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Thyroid ultrasound: beyond the 
diagnosis of thyroid nodules

Rui M. B. Maciel1 

I n this issue of the Archives of Endocrinology and Metabolism, there are two articles 
in which thyroid ultrasound was used to clarify some physiopathological aspects of 

the thyroid, evidencing the notable usefulness of this method beyond its routine use 
in the diagnosis of nodules and thyroiditis. 

The first article, “Should human chorionic gonadotropine treatment increase 
thyroid volume?”, by Ayten Oguz and cols. from the Sutcu Iman University in Kahra-
manmaras, Turkey, presents a very interesting and pioneering observation showing that 
the administration of human chorionic (hCG) in the treatment of isolate hypogonado-
tropic hypogonadism (IHH) in men induced increased thyroid volume (1).  

This original observation confirms classical endocrinological evidence on the cross-
reactivity between hCG and TSH. Both substances are glycoprotein hormones with 
structural similarity and whose thyrotrophic activities have been known for a long 
time (2). TSH and hCG are made up by two subunits (alpha and beta), that are linked 
to each other, forming active heterodimeric structures; the alpha subunit of both 
compounds is identical, but the beta subunits also show high structural homology. 
Similarly, TSH receptors show structural homology with LH/CG receptors, which 
are bound to protein G (3). Thus, hCG thyrotrophic activity may be explained by 
either the structural homology between hCG and TSH or between the LH/CG and 
TSH receptors. Therefore, hCG is able to bind to TSH receptors of thyroid follicular 
cells and activate intracellular messengers, such as cyclic AMP, and induces growth of 
follicular cells in culture (3). 

In normal pregnancy, when hCG is high, TSH decreases, mirroring the hCG 
peak (3,4); besides, women with hyperemesis gravidarum show high levels of hCG, 
which cause transitory thyrotoxicosis (4). Finally, it is know that several pathological 
conditions, such as hydatidiform moles, choriocarcioma, and other types of cancer 
that are characterized by high levels of hCG and may induce thyrotoxicosis, which 
disappears after the tumor is removed (3). 

In fact, hCG behaves as a “weak” thyroid stimulator; it is estimated that a 10,000 
IU/liter increase in circulating hCG corresponds to a 0.6 pmol/L (0.1 ng/dL) ele-
vation in T4, leading to a TSH decrease of 0.1 mU/L (3). Besides, for clinical hyper-
thyroidism to ensue, a patient has to show prolonged elevation of hCG levels (4). 

Oguz and cols. treated 44 men (18 to 54 years old) carriers of IHH with 
testosterone (n = 19) or hCG (n = 25) for about 6 months, and compared them with 
a matched healthy control group, evaluating thyroid function and volume. They did 
not mention the doses of testosterone or hCG that were employed. 

Individuals treated with hCG showed, after 6 months, higher serum levels of 
testosterone and increased T4 (from 1.16 ± 0.19 ng/dL to 1.34 ± 0.49 ng/dL, p = 
0.024) and thyroid volume (from 8.76 ± 1.13 mL to 9.02 ± 0.99 mL, p = 0.001). 
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TSH values remained unchanged. Patients treated with 
testosterone did not show changes in TSH, T4, and 
thyroid volume. 

It is important to emphasize that the study was 
based on the methodology that is routinely used for 
thyroid volume calculation, which assumes an ellipsoid 
shape for each lobe, and the volume is obtained by mul-
tiplying the three axes (length, breadth, and thickness) 
by 0.523 (result of the pi/6 ratio) (5,6).

Therefore, the observation shown in this report, 
that hCG treatment may induce increased thyroid vo-
lume, is original and important for clinical practice. It is 
a pity that the authors did not mention the hCG dose 
used. 

The other study, “Genetic and environmental 
influence on thyroid gland volume and thickness of 
thyroid isthmus: a twin study”, from the Semmelweis 
University in Budapest, Hungary, Tarnoki and cols. 
analyzed if the most important factor influencing 
thyroid size was genetics or the environment (7).

This is an ambitious and difficult question, once it has 
already been demonstrated that several factors, besides 
genetics, influence thyroid size. Among them, the 
ingestion of iodine and selenium, TSH concentration, 
age, sex, body mass index, parity, smoking, and alcohol 
intake (8). 

The study of Tarnoki and cols. has limitations 
when compared with similar studies in the literature 
(8-10). They carried out thyroid ultrasound in 114 
pairs of Hungarian twins (69 monozygotic, MZ and 
45 dizygotic, DZ), and observed, using the twin 
methodology (11,12), which familial factors were 
important for thyroid measurements. However, they 
did not reach a conclusion on the most important factor, 
if genetics or the environment, in the determination of 
isthmus thickness and volume of thyroid lobes. 

Modelling in twin studies compares phenotypical 
similarities between MZ and DZ twins, and is based 
on the principle that MZ twins are genetically identical 
and, as a consequence, differences between them are 
related to environmental factors. On the other hand, 
DZ twins share, in average, about 50% of the genes and, 
as a consequence, the differences between them are 
caused by a combination of genetic and environmental 
factors (11,12). 

When I mention the limitations of this study, I con-
sider the methodology and results interpretation. From 
the methodological viewpoint, the authors employed a 
methodology for the evaluation of thyroid volume that 

was different from that used by most of the authors, 
with the formula length, breadth, and thickness of the 
lobes multiplied by 0.63. Besides, it seems that the me-
asurement of the isthmus is inadequate for conclusions, 
as there is a wide anatomical variability in the formation 
of this segment, which sometimes is filiform, someti-
mes a little thicker, and the margin of error of measure-
ments may be too large, without even considering the 
existence of a pyramidal lobe, found in 30-40% of the 
individuals (5,6). Still, in terms of the methodology ba-
sed on modelling in twin studies, there was no thyroid 
function evaluation or data on TSH, free T4 values, 
and antithyroid antibodies, which weakens the method 
when it is considered that other studies in the literature 
employed more factors in the analysis (8-10).

From the standpoint of data interpretation, we 
considered that the sample is small when compared 
with Danish data (8). Thus, Hansen and cols. studied 
104 MZ and 107 DZ from the same sex and, besides 
ultrasound measurements, they also included TSH, 
free T4, anti-TPO and anti-Tg antibodies, BMI, sex, 
age, familial history of thyroid disease, pregnancy, 
use of estrogen replacement therapy, and smoking to 
evaluate modelling in twin studies (11,12), concluding 
that genetic factors were responsible for 71% of the 
individual differences in thyroid volume (8). 

As a conclusion, I consider that the study of Tarnoki 
and cols. needed a larger sample, besides information 
on thyroid function evaluation in order to better define 
the most important factor influencing thyroid size, if 
genetics or the environment. This limitation is admitted 
by the authors in their conclusion and discussion.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Should human chorionic 
gonadotropine treatment 
increase thyroid volume?

Ayten Oguz1, Dilek Tuzun1, Murat Sahin1, Nese Bulbul1,  
Ahmet Celik2, Numan Guvenc3, Elif Inanc4, Kamile Gul1

ABSTRACT
Objective: Our aim was to investigate the thyroid function tests and thyroid volume differences 
among males with isolated hypogonadotropic hypogonadism (IHH) who take androgen replacement 
treatment (ART). Materials and methods: Forty-four male with IHH with a mean age 33.2 (18-54), 
diagnosed in Endocrinology and Metabolism Department between September 2013 and September 
2014 and 40 healthy male control with a mean age 27.77 (18-55) were involved to study. Patient group 
was divided to testosterone-treated patients (n = 19) and human chorionic gonadotropine (hCG)-
treated patients (n = 25). Patient group was compared in terms of total testosterone, thyroid func-
tion tests [thyroid stimulating hormone (TSH), free thyroxine (fT4)] and thyroid volume, before and 
6 months after treatment. Patient group was compared with control group as well. Results: When 
we compared the patient group with the control group, there was no significant difference for age, 
Body mass index, TSH, fT4 and thyroid volume between two groups before treatment. There was no 
difference in terms of TSH, but fT4, testosterone levels and thyroid volume were significantly higher 
after treatment, when the patient group was compared before and after treatment (p < 0.05). When 
we compared testosterone-treated patients and hCG-treated patients; thyroid volume was higher 
among hCG-treated patients (p = 0.001) but there was no difference for thyroid volume before and 
after testosterone treatment (p > 0.05). There was no statistically significant correlation between tes-
tosterone levels with TSH, fT4 and thyroid volume (r = 0.09, p = 0.32; r = 0.14, p = 0.11; r = 0.15,  
p = 0.09, respectively). Conclusion: Our study showed that ART increases the thyroid volume espe-
cially in hCG-treated patients. Therefore, we suggest that thyroid volume changes should be followed 
up in hCG-treated patients. Arch Endocrinol Metab. 2015;59(6):482-6
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INTRODUCTION

I solated hypogonadotropic hypogonadism (IHH) 
may present as an isolated hormonal deficiency 

(low testosterone and low or normal levels of gonad-
otropins) secondary to hypothalamic or pituitary de-
fects (1). The goals of therapy for IHH in adolescent 
or young adult males include the induction of normal 
puberty and testicular development that allow future 
fertility. Androgen replacement treatment (ART) that 
includes testosterone and gonadotropins are used in 
these patients (2). 

Human chorionic gonadotropin (hCG) is a glyco-
protein hormone that has structural similarity to thy-
roid stimulating hormone (TSH). The beta subunit of 
hCG is unique to hCG but alpha-subunit is identical 
to that luteinizing hormone (LH), follicle stimulat-

ing hormone (FSH) and TSH (3). Human chorionic 
gonadotropin has thyroid-stimulating activity in bio-
assays in mice, rats, chicks and men (4-6). The thy-
roid-stimulating activity of a commercial preparation 
of hCG was first demonstrated by Burger in a mouse 
bioassay (7). Subsequently, thyrotrophic activity has 
been found in several hCG preparations (4,5). These 
studies showed that hCG is the molar TSH and that 1 
Unite hCG has intrinsic thyrotrophic activity equiva-
lent to approximately 0.5 µU TSH in the Mouse bio-
assay (4). Additionally, hCG stimulates iodide uptake, 
adenylate cyclase, and DNA synthesis in cultured rat 
thyroid cells (8). Many investigations have detected 
that hCG and TSH share not only structural homol-
ogy but also their receptors show structural similar-
ity as well, and this homology suggests the basis for 
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the reactivity of hCG with the TSH receptor (9,10). 
Therefore, high hCG concentrations are associated 
with thyroid stimulation, both functionally (lower se-
rum TSH concentrations) and anatomically (increased 
thyroid volume) (11). 

There are several conflicting results about the effect 
of ART on thyroid function tests among males with hy-
pogonadism. Several studies also showed that androgen 
administration may be associated with increased (12), 
decreased (13) or unaltered (14) TSH response to thy-
rotropin-releasing hormone (TRH). But most studies 
evaluated only patients with primary hypogonadism. So 
we aimed to investigate whether both hypogonadism 
and ART (especially hCG) effect the thyroid function 
tests and thyroid volume in males with IHH.

MATERIALS AND METHODS

Male patients with IHH and healthy male controls who 
were admitted to Endocrinology and Metabolism Cli-
nic at Kahramanmaras Sutcu Imam University Hospital 
were included in the study. The study was approved by 
the ethics committee of Kahramanmaras Sutcu Imam 
University.

Subjects and study protocol

Forty-four male with IHH (patient group) with a mean 
age 33.2 (18-54) that was diagnosed in Endocrinolo-
gy and Metabolism Department in Kahramanmaras (a 
mild iodine deficient city in Turkey) between Septem-
ber 2013 and September 2014 and 40 healthy male 
control (control group) with a mean age 27.77 (18-55) 
were involved to study. Patient group was divided into 
two goups; treated with testosterone (n = 19) and HCG 
group (n = 25). Patient group was compared in terms 
of body mass index (BMI), total testosterone (TT), 
thyroid function tests [TSH, free thyroxine (fT4)] and 
thyroid volume, before and 6 months after treatment. 
These parameters were evaluated between patient and 
control group as well. 

Inclusion criteria

Isolated hypogonadotropic hypogonadism was defined 
as the presence of clinical symptoms related to hypogo-
nadism (e.g. incomplete or delayed sexual development, 
reduced libido and erectile dysfunction/infertility) and 
low serum TT levels (< 250 ng/dL), insufficient LH 
(i.e. low or non-elevated levels), the absence of any 

other anterior and/or posterior pituitary hypofunction 
and pathological findings on a pituitary magnetic reso-
nance image (1). 

Exclusion criteria

Patients with previously known history of thyroid di-
sease or receiving any drugs affecting thyroid gland, 
those with hyperthyroidism, primary or secondary 
hypothyroidism, euthyroid or hypothyroid Hashima-
to’s disease, thyrotoxicosis (factitia, subacute thyroi-
ditis), and those receiving L-thyroxin suppression the-
rapy, bromocriptine, somatostatin, anti-thyroid drugs, 
lithium, interferon, perchlorate, and sulfonamides were 
excluded. Moreover, patients who underwent radiolo-
gical examination with an iodinated contrast medium 
within at least 3 days, those who last received drugs 
including iodine 7 days ago, and those who underwent 
thyroid operation or received radioactive iodine were 
not included in the study. Patients with systemic illnes-
ses were excluded, in addition to those who took exces-
sive exercise, used certain medications or as these could 
affect the metabolism of testosterone and testosterone 
levels. Secondary causes of hypogonadotropic hypogo-
nadism, such as panhypopituitarism, hyperprolactinae-
mia and intracranial masses, were excluded before ma-
king a diagnosis of IHH. 

Biochemical analyses

Blood samples was collected in the morning between 
08.00–09.00 hours after an overnight fast to avoid dif-
ferences because of diurnal variation, especially for hor-
monal parameters. Normal reference values were as follow 
FSH (1.42–15.4 mIU/ml), LH (1.24–7.8 mIU/mL), 
TT (280-1100 ng/dL), prolactin (3–14.7 ng/mL), 
TSH (0.4-4.2 µIU/mL), fT4 (0.8-2.7 ng/dL) and 
Cortisol (5-23 µg/dL). Hormone analyses were car-
ried out using chemiluminescence enzyme immunoas-
say (Immulite 2000, Diagnostic Products Corporation, 
Los Angeles, CA, USA, or UniCel DxI 800, Beckman 
Coulter CA, USA) commercial kits.

Conventional thyroid ultrasonography

Conventional thyroid ultrasonography (US) was per-
formed before and 6 month after the treatment. Each 
participants underwent a preliminary ultrasonography 
and it was investigated whether there was any abnorma-
lity such as a nodule or parenchymal heterogeneity. All 
grey scale measurements were performed by the same 
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endocrinologist with the same US device (Logic P5 
System, GeneralElectric Medical Systems, Milwaukee, 
WI, USA) using a linear transducer of 12 MHz width. 
While the participant was lying in supine position with 
the neck in hyperextension, the skin was covered with 
acoustic material. The thyroid gland was scanned in 
three dimensions. Depth, width (in transverse plane), 
and length (in longitudinal plane) of each lobe were 
measured. Volume of each lobe was calculated using 
the formula, volume (mL) = π/6 x width x depth x 
length (15). Total volume was determined as the sum 
of the volumes of the lobes except for the isthmus.

Statistical evaluation

The SPSS for Windows (ver. 11.0.; Chicago, IL, USA) 
was used for statistical analysis. The Student’s t-test was 
used to compare independent variables and dependent 
variables that were in accordance with a normal distri-
bution, and the variables were expressed as the mean ± 
standard deviation. Direct relationship between varia-
tions was evaluated with pearson correlation test. P < 
0.05 was defined as statistically significant. 

RESULTS

Forty-four male patients with IHH and 40 healthy 
male controls were involved to the study. The baseli-
ne characteristics and thyroid function tests, TT levels, 
thyroid volume of the male patient with IHH and con-
trol group are summarized in table 1. There was no 
significant difference in terms of age, BMI, TSH, fT4 
and thyroid volume between control group and pre-
treatment patient group (p < 0.05), but TT levels were 
significantly lower in patient group (p < 0.05). 

Total testosterone levels, thyroid function tests and 
thyroid volume changes, before and after treatment, in 
patient group were summarized in table 2. In patient 
group, there was no significant difference according 
to TSH levels, before and after treatment (p > 0.05), 
but fT4, TT levels and thyroid volume (8.76 ± 1.13 
mL and 9.02 ± 0,99 mL; before and after treatment, 
respectively) were significantly higher after treatment  
(p = 0.001).

We also analyzed the patients according to the treat-
ment type (Table 3). In hCG-treated group, thyroid 
volume was significantly higher after treatment (8.28 ± 

Table 1. The baseline characteristics and thyroid function tests, total testosterone levels, thyroid volume of the male patients with IHH and controls

Parameters Patient group (n = 44) Control group (n = 40) p

Age (year) 32.47 ± 9.30 28.77 ± 9.68 0.078

BMI (kg/m2) 27.33 ± 6.61 26.5 ± 7.06 0.605

FSH (mIU/mL) 1.82 ± 1.68 5.1 ± 2.21 < 0.001

LH (mIU/mL) 1.44 ± 1.24 3.71 ± 1.50 < 0.001

TT (ng/dL) 98.65 ± 69.69 460.52 ± 90.36 < 0.001

TSH (mIU/mL) 1.41 ± 0.79 1.70 ± 0.94 0.133

fT
4
 (ng/dL) 1.16 ± 0.19 1.10 ± 0.14 0.128

Prolactin (ng/mL) 7.64 ± 3.39 7.85 ± 2.77 0.772

Cortisol (mcg/dL) 19.23 ± 1.14 19.36 ± 1.22 0.623

GH (ng/mL) 1.86 ± 0.55 2.04 ± 0.75 0.261

TV (mL) 8.62 ± 1.46 8.78 ± 0.81 0.558

IHH: ısolated hypogonadotropic hypogonadism; BMI: body mass ındex; FSH: follicle stimulating hormone; LH: luteinizing hormone; TT: total testosterone; TSH: thyroid stimulating hormone; fT
4
: free 

thyroxine; GH: growth hormone; TV: thyroid volume.

Table 2. Total testosterone levels, thyroid function tests and thyroid volume changes before and after treatment in patient group

Parameters Before treatment n = 44 After treatment n = 44 p

BMI (kg/m2) 27.3 ± 3.90 27.1 ± 5.10 0.620

TT (ng/dL) 98.65 ± 69.70 434.83 ± 138.64 < 0.001

TSH (mIU/mL) 1.45 ± 0.75 1.39 ± 0.56 0.627

fT
4 
(ng/dL) 1.16 ± 0.19 1.34 ± 0.49 0.024

TV (mL) 8.76 ± 1.13 9.02 ± 0.99 0.001

BMI: body mass index; TT: total testosterone; TSH: thyroid stimulating hormone; fT
4
: free thyroxine; TV: thyroid volume.
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1.04 mL and 8.68 ± 0.95 mL, before and after treat-
ment, respectively) (p = 0.001), but in group treated 
with testosterone, thyroid volume was similar before 
and after treatment (9.39 ± 0.95 mL and 9.47 ± 0.88 
mL, respectively) (p > 0.05). There was no significant 
difference according to TSH levels in hCG-treated 
group compared before and after treatment (p > 0.05), 
but there was a borderline significant higher fT4 le vels 
after treatment (p = 0.057). In group treated with tes-
tosterone, fT4 and TSH levels were not significantly dif-
ferent before and after treatment (p > 0.05). 

When we analysed both patient (n = 44) and con-
trol group (n = 40) there was no significant correlation 
between TT levels and TSH, fT4, thyroid volume (r = 
0.09, p = 0.32; r = 0.14, p = 0.11; r = 0.15, p = 0.09, 
respectively). 

DISCUSSION

Isolated hypogonadotropic hypogonadism is a rare but 
treatable disease. Androgen replacement treatment (tes-
tosterone or gonadotropin treatment) have been used 
to in these patients (2). There was limited data about 
the effects of sex hormones and hCG on thyroid func-
tions and thyroid volume among hypogonadal male pa-
tients (14,16-18). Spitz and cols. (16), evaluated the 
effect of estrogens and androgens on TSH secretion in 
hypogonadal male and female patients. Male patients 
showed a transient reduction in serum T4 during hCG 
therapy. In this study, the male patients with hypogona-
dism had TSH responses to TRH similar to those of the 
male controls. Sowers and cols. (17), found that there 
were no significant changes in serum T4, T3, or TSH 
in euthyroid men that was under hCG treatment in 
the supraphysiological doses. In this study, commercial 
hCG in doses of 100,000 and 150,000 IU produced a 
small thyroid-stimulating effect. Additionally, Burman 

and cols. (14), showed that testosterone treatment had 
no significant effect on any of thyroid parameters in the 
patients with the Klinefelter’s syndrome. On the con-
trary, Morley and cols. (18), mentioned that androgen 
administration has been reported with decreased TSH 
responses to TRH in the men with primary hypogo-
nadism. In our study, TSH and fT4 levels were similar 
between healthy controls and male patients with IHH 
(before treatment). After ART, TSH levels didn’t chan-
ge significantly but fT4 levels increased significantly. In 
subgroup analysis we detected that this fT4 increase 
was due to group treated with hCG, so we speculated 
that this increase may be due to thyrotrophic activity of 
hCG. In group treated with hCG, fT4 levels increased 
after treatment but still within the normal range and 
this may be the cause of similar TSH levels before and 
after treatment. 

Hyperthyroidism or increased thyroid function have 
been reported in many patients with trophoblastic tu-
mors. These cases, considerably increased hCG levels 
and suppressed TSH levels suggest that hCG has thy-
rotropic activity. Human chorionic gonodotropine and 
human TSH belong to the biochemically closely re-
lated glycoprotein hormone family, they are potentially 
cross-reactive at the receptor level (8). In vitro, hCG 
has a weak intrinsic thyroid-stimulating activity, being 
able to stimulate iodine uptake, generation of cAMP, 
3,5,3’-triodothyronine secretion, and even growth of 
thyroid cells (19-21). In our study thyroid volume was 
similar between healthy control and male patients with 
IHH (before treatment). But after treatment thyroid 
volume significantly increased in patient group (p < 
0.05). In subgroup analysis there was no thyroid vol-
ume difference in testosterone-treated group but in 
group treated with hCG there was a significant increase 
(p = 0.001). We think that this change was due to thy-
roid-stimulating activity of hCG as well. 

Table 3. Body mass index, total testosterone levels, thyroid function tests and thyroid volume changes according to the treatment type

Parameters
TT group 

Pre-treatment
n = 19

TT group
Post-treatment

n = 19

HCG group
Pre-treatment

n = 25

HCG group
Post-treatment

n = 25 
p* p**

BMI (kg/m2) 28.9 ± 5.1 28.46 ± 4.03 27.5 ± 6.6 27.97 ± 9.12 0.834 0.915

TT (ng/dL) 133.04 ± 72.87 446.10 ± 155.24 72.52 ± 55.43 426.26 ± 127.23 < 0.001 < 0.001

TSH (mIU/mL) 1.65 ± 0.88 1.41 ± 0.45 1.30 ± 0.60 1.37 ± 0.63 0.296 0.540

FT
4
 (ng/dL) 1.21 ± 0.19 1.31 ± 0.31 1.12 ± 0.18 1.36 ± 0.60 0.227 0.057

TV (mL) 9.39 ± 0.95 9.47 ± 0.88 8.28 ± 1.04 8.68 ± 0.95 0.374 0.001

TT: total testosterone; HCG: human chorionic gonadotropin; BMI: body mass index; TSH: thyroid stimulating hormone; fT
4
: free thyroxine; TV: thyroid volume.

* The statistical comparison of pre and post-treatment in the group treated with testosterone; ** The statistical comparison of pre and post-treatment in the group treated with HCG.
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Several physiological and pathological factors as io-
dine supply, age, sex, weight, height, BMI, and body 
surface area can influence thyroid volume (22). Thy-
roid volume is reported to increase dependent to age 
or body surface (23). In addition to, in an iodine re-
plete area, thyroid volume was inversely related to the 
median urinary iodide (24). In our study, there was no 
significant difference according to BMI and age in pa-
tient and control group. The location of the partici-
pants was the Mediterranean region and this region is 
a mild iodine deficient area. So we don’t think that this 
thyroid volume difference was due to age, BMI and 
iodine status. 

