necessary to obtain the Hardy-Weinberg equilibri-
um. In addition, in exon 9, we observed the p.N766N 
(rs6196) polymorphism and two rare GR variants: a 

heterozygous p.P750P (rs67300719) polymorphism 
and a C>G substitution, located in the 9 base pairs be-
fore the end of intron H (rs72542757). The African, 
Caucasian, and Asian subpopulations were in Hardy-
Weinberg equilibrium for rs6196. It is interesting to 
point out that the rs72542757 and rs67300719 variant 
alleles were found only in the Asian-Brazilian subpop-
ulation in an allelic frequency of 1%. Indeed, Koyano 
and cols. studying 265 subjects in Japan found these 
allelic variations in a frequency of 1.5%, suggesting that 
some rare polymorphisms are more frequently associ-
ated with certain ethnic groups (31). 

In conclusion, this is the first study evaluating 
NR3C1 polymorphisms in Brazilians descendents from 
Caucasian, African and Asian populations, reproducing 
the heterogeneous ethnic background of the Brazilian 
population. In this conservative gene, the genotypic 
frequencies observed in each subpopulation are similar 
to worldwide ancestry populations. In addition, the 
BclI polymorphism was associated with altered GC 
sensitivity in the HPA axis, but not in PBMC, suggesting 
a tissue-specific influence of BclI SNP. 
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Evaluation of effectiveness 
and outcome of PKU screening 
and management in the 
State of Sergipe, Brazil 
Avaliação da eficiência e desfecho da triagem e 
manejo da PKU no Estado de Sergipe, Brasil

Antônio R. O. Ramalho1, Roberto J. R. Ramalho1, Carla R. P. Oliveira1, Marta 
M. G. S. Magalhães1, Elenilde G. Santos1, Polyana M. P. Sarmento1, Diana O. 
Matos1, Mario C. P. Oliveira1, André L. P. Oliveira1, Manuel H. Aguiar-Oliveira1

ABSTRACT
Objectives: Phenylketonuria (PKU) was the first inherited metabolic disease known to cause mental 
retardation for which a newborn screening program (NBS) was developed. The objective of this study 
was to evaluate the effectiveness of PKU NBS and the management of cases in the northeastern Bra-
zilian state of Sergipe (SE). Materials and methods: We reviewed the phenylalanine concentrations 
in filter-paper collected from the heel (PKUneo) of 43,449 newborns; blood concentrations obtained 
by venipuncture in the subjects with abnormal PKUneo; the children’s age at several phases of the 
program, the incidence of the disease from January 2007 to June 2008; and metabolic control of the 
patients. Results: The coverage of NBS/SE was 78.93%. The children’s age was 10 ± 7 days at PKUneo 
collection. Twelve children were recalled based on the PKUneo cutoff value at 28 ± 13 days. From the-
se, the concentrations of phenylalanine collected by venipuncture were normal in five children. The 
incidence of hyperphenylalaninemia was 1/43,449, and of PKU was 1/8,690 (5 cases). One suspected 
subject died. Another death occurred in the cohort, in a confirmed PKU case. PKU treatment began 
within 51 ± 12 days of life. In the four patients under dietary phenylalanine restriction, metabolic 
control was often difficult. Conclusions: PKU NBS/SE has satisfactory coverage and adequate cutoff 
for recalling patients and diagnosis, but the onset of treatment is delayed, and follow-up metabolic 
control is frequently inadequate. Arq Bras Endocrinol Metab. 2014;58(1):62-7

Keywords
Phenylketonuria; screening neonatal; phenylalanine; coverage; incidence

RESUMO
Objetivos: A fenilcetonúria (PKU) foi a primeira causa metabólica hereditária de retardamento men-
tal para a qual foi desenvolvido um programa de triagem em recém-nascidos (NBS). O objetivo 
deste estudo foi avaliar a eficácia do NBS para a PKU e o manejo dos casos em Sergipe (SE), Brasil. 
Materiais e métodos: Revisamos as concentrações de fenilalanina no filtro de papel coletado do 
calcanhar (PKUneo) de 43.449 recém-nascidos, suas concentrações de sangue obtidas por punção 
venosa em indivíduos com PKUneo anormal, a idade das crianças em diversas fases do programa, 
a incidência da doença no período de janeiro de 2007 a junho de 2008 e o controle metabólico dos 
pacientes. Resultados: A cobertura da NBS/SE foi de 78,93%. A idade das crianças era de 10 ± 7 dias 
na coleta de PKUneo. Doze crianças foram reconvocadas com base no ponto de corte de PKUneo aos 
28 ± 13 dias de idade. Destas, as concentrações de fenilalanina por venipunctura foram normais em 
cinco. A incidência da hiperfenilalaninemia foi 1/43.449 e de PKU foi 1/8.690 (5 casos), e um indivíduo 
suspeito foi a óbito. Outro óbito ocorreu na coorte em um caso de PKU confirmado. O tratamento 
para a PKU começou com 51 ± 12 dias. Nos quatro pacientes sob restrição de fenilalanina alimentar, 
o controle metabólico foi frequentemente difícil. Conclusões: PKU NBS/SE apresenta uma cober-
tura satisfatória e ponto de corte adequado para reconvocação e diagnóstico, mas o início do trata-
mento é atrasado e o controle no seguimento é frequentemente inadequado. Arq Bras Endocrinol Metab. 
2014;58(1):62-7
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PKU patients. We thought that these recent data, 
obtained in Brazil Northeastern region, can be very 
valuable, especially when Brazilian NBS is expanding 
with the introduction of new diseases to be screened.

MATERIAlS AND METHODS

A cross-sectional study was conducted in 43,449 
children screened by NBS/SE at the University Hospital 
of Universidade Federal de Sergipe from January 2007 
to July 2008. Immediately after collection, heel blood 
samples were placed on filter paper, and stored in a 
refrigerator at 4ºC in the local clinics in all 75 Sergipe 
municipalities. Transport from all the collection stations 
occurs daily, with samples at room temperature, to the 
University Hospital Laboratory in Aracaju. The time 
between collection and arrival to the laboratory did 
not exceed 6 hours. Phenylalanine was measured on 
filter paper (type 903 SS) by an enzymatic colorimetric 
method (Quantase/Intercientífica, Glasgow, Scotland).

The following parameters were studied: number 
and age of screened newborns phenylalanine concen-
trations in different phases of the NBS/SE; its fre-
quency distribution; PKU and hyperphenylalaninemia 
incidences; and program coverage.

The cutoff for phenylalanine in filter paper, to 
define suspected PKU children was obtained for a 95% 
confidence interval, from all the collected samples, 
according to the methodology described elsewhere 
(18-20). The result of phenylalanine in filter paper 
above the cutoff point was repeated and the average 
of duplicates was used. Hyperphenylalaninemia was 
defined a phenylalanine concentration, greater than 
5.0 mg/dL (21). Any child with level above this cutoff 
value is referred to the multiprofessional outpatient 
clinic of University Hospital for PKU confirmation. 
Venous blood was obtained and serum Phe was 
measured in duplicate by an enzymatic colorimetric 
process. Children are then classified based in venous 
Phe values (5,21-24) as follows: 

A) Children ruled out for PKU: phenylalanine less 
than or equal to 5.0 mg/dL.

B) Hyperphenylalaninemia: between 5.01 and 
10.0 mg/dL.

C) Mild phenylketonuria: between 10.01 and 20.0 
mg/dL.

D) Classical phenylketonuria: greater than 20 mg/dL.
E) Unknown cases: children whose parents did not 

respond to the recall.

INTRODUCTION

P henylketonuria (PKU) is an autosomal recessive 
disease with an incidence in Caucasian populations 

between 1 in 10,000 and 1 in 15,000 people (1,2). 
It results from more than 500 different mutations 
in phenylalanine hydroxilase gene located on 
chromossome 12q. Mutations cause reduced activity of 
the enzyme and deficient conversion of phenylalanine 
to tyrosine. This causes an increase of phenylalanine 
(Phe) in the blood stream and body tissues, with urinary 
elimination of phenylpiruvic acid and variable capacity 
of metabolism of dietary Phe. For decades, early 
screening and lifetime use of low Phe diet have been 
recommended to avoid cerebral damage resulting in 
mental deficit, and motor, neurological, and behavioral 
problems. Despite this, cognitive performance is still 
suboptimal in most series (1,3-9), and studies with 
magnetic resonance imaging have shown white matter 
lesions in the brain of adult PKU patients, which are 
directly related with blood Phe concentration (10-12).

The introduction of newborn screening programs 
(NBS) represents an important instrument in the 
secondary prevention of neurological damage caused 
by PKU.  The screening programs must be evaluated 
systematically,  and the results of this evaluation can 
modify the routine of the service and affect public care 
management (13,14).  The present Brazilian Health 
Ministry NS policy implemented in 2001 established 
the University Hospital of the Universidade Federal 
de Sergipe as the unique center allowed to perform 
neonatal screening in the State of Sergipe (SE), which 
is mandatory in the public health care system. Private 
NBS is not included in governmental statistics of 
NBS, as this information is not mandatory. SE is the 
smallest state of Brazil, with the highest gross domestic 
product of the Northeastern states. We have previously 
demonstrated that NBS for congenital hypothyroidism 
in the State of SE had an almost universal coverage, 
and resulted in an improvement in the time of onset 
of therapy. Despite of this, we found the need for 
reducing thyroid stimulating hormone (TSH) cutoff 
levels to recall suspect cases with less severe cases of 
congenital hypothyroidism, in order to achieve a full 
cerebral function (15-17). We do not know if the cutoff 
levels to recall PKU suspects also needs to change, and 
if coverage, incidence, and the follow-up of patients 
with low phenylalanine diet are appropriate. 

The aim of this paper is to evaluate both the NBS/
SE for PKU and the dietary care of our followed-up 
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Monitoring of detected cases was carried out by 
checking medical records of venous phenylalanine levels 
over time, the child weight, and daily dietary ingestion 
of phenylalanine. Metabolic control was defined normal 
when serum Phe is from 2 to 6 mg/dL (22).

Student t test was used to compare the cutoffs values 
of screened children aged 2 to 6 days, and the total of 
screened children groups. A linear regression model 
was used to compare the cutoff values of various ages, 
in the day of collection, from 2 to 30 days. Values of p 
less than 0.05 were considered significant. The research 
was approved by the Research Ethics Committee of the 
Universidade Federal de Sergipe.

RESUlTS 

NBS/SE coverage was 78.93% in 2007. The incidence 
of hyperphenylalaninemia was 1/43,449. The incidence 
of PKU was 1/8,690. There was one case of mild PKU 
(20% of the cases) and four cases of classic PKU (80% 
of the cases). There was one unresolved case, due to 
the death of the child before the recall (8.33%). The 
highest percentage (32.36%) of the screened children 
had phenylalaninemia levels ranging between 1.01 to 

1.50 mg/dL. The cumulative frequency below 5 mg/
dL was 99.97% and, therefore, the recall rate was 0.03% 
of all screened children. Table 1 shows the frequency 
distribution for phenylalanine intervals concentration 
collected in filter paper, and the selected cases above 
the cutoff value with diagnosis after venous blood 
measurement.

The mean age of screened children was 9.96 ± 7.23 
days at the time of filter paper collection; 27.93 ± 13.08 
days at the time of filter paper assay; and 52.82 ± 16.95 
days for venous blood collection. The age at the filter 
paper collection in the PKU cases was 9.80 ± 8.32 days, 
with mean PKUneo concentration of 17.37 ± 9.16 
mg/dL and mean venous phenylalanine concentration 
of 24.02 ± 7.26 mg/dL. PKU treatment began within 
51 ± 12 days of life. Of the 12 PKU suspected cases, 
four (33.33%) had PKUneo greater than 10 mg/dL 
and venous phenylalanine concentration higher than 
10 mg/dL. Of 8 cases with PKUneo less than or equal 
to 10 mg/dL, one child with PKUneo of 5.73 mg/dL 
had PKU with venous phenylalanine of 20.20 mg/dL. 
There was one death of a child with PKU confirmed at 
90 days of life (age at collection on filter paper: 24 days, 
PKUneo 16.74 mg/dL, venous phenylalanine 13.30 

Table 1. Frequency distribution of phenylalanine filter paper concentration in children of NBS/SE, from January 2007 to June 2008, with the selected 
cases above the cutoff value and diagnosis after venous measurement

pKUneo mg/dl n % %A Selection pKUrecall Discarded Hyperphenyl phenylketonunia Unknown

0.01 - 5.00 43,437 99,972 99,972 - - - - - -

5.73 1 0.002 99,974 1 20.20 0 0 1 0

5.93 1 0.002 99,977 1 - 0 0 0 1 death

6.51 1 0.002 99,979 1 1.80 1 0 0 0

6.58 1 0.002 99,981 1 2.40 1 0 0 0

6.76 1 0.002 99,984 1 1.85 1 0 0 0

6.83 1 0.002 99,986 1 3.05 1 0 0 0

8.10 1 0.002 99,988 1 8.00 0 1 0 0

9.58 1 0.002 99,990 1 2.29 1 0 0 0

12.70 1 0.002 99,993 1 31.60 0 0 1 0

16.74 1 0.002 99,995 1 13.30 0 0 1 0

21.70 1 0.002 99,997 1 26.80 0 0 1 0

30.00 1 0.002 100,000 1 28.15 0 0 1 0

Total 43,449 100,000 - 12 - 5 1 5 1

Selected % - - - 100.00 - 41.67 8.33 41.67 8.33

Prevalence - - - 3,621 - 8,690 43,449 8,690 43,449

% screened - - - 0.028 - 0.011 0.002 0.011 0.002

n: number of screened children; %: children percentage; %A: accumulated children percentage; PKUrecall: venous phenylal: concentration in the recall; PKUneo: phenylalanine concetrations in filter 
paper; Hyperphenyl: Hyperphenylalaninemia.
Confirmed PKU cases are in bold.
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mg/dL, beginning of treatment 74 days). The cause of 
death is unknown.

From the 43.449 screened children in the period, 
only 26.74% of children were the ideal age (4.76 ± 
1.04 days), between 2 and 6 days of life. There was 
no difference between PKUneo concentration values in 
children whose samples were collected between 2 to 6 
days and after 6 days (1.65 ± 0.65 mg/dL and 1.59 ± 
0.63 mg/dL, respectively). 

The biochemical control of the four patients followed 
up in 2011 was compared with the recommended 
maximal level of serum Phe (6 mg/dL) (22) and 
summarized below: 

•	 Patient code 1: 90.91% of 11 serum Phe from 125 
to 1,288 days old were up to 6 mg/dL (16.90 ± 
9.06 mg/dL; range: 2.50 to 32.30 mg/dL).

•	 Patient code 2: 9.38% of 32 serum Phe from 
108 to 1,534 days old were up to 6 mg/dL 
(1.89 ± 3.16 mg/dL; range: 0.01 to 15.25 
mg/dL). 

•	 Patient code 3: 61.11% of 18 serum Phe from 
61 to 1,617 days old were up to 6 mg/dL (6.46 
± 2.72 mg/dL; range: 0.70 to 9.70 mg/dL). 

•	 Patient code 4: 37.04% of 27 serum Phe from 
63 to 1,298 days old were up to 6 mg/dL (5.76 
± 4.67 mg/dL; range: 0.01 to 16.35 mg/dL).

These data were compared with the phenylalanine 
intake at 9 time points (Table 2). In five moments that 
the intake of phenylalanine dietary was low, biochemical 
control was normal in four patients (80%), but patient 
3 with low Phe intake at 17 months of age had serum 
Phe of 7.9 mg/dL, indicating inadequate control. In 
the four moments that the intake of phenylalanine 
was normal, biochemical control was adequate in only 

two patients (50%), and patient 1 at 11 months of 
age and patient 2 at 3 months of age had serum Phe 
concentrations above 6 mg/dL (7.5 and 6.2 mg/dL, 
respectively), indicating inadequate control. 

DISCUSSION

NBS/SE coverage was 78.93%, in 2007, 76.28% in 
2005 and 72% in 2003 (15-17). This number is indeed 
higher if we take into consideration that 11% of coverage 
done by the private healthcare system (according to 
data of National Agency of Supplementary Health) 
is not included in this coverage (16). Regardeless of 
this, efforts must be made to reach universal coverage. 
The rate of 10% of unscreened children is ethically 
unacceptable. 

The incidence of hyperphenylalaninemia was 
1/43,449; 20% of the suspected cases; similar to what 
was reported in a French program (25).The incidence 
of PKU was 1/8,690, halfway between most European 
(more than 1 in 10,0000) and Arabian countries (up to 
1 in 5,000) (1,2), and higher than in people of African 
ancestry (26). Although, the very low incidence seen in 
Finland (1 in 200,000) and Japan (1 in 125,000) was 
due to a pronounced negative founder effect in Finland 
and genetic drift in the founding of the Japanese island 
population; the high incidence of PKU in Turkey 
(1:2,600) was probably due to the high prevalence of 
consanguinity (2). There was one case of mild PKU 
(20% of the cases) and four cases of classic PKU (80% of 
the cases). These percentages are similar to those found 
in the neighboring Brazilian state of Bahia (27). 

The time blood collection in filter paper (PKUneo) 
from 2 to 30 days of age did not interfere with the 

Table 2. Follow up of subjects with phenylketonuria

Gender code Month of age phe intake Recommended  
phe intake 

Serum phe 
mg/dl Metabolic control 

F

1

5 29.09* 40 ± 10 2.5 Normal

11 23.49 30 ± 8 7.5 Above 

F

2

3 41.16 58 ± 18 6.2 Above 

8 29.49 32 ± 9 0.65 Below 

16 24.87 30 ± 8 1.70 Below 

M

3

6 26.21* 40 ± 10 3.1 Normal 

17 16.13* 30 ± 8 7.9 Above 

M

4

2 22.71* 58 ± 18 5.85 Normal 

3 21.26* 58 ± 18 3.65 Normal 

PKUneo: phenylalanine dosage in filter paper. Phe intake: phenylalanine intake mg/kg/weight/day.* Recommended phenylalanine intake (mg/kg/weight) less than a standard deviation (19). Metabolic 
control is defined normal when serum Phe is from 2 to 6 mg/dL (22).

Phenylketonuria in Sergipe
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establishment of the cutoff value. In a study with Cuban 
children (18), 9 showed PKUneo values somehow 
lower than ours (1.10 ± 0.85 mg/dL), suggesting that 
cutoff levels may have regional variability. A historical 
paper, using our enzymatic colorimetric process, 
analyzed 3,800 French children with a cutoff value of 
3.5 standard deviations above the mean (3 mg/dL). 
They recalled 15 children (recall rate of 0.39%) with 
one PKU case, 6.66% of children recalled (20). If we 
had used the cutoff of 3.5 standard deviations above 
the mean (4 mg/dL), we would have had a recall rate 
of 0.287% (125 children). By using the cutoff of 5.0 
mg/dL, our recall rate was 0.028% (almost eleven 
times lower than the recall rate of those authors), which 
represented just 12 children, with five PKU cases and 
one case of hyperphenylalaninemia. A lower recall rate 
prevents false-positives cases and causes less anxiety for 
the families. Although lower cutoffs than ours have 
been reported (19,20), our recall rate is near the lower 
inferior limit of those of different programs, ranging 
from 0.02% to 0.19% (21,22), suggesting no need for 
reduction in PKU cutoffs levels, as we have shown for 
congenital hypothyroidism (17). One suspected and 
one confirmed PKU subject died. Unfortunately, we 
do not know the causes of death in these subjects, but 
very seldom is PKU lethal (28). 

Analyses of biochemical control of our patients 
reveals that an appropriate phenylalanine intake is 
not a guarantee of normal biochemical control. This 
difficult metabolic control obtained despite low 
Phe diet suggests the need for new treatments, such 
as medications in liquid form (29), large neutral 
amino acid supplementation (30), or sapropiterin 
dihydrochloride (31) to improve compliance and 
prevent brain development sequels in cognitive 
function with neurological behavioral problems 
(32,33). Therefore, both the delayed beginning of 
treatment and inadequate metabolic control in the 
follow-up may cause impairment of the quality of life 
of our PKU individuals. It is interesting that even early-
treated PKU can impair the quality of life, in spite of 
universal and effective PKU NBS for more than 50 years 
(34). Therefore, we must continue to address factors 
that affect patient treatment outcomes, and not just 
celebrate the prevention of severe mental retardation 
(35), as obtained by our NBS program. 

In conclusion, our program does not provide 
universal coverage, but its cutoff is adequate for recalling 
and diagnosis. Nevertheless, the onset of treatment is 
often delayed, and the follow-up metabolic control is 

frequently inadequate. Improving NBS effectiveness is 
desirable to prevent suboptimal cognitive performance, 
and potential reversible brain lesions. Alternative 
treatment to the exclusive dietary control can be useful 
in this scenario.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Ovarian Leydig cell tumor in a 
post-menopausal patient with 
severe hyperandrogenism
Tumor ovariano de células de Leydig em paciente em 
pós-menopausa com hiperandrogenismo grave

Selma B. Souto1, Pedro V. Baptista2, Daniel C. Braga1, Davide Carvalho1

SUMMARy
Leydig cell tumors are rare ovarian steroid cell neoplasms. More than 75% of patients show signs 
of virilization due to overproduction of testosterone. We report a case of an 8-year-old woman with 
progressive signs of virilization, and presenting vaginal bleeding. Clinical analyses revealed high le-
vels of serum testosterone, delta 4-androstenedione and estradiol, and also inappropriate low levels 
of gonadotrophins for a post-menopausal woman. Transvaginal ultrasound showed no evidence of 
ovarian tumor, but pelvic and abdominal computerized axial tomography imaging revealed a left 
ovarian solid nodule, and no evidence of alteration in the adrenal glands. Total hysterectomy and bila-
teral salpingoophorectomy were performed. Histopathology and immunohistochemistry confirmed 
the diagnosis of Leydig cell tumor. After surgery, androgen levels returned to normal, and there was 
regression of the signs of virilization. Arq Bras Endocrinol Metab. 2014;58(1):68-70

SUMÁRIO
Tumores ovarianos de células de Leydig são neoplasias raras de células ovarianas esteroidogêni-
cas. Mais de 75% dos pacientes apresentam sinais de virilização devido à produção excessiva de 
testosterona. Relatamos aqui o caso de uma mulher de 81 anos de idade com sinais progressivos 
de virilização e ocorrência de sangramento vaginal. As análises clínicas mostraram altos níveis de 
testosterona sérica, delta 4-androstenediona e estradiol, além de níveis inadequadamente baixos 
de gonadotrofinas para uma mulher em pós-menopausa. O ultrassom transvaginal não apresentou 
evidências de tumor ovariano, mas a tomografia axial computadorizada da região pélvico-abdominal 
mostrou um nódulo sólido no ovário esquerdo e nenhuma evidência de alteração nas adrenais. Foi 
feita uma histerectomia total e salpingooforectomia bilateral. Os exames histopatológicos e a imuno-
-histoquímica confirmaram o diagnóstico de tumor de células de Leydig. Após a cirurgia, os níveis 
de androgênios voltaram ao normal, e os sinais de virilização regrediram. Arq Bras Endocrinol Metab. 
2014;58(1):68-70
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INTRODUCTION

V irilizing ovarian tumors are a rare cause of 
hyperandrogenism, are most frequently found 

after menopause, and are reported to be less than 5% of 
all ovarian neoplasms (1, 2). Leydig cell tumors account 
for 0.1% of all ovarian tumors, and are a type of steroid 
cell tumor. The majority of the cases is diagnosed in 
the presence of a hyperandrogenic state with signs of 
virilization (hirsutism, acne, deep voice, mammary 
atrophy, increased libido, clitoromegalia) (2-5). 
Occasionally, these tumors may exhibit a hyperestrogenic 
state, and some patients also have vaginal bleeding (6,7). 
Virilizing Leydig cell tumors usually have a benign 
behavior, with an excellent prognosis and reversion of 
symptoms after surgical treatment (7). 

CASE REpORT

The authors report a case of 81-year-old women with 
vaginal bleeding for the previous year. Her family 
referred to the rapid onset of virilization, with hirsutism, 
androgenetic alopecia, and deep voice, starting one 
year before. She had history of primary infertility, 
dyslipidemia, and demential syndrome, and was under 
therapy with atorvastatin 10 mg/day. Family clinical 
history was not noteworthy. Physical examination 
revealed signs of virilization with hirsutism (score 15, 
Ferriman-Gallwey scale), androgenetic alopecia, and 
deep voice. Gynecological examination revealed an 
enlargement of the clitoris and no palpable adnexal 
masses. Blood pressure was 140/80 mmHg. She had 
no features of Cushing syndrome. 
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Endocrine evaluation revealed hyperandrogenism, 
with markedly increased total serum testosterone and 
delta 4-androstenedione concentrations. Serum levels 
of luteinizing hormone (LH) and follicle stimulating 
hormone (FSH) were inappropriately low for a post-
menopausal woman, with high levels of estradiol. Serum 
levels of dehydroepiandrosterone-sulfate (DHEA-S), 
17-hidroxyprogesterone (17-OHP) and prolactin and 
twenty-four hours urinary free cortisol (24 hr-UFC) 
were within the normal range (Table 1). 

Transvaginal ultrasound showed an intramural 
fibroid nodule, without endometrial hyperplasia, no 
visualization of adnexal masses, without any free fluid 
in the pouch of Douglas. The pelvic and abdominal 
computerized axial tomography (CT) showed a left 
ovarian solid nodule with 30 mm in diameter, and 
morfodimensional normality of the adrenal glands. 
No other pathologic findings were detected, namely, 
ascites or lymph node enlargement. Pelvic magnetic 
resonance image (MRI) was also performed and 
confirmed the ovarian solid nodule (29.5 x 22.8 mm) 
(Figure 1). Serum tumor marker (CA125, CA19.9, 
and α-FP) levels were within the normal range, and 
chest X-ray and EKG were normal. Hysterectomy and 
bilateral salpingoophorectomy were performed, as 
previously discussed with the patient and her family. 
Histology revealed a Leydig cell tumor of the ovary. 
One month after surgery, androgen levels had dropped 
to normal levels (Table 1), and one year later, the signs 
of hyperandrogenism improved significantly (score 3, 
Ferriman-Gallwey scale), however clitoromegaly did 
not regress. 

DISCUSSION

In our case, the hyperandrogenic state with rapidly 
progressing signs of virilization raised suspicion of a 
virilizing tumor. In a woman with signs of virilization, 
it is essential to perform a careful gynecological 
examination, to evaluate the presence of adnexal 
masses or clitoromegaly. The measurement of serum 
androgens is also required, in order to exclude an 
ovarian or adrenal androgen-producing tumor. After 
the menopause, ovarian causes of virilization are more 
common than adrenal ones (5). Many of ovarian 
virilizing tumors are not diagnosed for years. 

In the present case, the high serum levels of total 
testosterone (740 ng/dL) confirmed the presence 
of a virilizing neoplasm, while normal serum level of 
DHEA-S ruled out an adrenal cause. Testosterone 
serum levels above 200 ng/dL should raise the suspicion 
of an androgen-producing tumor, and serum values 
of DHEA-S higher than 600 mg/dL may suggest an 
adrenal source (5). High estradiol levels may be due to 
aromatization of testosterone, resulting in endometrial 
hyperplasia and vaginal bleeding. 

Leydig cell tumors are usually small, measuring 
less than 5 cm of diameter – just slightly bigger than a 
normal ovary (2,6,8). It may be difficult to identify it 
by radiological imaging, in part because it is isoechoic 
to the uterus on ultrasound, and isodense on CT (4,9). 