In conclusion, this is the first study investigat-
ing changes on thyroid volume and thyroid function 
of ART in males with IHH. Our study showed that 
ART increases the thyroid volume especially in patients 
treated with hCG. Therefore, we suggest that thyroid 
volume changes should be followed in patients treated 
with hCG. More studies are required to explain the 
changes of thyroid volume in males with IHH.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Genetic and environmental influence 
on thyroid gland volume and thickness 
of thyroid isthmus: a twin study

Adam Domonkos Tarnoki1*, David Laszlo Tarnoki1*, Gabor Speer2*,  
Levente Littvay3, Pal Bata1, Zsolt Garami4, Viktor Berczi1, Kinga Karlinger1

ABSTRACT
Objectives: Decreased thyroid volume has been related to increased prevalence of thyroid cancer. 
Subjects and methods: One hundred and fourteen Hungarian adult twin pairs (69 monozygotic, 45 
dizygotic) with or without known thyroid disorders underwent thyroid ultrasound. Thickness of the 
thyroid isthmus was measured at the thickest portion of the gland in the midline using electronic 
calipers at the time of scanning. Volume of the thyroid lobe was computed according to the following 
formula: thyroid height*width*depth*correction factor (0.63). Results: Age-, sex-, body mass index- 
and smoking-adjusted heritability of the thickness of thyroid isthmus was 50% (95% confidence inter-
val [CI], 35 to 66%). Neither left nor right thyroid volume showed additive genetic effects, but shared 
environments were 68% (95% CI, 48 to 80%) and 79% (95% CI, 72 to 87%), respectively. Magnitudes 
of monozygotic and dizygotic co-twin correlations were not substantially impacted by the correction 
of covariates of body mass index and smoking. Unshared environmental effects showed a moderate 
influence on dependent parameters (24-50%). Conclusions: Our analysis support that familial factors 
are important for thyroid measures in a general twin population. A larger sample size is needed to 
show whether this is because of common environmental (e.g. intrauterine effects, regional nutrition 
habits, iodine supply) or genetic effects. Arch Endocrinol Metab. 2015;59(6):487-94
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INTRODUCTION

T hyroid disorders such as nontoxic and toxic goiter 
are relevant diseases in previously and currently 

iodine-deficient areas from the public-health and the 
clinical point of view (1). Iodine supply is inadequate in 
most parts of Hungary, however, inadequate iodine in-
take has remained a nation-wide health problem. Based 
on WHO’s European Iodine Deficiency report Hun-
gary belongs to mild iodine deficient (50–99 µg/l) 
countries, like many part of Europe (2).

In thyroid-healthy populations the thyroid volume 
can influence a risk assessment for malignant thyroid 
disease (3) and the serum calcitonin concentration (4). 
In case of any thyroid disease, the thyroid volume is 
also a risk and a prognostical factor of the disease pro-
cession (5,6). Thyroid volume can be easily measured 
by ultrasound, and it is influenced by several factors, 
such as thyroid autoimmunity, serum Thyroid Stimu-

lating Hormone (TSH), free (f) T4 and fT3 levels (7), 
serum selenium concentration (2,8), body mass index 
(BMI) and body surface area (BSA) (9), smoking (10), 
alcohol consumption (11), and impaired glucose me-
tabolism (12). An association between thyroid volume 
and serum calcitonin has been established (2,8). Stu-
dies have investigated the thyroid function on atrial fi-
brillation and blood pressure as well (13,14).

Additional data support the significant role of ge-
netic factors in the etiology of thyroid volume (simple 
goiter). Males generally had higher thyroid volumes 
than females (15). Thyroid asymmetry has been as-
sociated with the handedness and the position of the 
esophagus (16). The effect of age on thyroid volume 
depends on iodine status. The prevalence of thyroid 
cancer is higher in patients with low thyroid volume 
(3). Accordingly, there is an increasing interest towards 
the importance of thyroid volume. 
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Our aim was to assess how much the thyroid vo-
lume is influenced by modifiable environmental factors, 
and how large is the genetic predisposition. 

SUBJECTS AND METHODS

Participants and study design

This cross-sectional twin study included 228 healthy 
adult twins (69 monozygotic, 45 same-sex dizygotic 
twin pairs) recruited from the Hungarian Twin Registry 
(17). We considered only the same-sex dizygotic twin 
pairs to avoid bias of the heritability estimates in the pre-
sence of gender specific or X chromosome effects. Ex-
clusion criteria included pregnancy, and any foreseeable 
lack of compliance with test procedures. Subjects with 
acute or chronic thyroid disease were included in the 
analysis. Instead of genotyping for zygosity classifica-
tion, we used a multiple-choice self-reported seven-part 
questionnaire which has an accuracy of over 99% (18). 
Age, height, weight, history of thyroid disease, smo-
king habits, known thyroid disease, surgeries and medi-
cations were recorded for each patient. All participants 
gave informed consent. The study was approved by the 
Ethical Committee of Semmelweis University and was 
conducted in full compliance with regulations of the 
Declaration of Helsinki. 

Thyroid ultrasound assessment

Thyroid ultrasound testing was conducted at the De-
partment of Radiology and Oncotherapy, Semmelweis 
University in 2009 and 2010 by using B-mode ultra-
sonography (Esaote MyLab 70X Vision, Esaote, Ge-
nova, Italy) equipped with a linear array transducer 
(13 MHz, LA523). The gray-scale amplification gain, 
the time-gain compensation curve, and focus number 
were adjusted to acquire the best images of the thyroid 
glands. The examinations were performed by the same 
experienced sonographer in patients in supine posi-
tion. Coronal plane images were obtained either from 
the long-axis view, and transversal plane images were 
applied for axial views (Figure 1). All thyroid glands 
were completely visible and measurable. Thickness of 
the thyroid isthmus was measured at the thickest por-
tion of the gland in the midline using electronic calipers 
at the time of scanning (Figure 1). Standardized static 
original digital images were recorded and these images 
were retrospectively examined by a specialized radio-
logist blinded to the participants’ twinship and clinical 

characteristics in order to confirm the accuracy of the 
measurements. Volume of the thyroid lobe was compu-
ted according to the following formula: thyroid height 
x width x depth x correction factor (0.63) (19).

A

B

C
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Statistical analysis

SPSS Statistics 17 (SPSS Inc., Chicago, IL, USA) was 
used to perform the descriptive analysis (mean, stan-
dard deviation, and percentage for categorical varia-
bles). Assessing similarities and differences between the 
MZ and DZ subsamples was assessed by a parametric 
difference test. Parametric tests were sufficient as all raw 
or log-transformed continuous traits were within accep-
table parameters of normality and non-parametric tests 
do not offer such clustering corrections. Thyroid volu-
me parameters failed to show normal distribution for 
MZ-DZ comparisons and for the correlation analyses 
were log-normalized.

A descriptive estimate of the genetic influence on 
a single trait and of the genetic correlation between 

different traits in monozygotic and dizygotic pairs was 
calculated using the within-pair co-twin correlations in 
two models (model-1 and model-2). The model-1 cor-
rects for the twins’ age and gender. The model-2, in 
addition to age and gender, also corrects for body mass 
index and smoking based on the bivariate correlations. 
Substantially higher MZ co-twin correlation (compared 
to DZ correlations) suggests heritability, while similar 
co-twin correlations imply that shared environmental 
components drive the variance more strongly. Based on 
similarities between MZ and DZ twins, structural equa-
tion modeling (ACE model) was performed by using 
the Mplus Version 7.1 (Muthén & Muthén, Los Ange-
les, CA, USA). In the A-C-E model three latent vari-
ables, additive genetic effects “A”, common (or shared) 
environment “C” and unshared (or unique) environ-
ment “E” drive the variance in the phenotype for each 
twin (Figure 2). Two A-C-E models (model-1 and 
model-2 as used for co-twin correlations) were estima-
ted. In order to find the most parsimonious model for 
the investigated thyroid traits, besides the fully-fledged 
ACE models, sub-models were also constructed. The 
AE model discards the common environmental effects 
(C), the CE sub-model disregards the additive genetic 
effects (A), while the E model summarizes all effects, 
which are completely uncorrelated between twin pairs 
(not shown in Table 1). Homogeneity of the full ACE 
and the sub-models were assessed with χ² tests. We 
used the Chi-square test as it is the most conservative 
fit statistic. Acceptable fit to the full model together 
with lower Akaike and/or Bayesian information criteria 
helped us to select out the most parsimonious model. 

Figure 1. Measurement of the thyroid volume and isthmus using electronic 
calipers at the time of scanning. Transversal plane images were applied for 
axial views (A, D) and coronal plane images were obtained either from the 
long-axis view bilaterally (B, E). Thickness of the thyroid isthmus was 
measured at the thickest portion of the gland in the midline (C).

D

E

Figure 2. Univariate A-C-E model. Rectangles denote the observed thyroid 
variables and circles denote the latent variables. Curved arrows denote 
correlations (fixed at the highlighted values). Straight arrows signify the 
estimated impact of the latent factor on variance of the observed 
phenotype. Letters A, C, and E stand for additive genetic, common 
environmental, and unique environmental influences, respectively.

MZ & DZ = 1

MZ = 1 / DZ = 0.5

E1

TWIN 1
Thyroid isthmus
Thyroid volume

TWIN 2
Thyroid isthmus
Thyroid volume

C1 A1 A2 C2 E2
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Table 1. Parameter estimates for additive hereditary (A), common environment (C) and unique environmental influences (E) on thyroid parameters by 
structural equation modeling (69 monozygotic, 45 dizygotic twin pairs)

Dependent
variable

AIC BIC -2LL

Overall model fit Comparative model fit

A 95% CI C 95% CI E 95% CIChi-sq 
Difference 

df 
Difference

p-value
Chi-sq 

Difference 
df 

Difference
p-value

Thyroid 
isthmus 
thickness

Model-1 estimates

A-C-E 589.1 605.5 577.1 8.588 12 0.7377 0.51 0.28 – 0.69 0.00 0.00 – 0.26 0.49 0.34 – 0.65

A-E* 587.1 600.8 577.1 8.588 13 0.8033 0 1 1 0.51 0.34 – 0.65 0.00 0.00 – 0.49 0.49 0.35 – 0.66

C-E 590.6 604.3 580.6 12.105 13 0.5190 3.52 1 0.006 0.00 0.00 – 0.00 0.38 0.22 – 0.52 0.62 0.48 – 0.78

Model-2 estimates

A-C-E 584.8 606.6 568.8 23.323 26 0.6146 0.50 0.28 – 0.68 0.00 0.00 – 0.51 0.50 0.33 – 0.65

A-E* 582.8 601.9 568.8 23.323 27 0.6675 0 1 1 0.50 0.35 – 0.66 0.00 0.00 – 0.00 0.50 0.34 – 0.65

C-E 586.2 605.4 572.3 26.829 27 0.4730 3.50 1 0.061 0.00 0.00 – 0.00 0.36 0.22 – 0.52 0.64 0.48 – 0.78

Left lobe 
volume

Model-1 estimates

A-C-E 427.5 443.9 415.5 18.571 12 0.0994 0.00 0.00 – 0.00 0.68 0.57 – 0.80 0.32 0.20 – 0.48

A-E 435.1 448.8 425.1 28.216 13 0.0084 9.64 1 0.002 0.69 0.53 – 0.82 0.00 0.00 – 0.00 0.31 0.18 – 0.47

C-E* 425.5 439.2 415.5 18.571 13 0.1370 0 1 1 0.00 0.00 – 0.00 0.68 0.54 – 0.79 0.32 0.21 – 0.46

Model-2 estimates

A-C-E 426.0 447.8 410.0 35.835 26 0.0947 0.02 0.00 – 0.50 0.64 0.46 – 0.80 0.33 0.22 – 0.53

A-E 431.2 450.3 417.2 43.016 27 0.0261 7.20 1 0.007 0.68 0.48 – 0.80 0.00 0.00 – 0.00 0.32 0.20 – 0.52

C-E* 424.0 443.1 410.0 35.849 27 0.1186 0 1 1 0.00 0.00 – 0.00 0.66 0.51 – 0.77 0.34 0.23 – 0.49

Right lobe 
volume

Model-1 estimates

A-C-E 408.4 424.8 396.4 10.355 12 0.5849 0.17 0.00 – 0.46 0.63 0.36 – 0.79 0.21 0.13 – 0.29

A-E 414.9 428.6 404.9 18.849 13 0.1279 8.49 1 0.004 0.79 0.71 – 0.87 0.00 0.00 – 0.00 0.21 0.13 – 0.29

C-E* 407.9 421.6 397.9 11.828 13 0.5418 1.47 1 0.225 0.00 0.00 – 0.00 0.76 0.70 – 0.82 0.24 0.18 – 0.31

Model-2 estimates

A-C-E 407.4 429.2 391.4 30.944 26 0.2303 0.18 0.00 – 0.52 0.61 0.28 – 0.78 0.21 0.13 – 0.29

A-E 413.1 432.2 399.1 38.658 27 0.0680 7.70 1 0.005 0.79 0.72 – 0.87 0.00 0.00 – 0.00 0.21 0.13 – 0.28

C-E* 406.9 426.0 392.9 32.515 27 0.2135 1.50 1 0.221 0.00 0.00 – 0.00 0.76 0.68 – 0.82 0.24 0.18 – 0.32

Model-1: correlations were adjusted to age and sex.
Model-2: correlations were adjusted to age, sex, body mass index and smoking.
AIC: Akaike information criteria; BIC: Bayesian information criteria; LL: loglikelihood; rMZ – saturated correlation between. monozygotic twins; rDZ – saturated correlation between dizygotic twin. 
* Best fitting model. 

The results from model-1 tell us the total genetic and 
environmental impact on the dependent variable. The 
results from model-2 tell us the impact of genes and 
the environment after the impact of known risk factors 
(body mass index, smoking) are corrected for. Em-
pirical 95% confidence intervals were calculated with 
a Bollen-Stine Bootstrap. All inferential statistics were 
estimated using full information maximum likelihood.

RESULTS

Descriptive analysis of the twin cohort

There were no significant differences between mono-
zygotic and dizygotic twins in clinical and ultrasono-
graphic characteristics except history of some thyroid 

disease (Table 2). Two hundred and fifteen subjects 
(95.1%) had ultrasonographically homogenous thyroid 
gland. One hundred and twelve subjects (52.3%) 
had no thyroid nodule. Thirty seven (17.3%) and 65 
(28.5%) twins had non-cystic and cystic thyroid nodu-
les, respectively.    

Heritability analysis of thyroid volume and thickness 
of thyroid isthmus 

Co-twin correlations indicated higher correlation bet-
ween MZ twins as DZ twins in case of thyroid isthmus 
(rMZ = 0.520, 95% CI, 0.366, 0.656, rDZ = 0.192, 
95% CI, -0.151, 0.444). The magnitude of correla-
tion was similar between MZ and DZ twins in case of 
the left and right thyroid volume (left: rMZ = 0.680, 
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Table 2. Clinical and ultrasonographic characteristics according to zygosity

Total
Zygosity

Monozygotic Dizygotic

Participants, n 228 138 90

Women:men ratio 164:64 106:32 58:32

Age, years (mean ± standard deviation) 43.6 ± 13.6 42.6 ± 16.4 45.2 ± 16.3

Body mass index, kg/m2 (mean ± standard deviation) 25.7 ± 4.8 25.6 ± 4.9 25.7 ± 4.7

Current smokers, n (%)#

Ex smokers, n (%)

Never smokers, n (%)

36 (16.1)

31 (13.9)

156 (70.0)

21 (15.3)

17 (12.4)

99 (72.3)

15 (17.4)

14 (16.3)

57 (66.3)

Thyroid isthmus thickness, mm (mean ± standard deviation) 3.01 ± 1.09 3.01 ± 1.10 3.01 ± 1.08

Mean left thyroid lobe volume, mm3 (mean ± standard deviation) 3366 ± 2144 3181 ± 2058 3655 ± 2255

Mean right thyroid lobe volume, mm3 (mean ± standard deviation) 5096 ± 3520 4851 ± 3344 5482 ± 3765

Known thyroid disease, n (%)*

Hypothyreoidism

Hyperthyreoidism

Goiter

Goiter operation

4 (1.7)

4 (1.7)

5 (2.2)

3 (1.3)

1 (0.7)†

1 (0.7)†

5 (3.6)†

2 (1.4)

3 (3.4)

3 (3.4)

0 (0.0)

1 (1.1)

* Defined according to the clinical history and patients referral.
† P < 0.05 vs dizygotic.
# No smoking information available in 5 subjects.

95% CI, 0.480, 0.816, rDZ = 0.692, 95% CI, 0.520, 
0.825; right: rMZ = 0.792, 95% CI, 0.706, 0.872, rDZ 
= 0.709, 95% CI, 0.582, 0.816). Age-, sex-, body mass 
index- and smoking-adjusted heritability of the thick-
ness of thyroid isthmus was 50% (95% confidence in-
terval [CI], 35 to 66%) (Table 1). Neither left nor right 
thyroid volume showed additive genetic effects, but 
shared environments were 68% (95% CI, 48 to 80%) 
and 79% (95% CI, 72 to 87%), respectively. Compa-
ring model-1 with model-2, magnitudes of MZ and DZ  
co-twin correlations are not substantially impacted by 
the correction of relevant covariates.

Using the most parsimonious (the A-E model for 
thickness of isthmus and the C-E model for both vol-
ume parameters) structural equation model (Table 1), 
unshared environmental effects showed a moderate in-
fluence on dependent parameters (24-50%).

DISCUSSION

Our analysis support that familial factors are important 
for thyroid measures. Our results suggest that the greatest 
part of variance of thyroid volumes is rather explained by 
shared environmental components. In contrast, thickness 
of thyroid isthmus seems to be moderately genetically in-
fluenced. Genetic studies using the twin design are based 
upon the assumption that twins are representative of the 
general population for the outcomes being studied. 

Hereditary factors were found to be important in 
the aetiology of the simple and nodular goitre, Base-
dow-Graves’ disease, Hashimoto’s thyroiditis and the 
regulation of the pituitary–thyroid axis (20-23). 

Previous twin studies confirmed the heritability of 
thyroid hormone levels (plasma TSH: 64%, fT4: 65% 
and fT3: 64%) too (23,24) and demonstrated that be-
sides age, BMI, iodine intake, serum TSH concentra-
tion, parity and cigarette smoking played a small role 
in the thyroid size. Genetic loci associated with clini-
cally overt euthyroid multinodular goiter were already 
mapped in linkage analyses, genome-wide association 
studies identified four genetic loci associated with thy-
roid volume and goiter risk (25). In addition, a Danish 
twin study demonstrated a higher intraclass correlation 
for thyroid volume in monozygotic twins as compared 
to dizygotic twins, suggesting that genetic factors ac-
count for approximately 61–78% of the interindividual 
variation of the thyroid volume (26). In that study, 
calculation of thyroid volume was based on computer-
ized method, but the entire volume was taken into ac-
count and no separate analysis (for left and right lobes, 
isthmus) was carried out (26). We observed that the 
magnitude of heritability of thyroid isthmus thickness 
was similar to that of entire thyroid volume assessed in 
that Danish study, however, we did not find any sig-
nificant genetic background neither on the left or right 
lobe volumes in our study sample. Lack of heritabil-
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ity in our study can be partly caused by the varying 
magnitude of iodine supply or genetic predisposition 
between various populations. Since our data set was 
not very large, it is possible that our result is influenced 
by sampling random error which makes it difficult to 
separate genetic effect from common environmental ef-
fect. Accordingly, a larger sample size is needed to show 
whether this is because of common environmental or 
genetic effects. It is important to take into account that 
in addition to gender, age, BMI and cigarette smok-
ing, ACE analyses were also adjusted to family history 
regarding thyroid diseases, pregnancy, use of hormone 
replacement therapy, supplementary iodine intake, se-
rum TSH, serum free T4, serum free T3, and thyroid 
antibody status (26). In our study, no pregnant women 
participated, and thyroid hormone levels were not as-
sessed. However, since thyroid hormone levels are heri-
table (23), large modifiable effect on our hereditary 
results (no heritability of thyroid lobe volumes) is not 
anticipatory. Iodine status did not seem to exert a sig-
nificant influence on the changes in thyroid volume in 
a recent study, but changes in BMI levels seemed to be 
more important (27). In a sample of euthyroid female 
twins, no evidence of a relationship between skewed X 
chromosome inactivation pattern and thyroid volume 
was reported, neither after controlling for zygosity, 
age, TSH, smoking habits and use of oral contracep-
tives (28). Although genetic influences were reported 
to be important in the regulation of total thyroid size 
in a twin population having no thyroid disorders (26), 
heritability of thyroid volumes has not been studied in 
a twin population in both gender without eliminating 
thyroid disorders. 

To date, no study has been performed to evaluate 
the heritability of the thickness of thyroid isthmus. In 
former studies, measurement of the thyroid volume 
was assessed in a different way compared to ours. Thy-
roid volume was calculated by multiplying the thick-
ness, width, length, by a corrective factor (0.63) for 
each lobe in our analysis, but others calculated the vol-
umes of thyroid glands according to the ellipsoid for-
mula: volume (mL)=depth (cm)×width (cm)×length 
(cm)×π/6. The total thyroid volume was obtained by 
combining the volumes of both lobes. The isthmus was 
never taken into account in volume calculation. The lo-
cation and morphometric characteristics of the thyroid 
isthmus shows high interindividual variabilities (29), 
and this variability is moderately heritable according to 
our results. 

Some previous study reported that smoking has also 
been associated with increased thyroid volume (30,31). 
In contrast, a Turkish study found no difference be-
tween smokers and non-smokers on mean thyroid 
gland volume (32). We found a small effect of smok-
ing on thyroid volume in agreement with the study 
of Hegedüs and cols., but there was no significant ef-
fect of smoking and BMI on heritability estimates in 
models-2 when these factors were included in the ACE 
models (30). Thyroid volume is positively correlated 
with BMI, which is under strong genetic control (33). 
Since we found no genetic component in thyroid vol-
ume regulation, no genetic decomposition model was 
performed between BMI and thyroid volume due to 
the possible lack of genetic contribution. 

Our study had several limitations. Thyroid hormone 
levels were not assessed in our study, but we were in-
terested in the magnitude of contribution of environ-
mental factors to the heredity of thyroid volume in a 
general population without excluding subjects with 
thyroid disorder. We assumed that the both members 
of the twins had the same iodine intake, because all of 
the twin pairs lived in the same area of Hungary. Ultra-
sonography has a weakness of inter-observer variability 
but in this study all participants were evaluated by the 
same sonographer and the results were later checked 
by a professional radiologist. Additional limitation in-
cludes the relatively small number of participating dizy-
gotic twins compared to usual twin studies, which may 
lead to statistical errors in the ACE analysis by increas-
ing the E variance. As mentioned above, this fact might 
influence our results due to the random error effect. 
In addition, thyroid autoimmunity was not taken into 
account which may have an influence on thyroid size.

Sonography has become the gold standard for as-
sessment of the thyroid gland in the recent decades 
(34). Thyroid ultrasound is a widespread technique 
which is used as a first-line diagnostic procedure for 
detecting and characterizing thyroid volume and dis-
eases (35). Studies have demonstrated that the evalu-
ation of thyroid volume by ultrasound is an accu-
rate and precise, non-invasive, rapid and inexpensive 
technique. Our results suggest that thyroid volume is 
mainly influenced by shared environment, including 
intrauterine effects (shared womb, epigenetics) and 
regional nutrition habits (iodine supply). However, 
larger sample size is needed to confirm the role of ge-
netic effects in the determination of thyroid volume. 
Modifiable, unshared environment effects (e.g., smok-
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ing, BMI, nutrition habits, alcohol consumption) had 
a moderate role (24-32%) in the determination of thy-
roid lobe volumes. These factors can be eliminated in 
order to prevent the development of thyroid cancer, 
whose prevalence is related to low thyroid volume (3). 
Our data suggest that many different environmental as 
well as genetic factors are involved – possibly each with 
small effects – in the size of thyroid gland. According-
ly, the use of thyroid volume for screening may detect 
thyroid cancer at an earlier stage and overall survival 
may be improved. 

In conclusion, age-, sex-, body mass index- and 
smoking-adjusted familial factors are important for the 
determination of the thyroid volume and isthmus thick-
ness. A larger sample size is needed to show whether 
this is because of common environmental or genetic 
effects. 
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Effects of thyroid hormone 
replacement on glycated hemoglobin 
levels in non diabetic subjects 
with overt hypothyroidism

Sailaja Anantarapu1, Suresh Vaikkakara1, Alok Sachan1,  
Bobbidi Venkata Phaneendra2, Mustur Manohar Suchitra3,  
Amaresh Ponnala Reddy4, Sunil Epuri1, Arun Mukka1, Dharaneswari Vemvakam1 

ABSTRACT
Objective: Glycated hemoglobin (HbA1c) may not accurately reflect the level of glycemia in con-
ditions of altered erythrocyte turnover. Hypothyroidism is one condition associated with sluggish 
erythropoesis. To assess changes in HbA1c, independent of changes in plasma glucose after initiation 
of thyroxine replacement in patients with overt hypothyroidism. Materials and methods: In this pro-
spective longitudinal study carried out in a tertiary care centre, adult non-diabetic patients with overt 
hypothyroidism recruited between March 2012 to August 2013 were rendered euthyroid on thyroxine. 
They underwent testing for hemoglobin, HbA1c, reticulocyte count, thyroxine, thyrotropin and a stan-
dard oral glucose tolerance test, both before and at 3 months after restoration to the euthyroid state. 
Main outcome assessed was the change in HbA1c independent of the change in glucose parameters. 
Results: Thirty eight patients (35 female and 3 male) aged 37.8 ± 10.2 years with overt hypothyroidism 
(thyroxine 12.6 ± 13.4 ng/mL and thyrotropin -98.1 ± 63.7 µIU/mL respectively) were recruited. While 
HbA1c fell from 5.8 ± 0.7% to 5.6 ± 0.5% (p = 0.009) at 3 months following the correction of hypothy-
roidism, there were no changes in the fasting and the 2 hr post oral glucose tolerance test glucose  
(p = 0.67 and 0.56 respectively). The number of patients with dysglycemia diagnosed by HbA1c (i.e 
HbA1c ≥ 5.7%) fell from 25 (65.78%) to 17 (44.7%) after treatment (p = 0.008). There were 7 (18.4%) 
patients with HbA1c ≥ 6.5% at baseline, but this fell to just 4 (10.5%) (p < 0.001) after 3 months of 
euthyroidism. Conclusion: HbA1c is not a reliable diagnostic test for diabetes in the presence of hy-
pothyroidism. Arch Endocrinol Metab. 2015;59(6):495-500
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INTRODUCTION

T he American Diabetic Association has recently ap-
proved the use of glycated hemoglobin (HbA1c) 

as a screening as well as diagnostic test for diabetes 
mellitus. A value ≥ 5.7% but < 6.5% was considered to 
represent pre-diabetes, while a value ≥ 6.5% was consi-
dered diagnostic of diabetes mellitus (1,2). 