Nevertheless, transvaginal ultrasound is the most 
sensitive method for the detection of an ovarian 
tumor (5); however, the accuracy of the ultrasound 
examination is operator-dependent. In our patient, the 

Table 1. Clinical analytical parameters determined before surgery, and 
one month after surgery

Before After Reference values

Free testosterone 1.181 < 0.015-0.155 ng/dL 

Total testosterone 740 25 11-78 ng/dL

DHEA-S 141.0 73.9 12.0-154 μg/dL 

Delta 4-androstenedione > 10.0 1.90 0.30-2.99 ng/mL 

17-OHP 1.28 0.11-1.20 ng/mL 

FSH 16.38 25.8-150.3 mIU/mL 

LH 15.08 10.4-64.6 mIU/mL 

Estradiol .55.3 < 5-54.7 pg/mL 

Prolactin 12.8 1.2-29.9 ng/mL 

24hr-UFC 29.5 36-137 ug/24h

DHEA-S: dehydroepiandrosterone-sulfate; 17-OHP: 17-hidroxyprogesterone; LH: luteinizing 
hormone; FSH: follicle stimulating hormone; 24hr-UFC: twenty-four-hour urinary free cortisol. 

figure 1. Pelvic MRI revealed a solid nodule of 29.5 x 22.8 mm in the left 
ovary.

Ovarian tumor and hyperandrogenism
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tumor was not visualized in the transvaginal ultrasound 
despite being 3 cm in diameter. Radiological imaging 
by CT and MRI enable the attribution of the cause to 
an ovarian etiology. 

In a few cases of post-menopausal virilization, an 
ovarian venous sampling was performed to confirm the 
source of excess androgen (5). Considering the fact that 
the probability of finding an unsuspected adrenal mass 
in patients over 70 years of age reaches 7%, Alpañés 
and cols. proposed an algorithm for the diagnosis and 
management of post-menopausal hyperandrogenism in 
which a patient without ovarian or adrenal tumor in 
radiological images, inconclusive results or with a small 
adrenal adenoma should undergo combined adrenal 
and ovarian sampling (5). However, simultaneous 
catheterization of adrenal and ovarian veins is difficult, 
with success rates as low as 26-45% (5). 

In post-menopausal women with virilization and 
elevated testosterone levels, an oophorectomy should 
be considered after the exclusion of adrenal causes (10). 

In our patient, surgical intervention enabled the 
final diagnosis of Leydig cell tumor. As expected, there 
was a return of serum androgen levels to normal values, 
and improvement of clinical hyperandrogenism.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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apresentação de caso

Hiperinsulinismo endógeno: 
dois desafios diagnósticos
Endogenous hyperinsulinism: two diagnostic challenges

Ana Pires Gonçalves1, Fernando Baptista1, Ema Nobre1, Isabel do Carmo1 

SUMÁRIO
A hipoglicemia em um adulto aparentemente saudável é um achado raro na prática clínica que exige 
uma investigação exaustiva da causa. A identificação de glicemia plasmática diminuída associada a 
concentrações plasmáticas de insulina e peptídeo-C não suprimidos deverá levar à exclusão de cau-
sas raras de hipoglicemia, entre elas, doença das células betapancreáticas e hipoglicemia autoimune. 
Neste artigo, descrevemos dois casos de hipoglicemia associada a hiperinsulinismo endógeno, cujas 
causas são pouco habituais na prática clínica. A propósito desses casos clínicos revemos aspectos 
importantes de diagnósticos e tratamento da hipoglicemia no contexto de hiperinsulinismo endóge-
no. Arq Bras Endocrinol Metab. 2014;58(1):71-5

SUMMARy
Hypoglycemia in apparently healthy adults is a rare finding in clinical practice requiring a thorough 
investigation of the cause. During the investigation, identification of hypoglycemia associated with 
inappropriately high levels of insulin and C-peptide should prompt the exclusion of rare causes of 
hypoglycemia, including pancreatic islet-cells disease and autoimmune hypoglycemia. In this paper, 
we describe two cases of hypoglycemia associated with endogenous hyperinsulinism, whose causes 
are uncommon in clinical practice, and review important aspects of the diagnosis and treatment of 
hyperinsulinemic hypoglycemia. Arq Bras Endocrinol Metab. 2014;58(1):71-5
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INTRODUÇÃO

A hipoglicemia é um achado raro na prática clíni-
ca, exceto no contexto do tratamento do diabetes 

melito (DM). Muitas vezes é necessária uma avaliação 
exaustiva para definir a causa (1). Na investigação, o 
primeiro passo é a confirmação da tríade de Whipple 
(sintomas adrenérgicos/neuroglicopênicos, associados 
à glicemia diminuída, que revertem com administração 
de glicose).

No adulto, a hipoglicemia está habitualmente as-
sociada a um fator facilmente identificável: doença co-
nhecida (cirurgia gástrica, insuficiência hepática e renal 
graves, sepse, caquexia, tumores de células não beta); 
medicação habitual (insulina, secretagogos de insulina, 
quinolonas, pentamidina, betabloqueadores, inibidores 
da enzima conversora da angiotensina etc.); deficiência 
dos hormônios contrarreguladores da ação insulínica 
(por exemplo: cortisol, glucagon e epinefrina).

No adulto aparentemente saudável, deverão ser in-
vestigadas causas mais raras. Durante um episódio de 
hipoglicemia espontânea ou prova de jejum (12 ou 

72 h), os seguintes achados sugerem hipoglicemia hipe-
rinsulinêmica endógena: glicemia < 55 mg/dL no pe-
ríodo sintomático, associada à insulinemia ≥ 3 UI/mL 
ou 18 pmol/L (ICMA) (> 6 UI/mL ou 43 pmol/L, 
IRMA), peptídeo C ≥ 200 pmol/L ou 0,60 ng/mL, 
pró-insulina ≥ 5 pmol/L. Adicionalmente, devem ser 
doseados os anticorpos anti-insulina e anticorpos antir-
receptor de insulina (1).

Apresentamos dois casos de hipoglicemia com cau-
sas pouco habituais na prática clínica.

CASO ClÍNICO 1

Mulher, 64 anos, internada no nosso serviço para inves-
tigação de episódios de hipoglicemia recorrente.

Assintomática até seis meses antes da internação, 
quando iniciou episódios recorrentes de desorientação 
e cefaleia, que ocorriam habitualmente após acordar e 
resolviam com a alimentação. Durante esse período, os 
episódios foram progressivamente mais frequentes, mo-
tivando múltiplas vindas ao Serviço de Urgência (SU). 
Em uma ocasião, foi observada em período sintomáti-
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co, tendo-se doseado uma glicemia de 32 mg/dL. Os 
sintomas resolveram com a administração de glicose hi-
pertônica. Decidiu-se pela internação para realização de 
prova de jejum prolongado.

Na admissão, confirmou-se o início recente de epi-
sódios recorrentes de hipoglicemia em jejum. O exame 
objetivo e a avaliação analítica não revelaram alterações.

Na prova de jejum, 14 horas após o início, a doen-
te apresentou sintomas sugestivos de neuroglicopenia. 
A avaliação laboratorial confirmou a hipoglicemia (30 
mg/dL), pelo que se suspendeu o jejum, com resolu-
ção dos sintomas após administração de glicose hiper-
tônica. Na mesma amostra de sangue, a insulinemia, 
medida por quimioluminescência (Diagnostic Product 
Corporation), era de 7,7 mmol/L (6-27 mmol/L) e o 
peptídeo-C não se encontrava suprimido.

Repetiu-se o teste de jejum com avaliação da gli-
cemia, insulina, peptídeo-C e proinsulina (Enzyme 
Immunoassay, IBL [Immunobiological Laboratories, 
Hamburg]), que mostrou uma elevação clara das con-
centrações de proinsulina (glicemia – 27 mg/dL, con-
centração de insulina – 7,8 mm/L, concentração de 
peptídeo-C 1,0 ng/mL, concentração de proinsulina 
– 143 pmol/L).

A ecografia, tomografia computorizada (TC) e res-
sonância magnética (RMN) não mostraram evidência 
de lesão focal, pancreática ou em outras localizações. 
No entanto, a ecografia endoscópica revelou um nódu-
lo de 12 x 8 mm na transição da cabeça para o corpo 
pancreático, acima do canal de Wirsung.

Na peça operatória da resseção do corpo e cauda 
do pâncreas, encontrou-se um tumor com 14 mm de 
maior diâmetro. A análise histológica caracterizou o 
tumor como bem diferenciado, sem invasão vascular, 
com imunorreatividade para a insulina (Figura 1), con-
firmando o diagnóstico de adenoma produtor de proin-
sulina.

CASO ClÍNICO 2

Homem, 52 anos, engenheiro, internado para esclare-
cimento de hipoglicemia.

Referia, desde o ano anterior, episódios de tremor 
e sudorese geralmente ao fim do dia que melhoravam 
com a ingestão de alimentos. Teve dois episódios de 
perda de consciência e em um deles a glicemia era de 
23 mg/dL. Foi assistido no SU de um hospital distri-
tal, onde recuperou após injeção de solução de glicose 
hipertônica.

Hiperinsulinismo endógeno

figura 1. Análise anatomopatológica e imuno-histoquímica. Tumor endó-
crino bem diferenciado com clara separação entre o tecido pancreático 
normal, sem evidência de invasão vascular, com imunorreatividade posi-
tiva para a insulina.

Sem doenças conhecidas, o doente negava sintomas 
de hipoglicemia em jejum. Nos últimos seis anos, havia 
ganho 10 kg. Não referia outros sintomas e o exame 
objetivo era normal.

Internou-se para realização de prova de jejum pro-
longada cujos resultados, apresentados na figura 2, 
mostravam elevações francas das concentrações de in-
sulina. O doente manteve-se assintomático e as glice-
mias foram superiores a 40 mg/dL. As concentrações 
de peptídeo-C eram baixas, mas dosáveis.
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figura 2. Prova de jejum prolongado. Glicemia e insulinemia durante a 
prova de 72 horas de jejum.

Não havia alterações da função renal nem hepáti-
ca. As pesquisas de anticorpos anti-insulina, anticorpos 
antitireoidianos e antinucleares foram negativas. Fez-se 
uma prova de tolerância à glucose oral com 75 g (Fi-
gura 3), onde se notava a desproporção entre as con-
centrações de insulina em comparação com a glicemia.

A TC abdominal não mostrou alterações, mas a eco-
endoscopia do pâncreas revelou a existência de um pe-
queno nódulo pancreático.
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Hiperinsulinismo endógeno

figura 4. Eletroforese das proteínas do soro. (A) Eletroforese do soro 
intacto. (B) Eletroforese do soro após extração dos complexos insulina-
anticorpo, através de passagem por coluna de alta afinidade para a 
insulina. (C) Eletroforese do soro obtido por adição de tampão à coluna 
usada em B. 
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figura 3. Prova de sobrecarga oral de glicose. Glicemia e insulinemia 
após sobrecarga oral com 75 g de glucose.

A eletroforese das proteínas evidenciou um pico 
monoclonal na região beta, caracterizado por imuno-
eletroforese como IgG Kappa. A investigação subse-
quente veio a mostrar que se tratava de um caso de 
mieloma múltiplo.

Nesse contexto, admitimos que as concentrações 
elevadas de insulina poderiam ser devidas à presença de 
um anticorpo fixador de insulina.

Para confirmar essa possibilidade, recolheu-se soro 
do doente que foi separado em duas amostras. Com a 
primeira amostra fez-se uma eletroforese (Figura 4A), 
que confirmou o pico monoclonal. A segunda amostra 
foi introduzida em uma coluna revestida de anticorpos 
fixos com alta afinidade para a insulina (Sigma Chemi-
cal, St Louis) e, dessa forma, extraíram-se a insulina e 
o anticorpo a ela ligado. O soro recolhido depois da 
passagem pela coluna foi submetido à nova eletrofo-
rese, verificando-se uma redução do pico monoclonal 
(Figura 4B). Finalmente, passou-se na coluna um tam-
pão contendo 40 mmol de ácido acético por litro e 1 
mol de ácido clorídrico a pH 5, de forma a romper a 
ligação antígeno-anticorpo. A eletroforese do soro re-
colhido revelou a existência de um pico monoclonal 
(Figura 4C).

Concluímos, assim, estarmos perante um caso de hi-
poglicemia por anticorpo fixador de insulina produzido 
pelas células do mieloma.

DISCUSSÃO

Nos casos apresentados, descrevemos a investigação de 
hipoglicemias recorrentes, documentadas por meio da 
tríade de Whipple, em adultos aparentemente saudáveis 
e sem medicação habitual. Em ambos identificou-se, 
por prova de jejum prolongada, glicemia diminuída as-
sociada a concentrações inapropriadamente elevadas de 
insulina endógena.

A

B

C

Discussão do caso 1

O insulinoma é causa comum de hiperinsulinemia endó-
gena e o tumor neuroendócrino do pâncreas mais fre-
quente. Apresenta uma incidência de 2-4 indivíduos/ 
milhão/ano e pode ocorrer de forma esporádica ou he-
reditária no contexto de síndrome de neoplasia endó-
crina múltipla 1 (MEN 1) ou doença de Von Hippel 
Lindau.

Habitualmente, os insulinomas produzem simulta-
neamente insulina e proinsulina. Tumores produtores 
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apenas de proinsulina, como aquele apresentado no pri-
meiro caso clínico, são raros (2-4).

Embora a proinsulina circulante apresente apenas 
20% de bioatividade comparada com a insulina, durante 
um período de jejum ou de atividade metabólica ele-
vada, a diminuição progressiva da glicemia associada à 
falha na supressão de proinsulina resulta em hipoglice-
mia (2). No caso apresentado, a doente referia sintomas 
sugestivos de hipoglicemia em período de jejum.

Na investigação de uma suspeita de insulinoma, é 
fundamental ter em atenção o tipo de ensaio usado para 
a dosagem da insulina, uma vez que, enquanto alguns 
ensaios medem apenas a molécula intacta de insulina, 
outros medem simultaneamente a proinsulina e peptí-
deo-C (40-80% de reação cruzada entre a proinsulina e 
insulina) (2-4). 

Atualmente, são mais frequentemente usados en-
saios imunorradiométricos (IRMA) ou imunoquimio-
luminescentes (ICMA) que não apresentam reação cru-
zada com a proinsulina. Esse foi o método utilizado no 
caso descrito, o que, associado à não dosagem inicial 
da proinsulina, conduziu ao atraso no diagnóstico. No 
entanto, o fato de o doente apresentar hipoglicemia as-
sociada a concentrações fisiológicas de insulina levou 
à repetição da prova de jejum com perfil laboratorial 
mais completo, que permitiu identificar um adenoma 
produtor apenas de proinsulina. Outros aspectos a con-
siderar na interpretação da insulinemia são: atraso no 
processamento das amostras (a insulina apresenta uma 
meia-vida curta, de aproximadamente 4 minutos) e he-
mólise na amostra de sangue, que podem se associar a 
alterações artefatuais na dosagem da insulina (3). 

Assim, na investigação de hiperinsulinemia endó-
gena, é fundamental pedir especificamente a dosagem 
da proinsulina, caso contrário há o risco de atrasar ou 
falhar o diagnóstico. 

Discussão do caso 2

No segundo caso, a investigação permitiu identificar 
hipoglicemia autoimune associada à produção de anti-
corpos monoclonais por mieloma múltiplo. 

A síndrome autoimune da insulina é uma causa rara 
de hipoglicemia nos países ocidentais e existem apenas 
dois casos relatados em Portugal (5-7). 

Surge habitualmente em indivíduos de meia-idade, 
tal como no caso apresentado, e não existe predileção 
de gênero (2). A hipoglicemia é tipicamente pós-pran-
dial, embora haja casos descritos de hipoglicemia em 

jejum e precipitada por exercício (2). No caso descrito, 
o doente referia sintomas ao final do dia, sem relação 
com as refeições.

São fatores predisponentes: o antígeno leucocitário 
humano (HLA) DR4 (6-9), o que explica a maior pre-
valência na população japonesa; a existência de outro 
tipo de autoimunidade, em particular a doença de Gra-
ves, mas também o lúpus eritematoso sistêmico, artrite 
reumatoide, polimiosite e anticorpos anti-hipófise; a 
exposição a fármacos, em particular fármacos contendo 
grupo sulfridil (metimazol, captopril, imipenem, peni-
cilina e betalactâmicos), insulina, hidrazalina, procai-
namida, isoniazida, interferon-alfa. (8,10,11). No caso 
descrito, não havia evidência de outro tipo de autoi-
munidade nem exposição a fármacos. O doente não foi 
caracterizado em relação à existência de HLA de risco.

Apesar de o doente apresentar dosagens de anticor-
pos anti-insulina e antirreceptor de insulina negativos 
pelo método de ELISA, alguns dados laboratoriais per-
mitiam suspeitar de causa autoimune (8):

•	 Concentrações	de	 insulina	que	 variavam	entre	
150 e 400 mU/L, com peptídeo-C não supri-
mido. Uma insulinemia superior a 100 uU/
mL, com níveis de peptídeo-C não suprimidos, 
é muito sugestiva de causa autoimune (no in-
sulinoma raramente a concentração de insulina 
excede esse valor e, no caso de administração de 
insulina exógena, o peptídeo-C está suprimido) 
(6,8,9). 

•	 Na	prova	de	administração	de	75	g	de	glicose	
oral, verificava-se uma desproporção grande en-
tre a glicemia e a insulinemia.

Deve mencionar-se, no entanto, que atualmente se 
considera mais adequada a realização de um teste de 
refeição padrão, em substituição da prova de tolerância 
oral à glicose. Em um teste de refeição padrão, os indi-
víduos com hipoglicemia autoimune apresentam hiper-
glicemia inicial, seguida de hipoglicemia e cinética da 
insulina alterada, caracterizada por pico prolongado e 
atraso no declínio da insulinemia total e/ou livre séricas 
em relação ao peptídeo-C. 

A eletroforese de proteínas foi o elemento chave 
que levou à identificação de mieloma múltiplo e permi-
tiu suspeitar dessa causa rara de hipoglicemia.

O doseamento falsamente negativo de anticorpos 
anti-insulina por ELISA poderá ter resultado de a exis-
tência de complexos insulina – anticorpo anti-insulina 
endógeno – ter dificultado a ligação ao anticorpo sina-
lizador.

Hiperinsulinismo endógeno
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A síndrome autoimune da insulina, muito raramen-
te, associa-se a gamopatias monoclonais (gamopatia 
monoclonal benigna e mieloma múltiplo) (9,12).

Enquanto na síndrome autoimune da insulina, ha-
bitualmente, os anticorpos são imunoglobulinas G po-
liclonais, com cadeias leves Kappa e Lambda (2), nas 
discrasias de células plasmocitárias os anticorpos são 
monoclonais, habitualmente do tipo IgG (existe apenas 
um relato de hipoglicemia secundária a mieloma pro-
dutor de IgA) (9). Em ambos os casos, os anticorpos 
apresentam elevada capacidade e baixa afinidade (2,13). 
No caso descrito, o doente apresentava um mieloma 
múltiplo produtor de IgG Kappa que não tivemos 
oportunidade de caracterizar em termos de capacidade 
e afinidade.

Na investigação do mecanismo subjacente à hipogli-
cemia autoimune, encontramos várias hipóteses.

Estudos com insulina radiomarcada favorecem a hi-
pótese que propõe um mecanismo mediado pela ligação 
e dissociação dos anticorpos sem relação com a glice-
mia. Nesses indivíduos, após uma refeição a concentra-
ção de insulina livre aumenta em resposta à glicemia, 
com ligação a anticorpos de baixa afinidade e elevada 
capacidade (8,14,15). Disso resultam hiperglicemia ini-
cial e secreção adicional de insulina. À medida que a 
glicemia diminui, a secreção de insulina é suprimida e a 
concentração total de insulina diminui. Uma vez que os 
anticorpos anti-insulina têm baixa afinidade, quando a 
insulinemia diminui, são libertados, resultando em con-
centração inapropriadamente elevada de insulina livre 
relativamente à glicemia.

Outras hipóteses propõem ligação cruzada entre 
insulina e complexo receptor – insulina mediada pelo 
anticorpo com prolongamento e potenciação do efeito 
da insulina; ativação direta dos receptores de insulina; 
e estimulação direta da secreção pancreática de insulina 
(8,14,15).

CONClUSÃO

Em conclusão, a hiperinsulinemia endógena é um de-
safio diagnóstico. Na investigação, é fundamental dosar 
especificamente a proinsulina, uma vez que, em casos 
raros, a hipoglicemia pode resultar da produção autô-
noma dessa molécula e consequente falha da supressão 
durante um período de diminuição rápida ou prolonga-
da da glicemia. Da mesma maneira, a hipoglicemia au-

toimune, embora seja uma causa rara, deve ser sempre 
considerada no diagnóstico diferencial dessa síndrome, 
uma vez que o diagnóstico correto pode evitar inter-
venções cirúrgicas desnecessárias.

Declaração: os autores declaram não haver conflitos de interesse 
científico neste estudo.
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Spontaneous remission of 
acromegaly: apoplexy mimicking 
meningitis or meningitis as 
a cause of apoplexy?
Remissão espontânea da acromegalia: meningite simulando 
apoplexia ou meningite como causa da apoplexia?

Rocío Villar-Taibo1, María D. Ballesteros-Pomar1, Alfonso Vidal-Casariego1, 
Rosa M. Álvarez-San Martín1, Georgios Kyriakos1, Isidoro Cano-Rodríguez1

SUMMARy
Pituitary apoplexy is a rare but potentially life-threatening clinical syndrome characterized by isch-
emic infarction or hemorrhage into a pituitary tumor. The diagnosis of pituitary tumor apoplexy is fre-
quently complicated because of the nonspecific nature of its signs and symptoms, which can mimic 
different neurological processes, including meningitis. Several factors have been associated with 
apoplexy, such as dopamine agonists, radiotherapy, or head trauma, but meningitis is a rarely report-
ed cause. We describe the case of a 51-year-old woman with acromegaly due to a pituitary macroad-
enoma. Before surgical treatment, she arrived at Emergency with fever, nausea, vomiting and men-
ingismus. Symptoms and laboratory tests suggested bacterial meningitis, and antibiotic therapy was 
initiated, with quick improvement. A computerized tomography (CT) scan at admission did not reveal 
any change in pituitary adenoma, but a few weeks later, magnetic resonance imaging (MRI) showed 
data of pituitary apoplexy with complete disappearance of the adenoma. Currently, her acromegaly 
is cured, but she developed hypopituitarism and diabetes insipidus following apoplexy. We question 
whether she really experienced meningitis leading to apoplexy or whether apoplexy was misinter-
preted as meningitis. In conclusion, the relationship between meningitis and pituitary apoplexy may 
be bidirectional. Apoplexy can mimic viral or bacterial meningitis, but meningitis might cause apo-
plexy, as well. This fact highlights the importance of differential diagnosis when evaluating patients 
with pituitary adenomas and acute neurological symptoms. Arq Bras Endocrinol Metab. 2014;58(1):76-80

SUMÁRIO
A apoplexia é uma síndrome clínica rara, mas potencialmente fatal, caracterizada por infarto isquê-
mico ou hemorragia em um tumor pituitário. O diagnóstico de apoplexia de tumor pituitário é fre-
quentemente complicado pela natureza inespecífica dos seus sinais e sintomas, que podem simular 
diferentes processos neurológicos, incluindo a meningite. Vários fatores estão associados com a 
apoplexia, como o uso de agonistas dopaminérgicos, radioterapia ou trauma da cabeça, mas a me-
ningite foi raramente relatada. Descrevemos o caso de uma mulher de 51 anos de idade com acro-
megalia por um macroadenoma pituitário. Antes do tratamento cirúrgico, ela foi trazida ao pronto-
-socorro com febre, náusea, vômitos e meningismo. Os sintomas e análises laboratoriais sugeriram 
meningite bacteriana e o tratamento com antibióticos foi iniciado, com melhora rápida dos sintomas. 
Uma tomografia computadorizada (CT) na admissão ao hospital não revelou nenhuma alteração no 
adenoma pituitário, mas algumas semanas depois uma ressonância magnética (MRI) mostrou infor-
mações de apoplexia pituitária, com desaparecimento completo do adenoma. Atualmente, a acro-
megalia está curada, mas ela desenvolveu hipopituitarismo e diabetes insipidus depois da apoplexia. 
Questionamo-nos se a paciente realmente apresentou meningite que levou à apoplexia ou se a apo-
plexia foi mal interpretada como sendo meningite. A relação entre a meningite e a apoplexia pode 
ser bidirecional. A apoplexia pode simular a meningite viral ou bacteriana, mas a meningite também 
pode causar apoplexia. Esse fato enfatiza a importância do diagnóstico diferencial ao se avaliar pa-
cientes com adenomas pituitários e sintomas neurológicos. Arq Bras Endocrinol Metab. 2014;58(1):76-80
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Spontaneous remission of acromegaly

INTRODUCTION

P ituitary apoplexy is a syndrome characterized by 
ischemic infarction or hemorrhage into a pituitary 

tumor. It was first described by Bailey in 1898 (1), 
and it is an infrequent complication of these tumors. 
Although pituitary adenomas comprise approximately 
10% of intracranial tumors, the incidence of apoplexy 
among them is low, ranging from 2% to 7% when 
clinical signs and surgical or histopathological evidence 
are considered (2).

The prevalence of apoplexy is similar among different 
subtypes of pituitary tumors, with a small increase 
in non-functioning adenomas and prolactinomas, 
especially in the fifth decade of life. This could be 
explained by the coincidence of the peak prevalence of 
pituitary apoplexy and non-functioning adenomas (3). 

Several predisposing factors have been linked to 
apoplexy. Dopamine agonists, radiotherapy, recent 
surgery, trauma, or pituitary function tests are the most 
commonly described ones (2).

The diagnosis of this entity is often challenging. The 
typical presentation consists of sudden headache, visual 
disturbances, or a decrease in the level of consciousness, 
but pituitary apoplexy may resemble other intracranial 
pathological entities, such as meningitis, or it may even 
be clinically silent, being diagnosed only in MRI scans.

There have been several reports describing cases of 
hormonal remission of a functioning pituitary adenomas 
following apoplexy. However, spontaneous disappearance 
of the tumor has rarely been reported (4,5).

We present a case of a patient with acromegaly who 
developed pituitary apoplexy after bacterial meningitis 
and who experienced a complete disappearance of the 
adenoma and remission of acromegaly.

CASE REpORT

A 51-year-old woman was referred to the 
Endocrinology Department after her rheumatologist 
noticed classic signs and symptoms of acromegaly. 
During the preceding months, the patient presented 
enlarged hands, increase in shoe size (4 sizes in two 
years), and craniofacial changes, such as nasal bone 
hypertrophy, macroglossia, and tooth separation. She 
also complained of arthralgia, weakness, carpal tunnel 
syndrome, frequent headaches, and amenorrhea. 

Laboratory tests were performed with the following 
results: insulin-like growth factor I (IGF-1) 544 ng/

Ml (reference range: 60 to 200 ng/mL); growth 
hormone (GH) 27.5 ng/mL (reference range: 0 to 10 
ng/mL) with inadequate suppression to 19.9 ng/mL 
after a 75-g oral glucose tolerance test. Prolactin was 
also slightly elevated: 89 ng/mL (reference range: 3 to 
25 ng/mL). Magnetic resonance imaging scan (MRI) 
confirmed the presence of a pituitary macroadenoma 
sized 1.6 x 1.8 cm with right cavernous sinus invasion, 
but without optic chiasm compression (Figure 1). 