The glycated hemoglobin represents the fraction of 
hemoglobin that undergoes non-enzymatic glycation 
over the circulatory life span of the erythrocytes (usually 
120 days) (3,4). It not only depends on the ambient le-
vel of glycemia over the preceeding 2-3 months (5), but 
also on the average period of exposure of the circulatory 
red blood cells (RBCs) to this glycemia i.e on the eryth-
rocyte turnover in circulation (3,5). Conditions which 
are associated with a low RBC turnover, with a predomi-

nance of older cells (and a paucity of younger RBCs and 
reticulocytes) in circulation are associated with a falsely 
elevated HbA1c. Proven examples include iron (6,7) and 
vitamin B12 deficiency (6), and renal failure (8).

Among the hypoplastic anaemias, an important and 
common etiological factor is hypothyroidism (9,10). In 
response to the diminished metabolism and the reduced 
requirements for oxygen, there is reduced erythropoi-
etin production from the proximal renal tubules (11).

It is conceivable that this reduced erythropoiesis may 
result in a false elevation of HbA1c (12) resulting in some 
cases in an erroneous diagnosis of pre diabetes or diabetes. 
We planned to assess changes in patient categorization be-
tween euglycemia, prediabetes and diabetes mellitus based 
on HbA1c levels, resulting from thyroxine replacement to 
hypothyroid patients- an aspect not studied before.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

496

HbA1c in hypothyroidism

Arch Endocrinol Metab. 2015;59/6

MATERIALS AND METHODS

Study design

The study was a prospective study conducted in the De-
partment of Endocrinology and Metabolism at a ter-
tiary care centre in India. The study period was from 
March 2012 to August 2013. Patients aged more than 
20 years with a biochemical diagnosis of overt hypo-
thyroidism (i.e TSH > 15 µIU/mL and T4 < 55 ng/
mL) were recruited for the study. Patients satisfying 
glucose based criteria for diabetes mellitus as recom-
mended by the American Diabetes Association (ADA) 
(13)  in 2009, were excluded from the study. Suspected 
or known case of chronic kidney disease, abnormal hae-
moglobinopathy, haemolytic disorder, reticulocytosis 
(reticulocytes > 2.5% of all erythrocytes), bone marrow 
disorders like aplastic anaemia, myelodysplastic syn-
drome or recent (< 3 months) blood transfusion were 
excluded from the study.

Written informed consent was obtained from all 
patients for participation in the study. The study was 
cleared by the Institutional Ethics Committee. Weight 
and height of recruited patients was recorded. Blood 
samples of the enrolled patients were obtained in the 
morning between 0800–0900 hr after an overnight fast 
for fasting plasma glucose (FPG), serum creatinine, he-
moglobin (Hb), HbA1c, reticulocyte count and serum 
T4 and TSH. Patients were categorized on HbA1c alone 
into euglycemia (HbA1c < 5.7%), prediabetes (HbA1c≥ 
5.7 but < 6.5) and diabetes mellitus (HbA1c ≥ 6.5%) 
based on diagnostic cutoffs of HbA1c advocated by the 
American Diabetes Association (2). Dysglycemia based 
only on HbA1c was defined as HbA1c ≥ 5.7%, i.e. it in-
cluded patients with both prediabetes and diabetes mel-
litus diagnosed on HbA1c. 

Each patient then was given 75 gm anhydrous glu-
cose mixed in 200 mL water and asked to drink slowly 
over 3 minutes. Repeat samples for plasma glucose 
were collected after 2 hours. Patients with fasting plas-
ma glucose (FPG) ≥ 100 mg/dL were labeled as hav-
ing impaired fasting glucose (IFG), while those with 2 
hrs post OGTT plasma glucose (PGPG) ≥ 140 mg/dL 
were labeled having impaired glucose tolerance (IGT). 
Prediabetes based on plasma glucose measurements 
was diagnosed by the presence of either IFG or IGT 
or both. Patients with FPG ≥ 126 mg/dL or PGPG ≥ 
200 mg/dL were excluded from the study as previously 
stated, with the intention of excluding patients satisfy-
ing glucose based criteria for diabetes mellitus. 

Biochemical assays

T4 was measured by radioimmunoassay (RIA) method 
by using BRIA MAG 4 kits [Broad of Radiation and 
Isotope Technology (BRIT), Mumbai, India]. The 
minimum and maximum detectable limits for serum T4 
was 15-240 ng/mL. TSH was measured by immuno-
radiometric assay (IRMA) method by using IRMAK-9 
kits [Broad of Radiation and Isotope Technology 
(BRIT), Mumbai, India]. The minimum and maxi-
mum detectable limits for serum TSH was 0.15-100 
mIU/L. The intra assay and inter assay CV (%) ranges 
from 2.79-6.92 and 1.80-8.21 respectively. HbA1c was 
analysed using commercially available HPLC kits (D-10 
HemoglobinA1c Prog, Bio-Rad Laboratories, Califor-
nia, United States). The intra and inter assay CV (%) 
was 0.78 and 0.52 respectively. Plasma glucose and se-
rum creatinine were measured using autoanalyzer CX5 
(Beckman Coulter, California, United States of Ameri-
ca). Glomerular filtration rate was calculated using the 
Cockcroft Gault formula (14) and corrected to 1.73 m2 
BSA. Haemoglobin was estimated on an automated 
haematology analyzer by colorimetric method (Shen-
zhen Mindray Biomedical Electronics Co Ltd, Ham-
burg 20537, Germany). Reticulocytes were counted 
by a trained observer after staining of peripheral blood 
smear with a supravital stain (new methylene blue) and 
expressed as a percentage of total red blood cells. 

Patients were then started on thyroxin supplements 
for 3 months. The dose of the drug was increased peri-
odically (every 4-6 weeks) step wise, based on TSH esti-
mations till the patients were rendered euthyroid, i.e had 
TSH between 0.5-5 µIU/ml. Once the patient had been 
restored to the euthyroid state, the patient was allowed 
to continue the same dose of thyroxin and recalled af-
ter three months. After three months of documentation 
of euthyroidism, the following investigations were re-
peated as before: serum T4 and TSH, fasting plasma glu-
cose and post glucose load 2 hr plasma glucose, HbA1c, 

haemoglobin and reticulocyte percentage. Reticulocyte 
percentage was determined by the same expert, who 
performed the same determination at baseline.

Sample size

The study was planned to detect change in HbA1c before 
and after restoration of the euthyroid state with a power 
of 80% and a significance level at a p < 0.05. The stan-
dard deviation of HbA1c (σ) in the normal population, 
as represented by the normal healthy control subjects 
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in the study by Kim and cols. (12) was 0.31%. In that 
study the correction of hypothyroidism lead to fall of 
0.2% in the HbA1c. Expecting to demonstrate a similar 
or greater change in our patients, the minimal sample 
size required to demonstrate a change (δ) of 0.2% in the 
HbA1c was obtained as given below (15):

n = 2 (Zα + Z1-β)
2σ2

δ2

where Zα (coefficient of α error) assumes a value of 1.96 
and Z1-β (coefficient of β error) takes a value of 0.8416 
for a statistical power of 80% and at a significance level 
of p < 0.05 for comparison of means of HbA1c before 
and after the correction of hypothyroidism by a 2 tailed 
paired t test. Substituting the values of σ and δ as men-
tioned above the required sample size was 37.

Statistical analysis

Data was recorded on a pre designed proforma and man-
aged using Microsoft Excel 2007 (Microsoft Corp, Red-
mond, WA). Continuous variables were compared with 
same parameters measured 3 months after the restora-
tion of euthyroidism using two tailed paired t test with 
a p value of < 0.05 being considered as significant. Base-
line proportions were compared with those measured 
3 months after the restoration of euthyroidism by the 
McNemar χ2 test. Statistical software SPSS version 15 
(SSPS Inc., Chicago, IL) was used for statistical analysis.

RESULTS

Baseline clinical features 

A total of 38 consecutive patients with confirmed overt 
hypothyroidism (i.e TSH > 15 µIU/ml and T4 < 55 
ng/mL) were recruited for the study over a period of 
one and a half years. Baseline patient characteristics are 
given below in table 1.

Effect of thyroxine replacement 

Patients were re-evaluated 3 months after restoration 
to the euthyroid state. The recorded changes are given 
in table 2.

Following correction of T4 and TSH to 105.7 ± 
36.9 ng/mL and 2.5 ± 3.5 µIU/mL respectively, there 
was a reduction in the mean body weight by 3.5 kg 
(p = 0.004). Likewise, there was improvement in the 
hemoglobin from 11.7 ± 1.9 gm/dL to 12.1 ± 1.6 
gm/dL (p = 0.044). This was accompanied by a rise 

in the reticulocyte percentage from 0.9 ± 0.6% to 1.2 ± 
0.7% (p = 0.046).

Table 2. Comparison of anthropometry, hematological parameters, thyroid 
profile, glycemic indices and proportion of patients with abnormal glycemic 
parameters before and 3 months after the correction of hypothyroidism in 
38 patients

Parameter Pre therapy
N = 38

Post therapy
N = 38 P value

Weight (kg) 61.0 ± 13.2 57.5 ± 14.3 0.004

BMI (kg/m2 ) 25.0 ± 4.2 24.1 ± 4.3 0.039

T
4
 (ng/mL) 12.6 ± 13.4 105.7 ± 36.9 < 0.001

TSH (µIU/mL) 98.1 ± 63.7 2.5 ± 3.5 < 0.001

Hb (gm/dL) 11.7 ± 1.9 12.1 ± 1.6 0.044

Reticulocyte  
(as % of total RBCs)

0.9 ± 0.6 1.2 ± 0.7 0.046

FPG (mg/dL) 86.8 ± 11.0 87.5 ± 9.1 NS

PGPG (mg/dL) 123.4 ± 35.6 127.0 ± 28.8 NS

HbA
1c

 (%) 5.8 ± 0.7 5.6 ± 0.5 0.009

No. (%) of patients with 
IFG (FPG ≥ 100 mg/dL)

4 (10.5%) 5 (13.1%) NS

No. (%) of patients with 
IGT (PGPG ≥ 140 mg/dL)

11 (29%) 11 (29%) NS

No. (%) of patients with 
IFG and /or IGT

12 (31.6%) 15 (39.4%) NS

No. (%) of patients with 
HbA

1c
 ≥ 5.7

25 (65.7%) 17 (44.7%) 0.008

No. (%) of patients with 
HbA

1c
 ≥ 5.7 with normal 

FPG and PGPG

16 (42.1%) 7 (18.4%) 0.035

No. (%) of patients with 
HbA

1c
 ≥ 6.5%

7 (18.4%) 4 (10.5%) < 0.001

BMI: body mass index; T
4
: thyroxin; TSH: thyroid stimulating hormone; Hb: hemoglobin; FPG: 

fasting plasma glucose; PGPG: post glucose tolerance test 2 hours plasma glucose; HbA
1c

: 
glycated hemoglobin; IFG: impaired fasting glucose; IGT: impaired glucose tolerance; NS: not 
significant (p > 0.05).

Normal values T
4
:
 
55-135 ng/mL, TSH 0.5-5.0 µIU/mL, Hb: 12-14 gm/dL in females and 14-16 

gm/dL in males, Reticulocyte (%)-0.5-1.5%. FPG < 100 mg/dL, PGPG < 140 mg/dL, HbA
1c 

< 
5.7%.

Table 1. Baseline characteristics of recruited patients 

Patient parameter Value (n = 38)

Age 37.8 ± 10.2 years

Female : Male ratio 35: 3

Weight 61.0 ± 13.2 kg

BMI 25.0 ± 4.2 kg/m2

Number of obese patients (% of total) 20 (46.51%) 

Serum creatinine 0.79 ± 0.20 mg/dL

Estimated GFR 104.93 ± 29.40 mL/min/1.73 m2 BSA

Thyroxine 12.6 ± 13.4 ng/mL

Thyrotropin 98.1 ± 63.7 µIU/mL

BMI: body mass index; GFR: glomerular filtration rate.

Normal values thyroxine: 55-135 ng/mL; thyrotropin 0.5-5.0 µIU/mL.
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Changes in glycemic indices 

Table 2 shows the comparison between the HbA1c, 
FPG and PGPG at baseline and at 3 months after the 
correction of hypothyroidism. While there was a fall in 
the HbA1c from 5.8 ± 0.7% to 5.6 ± 0.5% (p = 0.009) 
following the correction of hypothyroidism, there were 
no corresponding changes in the fasting and the 2 hr 
post OGTT plasma glucose (p > 0.05) .

Changes in the proportion of patients with abnor-
mal glycemic indices in OGTT before and after treat-
ment is also shown in table 2. The proportion of pa-
tients with IFG and those with IGT did not change 
(p > 0.05 for both). The proportion of patients with 
prediabetes based on plasma glucose values (i.e having 
IFG or IGT or both) also did not change (p > 0.05). 
However the number of patients with dysglycemia 
diagnosed by HbA1c (i.e HbA1c ≥ 5.7%) fell from 25 
(65.78%) to 17 (44.7%) after treatment (p = 0.008). 
Likewise the number of patients with HbA1c ≥ 5.7 % 
but having normal plasma glucose both in the fasting 
and the 2 hrs post OGTT state (i.e false diagnosis of 
dysglycemia by HbA1c) also fell from 16 (42.1%) to 7 
(18.42%) (p = 0.035). 

No patient fulfilled glucose criteria for diabetes at 
baseline, due to exclusion of such patients at baseline. 
Nevertheless there were 7 (18.4%) patients with HbA1c 
≥ 6.5% at baseline (representing false diagnosis of DM 
by HbA1c), but this fell to just 4 (10.5%) (p < 0.001) 
after 3 months of euthyroidism.

On multiple linear regression analysis, none of the 
following parameters: namely the change in the hemo-
globin, reticulocyte percentage, body mass index or the 
fasting or post OGTT plasma glucose were indepen-
dently predictive (p > 0.05) of the change in the HbA1c 
between the baseline and final follow up.

DISCUSSION

Recently the American Diabetes Association has recom-
mended the use of HbA1c for the diagnosis of diabetes 
mellitus (2). However there has always been concern 
about the use of HbA1c in certain conditions, where this 
does not accurately reflect the level of glycemia. Disor-
ders associated with changes in the RBC turnover can 
affect the HbA1c

 independently from the glycemic sta-
tus, by altering the relative proportion of young and 
old RBCs in circulation i.e the average age of the RBCs 
(3,4). Thus disorders with reduced RBC turnover and 
a preponderance of older RBCs in circulation, like iron 

deficiency (6,7), vitamin B12 deficiency (6), or renal 
failure (8), can have a falsely elevated HbA1c.

Among the latter group of disorders, one which is 
widely prevalent is hypothyroidism. Indeed studies in 
our country show that overt hypothyroidism is found 
in 3.9% to 10.95% of the general population (16,17). 
These prevalence rates are much higher than that 
found in the Western population, where the prevalence 
of overt hypothyroidism is only 0.3-0.4% of the adult 
population (18,19). Thus, India seems to be having a 
much higher burden of hypothyroidism. Thus any im-
pact of hypothyroidism on HbA1c is likely to be a bigger 
issue in India than in the Western countries. 

We enrolled newly diagnosed patients with overt 
hypothyroidism. Those patients with FPG or PGPG in 
the diabetic range (i.e FPG ≥ 126 mg/dL and PGPG 
≥ 200 mg/dL were excluded from the study since they 
would require anti-diabetic medication or therapeu-
tic lifestyle change, in addition to thyroxin treatment 
– thus introducing a confounding factor of impact of 
diabetes treatment on HbA1c, while studying HbA1c al-
terations with thyroxin replacement. Only patients with 
normal glucose values or patients with IFG/ IGT were 
thus included. The reason for choosing three months 
follow up was on account of the approximately 120 
days lifespan of the RBCs in circulation (3,4). 

Our study showed mild anaemia with a low reti-
culocyte count at baseline in concordance with other 
studies (12,20). In our patients, following thyroid hor-
mone replacement, the haemoglobin and the reticulo-
cyte count rose. Likewise Bashir and cols. (20), in a 
retrospective study showed that as compared to a Hb of 
10.73 ± 0.86 gm/dL in untreated primary hypothyroid 
patients it was 12.64 ± 1.33 in treated primary hypo-
thyroid patients (p < 0.001).   

Though there was a mean weight loss of approxi-
mately 3.5 kg from baseline following the correction 
of hypothyroidism, the plasma glucose values remained 
unaltered (Table 2). Further the proportion of patients 
with dysglycemic states IGT or IFG or prediabetes 
based on plasma glucose (either IGT and/or IFG) did 
not change. These findings are similar to what was ob-
served by Kim and cols. (12) who showed that there 
were no changes observed in FPG or in 1,2 an hydro-
glycitol (an index of postprandial hyperglycemia) fol-
lowing the correction of hypothyroidism. 

Despite the mean FPG and PGPG being normal, the 
mean HbA1c at baseline was already in the prediabetes 
range. A significant proportion of patients had a false 
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diagnosis of dysglycemia (42%) or diabetes (18.4%) by 
HbA1c.Thus in hypothyroidism there is a very high false 
positive rate for the diagnosis of dyglycemia, if HbA1c 
alone is used as the diagnostic test.

This false elevation of HbA1c was also demonstrated 
by Kim and cols. (12) who showed that HbA1c in 45 
hypothyroid patients was higher than that in control 
subjects (5.54 ± 0.43% vs. 5.34 ± 0.31% in hypothyroid 
patients and controls respectively; p < 0.001), despite 
the lower level of plasma fasting glucose in the hypo-
thyroid individuals. Christy and cols. (21) selected 30 
hypothyroid (TSH > 14 mIU/L) non diabetic (FPG < 
100 mg/dL) patients with normocytic normochromic 
anemia and compared these patients with 30 euthyroid 
non diabetic patients also with normocytic normochro-
mic anemia. HbA1c in the hypothyroid patients was 
6.32 ± 0.75 % vs. 5.87 ± 0.46% in the euthyroid group, 
the difference being statistically significant. Despite all 
subjects in this study being euglycemic, the odds ratio 
for HbA1c > 6.5% in hypothyroid patients with anemia 
was 3.16 in comparison to euthyroid persons.

Following correction of hypothyroidism and main-
tenance of the euthyroid state for up to 3 months, the 
initially elevated mean HbA1c was found to fall to a nor-
mal value despite there being no change in the FPG and 
the PGPG. Similar findings were reported by Kim and 
cols. (12) in their 30 hypothyroid patients who were re-
sumed on thyroxin replacement. In their study, HbA1c 
fell from 5.57 ± 0.26% at baseline to 5.37 ± 0.32% 1 
month after commencing thyroxin replacement; a mag-
nitude of fall similar to that seen in our study. 

Change in the HbA1c cannot be attributed to the 
fall in the BMI as there was no significant association 
between these parameters on multiple linear regression. 
Moreover there is no mechanism by which the BMI 
can influence the HbA1c other than through the level 
of glycemia, which has remained unaffected between 
baseline time point and post 3 months follow up.

Similar reduction of HbA1c without attempting to 
control glucose has also been observed in patients with 
vitamin B12 deficiency treated with vitamin B12 or iron 
deficiency individuals treated with iron (7) or renal fail-
ure patients treated with erythropoietin (8). In all these 
cases the fall in HbA1c was attributed to the appearance 
of newly formed young RBCs in circulation. In our pa-
tients also, this process is reflected in the observed rise 
in the reticulocyte percentage. However there was no 
statistical association between the change in the HbA1c 
and the change in the reticulocyte percentage or the 

hemoglobin. This may be due to the following reasons. 
Firstly, though the study is adequately powered to de-
tect changes in HbA1c between pre and post treatment 
time points, it may not be adequately powered to assess 
causal associations with changes in the reticulocyte per-
centage. Secondly the reticulocytes only represent the 
“youngest” red blood cells, but do not fully reflect the 
the entire population of “young” RBCs in circulation. 
There is currently no satisfactory method to study the 
average age of the RBCs in circulation at two different 
points in time, which would have been the ideal tool in 
this study. 

In our study the diagnosis (based on HbA1c) of dys-
glycemia (HbA1c ≥ 5.7%) made earlier was subsequently 
changed to euglycemia in nearly one third of the pa-
tients initially diagnosed as dysglycemia. Similar reduc-
tion was observed in the proportion of patients with 
the wrong diagnosis (based on HbA1c) of dysglycemia 
(i.e HbA1c ≥ 5.7 despite normal FPG and PGPG) and 
diabetes mellitus. Thus a very small reduction in HbA1c 
of only 0.2% nevertheless has a significant impact on 
the HbA1c based diagnostic categorization of hypothy-
roid patients. This aspect has not been studied earlier.

To conclude, levels of HbA1c are falsely elevated, 
out of proportion to the level of glycemia in patients 
with hypothyroidism. However it is lowered without 
any change in plasma glucose after correction of hypo-
thyroidism. Consequently false diagnosis of dysglyce-
mia may be made if HbA1c alone is used for diagnosis 
in patients with overt hypothyroidism. Therefore in 
hypothyroid patients, reliance should be placed only 
on fasting plasma glucose or the oral glucose toler-
ance test (OGTT) to diagnose prediabetes or type 2 
diabetes. 

The study is limited by having only a small number 
of patients, a relatively short follow up duration of 3 
months and by the absence of a control group. A larger 
study with a longer follow up may be of use to confirm 
our results. 

Acknowledgements: we thank Sri Balaji Aarogya Varaprasadini 
Scheme (SBAVP), Tirumala Tirupati Devasthanams (TTD), Ti-
rupati for funding the research project with grant of Rs 25,000/-.

This work was supported by the Sri Balaji Aarogya Varaprasadi-
ni Scheme (SBAVP), Tirumala Tirupati Devasthanams (TTD), 
Tirupati.

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



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

500

HbA1c in hypothyroidism

Arch Endocrinol Metab. 2015;59/6

REFERENCES 
1. The International Expert Committee. International Expert Com-

mittee report on the role of the A1C assay in the diagnosis of 
diabetes. Diabetes Care. 2009;32(7):1327-34.

2. American Diabetes Association. Diagnosis and classification of 
diabetes mellitus. Diabetes Care. 2010;33(Suppl 1):S62-9.

3. Bunn HF, Haney DN, Kamin S, Gabbay KH, Gallop PM. The bio-
synthesis of human hemoglobin A1c. Slow glycosylation of he-
moglobin in vivo. J Clin Invest. 1976;57(6):1652-9.

4. Shapiro R, McManus M, Garrick L, McDonald MJ, Bunn HF. Non-
enzymatic glycosylation of human hemoglobin at multiple sites. 
Metabolism. 1979;28(4 Suppl 1):427-30. 

5. Fitzgibbons JF, Koler RD, Jones RT. Red cell age-related changes 
of hemoglobins AIa+b and AIc in normal and diabetic subjects. J 
Clin Invest. 1976;58(4):820-4.

6. Gram-Hansen P, Eriksen J, Mourits-Andersen T, Olesen L. Glyco-
sylated haemoglobin (HbA1c) in iron- and vitamin B12 deficiency. 
J Intern Med. 1990;227(2):133-6. 

7. Coban E, Ozdogan M, Timuragaoglu A. Effect of iron deficiency 
anemia on the levels of hemoglobin A1c in nondiabetic patients. 
Acta Haematol. 2004;112(3):126-8. 

8. Ng JM, Jennings PE, Laboi P, Jayagopal V. Erythropoetin treat-
ment significantly alters measured glycated haemoglobin 
(HbA1c). Diabet Med. 2008;25(2):239-40.