After a complete evaluation, the patient was sent 
to the Neurosurgery Department to schedule surgical 
therapy for the macroadenoma. A few days before 
surgery, she arrived at the Emergency Department 
with a severe headache, phonophobia, photophobia, 
nausea, and vomiting. On examination, nuchal 

figure 1. Pituitary MRI showing macroadenoma at diagnosis (arrows): (A) 
Coronal view of T1 weighted images. (B) Sagital view of T1 weighted 
images.

A

B
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rigidity and meningeal signs (Kernig and Brudzinski 
signs) were evidenced. Her temperature was 38ºC. 
A computerized tomography (CT) scan of her head 
showed no changes in the pituitary adenoma. An 
analysis of the cerebrospinal fluid (CSF) was consistent 
with bacterial meningitis (glucose level: 51 mg/dL, 
protein concentration: 113 mg/dL, and white blood 
cell count: 2,408 leucocytes/mm3, 98% neutrophils), 
although the CSF culture was sterile in the end. 

Empiric antibiotic therapy with ceftriaxone 
and ampicillin was initiated with good response. 
Immediate clinical improvement was observed, and 
the headache, fever, and meningismus disappeared in a 
few days. After two weeks, the CSF was clear, with 10 
leucocytes/mm3, 63 mg/dL of proteins, and 47 mg/
dL of glucose. Serum investigations revealed secondary 
hypothyroidism with thyroid stimulating hormone 
(TSH) 0.602 µU/mL (reference range: 0.2 to 4.5 
µU/mL) and free T4 0.592 ng/100 (reference range: 
0.9 to 1.7 ng/100), and the patient was discharged on 
levothyroxine therapy (50 µg daily). 

Due to the meningitis, neurosurgery was postponed 
until the patient completely recovered. A new pituitary 
MRI was performed 6 weeks after hospitalization, 
revealing hypersignal on T2-weighted sequences, 
suggesting chronic hemorrhage, and hypointense areas 
of necrosis on the left part of the sella turcica. No 
normal pituitary tissue was identified (Figure 2).

A diagnosis of pituitary apoplexy secondary to 
meningitis was suspected, and hormonal studies were 
repeated, confirming remission of the acromegaly, 
decreased pituitary function, as well as diabetes insipidus 
(IGF-1 72.5 ng/mL, GH 0.6 ng/mL, TSH 0.036 
µU/mL, free T4 1 ng/100, adrenocorticotrophic 
hormone (ACTH) < 10 pg/mL (reference range: 2 
to 50 pg/mL), basal cortisol 2.3 µg/100 (reference 
range: 5 to 25 µg/100), follicle-stimulating hormone 
(FSH) 3.89 mU/mL (reference range: 20 to 100 
mU/mL), luteinizing hormone (LH) 1.15 mU/mL 
(reference range: > 20 mU/mL, estradiol < 20 pg/mL 
(reference range: 0 to 30 pg/ml) and prolactin 3.66 
ng/mL (reference range: 3 to 25 ng/mL). She was put 
on hormonal replacement therapy with hydrocortisone 
(15 mg daily) and desmopressin (120 µg daily). The 
dose of levothyroxine was maintained, but sex hormone 
substitution was not considered due to her age. 

At present, she remains asymptomatic, with marked 
improvement in the signs and symptoms of her previous 
acromegaly, including hand and foot size reduction, 

absence of headaches, and amelioration of facial 
changes. Ophthalmological study results are normal. 
Hypopituitarism and diabetes insipidus still persist, but 
are well controlled with replacement therapy. 

DISCUSSION

The atypical case we presented portrays spontaneous 
disappearance of GH-secreting macroadenoma. 
Despite an initial diagnosis of meningitis, we question 
whether our patient really experienced meningitis 
leading to apoplexy, or if apoplexy was misinterpreted 
as meningitis.

To our knowledge, meningitis as a cause of 
apoplexy is rare. We only found one report in the 
literature describing remission of acromegaly following 
meningitis, but without complete disappearance of the 
tumor mass (6). Conversely, misdiagnose of pituitary 
apoplexy as viral or even bacterial meningitis has been 
published in several case reports (7-15). Pituitary 
apoplexy can produce chemical meningitis due to the 
release of debris through an aperture in the diaphragma 
sella into the CSF. The patient may develop fever, 
nuchal rigidity, and photophobia, simulating viral 
or, less frequently, bacterial meningitis. Minimal 
response to antimicrobial therapy should make us to 
reconsider meningitis, and think about the possibility 
of a pituitary apoplexy. The prompt recognition of 
apoplexy will enable the immediate initiation of steroid 

figure 2. Pituitary MRI after meningitis (Coronal view of T2-weighted 
images) showing disappearance of macroadenoma (arrow).
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and fluid therapy, or decompression surgery, if needed. 
Immediate neurosurgical intervention is not mandatory 
in all patients, and the decision must be individualized. 
Several reports showed that conservative management 
can lead to a complete recovery of apoplexy in some 
cases (16).

In our case, both hypotheses, apoplexy mimicking 
bacterial meningitis or apoplexy caused by meningitis, 
could be possible. We cannot totally exclude any of them 
because the patient evolution presented controversial 
data.

On the one hand, clinical response to antibiotics 
would support the hypothesis of true meningitis. 
Thus, clinical recovery was evident on the first days of 
antibiotic treatment. Fever, nausea, and meningismus 
ceased after two days, and no corticoid treatment was 
needed. Initial CSF was compatible with bacterial 
meningitis, but CSF is rarely helpful in differentiating 
between diagnoses of apoplexy and meningitis. 

On the other hand, the sudden onset of symptoms, 
especially headache, and the absence of microorganisms 
in the CSF culture may be more suggestive of apoplexy. 
However, it is well known that around 22% of bacterial 
meningitis cases are culture-negative, especially those 
associated with listeriosis (17). Thus, a sterile CSF 
would not rule out a bacterial meningitis diagnosis.

Differential diagnosis between pituitary apoplexy 
and other neurological conditions, like meningitis, 
requires a CT scan or a MRI, with the MRI being 
superior to CT for the diagnosis of pituitary apoplexy 
(sensitivity of 91% versus 28%, respectively) (18). 
Some studies reported a 21% to 46% detection rate of 
apoplexy on CT scans, compared to 88% to 100% using 
MRIs (19,20). MRI has greater sensitivity and tissue 
definition, with better detection of hemorrhage, edema 
of the pituitary gland, and necrosis. It is important 
to recognize apoplexy on CT scans, if hemorrhage 
or necrosis are apparent, as CT scans are usually the 
first neurological imaging performed in emergency 
departments. But, considering its low sensitivity, we 
should not reject the possibility of a pituitary tumor 
apoplexy if clinical assessment indicates this diagnosis. 

Upon hospitalization, the CT scan of our patient 
did not reveal any change in the size or density of the 
adenoma. But a few weeks after the occurrence of 
meningitis, an MRI showed areas of hemorrhage and 
necrosis, suggesting apoplexy, with no evidence of 
macroadenoma or normal gland tissue. 

The underlying mechanism behind the disappearance 
of a pituitary adenoma following apoplexy is poorly 
understood. When tumor size increases, compressing 
or outgrowing the nutrient vessels from hypophyseal 
arteries, the result may be ischemic necrosis, 
hemorrhage, and tumor apoplexy. It has been suggested 
that ischemic necrosis may be liquefied and absorbed, 
ultimately resulting in spontaneous resolution of 
adenoma (4). 

Meningitis is not usually cited as inciting apoplectic 
episodes, but vasculopathy is a recognized complication 
of acute meningitis (21). It remains unclear whether 
vasculitis due to the inflammatory infiltration of small 
vessels could be a mechanism of apoplexy in meningitis. 

Finally, it is important to note that apoplexy prog-
noses have improved in the last decades. The majority 
of published series reports 60% of asymptomatic pa-
tients and 19% of patients with minor disabilities (22). 
More than half of all patients require hormone replace-
ment following an episode of pituitary tumor apoplexy; 
therefore, endocrine monitoring is essential. Diabetes 
insipidus is uncommon (present in 2% to 3% of cases), 
perhaps due to different types of vascularization in the 
pituitary gland and the hypothalamus (2). Even though 
an MRI may indicate apparent complete disappearance 
of the adenoma, it is not likely that all the tumor cells 
have been fully destroyed, and there may be a risk of 
recurrence. If this is the case, these patients require ca-
reful follow-up (4).

In conclusion, the relationship between meningitis 
and pituitary apoplexy may be bidirectional. Apoplexy 
can mimic viral or bacterial meningitis but meningitis 
might cause apoplexy, as well. This fact highlights the 
importance of differential diagnosis when evaluating 
patients with pituitary adenomas and acute neurological 
symptoms.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ponto de vista
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O grupo de Peter Arner (1), do conceituado Instituto Karolinska em Stockholm, 
Suécia, foi o primeiro a descrever um fenômeno denominado “resistência à li-

pólise”. Essa resistência se caracteriza pela marcante diminuição da eficácia das cateco-
laminas em estimular a lipólise em adipócitos de pacientes com síndrome metabólica. 

A “resistência à lipólise” ocorre em consequência da menor capacidade de ativação 
da lipase sensível por hormônios (LHS) via AMPc, assim como pela combinação de 
múltiplos defeitos em vias adrenérgicas da mobilização dos lipídios, como a redução 
da expressão de receptores β-adrenérgicos. Tais dados foram confirmados e apro-
fundados em outras importantes publicações, nas quais também foi descrita menor 
expressão de lipases (2-4). Além disso, esses estudos estabeleceram correlações en-
tre sensibilidade à insulina sistêmica e o número de receptores β2-adrenérgicos, bem 
como entre taxas máximas de lipólise e tolerância à glicose, demonstrando que quão 
menor a capacidade em realizar lipólise maior é o quadro de resistência à insulina e 
intolerância à glicose (1).

Assim sendo, é razoável a hipótese de que, na síndrome metabólica, a dificulda-
de de mobilizar lipídios em adipócitos poderia, então, contribuir para o aumento da 
massa adiposa, agravando o quadro de obesidade e, consequentemente, reduzindo a 
sensibilidade à insulina.

Entretanto, em trabalho recente (5) no qual participam Peter Arner e Dominique 
Langin, do Instituto de Doenças Metabólicas e Cardiovasculares da Universidade de 
Toulouse, França, o conhecimento da participação dos mecanismos de regulação da 
lipólise na obesidade e síndrome metabólica adquiriu uma nova temática.

Segundo os autores, sabe-se que, em excesso, os ácidos graxos podem induzir re-
sistência à ação da insulina. Neste estudo, a observação clínica da variação natural da 
lipólise (isto é, da lipólise não estimulada) em células de gordura de humanos revelou 
que a elevada taxa de lipólise basal está associada com baixa sensibilidade à insulina. 
Demonstrou-se, ainda, que a menor ação da enzima LHS, seja por modificações ge-
néticas ou por inibição farmacológica, resulta em melhora da sensibilidade à insulina 
em ratos. Uma série de estudos em camundongos e em células de gordura humana 
demonstrou que, ao atenuar a capacidade lipolítica, a síntese de novos ácidos graxos a 
partir da glicose era ativada. Essa via metabólica foi recentemente proposta (6) como 
um dos principais determinantes da sensibilidade sistêmica à insulina. 

Tais dados levaram a crer que a inibição parcial da lipólise é uma estratégia plausível 
no tratamento da resistência à insulina associada à síndrome metabólica, o que parece 
paradoxal quando comparado aos trabalhos prévios do mesmo grupo. Nossa experiên-
cia em metabolismo de adipócitos nos permite explicar esse aparente paradoxo.
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Lipólise e resistência à insulina

Durante a síndrome metabólica, atividade lipolíti-
ca basal de adipócitos geralmente está aumentada (7). 
Ainda, como já bem descrito, o tecido adiposo visceral, 
presente em quantidade abundante na síndrome me-
tabólica, possui uma atividade metabólica mais intensa 
que outros coxins. Assim, a maior atividade lipolítica 
desse coxim contribui com importante aumento de áci-
dos graxos livres na circulação. De tal modo, uma redu-
ção da atividade lipolítica reduziria o aporte de ácidos 
graxos livres à circulação, o que corrobora o benefício 
metabólico encontrado nos resultados do estudo su-
pracitados (5). Portanto, em quadros de adiposidade 
visceral, o bloqueio parcial da lipólise parece ser uma 
alternativa benéfica.

Por outro lado, trabalhos prévios do grupo (3) iden-
tificaram em obesos (IMC 37 ± 5 kg/m2, grupo classi-
camente intolerante à glicose) defeitos na lipólise esti-
mulada e expressão de lipases de células provenientes do 
tecido adiposo subcutâneo, o maior depósito corporal 
de gordura. Dessa forma, nesse quadro de resistência 
à insulina associado à obesidade, a inibição parcial da 
lipólise pode ser uma alternativa discutível, uma vez que 
a perda de peso desejável poderia ser prejudicada.

Em outra publicação (8), Langin discorre sobre 
propostas de abordagens farmacológicas para a regula-
ção da lipólise no tratamento da síndrome metabólica. 
Em uma das propostas, a abordagem farmacológica era 
a inibição parcial da lipólise e a melhora da sensibilidade 
à insulina em modelos experimentais. 

A outra proposta consiste em estimular a lipólise e 
oxidação dos ácidos graxos, o que permitiria uma abor-
dagem completa do quadro de adiposidade e resistên-
cia à insulina. Dentro dessa perspectiva, vem ganhando 
destaque o emprego de peptídeos atriais natriuréticos 
que, além de estimular lipólise (9), estão associados à 
programação termogênica em adipócitos brancos e 
marrons, por intenso estímulo da biogênese mitocon-
drial, estimulando, assim, a oxidação de gordura e dimi-
nuição do peso corporal de animais (10).