9. Dawson MA, Yarbro JW. Anemia in hypothyroidism. South Med 
J. 1970;63(8):966-70.

10. Fein HG, Rivlin RS. Anemia in thyroid diseases. Med Clin North 
Am. 1975;59:1133-45.

11. Donati RM, Fletcher JW, Warnecke MA, Gallagher NI. Erythro-
poiesis in hypothyroidism. Proc Soc Exp Biol Med. 1973;144:78-
82.

12. Kim MK, Kwon HS, Baek KH, Lee JH, Park WC, Sohn HS, et al. Ef-
fects of thyroid hormone on A1C and glycated albumin levels in 
nondiabetic subjects with overt hypothyroidism. Diabetes Care. 
2010;33(12):2546-8. 

13. American Diabetes Association. Standards of Medical Care. Dia-
betes Care. 2009;32(Suppl 1):S13-61.

14. Cockcroft DW, Gault MH. Prediction of creatinine clearance from 
serum creatinine. Nephron. 1976;16(1):31-41. 

15. Kirby A, Gebski V, Keech AC. Determining the sample size in a 
clinical trial. Med J Aust. 2002;177:256-57.

16. Usha Menon V, Sundaram KR, Unnikrishnan AG, Jayakumar RV, 
Nair V, Kumar H. High prevalence of undetected thyroid disor-
ders in an iodine sufficient adult south Indian population. J Indian 
Med Assoc. 2009;107(2):72-7. 

17. Unnikrishnan AG, Kalra S, Sahay RK, Bantwal G, John M, Tewari N. 
Prevalence of hypothyroidism in adults: an epidemiological study 
in eight cities of India. Indian J Endocr Metab. 2013;17(4):647-52.

18. Hollowell JG, Staehling NW, Flanders WD, Hannon WH, Gunter 
EW, Spencer CA, et al. Serum TSH, T(4), and thyroid antibodies in 
the United States population (1988 to 1994): National Health and 
Nutrition Examination Survey (NHANES III). J Clin Endocrinol 
Metab. 2002;87(2):489-99.

19. Canaris GJ, Manowitz NR, Mayor G, Ridgway EC. The Colorado thy-
roid disease prevalence study. Arch Intern Med. 2000;160(4):526-34.  

20. Bashir H, Bhat MH, Farooq R, Majid S, Shoib S, Hamid R, et al. 
Comparison of hematological parameters in untreated and treat-
ed subclinical hypothyroidism and primary hypothyroidism pa-
tients. Med J Islam Repub Iran. 2012;26(4):172-8. 

21. Christy AL, Manjrekar P, Babu RP, M S R, Hegde A. Elevation 
of HbA1C in non-diabetic hypothyroid individuals: is anaemia 
the connecting link? – A preliminary study. J Clin Diagn Res. 
2013;7(11):2442-4.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

501

original article

Arch Endocrinol Metab. 2015;59/6

Low iodine diet does not improve 
the efficacy of radioiodine for the 
treatment of Graves’ disease 

Vanessa A. Santarosa1, Denise M. Orlandi1, Lia B. Fiorin1, Teresa S. Kasamatsu1,  
Gilberto K. Furuzawa1, Ilda S. Kunii1, Rosália P. Padovani1,2, Marília M. S. Marone2,  
Mário L. Castiglioni3, José Gilberto H. Vieira1, Rui M. B. Maciel1, 
Magnus R. Dias-da-Silva1, João R. M. Martins1

ABSTRACT
Objective: Consuming a low-iodine diet (LID) is a widely accepted practice before administering 
radioiodine (131I) to evaluate and to treat thyroid disease. Although this procedure is well established 
for the management of patients with differentiated thyroid cancer, its use in patients with benign 
disease is unclear. So, we aimed to evaluate the influence of a LID on the outcome in patients with 
Graves’ disease (GD) treated with 131I. Subjects and methods: We evaluated 67 patients with GD 
who were divided into 2 groups: one group (n = 31) consumed a LID for 1-2 weeks, and the second 
group (n = 36) was instructed to maintain a regular diet (RD). Results: The LID group experienced a 
23% decrease in urinary iodine after 1 week on the diet and a significant 42% decrease after 2 weeks 
on the diet. The majority (53%) of the patients in the LID group had urinary iodine levels that were 
consistent with deficient iodine intake. However, there was no difference in the rate of hyperthyroid-
ism’s cure between the LID and the RD groups 6 months after 131I therapy. Furthermore, the therapeu-
tic efficacy did not differ in patients with varying degrees of sufficient iodine intake (corresponding 
urinary iodine levels: < 10 μg/dL is deficient; 10-29.9 μg/dL is sufficient; and > 30 μg/dL is excessive). 
Conclusion: In the present study, we demonstrated that although a LID decreased urinary iodine le-
vels, those levels corresponding with sufficient or a mild excess in iodine intake did not compromise 
the therapeutic efficacy of 131I for the treatment of GD. Arch Endocrinol Metab. 2015;59(6):501-6
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INTRODUCTION

R adioiodine (131I) represents one of the first-line 
therapies for Graves’ disease (GD) (1-4). In the 

majority of cases, a single dose of 131I is sufficient to 
restore the patient to euthyroidism or hypothyroid-
ism within 6 to 12 months (4). Despite its efficacy, ra-
dioiodine therapy (RAIT) fails in 10-50% of cases (4). 
The success of RAIT is influenced by many variables, 
including gender, age, thyroid volume, prior use of an-
tithyroid drugs and baseline free thyroxine (FT4) le-
vels; however, none of these variables reliably predict 
the outcome after RAIT (5-12). 

The effect of RAIT is directly correlated to the dose 
of 131I as well as to the dose absorbed by the thyroid 
tissue (12) although one study showed no difference in 
this respect (13). It is known that thyroid uptake varies 
based on the availability of dietary iodine. A decline in 
radioiodine uptake has been observed over time in po-
pulations with benign thyroid disease who are exposed 

to high amounts of iodine in accordance with public 
policies of iodine supplementation (14,15). Moreover, 
previous studies have reported that a 25% decline in 
iodine uptake occurs when iodine excretion is increased 
by 2-fold (12,16). 

To increase 131I uptake, a stringent low-iodine diet 
(LID) is recommended and its efficacy is easily moni-
tored by measuring urinary iodine levels (17,18). A LID 
reduces plasma iodine levels, leading to increased expres-
sion of sodium-iodide symporter (NIS), thereby increas-
ing 131I uptake (19,20). Although this practice has been 
widely accepted for the management of differentiated 
thyroid cancer (DTC), its use in evaluating and treating 
benign thyroid diseases, particularly GD, has not been 
demonstrated. In fact, recent guidelines and reviews 
have suggested that high plasma iodine levels rarely com-
promise RAIT for thyrotoxicosis and that a LID is only 
indicated in cases of DTC or nontoxic goiters (1,3,12). 
However, information regarding the effects of LID on 
the therapeutic efficacy of 131I on GD is lacking.
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In the present study, we aimed to evaluate the effec-
tiveness of a LID at achieving a nutritionally deficient 
state and to determine the impact of this condition on 
the response to 131I treatment.

SUBJECTS AND METHODS

Patients

We enrolled consecutively 67 patients with GD (59 women 
and 8 men; age range, 16-76 years) who were referred to 
our Thyroid Outpatient Clinic. GD was diagnosed based 
on the presence of signs and symptoms of hyperthyroi-
dism, diffuse goiter and laboratory tests consistent with 
thyrotoxicosis. The Ethical Committee of our institution 
approved the protocol (CAAE: 02584112.5.0000.5505) 
and all the patients signed an informed consent.

Laboratory analyses 

Patients were followed for 2 weeks before RAIT and 
were examined weekly to determine thyroid function 
and to measure urinary iodine levels. Serum free thyro-
xine (FT4) and thyroid-stimulating hormone (TSH) 
levels were determined by electrochemiluminescen-
ce using commercially available kits (Roche Diagnostics, 
Mannheim, Germany). The reference values   were as fol-
lows: TSH = 0.3-4.0 mU/L and FT4 = 0.6-1.5 ng/dL. 
Thyroid ultrasound was performed in all patients using 
an ENVISOR Doppler Duplex (Philips, Andover, MA, 
USA), with a 12-MHz linear array transducer. The 
same examiner, who was blinded to the patients’ clinical 
conditions, performed all of the thyroid measurements.

Urinary iodine from spot samples was quantified 
by a semi-automatic spectrophotometric method using 
the Sandell-Kolthoff reaction (21). Each sample was 
digested with 0.1 M ammonium persulfate for 60 min-
utes at 95°C. After cooling, the samples were incubated 
with 0.02 M arsenious acid for 15 minutes and with 
0.02 M ceric sulfate for 40 minutes, and the absorbance 
was measured at 405 nm. The amount of iodine pres-
ent in each sample was determined by comparing the 
absorbance with a standard curve. This technique has 
an analytical sensitivity of 1.0 µg/dL. 

Low-iodine diet 

Two weeks before RAIT, the patients were allocated 
alternately into 2 groups: one group consumed a LID 
(n = 31), corresponding to a maximum amount of 50 
µg iodine/day (22), and the other group (n = 36) was 

instructed to maintain a regular diet (RD). We monito-
red patient compliance to their diet each week and em-
phasized its importance. Considering that a restrictive 
diet would result in urinary iodine excretion levels con-
sistent with iodine nutritional deficiency, dietary effica-
cy was also interpreted based on the iodine nutritional 
status criteria developed by the International Council 
for Control of Iodine Deficiency Disorders (ICCIDD) 
and the World Health Organization (WHO). Urinary 
iodine excretion < 10 µg/dL indicates deficient intake; 
urinary iodine between 10 µg/dL and 29.9 µg/dL de-
notes a sufficient nutritional status; and urinary iodine 
≥ 30 µg/dL corresponds to excessive iodine ingestion. 

Radioiodine therapy and follow-up

All of the patients discontinued antithyroid drugs 5 
days before RAIT. All patients received a fixed dose of 
555 MBq (15 mCi) of 131I. Antithyroid medication was 
reintroduced in the follow up to the symptomatic pa-
tients with persistent low TSH and increased FT4.

After treatment, the patients were examined at 1, 2, 
3 and 6 months for clinical and laboratory evaluations. 
At 6 months of follow-up, patients were classified as 
“cured” if: a) they developed hypothyroidism and were 
receiving levothyroxine (LT4) replacement; or b) the 
FT4 levels were within the reference range with no use 
of antithyroid medication.

Statistical analysis

We utilized the Mann-Whitney test to compare the quan-
titative variables (age, TSH levels, T4L levels, urinary iodi-
ne concentration and thyroid volume). We analyzed gen-
der and treatment response using Fisher’s exact test. We 
utilized ANOVA to compare the temporal progression of 
urinary iodine levels from baseline to 1 week to 2 weeks 
on a LID. Statistical significance was established at p < 
0.05. We performed all of the analyses using GraphPad 
Prism 5.0 (GraphPad Software, Inc., La Jolla, CA, USA).

RESULTS

The impact of a LID on urinary iodine excretion

Table 1 presents the clinical and laboratory characteristics 
of the patients included in the study. At baseline, there 
were no significant differences between the LID and the 
RD groups in terms of gender, age, duration of disease, 
thyroid volume or TSH, FT4 or urinary iodine levels.
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Table 1. Clinical and laboratory characteristics of patients who were 
maintained on low-iodine diet (LID) or in regular diet (RD)

Parameters LID (N = 31) RD (N = 36) P

Gender (F:M) 28:3 31:5 0.71

Age (years) 45 (23-72) 43 (16-76) 0.86

Duration of GD (years) 3.0 (1.0-15) 2.0 (1.0-15) 0.17

TSH (mU/L) 0.05 (0.05-10.1) 0.35 (0.05-20.6) 0.18

T4L (ng/dL) 1.3 (0.5-6.0) 1.3 (0.4-6.0) 0.79

Initial urinary iodine (µg/dL) 20.1 (4.9-45) 22.1 (4.0-68.7) 0.36

Thyroid volume (mL) 40 (8.3-189) 25.1 (8.3-62) 0.06

Values represent the median and minimum-maximum values   between parentheses. LID: low-
iodine diet; RD: regular diet; F: female; M: male; GD: Graves’s disease.
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Figure 1. Effect of low-iodine diet in the urinary iodine excretion. LID, low-iodine diet (A). RD, regular diet (B). * p < 0.05 if compared to baseline. ** Not 
significant in the comparison with baseline and 1 week.

After a restrictive diet, the urinary iodine levels in 
the LID group decreased by 23% after the first week (p 
= 0.054) followed by a significant 42% decline after 2 
weeks (Figure 1A). However, there was no significant 
difference in the reduction in urinary iodine levels be-
tween 1 week and 2 weeks on a LID. In the RD group, 
there was no difference in urinary iodine excretion after 
1 or 2 weeks compared with baseline (Figure 1B).

The proportion of patients in the LID and RD groups 
whose iodine urinary excretion indicated deficient, suf-
ficient or excessive iodine intake did not differ at baseline 
(Table 2); nevertheless, more than 80% of the patients 
in both groups presented with urinary iodine levels com-
patible with sufficient or excessive iodine intake. How-
ever, in the LID group, the proportion of patients who 
exhibited levels consistent with deficient iodine intake 
after 2 weeks on the restrictive diet increased from 16% 
to more than 53% (p < 0.05). Further, the percentage 
of patients with urinary iodine levels corresponding to 
excessive iodine intake decreased significantly from 26% 
to less than 7%. Nevertheless, approximately 40% of the 
patients who consumed a LID had urinary iodine levels 
that were compatible with sufficient or excessive iodine 

intake. In the RD group, the percentage of patients with 
urinary iodine levels corresponding to deficient iodine 
intake increased from 8.3% to 30.5%. However, in this 
group, those patients with urinary iodine levels indica-
tive of sufficient or excessive iodine intake remained 
nearly constant throughout the study (Table 2).

The impact of LID on the response to radioiodine

Patients who progressed to hypothyroidism or main-
tained their FT4 levels within the reference values were 
considered to be cured. We compared the proportion 
of cured patients in the LID and the RD groups and did 
not identify a statistical difference between them du-
ring the follow-up period (Table 3). In the low iodine 
diet (LID) group, there were 0, 7, 17 and 21 patients 
in hypothyroidism at 1th, 2nd, 3rd and 6th months after 
131I, respectively; while 9, 11, 7 and 5 patients were in 
euthyroidism at the same period of times. On the other 
hand, in the regular diet (RD) group, there were 0, 9, 
21 and 23 patients in hypothyroidism at 1th, 2nd, 3rd and 

Table 2. Distribution of patients according to the adequacy of iodine 
intake as recommended by ICCIDD/WHO

Number of patients (%)

Deficiency Sufficiency Excessive

LID

Baseline 5 (16.7) 17 (57.7) 8 (26.6)

1 week 9 (30)* 18 (60) 3 (10)

2 weeks 16 (53.3)* 12 (40) 2 (6.7)

RD

Baseline 3 (8.3) 21 (58.3) 12 (33.4)

1 week 5 (13.9) 19 (52.8) 12 (33.3)

2 weeks 11 (30.5) 14 (38.9) 11 (30.6)

ICCIDD/WHO: International Council for Control of Iodine Deficiency Disorders/World Health 
Organization criteria: urinary iodine excretion < 10 µg/dL indicates “Deficiency” in the iodine 
nutrition state; between 10-29.9 µg/dL denotes “Sufficiency”; and urinary iodine levels ≥ 30 
µg/dL represents an “Excessive” intake. LID, low-iodine diet. RD, regular diet. * p < 0.05 when 
compared to baseline (ANOVA).
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Table 3. Effect of low-iodine diet in the proportion of cure after radioiodine

LID (N = 30)* RD (N = 35)* p

Cured: Not-cured (1st month) 9:21 10:25 1.0

Cured: Not-cured (2nd month) 18:12 19:16 0.8

Cured: Not-cured (3rd month) 24:6 29:6 1.0

Cured: Not-cured (6th month) 26:4 29:6 0.74

LID: low-iodine diet. RD: regular diet. N: number of patients. Comparisons using Fisher’s exact 
test. One patient in each group was excluded due to missing follow-up at 6 month.

Table 4. Baseline laboratory and clinical characteristics according to the degree of iodine nutritional intake and proportion of cure at 6th month after 
radioiodine

Parameters Deficiency Sufficiency Excessive p

Gender (F:M) 22:4 24:2 11:2 NS

Age 46.5 (16-72) 43 (23-76) 42 (24-53) NS

TSH (mUI/L) 0.05 (0.05-10.1) 0.1 (0.05-20.6) 0.1 (0.05-11) NS

FT4 (ng/dL) 2.1 (0.4-6.0) 1.2 (0.6-6.0) 1.2 (0.8-3.1) NS

Urinary iodine (µg/dL) 5.5 (0.8-9.7) 17.3 (10.3-29.5) 40.7 (32-68.7) < 0.05

Thyroid volume (mL) 30.6 (8.1-189.8) 28.9 (8.3-63.5) 24.7 (13.4-33.9) NS

Cured: Not-cured 22:4 20:5 10:3 NS

6th months after 131I, respectively; while 10, 10, 8 and 
6 patients were in euthyroidism at that times. In this 
analysis, one patient in each group was excluded due to 
loss of follow-up. At six month, only one patient from 
each group was on antithyroid drug treatment. 

We also evaluated whether urinary iodine levels at 
the time of treatment, regardless of whether the pa-
tients adhered to a restrictive diet, affected the response 
to radioiodine. We regrouped the patients according to 
their urinary iodine levels indicative of deficient, suf-
ficient or excessive iodine intake and determined whe-
ther their hyperthyroidism was controlled. As presen-
ted in table 4, there were no differences among these 3 
groups with regard to clinical or laboratory parameters, 
with the exception of urinary iodine. Among these 3 
groups, the proportion of cured patients did not differ 
after 6 months of follow-up (Table 4). In fact, approxi-
mately 80% of the patients achieved a cure 3 months 
after 131I treatment; this percentage was maintained 
throughout the 6-month follow-up.

DISCUSSION

In the present study, we demonstrated that although a 
LID efficiently decreased urinary iodine excretion, this 
reduction did not affect the therapeutic response to 131I. 
The results indicated that even at urinary iodine levels 
compatible with sufficient or slightly excessive endoge-

nous iodine, there was no reduction in the cure rate for 
hyperthyroidism compared with patients with a clear 
iodine deficiency who received 131I.

A LID is routinely prescribed before RAIT, espe-
cially in patients with DTC (18,23-25). Such a diet 
reduces the endogenous pool of iodine, thereby con-
tributing to the increased uptake and half-life of 131I 
in the thyroid remnant. This enhanced uptake might 
result from increased NIS gene expression, a higher 
specific activity of 131I or the increased sensitivity of the 
remaining thyroid tissue to TSH (19,20). Despite the 
controversy regarding the appropriate degree and du-
ration of a LID (26,27), the general recommendation 
is that patients should consume a LID, generally con-
sisting of less than 50 μg iodine/day, for 1 to 4 weeks 
(18,22). This stringent diet results in a significant de-
crease in urinary iodine excretion, ranging from 50% 
to 80%; more than 80% of the patients develop iodine 
deficiency. Consequently, this diet increases treatment 
effectiveness by more than 65% (27,28).

In the present study, urinary iodine excretion de-
creased by 23% in the first week and by more than 40% 
in the second week of a LID; this rate was lower than 
those reported in previous studies (29-31). Moreover, 
only 53% of the patients achieved iodine deficiency after 
a 2-week diet. However, previous reports (29-31) evalu-
ated patients with DTC who underwent a thyroidectomy, 
which could explain this discrepancy because iodine clear-
ance is faster in the absence of the thyroid. A recent study 
demonstrated that patients with DTC who underwent 
thyroid surgery and were subsequently exposed to iodine 
contrast exhibited normal urinary iodine levels 4 weeks 
after a LID (32). Another recent study reported that pa-
tients with an intact thyroid who underwent intravenous 
iodinated contrast procedures required approximately 75 
days to achieve baseline urinary iodine levels (33).
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Recent guidelines for and reviews of the treatment 
of hyperthyroidism do not recommend a special diet 
before RAIT, except in cases where the patients have 
been exposed to excessive amounts of iodine via iodin-
ated contrast or amiodarone (1,3). However, no studies 
have convincingly demonstrated whether an adequate 
or slightly elevated iodine nutritional status has a nega-
tive impact on the treatment of hyperthyroidism. A 
single recent study compared the impact of an iodine-
restrictive diet for 2 or 3 weeks on patients referred for 
investigation based on suppressed TSH levels associated 
with thyroid nodules and goiters (17). In this study, 2 
and 3 weeks of a LID similarly decreased urinary io-
dine levels by 60%, which was accompanied by an ap-
proximately 40% increase in 131I uptake by the thyroid. 
However, in that study, the outcome after RAIT was 
not evaluated. In our study, we do not analyze 131I up-
take only the impact of RD. In this respect, we showed 
that there was a smaller decline in urinary iodine after 2 
weeks on a LID (43%) compared with previous reports. 
Several factors might explain this difference in the per-
cent urinary iodine decrease after a LID, such as distinct 
etiologies of thyroid diseases, patient compliance to the 
strict diet and differences in the basal nutritional status 
of the patients in the 2 studies. In the present report, 
we demonstrated that the efficacy of RAIT for GD was 
not compromised by the iodine nutritional status, even 
when patients presented with urinary iodine excretion 
compatible with mildly excessive iodine ingestion. The 
study has some limitations and the main one is a lim-
ited number of patients. These findings will need to be 
confirmed in a larger cohort.  

In summary, our study revealed that the corporal 
iodine pool did not compromise the therapeutic re-
sponse to 131I in patients with GD; in fact, the majority 
of patients exhibited the criteria for being cured after 6 
months of RAIT, regardless of the urinary iodine lev-
els. Then, for the management of patients with GD, 
we recommend a less stringent diet for a shorter time, 
along with the determination of urinary iodine levels to 
exclude exogenous and extreme iodine contamination, 
which will likely be sufficient before undergoing RAIT. 
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Changes in cortical bone channels 
network and osteocyte organization 
after the use of zoledronic acid

Gustavo Davi Rabelo1,2, Bruno Augusto Nassif Travençolo3, 
Marcio Augusto Oliveira1, Marcelo Emílio Beletti4, Marina 
Gallottini1, Fernando Ricardo Xavier da Silveira1

ABSTRACT
Objective: The aim of this study was to evaluate the effects of zoledronic acid (ZA) on the cortical 
bone channels network (CBCN) and osteocyte organization in relation to the bone channels. Mate
rials and methods: Eighteen male Wistar rats were divided into control (CG) and test groups (TG). 
Twelve animals from TG received 3 ZA doses (7.5 µg/kg), and 6 animals from CG did not receive any 
medication. TG animals were euthanized at 14 (n = 6) and 75 (n = 6) days after drug injection. CBCN 
was analyzed in mandibles and tibias using computational routines. The osteocyte organization was 
qualitatively evaluated in tibias using a three-dimensional reconstruction of images from serial histo-
logical sections. Results: Significant differences in CBCN of tibia were found between the treated and 
untreated rats, with a wider range of sizes and shapes of the channels after the use of ZA (channels 
area p = 0.0063, channels area SD p = 0.0276) and less bone matrix (bone volume p = 0.0388). The 
alterations in the channels’ morphology were more evident at 75 days after the drug injection (chan-
nels perimeter p = 0.0286). No differences were found in mandibles CBCN. The osteocyte distribution 
revealed more variable patterns of cell distribution in ZA groups, with non-homogeneous distribution 
of cells in relation to the bone channels. Conclusion: Zoledronic acid induces structural changes in 
CBCN and modifies the osteocyte arrangement in cortical bone in the tibia; also, the variability in the 
morphology of bone channels became more evident after a certain time of the use of the drug. Arch 
Endocrinol Metab. 2015;59(6):507-14
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INTRODUCTION

B isphosphonates (BP) have become the standard 
class of drugs for treating patients with osteoporo-

sis and in preventing and treating skeletal complications 
in patients with cancer (1). Intravenous (IV) zoledronic 
acid (ZA), a commonly used BP, has been classified as 
a heterocyclic nitrogen-containing bisphosphonate that 
potently inhibits osteoclastic bone resorption in various 
short-term in vitro and in vivo pharmacological screen-
ing models (2). Once internalized by osteoclasts, ZA 
inhibits the mevalonate pathway, which stops the cell 
function and slows resorption, interfering in bone me-
tabolism. In addition, other mechanisms were already 
related with the action of ZA – for example, antiangio-
genic and some immunomodulatory effects (3).

Several studies have assessed the effects of ZA on 
bone properties, including biochemical characteristics, 
remodeling rates, structural changes, and biomechani-
cal features. Studies evaluating cortical bone character-

istics revealed dose- and timing-dependent effects on 
turnover, microstructure, and mechanical properties 
(4-7). Concerning microarchitecture, it is known that 
bone multicellular units are changed, and together with 
an anti-angiogenic effect, the zoledronic acid could 
cause a decrease (or complete loss of) of intraosseous 
vascularity (1).