Por fim, o controle fino da atividade lipolítica nos 
diferentes coxins adiposos destaca-se como uma im-
portante ferramenta para o controle da sensibilidade 

à insulina em morbidades como obesidade e síndrome 
metabólica, consolidando, mais uma vez, a hipótese de 
que o controle da atividade metabólica de adipócitos 
constitui-se em um importante objeto de intervenção 
terapêutica no tratamento de doenças metabólicas.
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Preproghrelin polymorphism Q90L 
(rs4684677) in gestational diabetes
Polimorfismo Q90L (rs4684677) da preprogrelina 
no diabetes gestacional

Rafaela Andrade Rocha1, Henrique Ravanhol Frigeri1, Izabella Castilhos 
Ribeiro dos Santos-Weiss1, Rosângela Roginski Réa1, Emanuel Maltempi 
de Souza1, Fabiane Gomes de Moraes Rego1, Geraldo Picheth1

T he preproghrelin gene (chromosome 3p26-p25) encodes two active peptides, 
ghrelin and obestatin. Both peptides are involved in the body energy homeostasis. 

Obestatin, a 23-amino-acid polypeptide, has the opposite effect to ghrelin, promoting 
reduced food intake and decreasing body weight (1). Low obestatin levels potentiate the 
insulin response to glucose, while high obestatin concentration inhibits insulin release 
(2). Several reports showed the association of single nucleotide polymorphisms (SNPs) 
of the preproghrelin gene with type 2 diabetes, obesity, insulin resistance, metabolic 
syndrome, anorexia nervosa, among other disorders (3). The association between the 
obesity pandemics and the increase in the occurrence of gestational diabetes suggested 
that variations in the preproghrelin gene could be good targets of a genetic marker 
for this disease. We investigated exon 3 of the preproghrelin gene, which encodes 
obestatin, for polymorphisms in gestational diabetes (GDM) in a case-controlled study. 
Healthy Euro-Brazilian pregnant women (control, n = 165) and gestational diabetic 
patients (GDM, n = 136) were classified according to American Diabetes Association 
criteria (4). Patients with overt diabetes were excluded. The Ethics Committee on 
Human Research of our institution approved this study. The obestatin encoding 
region was amplified by PCR (primers: F 5’-GGGCATGACCTCTGACATCT-3’ 
and R 5’-GAAACCGAGCAAACCCAGT-3’; amplicon 191bp) and polymorphisms 
were screened by PCR-SSCP. All different electrophoretic patterns and 15% of other 
samples had their amplicons sequenced (BigDye, 3500 XL, Applied Biosystems). 
The SNP was identified and aligned using CodonCode Alligner v.4.1.1 (CodonCode 
Corporation) and the web sites BlastSNP and Reference SNP. The only polymorphism 
(SNP) identified was Q90L (rs4684677), a missense one (glutamine to leucine). We 
found no differences regarding genotype or allele frequencies for the SNP Q90L in 
the studied population. Also, the SNP was not associated with body mass index or 
fasting glucose levels (regression analysis, data not shown) in either group (Table 1). 
The rare allele (T) frequency (11-12%) observed was similar in Caucasians (10.8%), 
and higher than in Asians (~1%) according to the HapMap (http://www.hapmap.
org/). To our knowledge, this is the first report on this polymorphism in gestational 
diabetes patients. In conclusion, the SNP Q90L of the preproghrelin gene was not 
associated with gestational diabetes in the studied population.
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Table 1. Anthropometric parameters, clinical characteristics, genotype, and allele frequencies of Q90L polymorphism of preproghrelin gene in the 
absence (Control) or presence of gestational diabetes mellitus (GDM)

parameters Control n = 165 GDM n = 136 p

Age, years 24 (20-29) 33 (29-39) < 0.001

BMI, kg/m2 23.8 (21.7-26.5) 33.7 (28.5-38.1) < 0.001

FPG, mmol/L 4.6 (4.3.0-4.8) 5.5 (5.1-6.7) < 0.001

HbA1C, % – 6.0 (5.0-6.1) -

Genotyping (Q90l) 0.763*

A/A (QQ) 128 (77.6%) 102 (75.0%)

A/T (QL) 35 (21.2%) 33 (24.3%)

T/T (LL) 2 (1.2%) 1 (0.7%)

T-allele [95%CI] 11.8% [8-15%] 12.9% [9-17%] 0.696*

Values are medians (Interquartile Range) of non-normal distribution data, or n (%).
95%CI, 95% confidence interval. 
BMI: body mass index; FPG: fasting plasma glucose. 
SNP Q90L; (Gln90Leu, rs4684677) are in Hardy-Weinberg equilibrium (P > 0.05).
P value; Mann-Whitney U test or * Chi-square test.
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Thyroid function and autoimmunity 
in HIV-infected women
Função tireoidiana e autoimunidade em mulheres infectadas pelo HIV

Viroj Wiwanitkit1

T he recent report on thyroid function and autoimmunity in HIV-infected is very 
interesting (1). Carvalho and cols. noted “an association between HAART 

and the development of AITD (1)”. In fact, effect of HAART on thyroid function 
has been proposed for many years. Madeddu and cols. noted “high prevalence of 
subclinical hypothyroidism” in the patients receiving HAART (2). In relation to 
autoimmunity, there are many autoantibodies that may be seen in HIV-infected 
patients including “anti-cardiolipin, anti-beta2 GPI, anti-DNA, anti-small nuclear 
ribonucleoproteins (snRNP), anti-thyroglobulin, anti-thyroid peroxidase, anti-
myosin, and anti-erythropoietin antibodies (3)”. However, the role of autoantibodies 
in the development of hypothyroidism in patients receiving antiretroviral drugs has 
not been assessed (4). The finding of autoantibodies and use of HARRT might be 
only an accidental concomitant occurrence. In fact, it is proven that Graves’ disease, 
which is a well-known AITD, has an interrelationship with HIV infection in naïve 
cases (5). 

Disclosure: no potential conflict of interest relevant to this article was reported. 
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Evaluation of thyroid function and 
autoimmunity in HIV-infected women  
Avaliação da função tireoidiana e autoimunidade 
em mulheres infectadas pelo HIV

Leiliane Gonçalves de Carvalho1, Patrícia de Fátima dos Santos Teixeira1,2,  
Ana Luiza Brandão Galotti Panico1, Marcela Vaisberg Cohen1, Maria Fernanda 
Miguens Castelar Pinheiro3, Paulo Feijó Barroso1,4, Mário Vaisman1,2

A lthough we appreciated your comments, we really did not find a statistically sig-
nificant relationship between the presence of autoantibodies (autoimmune dise-

ase) in patients infected by HIV in use of HAART (1).
It is worthwhile remembering that there are many autoantibodies (“anti-cardio-

lipin, anti-beta2 GPI, anti-DNA, anti-small nuclear ribonucleoproteins (snRNP), 
anti-thyroglobulin, anti-thyroid peroxidase, anti-myosin, and anti-erythropoietin 
antibodies”) that may be seen in patients with HIV infection, and there are some 
mechanisms to explain that, but the relation with the use of HAART has not been 
demonstrated (2-4). 

There are some cases reported of Graves’ disease in patients with HIV infection, 
but the relationship with the use of HAART was not demonstrated (3,5).

We are thankful for your observations, though, as it is very important to have opi-
nions about the same subject.

Disclosure: no potential conflict of interest relevant to this article was reported. 
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errata

The unusual association of Graves’ disease, chronic spontaneous urticaria, and 
premature ovarian failure: report of a case and HLA haplotype characterization
Rosaria Maddalena Ruggeri, Giuseppe Vita, Anna Grazia D’Angelo, Paolina Quattrocchi, 
Rosaria Certo, Salvatore Benvenga, Salvatore Cannavò, Sebastiano Gangemi

Arq Bras Endocrinol Metab. 2013;57(9):748-52
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Instruções para autores
Informações Gerais 
Ressaltamos a importância de seguir estas instruções com atenção. O não res-
peito às normas acarretará atrasos ao processo de revisão do  manuscrito (MS). 
O MS deve ser apresentado exclusivamente para os ABE&M, nunca ter sido 
publicado ou estar sob consideração para publicação, em forma substancial, 
em outro periódico, profissional ou leigo. O MS deve ser redigido em Inglês 
ou Português, em conformidade com as especificações descritas abaixo. Aos 
autores que não são fluentes na forma escrita do idioma inglês, recomenda-
-se que seu MS seja revisado   e editado por um expert nesse sentido antes da 
apresentação. Essa iniciativa deve facilitar e acelerar todo o processo de revi-
são e potencial publicação do seu MS. 

Trabalhos que não cumpram esses requisitos serão devolvidos ao 
autor para adequação necessária antes da revisão pelo corpo edito-
rial.  
Todas as submissões são a princípio cuidadosamente avaliadas pelos edito-
res científicos. Os MS que não estejam em conformidade com os critérios 
gerais para publicação serão devolvidos aos autores no período de três a 
cinco dias. Os MS em conformidade são enviados habitualmente para dois 
revisores.  

Categorias de Manuscritos 
Contribuições originais de pesquisa podem ser submetidas aos ABE&M 
como artigo original ou comunicação resumida. Outras categorias especiais 
de MS são descritas abaixo. Todos os MS devem seguir as limitações de nú-
mero de palavras para o texto principal, conforme especificado a seguir. O 
número total  de palavras não inclui o resumo, as referências ou legendas de 
tabelas e figuras. O número de palavras deve ser anotado na página de rosto, 
juntamente com o número de figuras e tabelas. O formato é semelhante para 
todas as categorias de MS e é descrito em detalhes na seção “Preparação do 
Manuscrito”. 

Artigos Originais 
O artigo original é um relatório científico dos resultados de pesquisa original,  
clínica ou laboratorial, que não tenha sido publicado, ou submetido para pu-
blicação, em outro periódico, seja em papel ou eletronicamente. O artigo  
original não deve exceder 3.600 palavras no texto principal, incluir mais de 
seis figuras e tabelas, e deve possuir até 35 referências. 

Comunicação Resumida
A comunicação resumida consiste de dados originais de importância sufi-
ciente para justificar a publicação imediata. É uma descrição sucinta dos re-
sultados confirmatórios ou negativos de um estudo focado, simples e 
objetivo.  Objetividade e clareza aumentam a possibilidade de um manuscri-
to ser aceito para publicação como comunicação rápida. O texto principal 
deve ter no máximo 1.500 palavras, até 20 referências e não mais que duas 
ilustrações (tabelas ou figuras ou uma de cada). 

Artigos  de  Revisão 
Os ABE&M publicam artigos de revisão que apresentam uma avaliação crítica 
e  abrangente da literatura sobre questões atuais no campo da endocrinolo-
gia e da metabologia nas áreas clínica ou básica. Todos os artigos de revisão 
são submetidos preferencialmente após convite dos ABE&M e estão sujeitos 
à revisão pelos pares. Artigos nesta categoria são encomendados pelos edi-
tores a autores com experiência comprovada na área de conhecimento, ou 
quando a proposta direcionada pelos autores em contato prévio receber a 
aprovação do conselho editorial. Esses MS não devem ter mais de 4.000 pa-
lavras no texto principal, não podem incluir mais de quatro figuras ou tabelas 
e devem conter até 60 referências. Os autores devem mencionar a fonte e/ou 
solicitar autorização para o uso de figuras ou tabelas publicadas previamente. 

Diretrizes ou Consensos 
Consensos ou diretrizes propostos por sociedades de profissionais, forças-
-tarefa e outras associações relacionadas com a Endocrinologia e Metabolo-
gia podem ser publicadas pelos ABE&M. Todos os MS serão submetidos à 
revisão por pares, devem ser modificáveis em resposta às críticas e serão 
publicados apenas se cumprirem as normas editoriais da revista. Esses MS 
habitualmente não devem ultrapassar 3.600 palavras no texto principal, não 
devem incluir mais de seis figuras e tabelas e devem conter até 60 referências. 

Relato de Caso 
Comunicação breve utilizada para apresentar relatos de casos, ou de caso 
isolado, de importância clínica ou científica. Estes relatórios devem ser con-
cisos e objetivos. Devem conter dados de pacientes isolados ou de famílias 
que adicionem substancialmente conhecimento a etiologia, patogênese e 
história natural da condição descrita. O relato de caso deve conter até  2.000 
palavras, não incluir mais de quatro figuras e tabelas, e deve conter até 30 
referências. 

Carta ao Editor 
Cartas ao Editor podem ser apresentadas em resposta a artigos publicados 
nos ABE&M nas últimas três edições. As cartas devem ser breves comentá-
rios relacionados a pontos específicos, de acordo ou desacordo, com o traba-
lho publicado. Dados originais publicados relacionados ao artigo publicado 
são estimulados. As cartas podem ter no máximo 500 palavras e cinco refe-
rências completas. Figuras e tabelas não podem ser incluídas. 

Preparação do Manuscrito 

Formato Geral 
Os  ABE&M  exigem que todos os MS sejam apresentados em formato de 
coluna única, seguindo as seguintes orientações: 
•	 O	manuscrito	deve	ser	apresentado	em	formato	Word.	
•		 Todo	o	texto	deve	ser	em	espaço	duplo,	com	margens	de	2	cm	de	ambos	

os lados, usando fonte Times New Roman ou Arial, tamanho 11. 
•		 Todas	 as	 linhas	 devem	 ser	 numeradas,	 no	manuscrito	 inteiro,	 e	 todo	o	

documento deve ser paginado. 
•		 Todas	as	tabelas	e	figuras	devem	ser	colocadas	após	o	texto	e	devem	ser	

legendadas. Os MS submetidos devem ser completos, incluindo a página 
de título, resumo, figuras e tabelas. Documentos apresentados sem todos 
esses componentes serão colocados em espera até que o manuscrito este-
ja completo. 