The question of whether the characteristics and lo-
cation of cells and channels have an influence on bone 
response to changes remains unresolved. Cortical po-
rosity has been demonstrated to be a major determi-
nant of strength, stiffness, and fracture toughness; also, 
pore structure and distribution produce heterogeneous 
local strain and stress fields within the cortical bone 
(8). Thus, the organization of bone channels is con-
tinuously modified in order to enhance the mechanical 
strength of the bone structure in front of the imposed 
solicitations (9). 

The regulation of bone formation by osteocytes, as 
inhibiting or activating the osteoblasts, is coordinated 
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by a complex interaction between bone cells, and the 
function of the osteocytes will depend on their spatial 
position (10). It is well known that there is a relation-
ship between bone properties and the distribution of its 
components, principally concerning microarchitecture 
(11). Regarding osteocytes distribution in the matrix 
and their relation with the vascular channels, there is 
a communication system between cells-cells and cells-
channels characterized as a network grid between os-
teocytes and their process, radiated through canaliculi 
to other surrounding osteocytes and channels. It is a 
system in which the load-induced fluid flow occurs 
through the canaliculi, and allows the exchange of this 
fluid and molecules between canaliculi and osteocytes 
lacunae, as well as with the channels (12,13). With 
some changes in microarchitecture, and with conse-
quent spatial changes in the channels and osteocytes 
location, this communication system could be compro-
mised (14).

Possible variation in bone tissue metabolism, for 
example, after the use of the ZA, could be identified 
in microarchitecture changes never analyzed before. 
The spatial distribution of bone elements, i.e. cells and 
channels, should be an important tool for revealing an 
altered or a more organized and developed microen-
vironment. In this way, the aim of this study was to 
evaluate the cortical bone channels network and the os-
teocyte distribution in mandible and tibia, after the use 
of zoledronic acid.

MATERIALS AND METHODS

Animals and drug administration

Eighteen male Wistar rats (Rattus norvegicus) (avera-
ge weight of 424 ± 103 g, average age of 6.5 ± 2.7 
months) were divided randomly into 2 groups: control 
(CG, n = 6) and test (TG, n = 12) groups. The TG re-
ceived (subcutaneously) a 7.5 µg/kg dose of zoledronic 
acid (Novartis®) once a week, during three weeks, as in 
the study of Sonis and cols. (15). The animals in TG 
were euthanized at 14 days (ZA14D, n = 6) and 75 
days (ZA75D, n = 6), after the last drug injection. The 
control group did not receive any medication and were 
euthanized at the same time as the TG animals (three as 
in ZA14D and three as in ZA75D).

All animals were maintained with food and water 
ad libitum, and the Institutional Animal Care and Use 
Committee of the Institute of Biomedical Sciences at 

the University of São Paulo approved all procedures 
(41p100b2). The experimental procedures and care of 
the animals were made in accordance with the Euro pean 
Convention for the Protection of Vertebrate Animals 
used for Experimental and Other Scientific Purposes.

All animals had their mandible and tibia dissected, 
and segments were sectioned and placed in 10% form-
aldehyde buffer for 72 hours. The mandible and tibia 
were decalcified in 4% EDTA for 4 months and em-
bedded in paraffin. The tibias were cut transversally, 
and the central part of the diaphysis was used in the 
study. For the mandibles, a coronal plane was chosen 
for sectioning, and the inclusion plane was defined in a 
position where it is possible to identify the root of the 
molar tooth. 

Bone microarchitecture assessment – Analysis of 
cortical bone channels network

For each sample, three nonserial thin sections with 3 
µm thickness were obtained and stained with hematoxi-
lin and eosin (HE) (Figure 1A). All of the histological 
sections were analyzed through digitized images obtai-
ned with a microscope coupled to a camera connected 
to a computer (AxioVision, Zeiss). The images were 
captured with the objective lens of 40X as follows: for 
the mandible, one image was captured in the superior 
cortical (surrounding the root of the first molar), and 
the other image was captured in the inferior cortical 
part (vicinity of the incisor teeth posterior area within 
the mandible); in the tibia, one image was captured in a 
random cortical area. This procedure resulted in a total 
of 108 histological images of the mandible and 54 ima-
ges of the tibia.

The images were segmented and analyzed using a 
previous described methodology by Rabelo and cols. 
(16) and proposed by Oliveira and cols. (17), which 
consists of an interactive method of drawing and se-
lecting all channels (vascular areas as Havers and Volk-
mann channels) in the image (Figure 1B). Afterward, 
an analysis was performed by algorithms developed in 
the SCILAB mathematical environment, considering 
several morphological features of cortical bone channels 
network (CBCN) and using image texture characteriza-
tion. Each image was analyzed separately; after selecting 
the bone channels, they were called objects of interest 
(OI), and new images were created containing only the 
OI (Figure 1B). The bone volume and OI features were 
analyzed according to the following variables: BV/TV, 
total bone volume per tissue volume (percentage of bone 
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matrix – amount of black pixels in the image); mean and 
standard deviation of the OI areas (the number of pi-
xels inside the OI); mean and standard deviation of the 
OI perimeters (the sum of the distance between pixels 
along each OI border); and lacunarity (18). 

Three dimensional (3D) osteocyte organization

Osteocyte organization was evaluated in 3D considering 
only 2 samples in the control group and 4 in the test 
group (ZA14D and ZA75D, n = 2 each). In order to 
obtain the 3D data, histological sequential images de-
rived from 20 serial sections with 3 µm thickness each 
were aligned and grouped, forming a volume (Figure 
1A). All samples were processed according to the tech-
nique proposed by Travençolo and cols. (19). The main 
idea of the methodology is to determine the distribution 
of the distances between objects and a reference structu-
re. In particular, we were interested in studying the spa-
tial distribution of the osteocytes lacunae (the objects) 
in relation to de blood vessels (the reference structure).

In the first step of the methodology, the images were 
manually segmented in order to identify the channels 

containing the blood vessels (Figure 1B) and osteocyte 
lacunae (Figure 1C). Then, the 3D reconstruction of 
the sample and the computation of the spatial coordi-
nates of the osteocytes and channels were performed 
(Figure 1D). The distance transform (18) relative to 
the channels was determined – i.e., a map of distances 
in which is possible to know the distance of any point 
in the 3D space to the closest channel. With this map 
we can determine the distance between an osteocyte 
and its closest channel. This computation method was 
performed for each osteocyte in the image. As a result, 
each cell was characterized with a number value that 
indicates its distance to the closest channel. From these 
values of distances, it was possible to create regions sur-
rounding each channel, automatically delimited in the 
3D image by the program, considering the spatial lo-
calization of the osteocytes surrounding the channels. 
These regions can be seen as gray light surfaces around 
the channels (Figure 1D) and were called isodistances. 
In this way, the nearest isodistance to the channel was 
called isodistance 1 and so on successively, to the lon-
gest isodistance, called isodistance 6. 

Figure 1. Three-dimensional reconstruction (3D) of tibia cortical bone. (A) Illustration of the original serial sections aligned in order to build a 3D volume. 
(B) Result of the manual segmentation of the images to identify the channels. (C) Segmentation of the osteocytes. (D) 3D reconstruction of the channels, 
evidenced in red, and the osteocytes, shown in green. The light gray surfaces surrounding the channels represent the isodistances surfaces.
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After the establishment of the isodistances, the distri-
bution of the osteocytes was evaluated according to the 
isodistance in which it is located – i.e., for each isodis-
tance the number of osteocytes located inside the region 
represented by the isodistance is computed. A plot was 
created to show how the osteocytes were organized in 
relation to each channel in the image (Figure 2), consid-
ering the isodistances 1 to 6. If a curve subtly changed, 
for example with a big decline, it was assumed that the 
osteocytes organization surrounding the channels in that 
image was more unorganized. On the other hand, if the 
curve presented low variability, represented by a plot as 
straight as possible, it was assumed that the osteocyte 
organization was more homogeneous and organized, 
as there was no higher variation in the number of os-
teocytes in relation to each channel, as with the control 
samples in figure 2. 

Statistical analysis

Data were initially evaluated using the Kolmogorov
-Smirnov test, which was used to assess the norma-
lity of the data distribution, and then analyzed using 
Kruskal-Wallis test (not assuming Gaussian distri-
bution). In order to identify the difference between 
groups when there was a significant statistical diffe-

rence, the Dunn’s post-test was performed (error pro-
bability 5%).

RESULTS

The histological analysis in all animals revealed the 
presence of cortical bone with Haversian channels and 
osteocytes, with the bone channels network revealing 
specific characteristics in the different types of bone. 
Comparing the bone channels network characteristics 
of the mandible in the control and test groups, no sta-
tistically significant difference was found in any of the 
features evaluated (Table 1).

However, evaluation of the bone channels network 
in the tibias revealed significant differences in some 
parameters analyzed. After administration of ZA, the 
bone channels structure changed the topography of 
the network, revealing channels with higher values of 
OI area and OI area standard deviation in both TG 
subgroups (ZA14D and ZA75D) (Table 1). Differ-
ent shapes of the channels were identified as well, with 
higher values of OI perimeter. Interestingly, the OI pe-
rimeter was different only between the control group 
and the ZA75D. A lower BV/TV was also found when 
comparing the control group with ZA75D (Table 1). 

Figure 2. The plot represents the number of osteocytes in relation to the increasing in distance (isodistances) from the bone channels. Control – control 
group; ZA – zoledronic acid group; 14D – sacrificed fourteen days after drug injection; 75D – sacrificed seventy five days after drug injection. All analyses 
were performed on the tibia. Each line represents a rat of the indicated treatment/control group.
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Concerning lacunarity, there were no significant differ-
ences between the groups (Table 1).

The 3D technique revealed an interesting view of 
the microstructure of the bone tissue, with osteocyte 
and channels distributed spatially in the matrix. In a 
qualitative analysis, it was possible to identify the spa-
tial position of bone components and an existing re-
lationship of the cells in relation to the bone channels 

(Figure 1D). The distribution of the osteocytes along 
the periphery of the Haversian channels allowed for an 
assumption that there is a more homogeneous/hetero-
geneous connectivity between lacunae and the bone 
channels with/without the use of zoledronic acid, re-
spectively. The difference in the osteocyte distribution 
along the different isodistances between control and 
test group is exemplified in figure 3.

Table 1. Bone volume, object of interest (OI) area and perimeter, standard deviation (SD) and lacunarity

Mandible Tibia

Control ZA14D ZA75D Control ZA14D ZA75D

BV/TV (%) 95.20 (3.545) 95.53 (3.216) 95.66 (2.715) 96.81 (1.674)a 95.27 (3.349)a,b 94.52 (2.968)b

p 0.9548 0.0388*

OI area 3027 (2699) 2688 (1816) 2862 (1500) 1107 (365.5)b 1787 (840.3)a 1853 (962.7)a

p 0.5452 0.0063*

OI area SD 3175 (3544) 2821 (2676) 2494 (1980) 1010 (527.4) 1813 (1276) 2236 (2116)

p 0.9244 0.0276*

OI perimeter 272.1 (114.4) 248.4 (88.38) 274.2 (71.32) 193.5 (48.19)b 236.6 (69.71)a,b 264.3 (99.28)a

p 0.4547 0.0286*

OI perimeter SD 166.4 (121.7) 131.7 (89.15) 126.5 (79.61) 112.4 (48.51) 162.1 (78.12) 236.1 (235.0)

p 0.3729 0.1002

Lacunarity 10.00 (5.523) 9.581 (5.239) 11.45 (4.303) 13.11 (3.924) 11.08 (4.166) 10.06 (3.969)

p 0.4331 0.0501

* Kruskal-Wallis test: significant differences (p < 0.05). BV/TV bone volume. ZA Zoledronic Acid. 14D animals sacrificed 14 days after drug injection. 75D animals sacrificed 75 days after drug 
injection. 

a,b Different superscript letters indicate significant differences by Dunns post-test (p < 0.05). Control group: three animals were sacrificed at same time as ZA14D group and three sacrificed at same 
time as ZA75D group.

Figure 3. 3D Evaluation – Bone channels in red, osteocytes in green, isodistances in gray. (A) Control Group; (B) Test group.
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The differences in the organization of the osteocytes 
between control and ZA groups were observed in 3D. 
The osteocyte lacunae distribution in the control group 
presented more homogeneity in its distribution in re-
lation to channels, i.e., more homogeneous osteocyte 
organization. It was possible to ascertain a decrease in 
the number of cells noted at longer distances from the 
channels in a gradually decreasing manner (Figure 2). 
In order to facilitate the visualization of osteocytes dis-
tribution in relation to the channels and their decrease 
in relation to the longest isodistances, this semi-quanti-
tative analysis was drawn in the plot presented in figure 
2, making it possible to measure the variation in the 
number of cells around the channels for each isodis-
tance in each sample. In the ZA groups, the osteocyte 
distribution showed the highest number of osteocytes 
in the first isodistances (Isodistances 1 and 2; Figure 2), 
followed by an increasing decline (Isodistances 3, 4, 
5, and 6; Figure 2); on the other hand, in the control 
group, this high variability was not clearly evident, and 
the lines formed in these samples were straighter than 
those of the TG.

DISCUSSION

Microarchitectural changes in bone after treatment 
with bisphosphonates, especially zoledronic acid, have 
been studied in different ways, but particularly in the 
field of osteocyte distribution and their relationship 
with the bone channels, there are little data in the li-
terature. One of the main findings in this study was 
that the difference between the control and ZA groups 
in relation to cortical bone channels topography was 
significant only in the tibia, and not in the mandible. 
Indeed, the most important result was that the ZA is 
able to change the channels topography in the tibial 
cortical bone. Also, some of the differences in the para-
meters analyzed were evident only after a longer period 
of time after the use of the drug, in the case of the 
ZA75D group. All these findings provides information 
about the changes in bone channels morphology, with 
reference to the variability in their sizes and shapes, 
suggesting wider and deformed channels composing 
the bone channels network in a long bone after the use 
of zoledronate. Bernhard and cols. (10) found similar 
results with higher values of Haversian canal diameter 
and Haversian canal area in the mid-cortex between 
aged and young women, and those with osteoporosis 
and those treated with bisphosphonates. However, the-

se two parameters did not show a significant intergroup 
difference after statistical correction.

Although ZA was previously related to changes in 
trabecular microarchitecture, our results also revealed 
evidence of changes in the cortical part. With bigger 
channels and less matrix, it was assumed that the corti-
cal bone presented with lower bone volume and the 
presence of wider channels, suggesting an increase in 
cortical porosity. Zebaze and cols. (20), evaluating ag-
ing effects on bone in the radius and femurs of women, 
concluded that most bone loss is cortical, not trabecu-
lar, and occurs by intracortical rather than endocortical 
or trabecular remodeling. Further, the identification 
of the mechanisms causing intracortical remodeling is 
likely to improve the understanding of the pathogen-
esis of bone fragility. In this way, alterations on cortices 
after the use of ZA might compromise bone properties 
such as stiffness and flexibility. In addition, it is well-
established that ZA suppresses bone formation and de-
crease bone turnover (21,22), facts that could also alter 
the porosity. Therefore, it has to be mentioned that the 
responses to ZA present different magnitudes across 
different bone sites (23), and different studies in differ-
ent conditions should reveal different results related to 
bone channels and cortical porosity. 

There was an agreement with the results of the 
CBCN evaluation and the results of 3D analysis. With 
the osteocyte organization being more unorganized, 
and the channels altered in their morphology, it was 
assumed that in the situations with high variability of 
cell distribution in relation to the channels in osteons, 
the communication between channels-lacunae and la-
cunae-lacunae could be compromised in some way, a 
fact that could influence how fluid flows through these 
communication system and compromise the good bone 
function. In some way, a compromised bone function 
and the increase in porosity could be related.

After the use of ZA, the 3D analysis revealed that 
the number of the osteocytes decreases in relation to 
the increase in distance from channels. Indeed, this de-
crease turns out to be different between CG and TG, 
with higher variation in number of cells per isodistance 
in the ZA subgroups (Figure 2). These results points to 
an inconstancy in cell distribution around the channels, 
possibly reflecting some changes that occurred in the 
CBCN and consequently in the cell array. As reported 
by Bernhard and cols. (10), rudimentary osteocytic 
networks may lead to a delayed and/or hampered re-
pair mechanisms and subsequent bone fragility. How-
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ever, it must be considered that in our study, the os-
teocyte lacunar density was not evaluated. In addition, 
one major point is the 3D analysis provided topological 
information about the osteons that allowed to identify 
specific changes in each sample analyzed, characterizing 
an individual analysis.

The disruption of the homogeneity in osteocytes 
distribution in the matrix, with longer distances from 
cell to cell, can affect lacunocanalicular system-depen-
dent events, as for example the mechanotransduction 
and fluid flow. Previous studies reported that this system 
mechanism can dictate the mechanotransduction and 
functional adaptation of bone (24). Additionally, the 
fluid pressures in this system are associated with defor-
mation-induced pressures in the Haversian system (25). 

It is important to emphasize that the 3D analysis 
was done qualitatively and semi-quantitatively through 
the distribution of osteocytes, and a reduction in their 
number relative to the increase in the distance from 
channels was evident. Previous studies reported that 
some anatomical changes and different skeletal sites 
present distinct compositions concerning the structural 
and cellularity fields. Viana and cols. (9) reported that 
the bone network is partitioned into communities or 
modules and that each community exhibited distinct 
topological properties that are possibly linked with 
their specific functions in their different sites. Himeno-
Ando and cols. (26) showed that the number of cellular 
processes and their bifurcation points per osteocyte in 
the tibias were significantly higher than those in the pa-
rietal bone, with morphometric data of osteocyte net-
work revealing more endpoints, branching points, and 
segments in the tibia. Combined with our results, it was 
suggested that the cellularity and the CBCN is different 
when comparing different sites as mandible and tibia. 
In this way, each site should be evaluated considering 
its specific characteristics. 

In relation to the mandible evaluation, the changes 
in the topography and microstructure were inconspicu-
ous, suggesting that the drug does not necessarily in-
terfere in the bone channels’ characteristics at this bone 
site. Clearly, the results of the mandible in both areas 
did not show significant differences between control 
and test groups. One situation that could explain these 
findings is that the mandible could be more resilient 
to changes. If ZA, that clearly affect bone turnover, 
do not change the channels in the mandible, it was as-
sumed that the drug may have a different effect in this 
bone site.

Studies developed to identify changes in the jaws 
after the use of ZA revealed several alterations in bone 
architecture and turnover. Nevertheless, those changes 
were related with higher doses, longer periods of drug 
administration, and concomitance with other proce-
dures. Senel and cols. (27) found some differences in 
the mandible after ZA treatment, with inflammatory 
cell infiltration along with polymorphonuclear leuko-
cytes leading to an abscess appearing in the gingival 
epithelium and extending into the posterior mandib-
ular alveolar bone. They also found empty osteocyte 
lacunae in some cases. However, the authors admin-
istered ZA for periods of 6 and 8 weeks, 3 times a 
week at a proportion of 0.1 mg/kg. Sonis and cols. 
(15) described bony changes in the jaws similar to 
osteonecrosis after the use of ZA at a similar dose of 
7.5 µg/kg; however, these changes were found in ani-
mals that received ZA plus dexamethasone and were 
then submitted to dental extractions. In this way, the 
bisphosphonate-related osteonecrosis of the jaws, con-
sidered a multifactorial side effect, may have one of the 
etiology factors as the relation between the concomi-
tant use of ZA and corticoids, and also with dental 
manipulation, acting as a triggering factor, pointing to 
the multifactorial etiology of this side effect. At this 
point, the lack of alterations in the mandible revealed 
in our study reflect that the use of ZA without others 
predisposing factors was not sufficient to explain the 
etiology of the osteonecrosis. 

Considering all the data found in the histological 
analysis, together with the 3D evaluation of osteons, 
it became clear that in the tibias of CG the channels 
revealed some similarity in their morphology and the 
osteocyte distribution was more homogeneous along 
the isodistances. On the other hand, in ZA groups, 
the channels became modified after some period of 
the use of the drug and the CBCN became altered, 
also, with a more unorganized osteocyte distribution 
in the long bone. In conclusion, zoledronic acid in-
duces structural changes in the cortical bone chan-
nels network in the tibias, but does not modify the 
morphology of channels in mandibles. In long bones, 
the cortical channels became wider and present some 
variations in their shapes, with a decrease in bone vol-
ume. The osteocyte organization in relation to the 
channels was more variable and less organized after 
the use of drug. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Evaluation of central precocious 
puberty treatment with GnRH 
analogue at the Triangulo Mineiro 
Federal University (UFTM) 

Maria de Fátima Borges1, Priscila de Melo Franciscon1, Thamy Contursi 
Cambraia1, Débora Matias Oliveira1, Beatriz Pires Ferreira1, Elisabete Aparecida 
Mantovani Rodrigues de Resende1, Heloísa Marcelina Cunha Palhares1 

ABSTRACT
Objective: To report our experience of treating central precocious puberty (CPP) with a GnRH ana-
logue with respect to the final heights (FH) attained in patients who completed treatment. Subjects 
and methods: Among 105 records of children diagnosed with precocious puberty, 62 cases (54 girls 
and 8 boys), who were treated with leuprolide acetate/3.75 mg/monthly, were selected, and divided 
into 4 groups: group 1 (G1), 25 girls who attained FH; group 2 (G2), 18 girls who completed treatment 
but did not reach FH; group 3 (G3), 11 girls still under treatment; and group 4 (G4), 8 boys, 5 of which 
attained FH. Treatment was concluded at a bone age of 12 years, and follow-up continued until FH was 
achieved. Results: In both G1 and G2 groups, height standard deviation score (SDS), weight-SDS 
and percentile of body mass index (PBMI) did not show intra/intergroup differences at the beginning 
and at interruption of treatment, but when added, G1+G2, height-SDS and weight-SDS differed sig-
nificantly (p = 0.002 and 0.0001, respectively). In G1, 19 of 25 cases attained TH, and average height 
gain was 16.7 cm (7.7- 27.1); there was significant difference between FH and prediction of FH at the 
start (PFH at start) (p = 0.0001), as well as between PFH at interruption vs TH and vs FH (p = 0.007) 
with FH higher than TH (p = 0.004). Significant correlation was identified between FH and height gain 
after treatment. Conclusion: As shown by some studies, GnRH analogue treatment was effective in 
children with CPP reaching FH near the genetic target. Arch Endocrinol Metab. 2015;59(6):515-22

Keywords
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INTRODUCTION

G nRH analogues have been available for treat-
ing central precocious puberty (CPP) since the 

1980s, initially as nasal and subcutaneous preparations 
given every 8 hours (1,2). In the late 1980s, long-act-
ing preparations for monthly intramuscular administra-
tion (3) and, more recently, medications of quarterly 
application and annual subcutaneous implants were de-
veloped (4,5). 

This medication is expensive and is supplied by the 
State Secretariats of Health of several states in Brazil by 
means of a protocol attesting diagnosis of CPP at an 
age when treatment will be beneficial (6). The disci-
pline of Endocrinology at UFTM, abiding by the con-
ditions of the treatment and proper completion of the 
protocols, has indicated and received GnRH analogue 
for monthly use since 1995 from the State Secretariat 
of Health of the State of Minas Gerais. The adminis-

tration of the medication has been centralized in Belo 
Horizonte (the State capital city) and is performed by a 
team appointed for this purpose. 

After accumulating experience in the use of this me-
dication, we retrospectively evaluated the results of the 
treatment with a GnRH analogue in children of both 
genders with CPP, aiming to analyze clinical and labo-
ratory aspects. We also intended to observe the final 
height attained by patients who completed treatment, 
comparing it with the genetic target and the initial hei-
ght predictions. 

SUBJECTS AND METHODS
A total of 105 medical records of children classified as 
CPP between 1991 and 2014 (January), were selected 
from the archives of the Discipline of Endocrinolo-
gy. After an initial analysis, 25 were excluded because 
they had been treated with medroxyprogesterone be-
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fore treatment with GnRH analogue, which became 
available in 1995. Another 18 children with a confir-
med diagnosis of CPP were also excluded; 10 did not 
comply with the treatment, and 8 had co-morbidities 
interfering with growth, resulting in 62 patients avai-
lable for analysis. These patients included 54 girls and 
8 boys, and they were divided into 4 groups. Group 1 
(G1) consisted of 25 girls who completed the treatment 
and reached a final height. Group 2 (G2) comprised 18 
girls, who completed the treatment and are still being 
followed but not yet reached a final height; Group 3 
(G3) comprised 11 girls who are still receiving treat-
ment. Group 4 (G4) comprised 8 boys, and three of 
them are still being treated; the other 5 achieved a final 
height. All children met the following inclusion criteria: 
1. presence of secondary sex characteristics before the 
age of 8 years for girls and 9 years for boys; 2. increase 
in growth velocity and advanced bone age; 3. release 
of the hypothalamic-pituitary-gonadal axis demonstra-
ted by hormone tests showing stimulated values of LH 
and FSH, obtained by a GnRH test; 4. imaging exams, 
computerized tomography or nuclear magnetic reso-
nance of the skull, in addition to pelvic ultrasound in 
the girls, allowing classification by etiology into idiopa-
thic CPP (ICPP) or secondary to lesions of the central 
nervous system; 5. monthly IM administration of long- 
acting GnRH analogue as the only treatment for CPP.

Although this study was retrospective, in this out-
patient clinic, the children were evaluated according 
to diagnostic and treatment protocols (7,8), inclu-
ding anthropometric data such as weight and height, 
and the respective standard deviations of their means  
(Z-scores or SDS), body mass index (BMI) and per-
centile distribution of BMI (PBMI), which were cal-
culated and plotted into curves standardized for Brazi-
lian children (9,10). Bone age was obtained based on 
an X-ray of the left hand, evaluated according to the 
method developed by Greulich and Pyle (11). The tar-
get or genetic target height was also calculated, using 
the conventional formula [TH: (mother’s height + 
father’s height)/2 + 6.5 (boys) and – 6.5 (girls)]. Pre-
dicted final height (PFH) was calculated using average 
Bayley & Pinneau tables (12) to compare data at three 
time points: at the beginning, at the interruption of 
the GnRH analogue and at menarche. The stage of se-
xual development was classified according to Marshall 
and Tanner (13,14). As part of the medical attention 
routine, the basal and GnRH stimulated concentra-
tions of LH and FSH and sexual steroids (estradiol in 

girls and testosterone in boys) were measured by im-
munochemiluminescence (ICMA) but only stimulated 
concentrations of LH were considered in the diagnosis 
of CPP. When the release of the hypothalamic-pituita-
ry-gonadal axis (peak of LH > 4.0IU/mL after acute 
GnRH) was observed, within a clinical context, its blo-
ckage was indicated (15). 

Effectiveness of treatment was evaluated every 6 
months, based on a set of clinical and laboratory data 
such as growth velocity, non-progress of bone age and 
pubertal stage, basal concentrations of LH and estra-
diol (in girls) and of testosterone (in boys), as well as 
LH peak after i.v. GnRH ≤ 2.3 IU/L (16,17). 

The following variables were also analyzed: 1. Final 
height (FH): measured when the patient’s growth in 
the last 2 years was less than 1 cm/year and when bone 
age was more than 16 years. All the patients were sum-
moned, and their height was measured. 2. M-I growth: 
difference (in cm) between height at menarche and 
height at the interruption of the treatment; 3. FH-I 
growth: difference (in cm) between final height and 
height at interruption of treatment, which was conside-
red height gain post treatment; 4. FH-TH: difference 
(cm) between final height attained and target height; 5. 
∆ Bone Age-C. Age: difference between bone age and 
chronological age; 6. Time to beginning of treatment: 
the time between the first symptom mentioned by the 
mother (telarche or pubarche) and the first appoint-
ment and until the beginning of treatment. 

Statistical analysis

Data distribution was parametric according to the Kol-
mogorov-Smirnov and Levene’s variance homogeneity 
tests. Comparison of more than two variables was per-
formed by analysis of variance (ANOVA), followed by 
Tukey’s test. The data obtained before and after treat-
ment were analyzed using Student’s paired t test. At 
the tables, the test used in each comparison performed 
was indicated. Values of p < 0.05 were considered sig-
nificant. Correlations between height gain since inter-
ruption of treatment until achievement of final height 
(growth FH-I), as well as final height and anthropome-
tric variables, target height and height predictions, were 
evaluated by Pearson’s test. 

RESULTS

At the first appointment, patient ages in group 1 (G1) 
varied from 1.3 to 8.6 years (mean: 6.9 ± 1.7) (Table 1). 
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They were treated for a period of time varying from 
0.6 to 6.2 years (mean: 2.1 ± 1.5). In group 2 (G2), 
patients at the first appointment were between 5.2 and 
8.4 years old (mean: 7,3 ± 0,9) (Table 1). They were 
treated for a period of time varying from 0.7 to 4.6 
years (mean: 1.8 ± 1.0). In group 3 (G3), patients were 
first seen at ages varying from 3.7 to 7.8 years (mean: 
6.7 ± 1.7) (Table 1). 

The boys in group 4 (G4), consisted of children 
aged from 3.9 to 8.3 years (5.7 ± 2.3) at the first ap-
pointment and, due to the low number, they were not 
represented in tables. In this group, 2 had hypothalamic 
hamartomas, 2 had hydrocephaly, 1 had a 3rd ventricle 
cyst, and 3 had idiopathic CPP. Three are still being 
treated, and the other 5 achieved a final height. This 
group was characterized by fast growth, advanced bone 
age and final height below the target height (167.0 ± 
8.5 cm vs 170.6 ± 8.5 cm). Two patients reached and 
exceeded the target height. However, the small number 
of patients does not allow for a statistical comparison 
with the female group. 

All female patients (G1, G2 and G3) had idiopathic 
central precocious puberty, and their clinical and labo-
ratory data are presented in tables 1, 2 and 3. Althou-
gh some patients were seen at very young ages, most 
of them only sought specialized treatment at around 

the age of 7 years, yet reported onset of telarche between 
5 and 6 years, characterizing a delay in evaluation and 
specialized treatment. This delay was assessed by cal-
culating the time interval between the first pubertal 
symptom mentioned by the mother until the first cli-
nical appointment and was 0.9 ± 0.8 years (minimum: 
0.1 – maximum: 3.0), 0.8 ± 0.4 years (0.2 – 1.5), and 
0.5 ± 0.7 years (0.2 - 1.2) in G1, G2 and G3, respecti-
vely. This time interval was calculated also, as the time 
between the first pubertal symptom until the beginning 
of GnRH treatment and was 1.8 ± 0.8 years (0.7 – 3.5), 
1.6 ± 1.3 years (0.2 – 6.3) and 1.6 ± 0.6 years (0.2 – 
1.5) in G1, G2 and G3, respectively. The clinical and 
anthropometric data of the three groups at the begin-
ning of treatment are presented in table 1 and did not 
show any significant difference between the 3 groups. 
The laboratory measurements regarding hormone le-
vels, which confirmed the diagnosis of precocious pu-
berty (PP), are also presented in table 1, showing a si-
milar LH peak in the 3 groups.

The female patients reached the previously descri-
bed treatment effectiveness patterns without needing 
any adjustment of the initial GnRH analogue doses. In 
the male group, however, 2 patients with hypothalamic 
hamartoma had to have their GnRH analogue doses 
doubled during the treatment. 

Table 1. Clinical data at the beginning of follow-up of girls with precocious puberty

Clinical data G1 (n: 25) G2 (n: 18) G3 (n: 11)

C. Age¹ (yr) 6.9 ± 1.7 (1.3 – 8.6)2 7.3 ± 0.9 (5.2 – 8.4) 6.7 ± 1.7 (3.7 – 7.8)

Telarche (yr) 5.1 ± 1.8 (0.6 – 7.9) 6.3 ± 1.4 (2.0 – 7.8) 6.3 ± 1.8 (3.5 – 7.6)

Pubarche (yr) 6.4 ± 1.9 (0.6 – 9.6) 7.3 ± 1.1 (5.7 – 10.0) 6.7 ± 0.9 (5.8 – 7.6)

Height SDS3 1.05 ± 1.03 (-0.80→2.58) 1.27 ± 1.14 (-0.14→4.10) 0.14 ± 0.87 (-1.36→0.83)

Weight SDS 0.95 ± 1.15 (-0.33→4.06) 1.17 ± 1.1 (-0.78→2.81) 0.28 ± 1.44 (-1.92→2.04)

PBMI4 71.56 ± 22.71 (20.0 – 98.0) 70.67 ± 25.28 (10.0 – 99.0) 63.74 ± 37.14 (6.7 – 99.0)

Bone Age 8.3 ± 2.3 (2.0 – 12.0) 8.8 ± 2.1 (5.0 – 12.0) 7.8 ± 2.1 (4.3 – 10.0)

∆ Bone Age-C. Age (yr)5 1.7 ± 1.1 (0.2 – 4.3) 1.5 ± 1.3 (0.1 – 3.6) 1.2 ± 0.9 (0.2 – 2.6)

Target Height (cm) 158.0 ± 5.1 (147.0 – 170.0) 159.0 ± 4.3 (153.0 – 170.0) 156.0 ± 4.8 (151.0 – 162.0)

Basal LH (IU/L) 0.92 ± 0.98 (0.15 – 4.60) 1.65 ± 3.12 (0.10 – 13.12) 0.71 ± 0.76 (0.12 – 2.03)

Basal FSH (IU/L) 2.52 ± 1.90 (0.30 – 7.57) 2.99 ± 1.53 (0.77 – 6.78) 4.20 ± 2.16 (1.09 – 7.20)

Estradiol (pg/mL) 27.00 ± 22.79 (6.50 – 114.00) 32.00 ± 17.27 (13.70 – 72.00) 28.96 ± 23.46 (5.00 – 58.50)

LH peak (IU/L) 15.87 ± 22.14 (4.00 – 107.00) 22.61 ± 41.58 (4.00 – 183.09) 13.42 ± 6.72 (7.12 – 21.28)

LH/FSH 0.58 ± 0.59 (0.07 – 2.00) 0.98 ± 1.34 (0.02 – 4.27) 0.17 ± 0.16 (0.05 – 0.45)

1 C. Age: chronological age expressed in years (yr).
2 Minimum and maximum.
3 SDS: standard deviation score.
4 PBMI: percentile distribution of body mass index.
5 ∆ Bone age-C. Age: difference between bone age and chronological age. 
ANOVA: for inter-group comparisons of all represented data: G1 vs G2 vs G3 = p > 0.05.
G1: group treated that already attained the final height; G2: group treated that did not attain the final height yet; G3: group receiving treatment.
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Table 2. Clinical data of female patients with idiopathic central precocious puberty (ICPP) at the beginning of treatment and at 3 time points of treatment 
evaluation

Data analyzed G1 (n: 25) G2 (n: 18) G1+G2 (n: 43)

Beginning of treatment

C. Age (yr)¹ 7.5 ± 1.5 (3.3 – 9.0)2 7.9 ± 1.0 (5.3 – 9.3) 7.7 ± 1.3 (3.3 – 9.3)

Height SDS3 1.20 ± 1.08 (-0.41→2.56) 1.44 ± 1.19 (-0.55→4.05) 1.32 ± 1.13 (-0.55→4.05)

Weight SDS 1.12 ± 1.23 (-0.19→4.54) 1.56 ± 1.40 (-0.35→4.86) 1.34 ± 1.32 (-0.35→4.86)

PBMI4 72.6 ± 24.3 (15.0 – 97.0) 75.9 ± 22.8 (18.0 – 99.0) 74.2 ± 23.3 (15.0 – 99.0)

Bone Age (yr) 9.5 ± 2.5 (3.0 – 12.0) 9.8 ± 1.9 (5.0 – 13.0) 9.3 ± 2.3 (3.0 – 13.0)

∆ Bone Age-C.Age (yr)5 1.8 ± 1.3 (0.1 – 3.9) 1.4 ± 1.2 (0.1 – 3.5) 1.7 ± 1.3 (0.1 – 3.9)

Interruption of treatment

C. Age 9.8 ± 0.5 (9.0 – 11.1) 9.8 ± 0.5 (9.2 – 11.3) 9.8 ± 0.5 (9.0 – 11.3)

Height SDS 1.51 ± 0.96 (-0.54→3.06) 1.74 ± 1.11 (-0.85→3.85) 1.61 ± 1.02 (-0.85→3.85)

Weight SDS 1.47 ± 1.32 (-0.33→4.25) 2.29 ± 1.48 (-0.24→4.73) 1.82 ± 1.43 (-0.33→4.73)

PBMI 71.4 ± 24.3 (15.0 – 98.0) 83.4 ± 23.6 (18.0 – 98.0) 76.3 ± 24.4 (15.0 – 98.0)

Bone Age 11.8 ± 1.3 (10.0 – 15.0) 11.9 ± 0.7 (11.0 – 13.0) 11.9 ± 1.0 (10.0 – 15.0)

∆ Bone Age-C. Age 2.3 ± 1.2 (0 – 4.7) 2.3 ± 0.8 (0.6 – 3.8) 2.3 ± 1.0 (0 – 4.7)

Menarche

C. Age 11.3 ± 1.2 (9.3 – 13.3) 10.6 ± 0.5 (10.0 – 11.4) 11.0 ± 1.0 (9.3 – 13.3)

Height SDS 1.69 ± 1.06 (0.01→3.00) 1.38 ± 0.90 (-0.07→2.59) 1.58 ± 0.99 (-0.07→3.00)

Weight SDS 1.63 ± 1.68 (0.34→6.00) 1.58 ± 1.38 (0.26→4.10) 1.61 ± 1.55 (0.26→6.00)

BMIP 69.7 ± 27.7 (24.0 – 99.0) 72.5 ± 30.2 (23.0 – 99.0) 70.6 ± 27.9 (23.0 – 99.0)

Bone Age 12.9 ± 1.0 (12.0 – 15.0) 12.7 ± 1.3 (11.0 – 15.0) 12.8 ± 1.2 (11.0 – 15.0)

∆ Bone Age-C. Age 1.8 ± 1.5 (0 – 5.0) 2.3 ± 1.5 (0.5 – 5.0) 2.0 ± 1.5 (0 – 5.0)

Final evaluation

C. Age when summoned 18.8 ± 2.5 (15.0 – 22.0) 11.7 ± 1.3 (10.1 – 14.5)

Final Height (FH) 162.0 ± 6.2 (150.0 – 174.0) _

Weight 61.0 ± 16.0 (42.3 – 118.5) _

BMI 23.0 ± 5.2 (16.5 – 41.0) _

Bone Age Adult 13.3 ± 1.4 (11.0 – 15.0)

¹ C. Age: chronological age, all ages expressed in years (yr).
² minimum and maximum.
³ SDS: standard deviation score.
4 PBMI: percentile distribution of body mass index.
5 ∆ Bone age-C. Age: difference between bone age and chronological age in years.
ANOVA: for intra-group comparisons in G1 and G2.
[height SDS, weight SDS, PBMI, ∆ Bone Age-C. Age (beginning vs interruption vs menarche)] p > 0.05.
Student’s paired t test: for intra-group comparisons before and after treatment. 
G1+ G2 [height SDS (initial vs interruption)] p = 0.002. 
G1 + G2 [weight SDS (initial vs interruption)] p = 0.0001.
G1 + G2 [PBMI (initial vs interruption)] p > 0.05.

In table 2, the clinical data of interest are displayed 
at 3 time points: 1. at the beginning of the treatment; 
2. at interruption of the treatment; 3. at menarche; in 
G1, clinical data at the recording of the final height 
(FH) is also included. Initially, in G1 and G2, an intra-
-group statistical comparison of anthropometric data 
obtained at these 3 time points was performed. Then, 
these 2 groups were associated and the data com-
mon to both were analyzed (i.e., until interruption 

of treatment). No significant difference was found in 
either group regarding the anthropometric data (hei-
ght SDS and weight SDS, PBMI and ∆ Bone Age-C. 
Age). When G1 and G2 were associated (G1+G2), a 
significant difference was found in the comparison of 
the initial height SDS vs interruption (p = 0.002) and 
also in the comparison of the initial weight SDS vs 
interruption (p = 0.001), but there was no difference 
in PBMI. 
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Table 3. Prediction of final height at the beginning (PFH at start), at 
interruption of treatment and at menarche, height gain from interruption 
until menarche (M-I growth) in group 1 (G1) and 2 (G2), and until final 
height (FH-I growth) in G1

Comparisons G1 (n: 25) G2 (n: 18) 

PFH at start (cm)1 155.0 ± 9.0  
(141.0 – 171.0)2

162.0 ± 9.0  
(150.0 – 185.0)

PFH at interruption 160.0 ± 8.5 
(147.0 – 176.0)

161.0 ± 7.0  
(149.0 – 177.0)

PFH at menarche 161.0 ± 7.6  
(149.0 – 173.0)

157.0 ± 8.2  
(142.0 – 165.0)

Treatment duration (yr) 2.1 ± 1.5 (0.6 – 6.2) 1.8 ± 1.0 (0.7 – 4.6)

M-I growth (cm) 10.2 ± 6.2 (0.3 – 18.7) 7.2 ± 4.6 (1.7 – 14.0)

FH-I growth (cm) 16.7 ± 5.1 (7.7 – 27.1) –

Final height (FH) 162.0 ± 6.2  
(150.0 – 174.0)

–

Target height (TH) 158.0 ± 5.1  
(147.0 – 170.0)

159.0 ± 4.3  
(153.0 – 170.0)

FH-TH 4.08 ± 6.63 
(-13.0→16.0)

–

¹ All heights measured in cm; ² minimum and maximum.
ANOVA: for intra-group comparisons:
G1 and G2 [PFH (at start vs at interruption vs at menarche)], p > 0.05.
G1 + G2 = [PFH (at start vs at interruption vs at menarche )], p > 0.05.
G1 + G2 = [PFH (at start vs at interruption vs at menarche )], p > 0.05
G1 (PFH at interruption vs TH vs FH), ANOVA, p = 0.007.
Student’s t test:
G1 and G2 [PFH (at start; at interruption; at menarche) vs TH], p > 0.05.
G1 (PFH at start vs FH) p = 0.0001.
G1 (TH vs FH) p = 0.004.

Prediction of final height (PFH) in G1 and G2 
was also evaluated at the beginning of treatment, at 
its interruption or at menarche (Table 3). No intra or 
inter-group significant difference was found at these 3 
time points. Additional data are presented in table 3: 
treatment duration, which was greater in G1 because 
of already completing the treatment; height gain from 
interruption of treatment to menarche (M-I growth) 
was 10.2 ± 6.2 cm in G1 and 7.2 ± 4.6 cm in G2, but 
these data could not be compared because 40% of the 
G2 girls did not yet presented menarche; height gain 
from interruption of treatment to FH (FH-I) was 16.7 
± 5.1 in G1; FH and FH-TH in G1, and yet in this 
group, comparison between the initial PFH vs TH vs 
FH showed a significant difference (p = 0.007), with 
FH exceeding the TH (p = 0.004) and the initial PFH 
(p = 0.0001). Analyzing the patients individually, in 
G1, 16/25 patients not only reached but actually exce-
eded the target height, whereas 3/25 attained the exact 
TH. From a statistical perspective, the differences were 
shown after the interruption of treatment when the pu-
bertal growth spurt had already occurred. 

To study the possible factors that could have influen-
ced the height gain from interruption of treatment un-
til final height (FH-I growth) and FH, we performed 
correlations of these two clinical parameters with an-
thropometric data at the beginning and at interruption 
of treatment, as well as TH, treatment duration, and 
estradiol concentration at the beginning of treatment, 
as this last one is considered to be an important causal 
factor in the advance of the bone age (Table 4). An in-
verse and significant correlation was identified between 
FH-I growth and chronological age at the beginning 
and at interruption of treatment, and with bone age at 
interruption. A positive correlation was found between 
FH and height SDS at the beginning of treatment and 
at its interruption, as well as between the FH and hei-
ght gain from interruption of treatment (Table 4).

Table 4. Pearson’s correlations between height gain from interruption (I) 
of treatment until final height (FH), (FH-I growth) and between FH and 
some data of interest, in the group 1

Data evaluated (FH-I growth) FH

r p r p

Beginning of treatment 

C. Age¹ - 0.403 0.045* - 0.230 0.267

Bone Age - 0.389 0.054 - 0.303 0.140

∆ Bone Age-C. Age² - 0.248 0.230 - 0.240 0.246

Height SDS3 - 0.123 0.556 0.570 0.003*

Target height 0.342 0.093 0.290 0.158

Estradiol - 0.313 0.127 - 0.030 0.884

Treatment duration 0.154 0.462 0.103 0.624

Interruption of treatment 

C. Age - 0.622 < 0.0001* - 0.243 0.241

Bone Age - 0.500 0.0125* - 0.136 0.516

∆ Bone Age-C. Age - 0.200 0.336 - 0.037 0.860

Height SDS - 0.006 0.976 0.825 < 0.0001*

FH-I growth – – 0.433 0.030*

¹ C. Age: chronological age.
² ∆ Bone age – C. Age: difference between bone age and chronological age.
³ SDS: standard deviation score.
* Statistically significant.

DISCUSSION

Children receiving care at the public health care system 
at the Triangulo Mineiro School of Medicine (Sistema 
Único de Saúde/UFTM) have had access to GnRH 
analogues for the treatment of CPP since 1995, when 
they started receiving this medication from the Minas 
Gerais State Health Secretariat, based on an analysis of 
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protocols sent to the State Capital, Belo Horizonte. 
The entire State of Minas Gerais still suffers from this 
limitation (i.e., the decision to release the medication is 
not up to the child’s treating physician, but depends on 
a centralized team), adding insecurity and delay in the 
beginning of treatment. 

Although the mean times elapsed between the first 
symptom, the first doctor’s appointment and start of 
treatment have improved, there are still bureaucrati-
cally enforced difficulties to overcome. In 2007, Lazar 
and cols. (18) treated 115 girls with a GnRH analogue; 
22 were diagnosed and began treatment at the age of 6 
years, 38 at 6 to 8 years, and 55 at 8 to 9 years (consi-
dered early matured). The residual growth predicted at 
the interruption of treatment was attained only in the 
22 girls diagnosed and treated early (i.e., before the age 
of 6 years). Therefore, the prognosis of height is better 
with earlier diagnosis and treatment onset.

Although height is an important issue and consti-
tutes a main objective, this treatment also intended to 
preserve the time of childhood, readjusting the child 
hormonally and psychically to his or her age range and 
peers (7,17). Thus, a reduction in growth velocity and 
involution in the Tanner breast growth stage is obser-
ved, with menarche postponed to a more acceptable 
age (16,19).

In the present study, of the total 62 girls, 11 are still 
receiving treatment with a GnRH analogue, whereas 
43 already completed treatment. Of these, 25 reached 
the FH, checked after calling the patients in for eva-
luation. Some of the data could only be obtained in 
this latter group. After treatment interruption, many 
patients lose the motivation to return to the clinic to 
measure height and weight, even every six months. Du-
ring the summoning process, our team had to actively 
search for the patients, requiring a social worker.

The initial data showed no differences between G1 
and G2 (Table 1), demonstrating the same pattern of 
patients coming to the service. At the three time points 
chosen for the analysis of patients who completed the 
treatment (Table 2), we found no differences when 
we evaluated the patients of G1 and G2, but when we 
combined the two groups (G1+G2), the height SDS 
was significantly higher at treatment interruption (p = 
0.002), whereas the bone age showed no significant 
change (Table 2).

The weight SDS (G1+G2) also showed differences 
(p = 0.0001) between the beginning and the interrup-
tion of treatment, whereas the PBMI remained stable 

(Table 2). Individual evaluation of the patients revealed 
that 17 (39.5%) already had a PBMI compatible with 
overweight/obesity at the beginning of the treatment. 
At treatment interruption, this number rose to 24 pa-
tients (55.8%). However, of the patients summoned for 
evaluation of the FH (n = 25), only 7 (28%) presented 
with overweight/obesity. Some studies have been calling 
attention to a higher prevalence of overweight/obesity 
as a side effect of the treatment with GnRH analogue 
(20-22), but our data suggest that this association is 
found only if the nutritional status (PBMI) is used as an 
evaluation parameter at treatment interruption and not 
over the long term during which a decrease is observed.

The height predictions at the several time points did 
not differ from each other, and the FH was significantly 
higher than any predicted height and higher than the 
TH (Table 3), indicating limitations of the mathemati-
cal models in front of the biological variability as sug-
gested by some studies (23-26).

Between treatment interruption and menarche, G1 
displayed a mean height gain of 10.2 ± 6.2 cm (0.3 – 
18.7 cm) (Table 3), indicating the occurrence of the 
pubertal growth spurt within this period of time and 
showing that there were children who grew as much 
as 18.7 cm and children whose menarche occurred al-
most immediately after interruption of growth. From 
treatment interruption until confirmation of the FH, 
there was a mean height gain of 16.7 ± 5.1 cm (7.7 
– 27.1 cm), indicating that a mean residual growth of 
6.5 cm occurs after menarche, with great variability. In 
G2, in which the FH has not yet been reached, the 
figures showed a similar pattern (Table 3). The mean 
post-treatment height gain obtained in G1 (7.7 – 27.1 
cm) was greater than that reported by Lazar and cols. 
in a patient group analyzed prior to the age of 6 years 
(treated early). A possible explanation for this result is 
that, in our patients, the FH was obtained at the mean 
age of 18.8 years (15 – 22 years), when the individuals 
had certainly completed their growth.