Todas as submissões devem incluir: 
•		 Uma	carta	informando	a	importância	e	relevância	do	artigo	e	solicitando	

que este seja para publicação nos ABE&M. No formulário de inscrição, os 
autores podem sugerir até três revisores específicos e/ou solicitar a exclu-
são de até outros três. 

O manuscrito deve ser apresentado na seguinte ordem: 
1.  Página de título. 
2.  Resumo (ou Sumário para os casos clínicos). 
3.  Texto principal. 
4.  Tabelas e figuras. Devem ser citadas no texto principal em ordem numérica. 
5.  Agradecimentos. 
6.  Declaração de financiamento, conflitos de interesse e quaisquer subsídios 

ou bolsas de apoio recebidos para a realização do trabalho. 
7.  Referências. 

Página de Título 
A página de rosto deve conter as seguintes informações: 
1.  Título do artigo. 
2.  Nomes completos dos autores e coautores, departamentos, instituições, 

cidade e país. 
3.  Nome completo, endereço postal, e-mail, telefone e fax do autor para cor-

respondência. 
4.  Título abreviado de, no máximo, 40 caracteres para títulos de página. 
5.  Palavras-chave (recomenda-se usar MeSH terms e até 5). 
6.  Número de palavras – excluindo a página de rosto, resumo, referências, 

figuras e tabelas. 
7.  Tipo do manuscrito. 

Resumos 
Todos os artigos originais, comunicados rápidos e relatos de casos deverão 
ser apresentados com resumos de, no máximo, 250 palavras. O resumo deve 
conter informações claras e objetivas sobre o estudo de modo que possa ser 
compreendido, sem consulta ao texto. O resumo deve incluir quatro seções 
que refletem os títulos das seções do texto principal. Todas as informações 
relatadas no resumo devem possuir origem no MS. Recomenda-se o uso de 
frases completas para todas as seções do resumo. 

Introdução 
O propósito da introdução é estimular o interesse do leitor para o trabalho 
em questão com uma perspectiva histórica  e justificando seus objetivos. 

Materiais e Métodos 
Deve ser descrito em detalhe como o estudo foi conduzido de forma que 
outros investigadores possam avaliar e reproduzir o trabalho. A origem dos 
hormônios, produtos químicos incomuns, reagentes e aparelhos deve ser 
indicada. Para os métodos modificados, apenas as novas modificações de-
vem ser descritas. 

Resultados e Discussão 
A seção Resultados deve apresentar brevemente os dados experimentais 
tanto no texto quanto por tabelas e/ou figuras. Deve-se evitar a repetição no 
texto dos resultados apresentados nas tabelas. Para mais detalhes sobre a 
preparação de tabelas e figuras, veja a seguir. A Discussão deve focar na in-
terpretação e no significado dos resultados, com comentários objetivos, con-
cisos, que descrevam sua relação com outras pesquisas nessa área.  
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Na Discussão, deve-se evitar a repetição dos dados apresentados em Resul-
tados, pode-se conter sugestões para explicá-los e deve-se terminar com as 
conclusões.   

Autoria 
Os ABE&M adotam as diretrizes de autoria e de contribuição definidas pelo 
Comitê Internacional de Editores de Periódicos Médicos (www.ICMJE.org). 
A coautoria irrestrita é permitida. O crédito de autoria deve ser baseado ape-
nas em contribuições substanciais para: 
1. concepção e desenho, análise ou interpretação de dados; 
2. redação do artigo ou revisão crítica do conteúdo intelectual; 
3. aprovação final da versão a ser publicada. 
Todas essas condições devem ser respeitadas. O primeiro autor é responsá-
vel por garantir que todos os autores contribuíram para a realização do MS e 
concordaram com seu conteúdo e sua submissão aos ABE&M. 

Conflito de Interesses 
Uma	 declaração	 de	 conflito	 de	 interesse	 para	 todos	 os	 autores	 deve	 ser	
incluí da no documento principal, seguindo o texto, na seção Agradecimen-
tos. Mesmo que os autores não tenham conflito de interesse relevante a di-
vulgar, devem relatar na seção Agradecimentos. 

Agradecimentos 
A seção Agradecimentos deve incluir os nomes das pessoas que contribuí-
ram para o estudo, mas não atendem aos requisitos de autoria. Os autores 
são responsáveis por informar, a cada pessoa listada na seção de agradeci-
mentos, sua inclusão e qual sua contribuição. Cada pessoa listada nos agra-
decimentos deve dar permissão – por escrito, se possível – para o uso de seu 
nome. É da responsabilidade dos autores coletar essas informações. 

Referências 
As referências da literatura devem estar em ordem numérica (entre parênte-
ses), de acordo com a citação no texto, e listadas na mesma ordem numérica 
no final do manuscrito, em uma página separada. Os autores são responsá-
veis pela exatidão das referências. O número de referências citadas deve ser 
limitado, como indicado anteriormente, para cada categoria de apresentação. 

Tabelas 
As	tabelas	devem	ser	apresentadas	no	mesmo	formato	que	o	artigo	(Word).		
Atenção: não serão aceitas tabelas com arquivos em Excel. As tabelas devem 
ser autoexplicativas e os dados não devem ser repetidos no texto ou em figu-
ras e conter as análises estatísticas. As tabelas devem ser construídas de 
forma simples e serem compreensíveis sem necessidade de referência ao 
texto.	Cada	tabela	deve	ter	um	título	conciso.	Uma	descrição	das	condições	
experimentais pode aparecer em conjunto como nota de rodapé. 

Gráficos e Figuras 
Todos os gráficos ou figuras devem ser numerados. Os autores são respon-
sáveis pela formatação digital, fornecendo material adequadamente dimen-
sionado. Todas as figuras coloridas serão reproduzidas igualmente em cores 
na edição online da revista, sem nenhum custo para os autores. Os autores 
serão convidados a pagar o custo da reprodução de figuras em cores na re-
vista impressa. Após a aceitação do manuscrito, a editora fornecerá o valor 
dos custos de impressão. 

Fotografias 
Os ABE&M preferem publicar fotos de pacientes sem máscara. Encorajamos 
os autores a obter com os pacientes ou seus familiares, antes da submissão 
do MS, permissão para eventual publicação de imagens. Se o MS contiver 
imagens identificáveis   do paciente ou informações de saúde protegidas, os 
autores devem enviar autorização documentada do próprio paciente, ou pais,  
tutor ou representante legal, antes de o material ser distribuído entre os edi-
tores, revisores e outros funcionários dos ABE&M. Para identificar indiví-
duos, utilizar uma designação numérica (por exemplo, Paciente 1); não 
utilizar as iniciais do nome.  

Unidades de Medida 
Os resultados devem ser expressos utilizando o Sistema Métrico. A tempera-
tura deve ser expressa em graus Celsius e tempo do dia, usando o relógio de 
24 horas (por exemplo, 0800 h, 1500 h). 

Abreviaturas Padrão 
Todas as abreviaturas no texto devem ser definidas imediatamente após a 
primeira utilização da abreviatura. 

Pacientes
Para que o MS seja aceito para submissão, todos os procedimentos descritos 
no estudo devem ter sido realizados em conformidade com as diretrizes da 
Declaração de Helsinque e devem ter sido formalmente aprovados pelos co-
mitês de revisão institucionais apropriados, ou seu equivalente. 

As características das populações envolvidas no estudo devem ser detalha-
damente descritas. Os indivíduos participantes devem ser identificados ape-
nas por números ou letras, nunca por iniciais ou nomes. Fotografias de 
rostos de pacientes só devem ser incluídas se forem cientificamente relevan-
tes. Os autores devem obter o termo de consentimento por escrito do pacien-
te para o uso de tais fotografias. Para mais detalhes, consulte as Diretrizes 
Éticas. 

Os pesquisadores devem divulgar aos participantes do estudo potenciais 
conflitos de interesse e devem indicar que houve essa comunicação no MS. 

Animais de Experimentação 
Deve ser incluída uma declaração confirmando que toda a experimentação  
descrita no MS foi realizada de acordo com padrões aceitos de cuidado ani-
mal, como descrito nas Diretrizes Éticas. 

Descrição Genética Molecular 
Usar	terminologia	padrão	para	as	variantes	polimórficas,	fornecendo	os	nú-
meros de rs para todas as variantes relatadas. Detalhes do ensaio, como, por 
exemplo, as sequências de iniciadores de PCR, devem ser descritos resumi-
damente com os números rs. Os heredogramas devem ser elaborados de 
acordo com as normas publicadas em Bennett et al. J Genet Counsel. 
2008.17:424-33. DOI 10.1007/s10897-008-9169-9. 

Nomenclaturas 
Para genes, use a notação genética e símbolos aprovados pelo Comitê de 
Nomenclatura	HUGO	Gene	(HGNC)	–	(http://www.genenames.org/~~V).	

Para mutações, siga as diretrizes de nomenclatura sugeridas pela Sociedade 
Human	Genome	Variation	(http://www.hgvs.org/mutnomen/).	

•	 Fornecer	e	discutir	os	dados	do	equilíbrio	Hardy-Weinberg	dos	polimorfis-
mos	analisados	na	população	estudada.	O	cálculo	do	equilíbrio	de	Hardy-
-Weinberg	pode	ajudar	na	descoberta	de	erros	de	genotipagem	e	do	seu	
impacto nos métodos analíticos.   

•	 Fornecer	as	frequências	originais	dos	genótipos,	dos	alelos	e	dos	haplóti-
pos.

•	 Sempre	 que	 possível,	 o	 nome	 genérico	 das	 drogas	 deve	 ser	 referido.	
Quando um nome comercial de propriedade é usado, ele deve começar 
com letra maiúscula. 

•	 Siglas	devem	ser	usadas			com	moderação	e	totalmente	explicadas	quando	
usadas pela primeira vez. 

TRABALHOS APRESENTADOS EM INGLÊS 
O MS deve ser escrito em inglês claro e conciso. Evite jargões e neologismos. 
A revista não está preparada para realizar grandes correções de linguagem, 
o que é de responsabilidade do autor. Se o inglês não é a primeira língua dos 
autores, o MS deve ser revisado por um especialista em língua inglesa ou um 
nativo. Para os não nativos da língua inglesa e autores internacionais que 
gostariam de assistência com sua escrita antes da apresentação, sugerimos 
o serviço de edição científica do American Journal Experts  (http://www.jour-
nalexperts.com/index.php) ou o PaperCheck (http://www.papercheck.com/). 
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Instructions for authors
General Information
We	emphasize	the	importance	of	following	these	instructions	carefully.	Failu-
re	to	do	so	will	delay	the	processing	of	your	manuscript.
Manuscripts	should	be	submitted	solely	to	ABE&M	and	may	not	have	been	
published,	or	be	under	consideration	for	publication,	in	any	substantial	form	
in	another	periodical	–	rofessional	or	lay.
Manuscripts must be written in idiomatic English or Portuguese and conform 
to the specifications described below. If authors are not fluent in written me-
dical	and	scientific	English,	they	are	strongly	encouraged	to	have	their	ma-
nuscripts	reviewed	and	edited	by	an	expert	English	writer	prior	to	submission.	
This will increase the chances that the paper will be accepted and will speed 
the publication of those manuscripts that are accepted.

Papers that do not meet these requirements will be returned to the 
author for necessary revision before formal review.
All	submissions	are	initially	evaluated	in	depth	by	the	scientific	editors.	Pa-
pers that do not conform to the general criteria for publication will be retur-
ned	to	the	authors	without	detailed	review,	typically	within	three	to	five	days.	
Otherwise,	manuscripts	will	be	sent	to	reviewers	(most	commonly	two).

Manuscript Categories
Reports	of	original	research	may	be	submitted	to	ABE&M as an Original Arti-
cle or Brief Report. Other special categories of manuscripts are described 
below. All manuscripts must adhere to the word count limitations, as speci-
fied	below,	for	text	only;	the	word	count	does	not	include	the	abstract,	refe-
rences, or figure/table legends. The word count must be noted on the title 
page, along with the number of figures and tables. The format is similar for all 
manuscript categories and it is described in detail in “Manuscript Prepara-
tion” section.

Original Articles
Original Article is a scientific report of the results of original research that has 
not been published or submitted for publication elsewhere (either in print or 
electronically).	Represent	a	substantial	body	of	laboratory	or	clinical	work.	In	
general, original paper should not exceed 3,600 words in the main text, inclu-
de no more than six figures and tables and 35 references.

Review Articles
The ABE&M publishes review articles which present a balanced perspective 
on	timely	 issues	within	the	field	of	clinical	endocrinology.	All	 reviews	are	
submitted upon invitation and are subject to peer review. Articles in this 
category	are	requested	by	the	Editors	to	authors	with	proven	experience	in	
the field. Authors considering the submission of uninvited reviews should 
contact	the	editors	in	advance	to	determine	whether	the	topic	that	they	pro-
pose is of current potential interest to the Journal. These manuscripts 
should be no longer than 4,000 words in the main text, include no more 
than four figures and tables and 60 references. The author should mention 
the	source	and/or	request	authorization	for	use	of	previously	published	fi-
gures or tables.

Consensus Statements
Consensus Statements related to the endocrine and metabolic health stan-
dards	and	healthcare	practices	may	be	submitted by professional societies, 
task forces, and other consortia. All such submissions will be subjected to 
peer review, must be modifiable in response to criticisms, and will be publi-
shed	only	if	they	meet	the	Journal’s	usual	editorial	standards.	These	manus-
cripts	should	typically	be	no	longer	than	3,600	words	in	the	main	text,	include	
no more than six figures and tables and 60 references.

Brief Report
Brief report should consist of new data of sufficient importance to warrant 
immediate	publication.	It	is	a	succinct	description	of	focused	study	with	im-
portant,	but	very	 straightforward,	negative	or	 confirmatory	 results.	Brevity	
and	clarity	are	always	likely	to	enhance	the	chance	of	a	manuscript	being	ac-
cepted for publication. A maximum of 1,500 words in the main text plus up to 
20	references	and	normally	no	more	than	two	illustrations	(tables	or	figures	
or one of each).