Among the factors that positively affected the FH, 
we identified the height SDS at the beginning of tre-
atment (r = 0.700, p = 0.003) and at interruption (r 
= 0.825, p < 0.0001), in addition to growth after in-
terruption of treatment (r = 0.433, p = 0.030) (Table 
4). These data suggest that children who are taller at 
the beginning of treatment will be taller at the end, 
and that the growth spurt after treatment interruption 
was important for reaching the final height, as previou-
sly demonstrated by other authors (27-29). However,  
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growth after treatment interruption presented an inver-
se and significant correlation with chronological age at 
the start and end of treatment and with bone age at the 
end of treatment (Table 4), indicating that the time of 
beginning and interrupting treatment can modify the 
final result. We discontinued the treatment at a chro-
nologic age of 9.8 ± 0.5 years and a bone age of 11.8 
± 1.3 years (in G1, but G2 is similar – Table 2), and 
menarche occurred at a chronologic age of 11.3 ± 1.2 
years, oftentimes under parental protests, as they would 
have liked to postpone it for at least another year. Our 
data suggest that, although the decision to discontinue 
treatment has to be made individually, a chronologic 
age of approximately 10 years and a bone age of appro-
ximately 12 years may represent a “window of opportu-
nity” for good height gain after treatment interruption.

In 2 boys in the male group who had hypothalamic 
hamartoma, the clinical and hormonal control was so-
mewhat more difficult, as they had accelerated growth 
velocity and bone age as well as earlier sexual matura-
tion, with lack of suppression of the hypothalamic-pi-
tuitary-gonadal axis. These factors required adjustment 
of GnRH to higher doses.

In the reviewed classical literature on this subject 
(23-30), the patients are either limited to girls or if pa-
tients includes boys with CPP, their number is much 
smaller and is rather due to organic conditions. To ena-
ble comparisons with ICPP, multicenter studies such as 
Mul and cols. are necessary, where 26 boys with ICPP 
from 3 different countries were evaluated and final hei-
ghts close to the target height were reported (31).

Hormonal control was also helpful in cases of un-
desirable behavior tending toward aggressiveness, im-
pulsivity or sexual precociousness, playing an important 
role in the child’s social insertion, as demonstrated by 
the literature (7,17).

The limitations of the present study are the retros-
pective design, the size of the cohort, and the difficul-
ties of a long term longitudinal follow-up study. These 
characteristics prevent definitive conclusions, but, as 
has been shown by other authors (16-18,24,26), treat-
ment with GnRH analogues was effective in the clinical 
and hormonal control of children with CPP, primarily 
in girls, being a fundamental means to make them re-
ach a FH compared to TH. Our data also suggest that 
diagnosis and beginning of treatment should be earlier, 
as these factors can interfere with the final height. Addi-
tionally, the appropriate time for discontinuing the tre-
atment must be detected to allow adequate height gain.
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Effect of three months of periodized 
hydrogymnastics exercise program 
on urinary concentration of 
deoxypyridinoline in older women 

Paulina Yesica Ochoa-Martínez1, Javier Arturo Hall-Lopez1,  
Francisco Argenix Pérez Ávila1, Cristiano Andrade Quintão Coelho Rocha2, 
Maria Helena Rodrigues Moreira2, Estélio Henrique Martin Dantas3

ABSTRACT
Objective: To determine the effect of three months of periodized hydrogymnastics exercise program 
on urinary concentration of deoxypyridinoline in older women. Subjects and methods: Twenty-six 
subjects were randomly assigned in two, intervention group (n = 16) and control group (n = 10). The 
intervention group followed 12-week of periodized hydrogymnastics training program five times a 
week, 50 minutes of water exercise with work heart rate reserve of 40-50% (1-6th week) increasing the 
load to 50-60% (7-12th week); the control group was not involved in exercise and remained sedentary. 
The urinary concentration of deoxypyridinoline was evaluated by high resolution liquid chromatog-
raphy using the reactive immulite pyrilinks-D siemens medical solutions, pretest at the baseline and 
at the end post-test of the 12-week of water-exercise. As statistical analyses mixed 2 x 2 ANOVA was 
used, also percentage changes (Δ %) was calculated. Results: The results did not show significant im-
provement (p < 0.05) comparing the interaction intergroup and the measurements of urinary concen-
tration of deoxypyridinoline (p = 0.504), percentage change (Δ %) showed positive improvements in 
the experimental group of -13.7 (nM/mMcreatine) in comparison with -7.1 (nM/mMcreatine) from the 
control group. Conclusion: The present study involves periodization increasing the load heart rate 
reserve of hydrogymnastics exercise in order to produce grater adaptations, but the results showed 
than is not possible to infer that hydrogymnastics is effective in increase urinary concentration of 
deoxypyridinoline in older women, will be appropriated in the future more studies to better clarify 
the possibilities of improvements between hydrogymnastics and urinary concentration of deoxypyr-
idinoline. Arch Endocrinol Metab. 2015;59(6):523-7
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INTRODUCTION

P ost-menopausal in women is an aging natural pro-
cess characterized for gradual reduction in the re-

lease of estrogen associated with several morphofunc-
tional changes (1), these changes include a decrease in 
bone microarchitecture mass than produce osteoporosis 
(2), there is scientific evidence pointing than presence 
of osteoporosis in post-menopausal women coincides 
with incidence of fall related injuries and bone fractures 
(3,4), moreover, osteoporosis in post-menopausal in 
women has been identified as a disease that decrease the 
physical fitness, independence of movement and func-
tional autonomy in completing activities of daily living 
(5), which affect the social development and decrease 
the quality of life (6).

Evidence from systematic review and meta-analysis 
clearly show than physical exercise induce an improve-
ment bone mass content in older women (7-9). Con-
trolled trials in post-menopausal women have been con-
sidered physical exercise along with medication and diet 
one of the three cornerstones of osteoporosis (10,11). By 
other hand, there are different accepted diagnostic criteria 
to identify osteoporosis than may partly explain the va-
riability of prevalence (12); also the incidence of physical 
exercise to induce changes in bone metabolism is deter-
mined for the duration, intensity and type of exercises (9).

The deoxypyridinoline has been identified as a good 
prediction by early change of bone metabolic markers 
of the efficacy of anti-osteoporotic drugs on bone mass 
in osteoporotic patients (13-16). 
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Physical exercise in modalities such as aerobic, 
strength and electro stimulation exercises showed po-
sitive results in bone mineral density assessed by dual-
-energy X-ray and biochemical markers of bone turno-
ver (osteocalcin, alkaline phosphatase, pyridinoline, and 
deoxypyridinoline) thus preserving the bone health in 
elderly (17-19).

However, is not yet fully clarified which would be 
the best modality, duration, frequency of physical exer-
cise to contribute with bone health evaluated by methods 
as biochemical markers of bone turnover to verify in a 
short time curse the efficacy of exercise. To the best of 
our knowledge there is a lack references than report the 
incidence of the hydrogimnastic on urinary concentra-
tion of deoxypyridinoline in older women. To diminish 
this feature, this research considered the hydrogimnastic 
than carried out through realizing rhythmic-gymnastic 
activities in an aquatic environment (20), this modali-
ty of exercise is especially recommended among people 
who have limitations with do exercise on dry land due 
to impact (21) and which in the last ten years, has taken 
popularity and preference among elderly by taking ad-
vantage of water properties in order to provide fluidity 
and a wider range in movements while diminishing the 
risk of injuries (20). It was found than water exercise 
in older women provides positives effects on bone and 
physical function of postmenopausal women (9,22). In 
this context, in exercise training periodization increa-
sing the load heart rate reserve has been produce grater 
adaptations (23). The present study involves a perio-
dized hydrogymnastics training program with different 
frequency, work load intensity and time than other re-
ferences (9,22). Thus, the aim of this study was to de-
termine the effect of three months of periodized hydro-
gymnastics exercise program on urinary concentration 
of deoxypyridinoline in older women.

SUBJECTS AND METHODS

Subjects

Twenty-six elderly women volunteered to partake in 
the hydrogimnastic program in the aquatic complex of 
the Faculty of Sports at the Autonomous University of 
Baja California, accordingly this study focused on older 
women, exclusion criteria included, not have ambula-
tion capacity, have performed a systematical routine of 
exercise in the previous six months, to possess any sort 
of acute or chronic complication that would hinder wa-

ter exercise, such as heart problems, diabetes mellitus, 
hypertension or asthma; physical complications that 
could affect the ability to accomplish exercise such as 
osteoarthritis, joint injuries or recent bone fractures, 
psychological and neurological problems or have been 
taking medicine to treat osteoporosis

The present study followed the ethical principles 
regarding human experimentation proposed by the 
Helsinki declaration; all the subjects provided a written 
consent in order to participate in the study (24), that 
was approved by the research program of the Faculty of 
Sports of the Autonomous University of Baja Califor-
nia. Protocol # 149/2/C/13/16.

Study design and testing procedures

Participants were randomly assigned in two, water 
exercise intervention group (n = 16, age of 67.5 ± 5.4 
years) and non-exercising control group (n = 10, age 
of 67.4 ± 4.7 years) who advised not to join in syste-
mized exercise but to continue with their usual daily 
physical activities.

In order to determine the evaluation of the depen-
dent variable, urinary concentration of deoxypyridino-
line, was performed using the following procedures: a 
2-hour fasting morning urine sample was collected at 
the same time of the day to assess urinary excretion of 
deoxypyridinoline; the quantifications of urinary con-
centration of deoxypyridinoline (nM/mMcreatine); it 
was determined by high resolution liquid chromato-
graphy using the reactive immulite pyrilinks-D siemens 
medical solutions (15); this peptide represents link be-
tween collagen molecules, more specifically between 
their amino and carboxy terminal portions, being rele-
ased when there bone destruction, its main indication 
is marker of bone in osteoporosis catabolism, thereby 
demonstrating greater specificity than other markers of 
bone resorption (13); the reference values of the re-
sults were distributed according to sex and age, and 
for women the change occurs between 2.5 to 7.4 nM/
mMcreatine (15). Measurements were performed at 
the baseline pretest and immediately upon posttest of 
the 12-week of water-exercise, only those completing 
95% of training adherence were included in the statis-
tical analysis. 

Periodized hydrogimnastic training 

The water exercise was conducted and supervised by 
master in sport science specialist also in accordance with 
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physical exercise prescription for older adults establi-
shed by the American College of Sports Medicine (25). 
The participants completed three-month of periodized 
hydrogimnastic training program five times a week, 
with 50 minutes per session which was comprised by 
10 minutes of warm-up, 30 minutes of water exercise 
training component with intensity monitored by tele-
metry using a heart rate monitor Polar FT7® (Finland), 
the work heart rate reserve of 40-50% (1-6th week) in-
creasing the load to 50-60% heart rate reserve (7-12th 
week) the work heart rate reserve was estimated with 
the equation Max HR = 208-0.7x age (26), followed 
by 10 minute of cool down. 

Statistical analysis 

Statistical analyses were performed using statistical soft-
ware SPSS for Windows version 20 (IBM Corporation, 
New York, USA). Mean (M) and (±SD) standard devia-
tion were obtained to calculate the dependent variables; 
Shapiro-Wilk Test was used in order to determine the 
normality of the groups and the homogeneity of the 
sample. Differences inter and intragroup pretest-posttest 
were determined using mixed 2 x 2 ANOVA (groups x 
measurements), the significance level were performed of 
p < 0.05, 95% probability of accuracy of the results or 
negative event with a probability of 5% per case. Also 
percentage changes (Δ %) were calculated for each study 
group [(Media post – Media pre)/Media pre] x 100. 

RESULTS

Descriptive statistical (M ± SD) of anthropometric varia-
bles and urinary concentration of deoxypyridinoline are 
presented in table 1, the values showed lower means in 
experimental group than in control group at the baseline 
pretest than posttest of the 12-week of hydrogimnastic. 

Table 1. Descriptive statistics (M ± SD) of the volunteer women in the study (n = 26)

Variables
Experimental (n = 16) Control (n = 10)

Pre Post Pre Post

Anthropometric

Weight (kg) 74.09 ± 10.74 73.27 ± 10.81 76.26 ± 15.17 76.29 ± 15.70

Height (cm) 155.95 ± 5.78 155.90 ± 5.72 153.20 ± 5.86 152.41 ± 6.19

BMI (kg/m2) 30.53 ± .9 30.16 ± 4.55 32.60 ± 6.91 32.97 ± 7.19

Dependent

nM/mMcreatine 7.81 ± 1.70 6.74 ± 1.49 7.87 ± 2.41 7.31 ± 2.08

Note: Statistically signicance compared before of 12-week of aquatic exercise program
(p < 0.05) (p = 0.040)

Figure 1. Provides the data of the mixed 2 x 2 ANOVA (groups x 
measurements) analysis showed significant values (p < 0.05), the results 
indicated no statistically significant interactions existed (p = 0.504) 
between the groups and the measurements, neither statistically significant 
changes were found between groups (p = 0.639) but it showed statistically 
significant on the measurements (p = 0.040).

Figure 2. Percentage changes (Δ %) in the urinary concentration of 
deoxypyridinoline (M/mMcreatine) among the participants of the study (n 
= 26).
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As sown in figure 2, the percentage changes (Δ %) 
of exercise group attained lower values after treatment. 

Changes in the urinary concentration of deoxypyri-
dinoline (M/mMcreatine) among the participants of 
the study (n = 26).
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DISCUSSION 

The main findings of the present research were that 
twelve weeks of periodized hydrogimnastic training 
program not improve significant reductions of urinary 
concentration of deoxypyridinoline, in spide of per-
centage change (Δ %) showed positive improvements 
in the experimental group of -13.7 (nM/mMcreatine) 
in comparison with -7.1 (nM/mMcreatine) from the 
control group.

In spite of the hydrogimnastic training program in 
these research was designed five times a week whit pe-
riodization in order to produce grater adaptations (23), 
increasing the load heart rate reserve of 40-50% (1-6th 
week) increasing the load to 50-60% heart rate reser-
ve (7-12th week) these result was not consistent with a 
controlled trial than evaluate with biochemical markers 
of bone turnover in elderly who practice aquatic exerci-
se than showed serum osteocalcin, intra and intergroup 
statistical differences of p = 0.042 and p = 0.027 (22), 
other study than showed benefits in bone formation 
marker assessed by procollagen type 1 amino-terminal 
propeptide (15.8 %; p = 0.001) after a high-intensity 
of aquatic exercise program in postmenopausal women 
(27); these discrepancies with our results may be owing 
to de time than were performed through 24 weeks of 
aquatic exercises but with lower frequency (3 times a 
week) and lower work load intensity by other hand 
some of these programs where attendance in strength 
modalities in to the water than may have influence the 
improvements in bone turnover (9,27).

Regarding the assessment of osteoporosis in elderly 
population urinary concentration of deoxypyridinoli-
ne was chosen for inexpensive, validated, easy to apply 
bone marker which have been identified as a good pre-
diction by early change of bone metabolic markers of 
the efficacy of anti-osteoporotic drugs on bone mass in 
osteoporotic patients (13-16). Strength exercise moda-
lities have been showed better results in in biochemical 
markers of bone turnover (17,19,28) due the voluntary 
muscle contraction produces stress on bone morpholo-
gy and the mechanical load resulting from the muscle 
contraction induced osteoblast formation and inhibits 
bone resorption (9) instead of aquatic exercises whe-
re the reduction of the gravity forces on human body 
when immersed in water makes and low high impact 
seem to be less osteogenic (29). 

In geriatrics, gerontology and physical exercise are-
as, has been proposed during the rehabilitation of oste-

oporosis disease in order to minimize physical disability 
and fall accidents (3), due the release of estrogen in 
post-menopausal women bone metabolic markers as 
urinary concentration of deoxypyridinoline (30) should 
be monitored to distinguish the effects of more than 24 
weeks of hydrogimnastic training in older women as a 
non-pharmacological intervention. 

Although this study had limitations, by the sample 
size and did not control the diet as a co variable, our 
data seem to be of importance in may contribute to 
better understanding for health professionals when as-
sessing urinary concentration of deoxypyridinoline to 
plan and control workloads in hydrogimnastic training 
programs. However in the future, it will be appropria-
ted more studies to better clarify the underlying mecha-
nism between hydrogimnastic and urinary concentra-
tion of deoxypyridinoline.
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Nonthyroidal illnesses syndrome 
in full-term newborns with sepsis

Maria Helena Baptista Nunes da Silva1, Maria Cristina Korbage de Araujo1,  
Edna Maria de Albuquerque Diniz2, Maria Esther Jurfest Rivero Ceccon1,  
Werther Brunow de Carvalho2

ABSTRACT
Objective: To assess hormonal changes in nonthyroidal illness syndrome (NTIS) in full-term new-
borns (NT) with sepsis. Materials and methods: We included 28 NT with sepsis divided into 2 groups 
according to the time of normalization of serum and clinical indicators of infection: group A(A), 16 NT 
with improvement in up to 8 days; and group B(B), 12 NT improvement after 8 days. Among the 28 NT, 
15 NT progressed to septic shock, with 5 NT group A and 10 NT in group B. NT were excluded when 
they showed severe sepsis and asphyxia, and congenital malformations, as well as those whose 
mothers had thyroid disease and IUGR. Results: 17 NT (60.7%) presented NTIS. Low T3 was observed 
in NTIS in 10 NT (58.8%), and low T4 and T3 in 5 NT (29.5%), all of them with septic shock. Two NT 
showed mixed changes (11.7%). After sepsis was cured, there was no hormonal change, except in 3 
NT. Administration of dopamine, furosemide, and corticosteroids did not affect the results. Conclu-
sions: This study indicates that nonthyroidal illness syndrome may be transiently present during sep-
sis in full-term newborns, especially in cases of prolonged sepsis. Low T3 can occur without changes 
in reverse T3 (different from adults), and low T4 and T3 occur mainly in patients with septic shock. Arch 
Endocrinol Metab. 2015;59(6):528-34
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INTRODUCTION

N onthyroidal illness syndrome (NTIS) is charac-
terized by changes in serum levels of thyroidal 

hormones, without classical thyroidal disease (1-3). It 
has been described in systemic diseases, such as sep-
sis, affecting adult patients, with few studies on thyroid 
function in newborns (NB), mainly those that undergo 
large surgeries, stress, dopamine, furosemide and glu-
cocorticoid use. In adults and children, four hormonal 
changes may be observed in NTIS:  low T3, low T4 
and T3, high T4, and mixed changes (1-8). In adults, 
T3 and reverse T3 changes were reported by Peeters 
and cols., as prognosis indicators: high levels of these 
hormones increases the chance of death (9). In full-
term NB, soon after delivery, physiological high le-
vels of TSH are observed. However, from the 5th day 
of life on, serum levels become normal. In premature 
newborns, low T3 and T4 are observed with normal 
thyroid-stimulating hormone (TSH), a finding that is 
absence in full-term newborns (10). 

Neonatal sepsis is a frequent disease that lead to a 
pro- and anti-inflammatory response in the organism, 
affecting several tissues and modifying enzyme actions. 

Clinical symptoms and laboratory changes in neonatal 
sepsis may be observed for different periods and with 
variable severity (11). Little is known about nonthyroi-
dal illness syndrome in newborns with sepsis. 

The objective of this study was to assess the pres-
ence of hormonal changes in NTIS in full-term new-
borns (NT) with sepsis of short duration, prolonged 
sepsis, and in cases of septic shock. 

MATERIALS AND METHODS
The study included NT older than five days (conside-
ring that this is the age when hormones reach normal 
levels) admitted to the Intensive Care Unit 2 of the 
Instituto da Criança at HC-FMUSP, an external center 
to where NT with clinical and/or surgical diseases are 
transferred from other neonatal centers. This study was 
approved by the Research Ethics Committee at HC-
FMUSP. Parents or guardians of the NB included in the 
study signed an informed consent form for the children 
to enter the study.  

Twenty eight newborns with sepsis and septic shock 
(as defined by the international criteria of Goldstein 
and cols. 2005, that were maintained in the publication 
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of the surviving sepsis campaign of Delinger and cols., 
2012) associated with reactive C protein greater than 
10 mg/dL (10-14) were included in the study. 

Exclusion criteria were newborns with sepsis and 
severe asphyxia, congenital malformations, large sur-
geries, and whose mothers had thyroidal disease with 
IUGR, which could cause changes in hormonal levels.  

Duration of sepsis was classified as sepsis of short du-
ration (Group A) by the presence of clinical and labora-
tory signs until the 8th day of evolution and prolonged 
sepsis (Group B) when signs were observed beyond the 
8th day of evolution (13). Cure was considered when 
clinical and laboratory variable of sepsis were absent and 
reactive protein C was lower than 10 mg/dL (12,14,15). 
NTIS was determined with patients showed changes 
in thyroid hormone levels: low T3, low T3 and T4, 
high T4 and mixed changes (2,3,9). One-mL Serum 
samples were collected by peripheral venipuncture that 
was carried out for other exams necessary for the care 
of newborn with sepsis. 

Peripheral blood samples were collected between 
the first and the 4th day of sepsis diagnosis in all new-
borns. For Group B patients, new samples were collect-
ed, one or more times, in the presence of clinical and 
laboratory signs of sepsis. New samples were collected 
in the cure phase. 

Samples were centrifuge and serum was divided into 
two aliquots that were identified and stores in a freezer 
at -20°C until analysis of TSH, T3, T4, free T4 and 
reverse T3 by radioimmunoassay.  

Blood culture, full blood counts, and reactive C 
protein were determined for all newborns. Cultures of 
catheter blood, urine and cerebrospinal fluid were also 
carried out. Reactive C protein was determined by neph-
elometry, and was considered high if above 10 mg/dL.  

Aerobic, anaerobic and fungi cultures were carried 
out by Bactecpedsplus/f*, Bactecplus/f* and Mike F, 
respectively, from Becton Dickinson (USA), and were 
analyzed by the automatic Bactec 9240 system (16).

Results were submitted to statistical analyses: Fischer 
exact test, Mantel-Haenszel and medians were compared 
by the analysis of variance for unpaired samples and 
Gaussian distribution. This study project was enrolled 
in CONEP under number CA AE 0329.0.015.000-03.

RESULTS

From the 28 full-term newborns included in the stu-
dy, 16 NT (57.1%) were classified in group A (A) and 

12 NT (42%) in group B (B). Mean duration of the 
symptoms in A was 7 days, and in B was 17 days. Septic 
shock was observed in 15 NT (53.5%), from with 4 did 
not show NTIS, with 5 NT from group A (31.3%) and 
10 (83.3%) in group B, p < 0.007. 

NTIS was found in 17 NT (60.7%), with 7 NT 
(43.7%) in A and 10 NT (83.3%) in B, p < 0.0039; in 
11 NT (73.3%) with septic shock, 6 NT (46.2%) with-
out septic shock, p < 0.14. Low T3 was found in 10 
NT in the overall analysis (58.8%) with 5 NT (71.4%) 
in A and 5 NT (50%) in B, p < 0.73. Serum T3 levels 
in newborns of group B, in the first week of evolution 
showed a median of 0.64 ± 0.126 nmol/L, significantly 
lower than the 0.86 ± 0.12 nmol/L median of new-
borns of group A, p < 0.049. Fungi were only found in 
5 NT that were in group B, and from these, 2 NT had 
NTIS, p = 0.31. 

All 28 NT survived and it was not possible to cor-
relate hormone changes in NTIS of NT with sepsis and 
poor prognosis. The outcomes that lead to mortality as 
described in adults and older children were not found 
in the group of patients studied.  

Table 1 showed clinical and laboratory variables 
of newborns according to the duration of sepsis when 
they entered the study. 

Table 2 showed the medians and standard devia-
tions of thyroid hormones and TSH according to sepsis 
evolution in NT with NTIS (low T3, low T4 and T3 
and mixed changes). 

Thyroidal profile that was observed in cases of sepsis 
without shock was (n = 13): normal in 7 cases; low T3 
in 5 cases; and mixed in one case. 

Thyroidal profile observed in cases of sepsis with 
septic shock was (n = 15): normal in 4 cases; low T3 in 
5 cases; low T4 and T3 in 5 cases, and mixed changes 
in one case. 

An important feature in relation to thyroidal profile 
was found in low T4 and T3 only in cases of sepsis 
with presence of shock, 5 NT in the overall analysis 
(29.5%), with 1 NT (14.3%) in A and 4 NT (40%) in 
B, p = 0.27, which is in agreement with the studies by 
Papanico laou (3). 

Mixed changes were found in only 2 NT (11.7%), 
in 1 NT (14.3%) from A and 1 NT (10%) from B, p < 
0.75. 

Another important feature was that the low T3 
profile was more prevalent in this study, without any 
relationship with sepsis duration. According to other 
studies that showed significantly lower levels in patients 
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with prolonged sepsis, no matter the presence of shock, 
no elevation in reverse T3 was observed, as described 
for other age ranges, and no change in TSH was ob-
served in any of the groups, either. In the analysis of 
these cases, low T3 was not related with poor progno-
sis, as observed in adult patients. In adults, the presence 
of low levels of this hormone means severe disease.  

After patients were cured, serum levels of hormones 
returned to normal in 88% of the newborns of A and 
90% of B, p > 0.05.  

Dopamine was used in 14 (50%) newborns during 
sepsis, and NTIS was found in 11 of them, without sig-
nificant differences between those that did not receive 
dopamine and presented NTIS (p > 0.05). 