Case Report
A brief communication presenting collected case reports, or single case re-
ports of clinical or scientific significance. These reports should be concise and 
focused.	They	should	address	observations	of	patients	or	families	that add 
substantially to the knowledge of the etiology, pathogenesis and delineation 
of the natural history or management of the condition described.	Brevity	and	
clarity	are	always	likely	to	enhance	the	chance	of	a	manuscript	being	accep-
ted for publication. These manuscripts should be 2,000 words or less, with no 
more than four figures and tables and 30 references.

Letter
Letters	to	the	Editor	may	be	submitted	in	response	to	work	that	has	been	
published in the Journal. Letters should be short commentaries related to 
specific points of agreement or disagreement with the published work. 
Letters are not intended for presentation of original data unrelated to a 
published article. Letters should be no longer than 500 words with no 
more	than	five	complete	references,	and	may	not	include	any	figures	or	
tables.

Manuscript Preparation

General Format
The Journal requires that all manuscripts be submitted in a single-column 
format that follows these guidelines:

•		 The	manuscript	must	be	submitted	in	MS-Word	format.
•		 All	text	should	be	double-spaced	with	2	cm	margins	on	both	sides	using	

11-point	type	in	Times	Roman	or	Arial	font.
•	 All	 lines	should	be	numbered	 throughout	 the	entire	manuscript	and	 the	

entire document should be paginated.
•	 All	tables	and	figures	must	be	placed	after	the	text	and	must	be	labeled.	

Submitted papers must be complete, including the title page, abstract, fi-
gures, and tables. Papers submitted without all of these components will 
be placed on hold until the manuscript is complete.

All submissions must include:
•		 A	cover	letter	requesting	that	the	manuscript	be	evaluated	for	publication	

in ABE&M	and	any	information	relevant	to	your	manuscript.	Elsewhere	on	
the	submission	form	authors	may	suggest	up	to	three	specific	reviewers	
and/or request the exclusion of up to three others.

The manuscript must be presented in the following order:
1.  Title page.
2.		Structured	Abstract	(or	summary	for	case	reports).
3.  Main text.
4.		Tables	and	Figures.	They	must	be	cited	in	the	main	text	in	numerical	order.
5.  Acknowledgments.
6.		Funding	statement,	competing	interests	and	any	grants	or	fellowships	su-

pporting the writing of the paper.
7.  Reference list.

Title Page
The title page must contain the following information:

1.		Title	of	the	article	(a	concise	statement	of	the	article’s	major	contents).
2.	Full	names,	departments,	institutions,	city	and	country	of	all	co-authors.
3.  Full name, postal address, e-mail, telephone and fax numbers of the cor-

responding author.
4.  Abbreviated title of not more than 40 characters for page headings.
5.		Up	to	five	keywords	or	phrases	suitable	for	use	in	an	index	(it	is	recom-

mended to use MeSH terms).
6.	 	Word	count	–	excluding	title	page,	abstract,	references,	figures	and	tables.
7.		Article	type.

Structured Abstracts
All Original Articles, Brief Reports, Reviews, Case Reports should be submit-
ted with structured abstracts of no more than 250 words. The abstract must 
be self-contained and clear without reference to the text and should be writ-
ten for a general journal readership. The abstract format should include four 
sections that reflect the section headings in the main text. All information re-
ported in the abstract must appear in themanuscript. Please use complete 
sentences for all sections of the abstract.

Introduction
The	article	should	begin	with	a	brief	 introductory	statement	 that	places	 the	
work to follow in historical perspective and explains its intent and significance.

Materials and Methods
These should be described and referenced in sufficient detail for other inves-
tigators to repeat the work. The source of hormones, unusual chemicals and 
reagents, and special pieces of apparatus should be stated. For modified me-
thods,	only	the	modifications	need	be	described.

Results and Discussion
The	Results	section	should	briefly	present	 the	experimental	data	 in	 text,	
tables, and/or figures. For details on preparation of tables and figures, see 
below. The Discussion should focus on the interpretation and significance 
of the findings with concise objective comments that describe their rela-
tion to other work in that area. The Discussion should not reiterate the Re-
sults.
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Authorship
The ABE&M ascribes to the authorship and contributorship guidelines defi-
ned	by	the	International	Committee	of	Medical	Journal	Editors	(www.ICMJE.
org).	Unrestricted	joint	authorship	is	allowed.	A	maximum	of	two	correspon-
ding authors is allowed. The uniform requirements for manuscripts submit-
ted	to	medical	journals	state	that	authorship	credit	should	be	based	only	on	
substantial contribution to:
1.		conception	and	design,	or	analysis	and	interpretation	of	data.
2.		drafting	the	article	or	revising	it	critically	for	important	intellectual	content.
3.  and final approval of the version to be published.
All these conditions must all be met. The corresponding author is responsible 
for ensuring that all appropriate contributors are listed as authors and that all 
authors	 have	 agreed	 to	 the	 manuscript’s	 content	 and	 its	 submission	 to	
ABE&M.

Conflict of interest
A conflict of interest statement for all authors must be included in the main 
document, following the text, in the Acknowledgments section. If authors 
have no relevant conflict of interest to disclose, it should be indicated in the 
Acknowledgments section.

Acknowledgments
The Acknowledgments section should include the names of those people 
who	contributed	to	a	study	but	did	not	meet	the	requirements	for	authorship.	
The corresponding author is responsible for informing each person listed in 
the	 acknowledgment	 section	 that	 they	 have	 been	 included	 and	 providing	
them	with	a	description	of	 their	 contribution	so	 they	know	 the	activity	 for	
which	they	are	considered	responsible.	Each	person	listed	in	the	acknowledg-
ments must give permission – in writing, if possible – for the use of his or her 
name.	It	is	the	responsibility	of	the	corresponding	author	to	collect	this	infor-
mation.

References
References to the literature should be cited in numerical order (in parenthe-
ses) in the text and listed in the same numerical order at the end of the ma-
nuscript on a separate page or pages. The author is responsible for the 
accuracy	of	references.	The	number	of	references	cited	should	be	limited,	as	
indicated	above	for	each	category	of	submission.

Tables
Tables	should	be	submitted	in	the	same	format	as	your	article	(Word)	and	not	
another format. Please note: we cannot accept tables as Excel files within the 
manuscript.	Tables	should	be	self-explanatory	and	the	data	they	contain	must	
not	be	duplicated	in	the	text	or	figures.	Tables	must	be	constructed	as	simply	
as possible and be intelligible without reference to the text. Each table must 
have	a	concise	heading.	A	description	of	experimental	conditions	may	appear	
together	with	footnotes	at	the	foot	of	the	table.	Tables	must	not	simply	dupli-
cate the text or figures.

Figures and Legends
All	figures	must	display	 the	figure	number.	Sizing	the	figure:	The	author	 is	
responsible	 for	providing	digital	art	 that	has	been	properly	sized,	cropped,	
and has adequate space between images. All color figures will be reproduced 
in full color in the online edition of the journal at no cost to the authors. Au-
thors	are	requested	to	pay	the	cost	of	reproducing	color	figures	in	print	(upon	
acceptance of the manuscript, the publisher will provide price quotes).

Photographs
The ABE&M	strongly	prefers	to	publish	unmasked	patient	photos.	We	encou-
rage all prospective authors to work with families prior to submission to 
address the issue of permission for review and possible publication of patient 
images.	If	your	submission	contains	ANY	identifiable	patient	images	or	other	
protected	 health	 information,	 you	MUST	 provide	 documented	 permission	
from	 the	patient	 (or	 the	patient’s	parent,	guardian,	or	 legal	 representative)	
before the specific material will be circulated among editors, reviewers and 

staff for the purpose of possible publication in ABE&M.	If	it	is	necessary	to	
identify	an	individual,	use	a	numerical	designation	(e.g.	Patient	1)	rather	than	
using	any	other	identifying	notations	such	as	initials.

Units of Measure
Results should be expressed in metric units. Temperature should be expres-
sed	in	degrees	Celsius	and	time	of	day	using	the	24-hour	clock	(e.g.,	0800	h,	
1500 h).

Standard Abbreviations
All	abbreviations	in	the	text	must	be	defined	immediately	after	the	first	use	of	
the abbreviation.

Experimental Subjects
To be considered, all clinical investigations described in submitted manus-
cripts must have been conducted in accordance with the guidelines in The 
Declaration	of	Helsinki	and	must	have	been	formally	approved	by	the	appro-
priate institutional review committees or its equivalent. 
The	study	populations	should	be	described	in	detail.	Subjects	must	be	identi-
fied	only	by	number	or	 letter,	not	by	 initials	or	names.	Photographs	of	pa-
tients’	faces	should	be	included	only	if	scientifically	relevant.	Authors	must	
obtain written consent from the patient for use of such photographs. For fur-
ther details, see the Ethical Guidelines.
Investigators	must	disclose	potential	conflict	of	interest	to	study	participants	
and	should	indicate	in	the	manuscript	that	they	have	done	so.

Experimental Animals
A statement confirming that all animal experimentation described in the sub-
mitted manuscript was conducted in accord with accepted standards of hu-
mane animal care, as outlined in the Ethical Guidelines, should be included in 
the manuscript.

Molecular Genetic Description
•		 Use	 standard	 terminology	 for	 variants,	providing	 rs	numbers	 for	 all	 va-

riants	reported.	These	can	be	easily	derived	for	novel	variants	uncovered	
by	the	study.	Where	rs	numbers	are	provided,	the	details	of	the	assay	(pri-
mer	sequences,	PCR	conditions,	etc.)	should	be	described	very	concisely.

•		 Pedigrees	should	be	drawn	according	to	published	standards	(See	Bennett	
et al. J Genet Counsel. 2008;17:424-33. DOI 10.1007/s10897-008-9169-9).

Nomenclatures
•	 For	genes,	use	genetic	notation	and	symbols	approved	by	the	HUGO	Gene	

Nomenclature Committee (HGNC) – (http://www.genenames.org/).
•		 For	mutation	nomeclature	 please	use	 the	nomenclature	 guidelines	 sug-

gested	by	the	Human	Genome	Variation	Society	(http://www.hgvs.org/mu-
tnomen/).

•	 Provide	information	and	a	discussion	of	departures	from	Hardy-Weinberg	
equilibrium	(HWE).	The	calculation	of	HWE	may	help	uncover	genotyping	
errors	and	impact	on	downstream	analytical	methods	that	assume	HWE.

•	 Provide	 raw	genotype	 frequencies	 in	 addition	 to	 allele	 frequencies.	 It	 is	
also	desirable	to	provide	haplotype	frequencies.

•	 Whenever	possible,	drugs	should	be	given	their	approved	generic	name.	
Where	a	proprietary	(brand)	name	is	used,	it	should	begin	with	a	capital	
letter.

•	 Acronyms	should	be	used	sparingly	and	fully	explained	when	first	used.

FOR PAPERS SUBMITTED IN ENGLISH
Papers must be written in clear, concise English. Avoid jargon and neolo-
gisms. The journal is not prepared to undertake major correction of language, 
which	is	the	responsibility	of	the	author.	Where	English	is	not	the	first	langua-
ge	of	the	authors,	the	paper	must	be	checked	by	a	native	Engligh	speaker.	For	
non-native English speakers and international authors who would like assis-
tance with their writing before submission, we suggest American Journal 
Experts for their scientific editing service (http://www.journalexperts.com/in-
dex.php) or PaperCheck (http://www.papercheck.com/).
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de AXERON ter secado. Ocasionalmente é observado o desenvolvimento de ginecomastia que geralmente persiste nos pacientes que estão sendo tratados com andrógenos para hipogonadismo. Uso 
pediátrico: a segurança e a efi cácia de AXERON não foram estabelecidas em homens com menos de 18 anos de idade. Gravidez: a testosterona é teratogênica e pode causar dano fetal inclusive virilização 
inapropriada. Interações medicamentosas: nenhum estudo foi conduzido para investigar a possibilidade de interação de AXERON e plantas medicinais, alimento, testes laboratoriais, nicotina ou álcool. 
Medicamentos para Diabetes: alterações na sensibilidade à insulina, tolerância à glicose, controle glicêmico, glicose no sangue e hemoglobina glicosilada foram relatadas. Anticoagulantes: alterações 
na coagulação sanguínea podem ser observadas com andrógenos, inclusive prolongamento dos tempos de protrombina e de tromboplastina parcial ativada. Corticosteroides: o uso concomitante de 
testosterona com ACTH ou corticosteroides pode resultar em aumento na retenção de fl uidos. Posologia e administração: a dose inicial recomendada de AXERON é de 60 mg de testosterona, uma vez 
ao dia. Dose diária de 30 mg de testosterona: uma aplicação, uma vez ao dia (aplicar em uma das axilas); 60 mg de testosterona: duas aplicações (aplicar uma vez na axila direita e depois esquerda); 
90 mg de testoterona: três aplicações (aplicar uma vez na axila direita e depois esquerda, esperar o produto secar e aplicar novamente em uma das axilas); 120 mg de testosterona: quatro aplicações 
(uma vez na axila direita e esquerda, esperar secar e aplicar novamente em ambas axilas). Reações adversas: reações no local da administração, diarreia, náusea, vômito, alterações hematológicas, PSA 
aumentado, hipercolesterolemia, desregulagem de glicose, raiva, ansiedade, mudanças de humor, tontura, insônia, enxaqueca, cefaleia, acne, condições epidérmicas e dérmicas e aumento na pressão 
arterial. Registro MS: 1.1260.0188 - Venda sob prescrição médica - Esse produto é controlado pela Portaria n°- 344 de 12/05/1998 - Lista C5 - Documentação científi ca e/ou informações adicionais à classe 
médica sobre o produto mediante solicitação. Para mais informações, consulte a bula completa do produto ou o Serviço de Atendimento ao Cliente Lilly SAC 0800 701 0444, e-mail: sac_brasil@lilly.com.
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