Corticoids in pharmacological doses, when patients 
were extubated, was used during sepsis in 14 (50%) 
newborns, with 8 of them showing NTIS, 5 NT with 
low T3. No significant statistical correlation was ob-
served between the use of corticoids and NTIS (p = 
0.93), or corticoid and low T3 (p = 0.77). In the pres-
ent study, a case in group B did not show NTIS in any 
phase of the sepsis, but presented low T3 in the cure 
phase after receiving dexamethasone when mechanical 
ventilation was removed. 

Furosemide was used in pharmacological doses in 
14 (50%) of the newborns. However, there was no 
significant difference in the occurrence of NTIS, com-
pared with patients that did not receive this drug (p = 
0.24)

DISCUSSION

This is a prospective cohort study of 28 full-term ne-
wborns with late sepsis that confirms the presence of 
nonthyroidal illness syndrome associated with neonatal 
sepsis and assesses the interference between sepsis du-
ration and occurrence of shock in thyroidal hormone 
levels.  

Newborns older than five days of age were analyzed 
to prevent interferences with physiological variations of 
these hormones during this stage of life.  

NTIS was found in more than a half of the full-term 
newborns with neonatal sepsis, more frequent in the 
group with prolonged sepsis, no matter the presence of 
signs of shock (p = 0.31). Thyroidal profile obeved in 
cases of sepsis without the occurrence of shock was (n 
= 13): normal in 7 cases; low T3 in 5 cases; and mixed 
in one case. Thyroidal profile observed in cases of sepsis 

Table 1. Clinical and laboratory variables in newborns according with sepsis duration at the moment they entered the study 

Data Group Median Standard deviation Mean Standard error Range P

Weight grams A 3514 1062.7 3450 200.83 1740 – 6500

B 3303 935.7 3342 132.24 1740 – 6500 0.16

Age days A 24.7 15.62 21.5 2.95 5 – 66

B 35.12 24.35 31 3.44 5 – 65 0.13

Temperature > 38.5ºC A 38.7 0.34 38.5 0.13 38.5 – 39.3

B 38.6 0.32 38.5 0.18 38.5 – 39.4 0.40

Temperature < 36.0ºC A 35.5 0.17 35.5 0.08 35.3 – 35.8

B 35.6 0.20 35.7 0.09 35.4 – 35.8 0.20

Heart rate A 186.5 7.42 186.0 1.20 184 – 190

B 191.6 7.08 190.5 3.70 182 – 203 0.15

Respiratory rate A 66.9 14.1 65.0 3.32 43 – 90

B 66.3 13.1 69.0 4.58 44 – 88 0.45

Leukocytosis A 25010 3808.7 22500 1956.2 21700 – 32100

B 25792 5313.7 25800 1458.0 20900 – 42490 0.75

Leukopenia A 3485 1110.2 3485 785.0 2700 – 4270

B * * * * *

A 0.45 0.38 0.28 0.15 0.14 – 1.50

B 0.20 0.33 0.16 0.004 0.15 – 0.40 0.20

Reactive protein C A 74.2 83.83 38.40 25.0 12.60 – 260.20

B 108,4 70,89 57,70 27,0 13,20 – 261,10 0.18

* Absence of leukopenia.
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with septic shock was (n = 15): normal in 4 cases; low 
T3 in 5 cases; low T4 and T3 in 5 cases, and mixed in 
one case. Goldsmit and cols. found 69% changes in thy-
roidal hormones in full-term newborns in intensive care 
units, with the same NB diagnosis of our cases (17).

Low T3 was the most frequent change in this NTIS 
cases, with levels 40% lower than the normal range, sig-
nificantly lower levels in patients with prolonged sepsis, 
no matter the occurrence of shock. the elevation of re-

verse T3 was not observed, as described in other age 
groups (1,18-20). Chopra, in 1997, described lower 
levels of T3 in up to 40% normal levels (1). T3 in NT 
of our study was even lower in group B (72%) than in 
group A and was kept like this a longer period, practi-
cally until NT were cured. However, after that, normal 
levels were observed. 

Low levels of T3 have been interpreted as an adap-
tive response to stress in order to save energy, reduc-

Table 2. Median and standard deviation of thyroid hormones and TSH according to sepsis evolution in newborns with NTIS (low T3, low T4 and T3, and 
mixed change) 

Hormone variable
Median ± standard deviation

Group A (1) Group B (2) Cure (3) P

Sepsis in newborns with low T3 

T3 (nmol/L) 0.86 ± 0.12 0.64 ± 0.126 2.59 ± 0.32

1 vs 2: > 0.05

2 vs 3: < 0.001

1 vs 3: < 0.001

T4 (nmol/L) 140.1 ± 37.3 133.7 ± 68.4 160.81 ± 31.78

1 vs 2: > 0.05

2 vs 3: > 0.05

1 vs 3: > 0.05

Reverse T3 (ng/dL) 144.34 ± 66.9 79.48 ± 9.6 119.12 ± 48.1

1 vs 2: > 0.05

2 vs 3: > 0.05

1 vs 3: > 0.05

TSH (mUI/L) 0.043 ± 0.04 0.044 ± 0.01 0.042 ± 0.04

1 vs 2: > 0.05

2 vs 3: > 0.05

1 vs 3: > 0.05

Sepsis in newborns with low T4 and T3 

T4 (nmol/L) 221.36 ± 0.0 70.2 ± 6.4 184.68 ± 10.29

1 vs 2: > 0.05

2 vs 3: < 0.001

1 vs 3: < 0.001

T3 (nmol/L) 0.75 ± 0.01 0.64 ± 0.14 2.26 ± 0.12

1 vs 2: > 0.05

2 vs 3: < 0.001

1 vs 3: < 0.001

Reverse T3 (ng/dL) 114.5 ± 3.5 80.46 ± 2.9 76.0 ± 1.3

1 vs 2: > 0.05

2 vs 3: > 0.05

1 vs 3: < 0.01

TSH (mUI/L) 0.084 ± 0.0 0.03 ± 0.13 0.28 ± 0.06

1 vs 2: > 0.05

2 vs 3: > 0.05

1 vs 3: > 0.05

Sepsis in newborns with mixed change

T4 (nmol/L) 103.5 ± 0.01 204.3 ± 6.43 130.21 ± 7.72

1 vs 2: < 0.01

2 vs 3: > 0.05

1 vs 3: > 0.05

T3 (nmo/L) 2.04 ± 0.0 7.34 ± 0.0 2.20 ± 0.69

1 vs 2: > 0.05

2 vs 3: > 0.05

1 vs 3: > 0.05

Reverse T3 (ng/dL) 76.5 ± 0.0 125.5 ± 0.0 61.0 ± 0.0 * Few cases 

TSH (mUI/L) 0.56 ± 0.0 0.77 ± 0.00 0.43 ± 0.04

1 vs 2: > 0.05

2 vs 3: > 0.05

1 vs 3: > 0.05

* Few cases to statistical analysis.
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ing the metabolic rate and protecting the body from 
hypercatabolism caused by sepsis (6,9). It may be said 
that adaptive response may have been more intense in 
newborns of group B, leading to greater reduction in 
metabolic rates. This response may have collaborated 
with prolonging the disease (9). It is known that ne-
crosis tumoral factor inhibit the activity of hepatic D1 
desiodase, which is the enzyme that catalyzed T3 and 
has been implicated in the pathogenesis of low T3 (21). 

Elevation of reverse T3 in the low T3 syndrome has 
been described in adults and children. However, in new-
borns, low levels of reverse T3 have been found (20). 
In the present study, reverse T3 had a similar behavior 
to that observed in adults and was increased in one case 
in group A, raising the mean values of serum levels in 
this group. When sepsis is found tougher with low T3, 
reverse T3 is produced in normal levels, and elevation is 
due to lower clearance caused by D1 inactivation in the 
tissues. it may be inferred from the results obtained in 
the present study, that T4 is not converted into reverse 
T3, the main pathway for the clearance of reverse T3, 
which may be little frequent in the neonatal period, at 
least in tissue level (3,7). Low T3 has been described in 
other catabolic conditions besides sepsis, including fast-
ing, decreased calorie ingestion, specially of carbohy-
drates, which decrease D1 activity and anticipate low T3 
(3). In the present study, all the cases received adequate 
amounts of PPN with glucose, in spite of the fasting. 

As the disease improved, T3 levels returned to nor-
mal, similar to other studies (1,7). Low T4 and T3 were 
found in about 30% NTIS. This change, in some stud-
ies, was related with lower survival rates (3,22). In the 
present study, this change similarly prevalent in both 
groups. However, it was observed only among new-
borns with septic shock. Den Brinker and cols. (23) 
found low T4 and T3 below in 50% of the patients that 
survived septic shock by meningococcal disease, Yildiz-
das and cols. (18) found lower levels of T3 and T4 in 
children that underwent septic shocks than in children 
that did not. In the neonatal period, this change was 
observed by Franklin and O’Grady, who found four 
newborns with sepsis and changes in T4 and T3 that 
lasted until the 5th day of the species. In these cases, 
T3 was persistently low until the 10th day, when com-
pared with healthy newborns (24,25). These findings 
are similar to the ones of the present study, in a larger 
casuistry, though.  

Serum levels of T3 and T4 in our study were signifi-
cantly lower in NB with sepsis (29.5%) when compared 

with NB that were already cured, without differences 
between group A (14.3%) and B (40%). Wilson and 
cols. also found in sick full-term newborns significantly 
lower levels of T4 in 66% of the cases, when compared 
with healthy full-term newborns (26). Some of the 
drugs used in severely affected patients may also change 
serum levels of thyroidal hormones and TSH. Among 
the most important drugs are dopamine, corticoids and 
furosemide, which were used in some newborns in the 
present study.

Dopamine in an adrenergic neurotransmitter that 
may inhibit TSH secretion by mean of adenylcytocy-
clase. This blockage may be due to the inhibition of the 
expression of the gene for the b subunit of TSH that 
leads to the inhibition of the amplitude of nocturnal 
TSH peaks (27,28). The inhibition of dopaminergic 
receptors, however, does not stimulate TSH (27,28). 
When administered as an short-duration infusion of up 
to 48 hours, it may change TSH and does not seem to 
change T4, T3 and reverse T3 concentrations. When 
administered for more than 48 hours, besides reducing 
serum levels of TSH in up to 60%, it may reduce T4 in 
up to 56% (29). The effect of dopamine was assessed in 
newborns of 12 to 90 days of life with congenital car-
diovascular disease that showed increased TSH, with-
out significant difference between continuous infusion 
or not (30). In the present study 14 (50%) of the new-
borns received dopamine, and NTIS was found in 11 
of them. However, there was no significant difference 
between those that received dopamine presented NTIS  
(p = 0.053). These results are similar to Den Brinker and 
cols., who also found an association between the use of 
dopamine and NTIS in children (16,23). However, our 
casuistry is small, what may have influenced the final 
result, although our results are very close to the level 
of significance chosen in the beginning of the study. 
Besides, the neonatal period shows some peculiarities, 
several immature organs, and metabolic and neurologi-
cal responses that are sometimes different from those 
found in older children, adolescents and adults.  

Corticoids may alter serum T3 levels. Chopra and 
cols. observed that the use of dexamethasone may lead 
to reduction in T3 and elevation of reverse T3 12 hours 
after the beginning of the treatment (31). Gross and 
cols., in an experimental study, observed an increase in 
T3 in the fetus when the mother received betametha-
sone, but there was no change in T3 when the fetus 
received a direct injection of betamethasone (32). In 
the present study, the use of corticoid did not inter-
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fere in nonthyroidal illness syndrome, and 14 (50%) 
of the newborns received corticoid in pharmacological 
doses when they were extubed. NTIS was observed in 
8 of them, 5 with low T3. No significant difference 
was observed between the use of corticoid and NTIS 
(p = 0.93), or with corticoid and low T3 (p = 0.77). 
One case in group B did not show NTIS in any phase 
of the sepsis, but presented low T3 in the cure phase 
after receiving dexamethasone when mechanical venti-
lation was removed, without any other explanation for 
this finding.  

Furosemide binds strongly to tireoglobulin and 
produces a discreet dislocation of T4, increasing free 
T4 fraction (27,32). In low concentrations, 3 µmol/L, 
it does not show any effect on the hormones, but in 
high doses, of 30 µmol/L, it increases free T4 (33,34). 

In this study, we concluded that low levels T3 in 
the first week of infection may indicate greater meta-
bolic changes and prolonged infection. Although 
T3 showing lower levels in group B, this difference 
was not statistically significant when compared with 
group A.  

The use of drugs such as dopamine and glucocor-
ticoids did not influence TSH levels, once only 2 NT 
in 7 newborns with hormonal changes showed altered 
TSH and 5 NT with hormonal changes that were not 
treated with these drugs showed changes in TSH levels. 
The use of furosemide did not influence the occurrence 
of NTIS or TSH levels. NT that received only corticoid 
and did not show hormonal changes (3 NT) did not 
show changes in TSH, and from the NT that showed 
hormonal changes in this group, only one presented 
changes in TSH levels. Five NT showed sepsis without 
complications and did not receive vasoactive drugs and 
glucocorticoids. from these, 4 presented normal TSH 
and 1 showed altered TSH.

In conclusion, this study enables us to infer that 
nonthyroidal illness syndrome may be found transito-
rily during sepsis in full-term newborns, mainly in cases 
of prolonged sepsis. Low T3 may be observed without 
changes in reverse T3 in full-term newborns with sepsis 
and low T4 and T3 mainly in the presence of septic 
shock.  
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original article

The influence of glycemic control on the 
oral health of children and adolescents 
with diabetes mellitus type 1

Vera Lúcia Carneiro1, Fabian Calixto Fraiz1, Fernanda de Morais Ferreira1,  
Tatiana Pegoretti Pintarelli1, Ana Cristina Borges Oliveira2, 
Margaret Cristina da Silva Boguszewski3

ABSTRACT
Objective: To evaluate the influence of disease control, expressed by the mean values of glycated 
hemoglobin (HbA1c), in the oral health of children and adolescents with diabetes mellitus type 1 
(T1DM). Subjects and methods: A cross sectional study involving 87 children and adolescents (59 
girls), 10 ± 2.6 years old. The participants were divided into three groups: HbA1c ≤ 8%, 8% < HbA1c 
≤ 10% and HbA1c > 10%. The duration of the disease, age and average HbA1c were obtained from 
their medical records. Oral health was evaluated according to the following indexes: Simplified Oral 
Hygiene Index (OHI-S); Community Periodontal Index (CPI); Decayed, Missing or Filled Teeth Index 
(DMFT/dmft) for permanent and deciduous teeth; and the stimulated salivary flow rate (SSFR). Re-
sults: The median SSFR was 1.1 mL/min in the group with HbA1c ≤ 8%, 0.7 mL/min in the interme-
diary group and 0.6 mL/min in the HbA1c > 10% group. A significant decrease in salivary flow was 
observed with an increase in HbA1c (p = 0.007). The DMFT/dmft and CPI indexes were higher in indi-
viduals with higher HbA1c values. More caries-free individuals were found in the group with HbA1c 
≤ 8% compared to those with HbA1c > 10%. The group with HbA1c > 10% exhibited more caries and 
bleeding gums than the other groups. HbA1c values in girls were higher than in boys. Conclusion: 
Children and adolescents with unsatisfactory glycemic control, represented by higher HbA1c concen-
trations, exhibited a higher frequency of caries and gingivitis, and a reduction in salivary flow. Arch 
Endocrinol Metab. 2015;59(6):535-40
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INTRODUCTION

T he oral complications of diabetes mellitus type 1 
(T1DM) include xerostomia, periodontal disease 

(gingivitis e periodontitis), dental abscesses, tooth loss, 
soft tissue lesions and burning mouth syndrome (1,2). 
Periodontal disease is a common complication (3) and 
in some cases bleeding gums can be observed during 
early childhood. The occurrence and severity of the 
bleeding increase during adolescence (4-6). The dura-
tion of the illness and its metabolic control influence 
periodontal health. On the other hand, chronic inflam-
mation, a characteristic of periodontal disease, may 
induce a certain degree of resistance to insulin, thus 
deteriorating metabolic control (4,5,7). In similar oral 
hygiene conditions, individuals with poorly controlled 
T1DM exhibited more gingivitis, dental calculus, bone 
loss and gingival insertion when compared to those 
with good to moderate glycemic control (8-10). 

Caries studies in patients with T1DM are controver-
sial. Low caries prevalence in patients with T1DM has 

been reported in comparison with the control groups 
who do not have the illness (11-13). However, among 
the groups with T1DM, an increase in caries preva-
lence is observed in those with poor metabolic control 
(10,14), and they may exhibit uncontrollable caries de-
velopment in spite of extensive preventive efforts (14-
16). Several aspects may justify this occurrence, such as 
reduced salivary flow, typical in children with T1DM, 
even though this factor has not always been observed in 
relation to glycemic control (1,15,17,18). The increase 
in salivary glucose concentration may also influence the 
development of dental caries (2,19,20). In some cases 
T1DM may contribute to the severity and intensity of 
tooth decay, and the resulting caries may interfere with 
the health of a child with T1DM (21). The caries’ pro-
gression may increase the risk of infection and imbalance 
in the glycemic control of diabetes. Moreover, the ten-
dency of diabetic patients to develop infections caused 
by fungi and bacteria, and their difficulty in healing (22) 
are factors that may have repercussions in oral health.
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Education and preventive monitoring are necessary 
to avoid oral complications and thus improve these pa-
tients’ quality of life (2,13,14,23,24). This study was 
conducted with the aim of evaluating the influence of 
glycemic control in the oral health of a group of chil-
dren and adolescents with type 1 diabetes.

SUBJECTS AND METHODS

Sample selection

Eighty-seven children and adolescents with T1DM (59 
girls), 5 to 15 years of age, took part in the study. They 
were observed at the Pediatric Endocrinology Unit 
(UEP) of the Hospital de Clínicas – Universidade Fe-
deral do Paraná (HC-UFRP) in Curitiba, Brazil. Oral 
health evaluation took place on the date of a routine 
visit at the hospital. The exclusion criteria were: indi-
viduals under orthodontic treatment, recent T1DM 
diagnosis (less than 3 months), a lack of HbA1c data in 
their records, individuals who were sick on the date of 
their appointment and those with uncontrolled diseases 
associated with T1DM. Information regarding gender, 
elapsed time since T1DM diagnosis and diseases asso-
ciated with T1DM were collected from medical records. 
Participants were divided into three groups, according 
to the mean values of glycated hemoglobin (HbA1c), 
using the results obtained over the last two years: 
HbA1c ≤ 8%, 8% < HbA1c ≤ 10%, and HbA1c > 10%. 

The HbA1c tests were performed at the same lo-
cation, in the Laboratory of Chemical Analysis at the 
HC-UFRP. The HbA1c dosage method was immuno-
turbidimetric assays for HbA1c measure on analyzer 
Siemens Dimension RxL (Siemens Healthcare Diag-
nostics, NY, USA).

Evaluation of oral conditions and salivary flow 

The oral health evaluation was conducted by only one 
researcher (VLC). The intra-examiner reliability was 
considered excellent (25), with kappa values of 0.83 
and 0.94 for the indexes that evaluated gingivitis and 
dental caries. The oral exam was conducted in artifi-
cial light with a mouth mirror – number 5 (Prisma, 
São Paulo, SP, Brazil) and periodontal probe CPI 
(Community Periodontal Index) (Golgran, São Paulo, 
SP, Brazil). The mouth was divided into sextants and 
six index teeth were utilized (the first molar of each 
quadrant, the right maxillary central incisor and the 
left mandibular central incisor) to evaluate oral hygiene 

and periodontal health. Oral hygiene status was asses-
sed using the Simplified Oral Hygiene Index (OHI-S) 
which is formed by the Simplified Debris Index (DI-S) 
and Simplified Calculus Index (CI-S) as described by  
Greene-Vermillion (26). In summary, the OHI-S 
evaluates the amount of plaque and calculus on the in-
dex teeth, and the mean was achieved by calculating 
the sum of the values of each aspect and dividing by 6, 
with an amplitude between zero and six. Oral hygiene 
is considered satisfactory when the value obtained is 
less than or equal to one. For periodontal evaluation, 
the Community Periodontal Index (CPI) was utilized 
(27). CPI evaluates three periodontal indicators: blee-
ding gums, periodontal calculus and periodontal poc-
kets (pathologically deepened gingival sulcus, caused by 
the destruction of the teeth supporting tissue). When 
examining children or adolescents under the age of 15, 
only bleeding gums and calculus should be considered 
(27). The CPI was coded as: 0 = healthy; 1 = bleeding; 
2 = calculus. The CPI was evaluated by summing the 
values of the 6 index teeth, and its amplitude is zero to 
twelve for this age group (27).

Dental caries experience was observed using the de-
cayed, missing, filled teeth (DMFT) (D = Decayed, M 
= missing, F = filled, T = tooth) index for permanent 
teeth and dmft for deciduous teeth (28). The diagnosis 
criteria followed the procedures proposed by the WHO 
(25). The DMFT index is a general indicator of the 
dental health status of the population and lower va lues 
in this index indicate better dental health. DMFT = 
zero means that the individual has not had any dental 
caries experience in their permanent teeth and does not 
have any missing or filled teeth due to a dental cavity 
(28). Before beginning the dental evaluation with the 
DMFT/dmft index, careful brushing of the teeth was 
performed. In this study the caries experiences were 
observed from data obtained from the evaluation of 
permanent and deciduous teeth. 

 Saliva was collected from all subjects between 7 a.m. 
and 10 a.m., just before the clinical oral examination. 
The child or adolescent was asked to chew on standard-
ized piece (2.0 cm) of paraffin (Parafilm M®, Laboratory 
Film, Chicago, USA) and swallow the saliva produced 
during the first minute. During the following 5 minutes, 
the participant expectorated all of the saliva directly into 
a plastic tube. Stimulated salivary flow rate (SSFR) was 
evaluated by using a semi-automatic pipette (Eppen-
dorf Research®, Hamburg, Germany) and subsequently 
dividing the value by five in order to obtain the SSFR 
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value per minute (14,29). SSFR mean values of < 0.7 
mL/min were considered as hyposalivation (30). 

The study was approved by the Ethical Commit-
tee of the HC-UFRP, Curitiba, Brazil. Written in-
formed consent was obtained from the patients and/
or parents.

Statistical analysis

The data was analyzed using the Statistical Package 
for the Social Sciences® software (version 15.0; SPSS 
Inc., Chicago, IL, USA). The calculation of frequency 
distribution was carried out, in addition to the Chi- 
square test to evaluate the relation between the variable 
referring to glycemic control (HbA1c; categorized in 
HbA1c ≤ 8%, 8% < HbA1c ≤ 10% and HbA1c > 10%) 
and dentistry related variables (SSFR, DMFT, dmft, 
CPI and IHO-S) dichotomized according to theore-
tical references or utilizing median values. To be able 
to compare the value of the dentistry related variables 
within the groups with different HbA1c values, their 
normality was evaluated by the Kolmogorov-Smirnov 
test. As none of the variables met this requirement for 
parametric tests, the non-parametric Kruskal-Wallis test 
and the Mann-Whitney post-test with Bonferroni cor-
rection were utilized to make a comparison between 
the groups (31). The adopted significance level was 5%. 

RESULTS

Time elapsed since T1DM diagnosis was less than one 
year in 15% of the patients, between 1 to 3 years in 16% 
and over 3 years in 69%. Mean age was 10.7 ± 2.6 years 
(range, 5 – 15 years). Eleven patients (13%) presented 
HbA1c ≤ 8%, 45 patients (52%) 8% < HbA1c ≤ 10%, 
and 31 patients (35%) had HbA1c > 10%.

Table 1 shows the frequencies of individuals with 
T1DM according to sex, age and relation to the mean 
values of glycated hemoglobin. A higher percentage of 
boys were found in the HbA1c ≤ 8% group than girls (p 
= 0.025). Thirty-eight individuals (44%) were younger 
than 10 years of age. 80% of the group came to the ap-
pointment accompanied by their mothers.

Table 2 shows the frequencies of oral hygiene, gingi-
val bleeding after probing, dental caries experience and 
hyposalivation, according to the mean values of glyca-
ted hemoglobin. Oral hygiene was considered satisfac-
tory in 52 individuals (60%), but all of the individuals 
exhibited satisfactory or regular oral hygiene. No indi-
viduals had poor or very poor oral hygiene  according 

to OHI-S. Gingival bleeding on probing was dichoto-
mized using the median value (IPC < 4 e IPC ≥ 4), with 
a significant difference between the groups (p = 0.043). 
Caries experience in permanent teeth also presented sig-
nificant differences (p = 0.013). Children with DMFT 
≥ 1 exhibited high mean HbA1c values. To observe the 
experience of caries in subjects with mixed dentition, 
DMFT and dmft index are summed. Individuals with 
zero have no caries experience. In this case, the result 
was not significant (p = 0.730). Hyposalivation was less 
frequent in the group with HbA1c ≤ 8% (p = 0.003).

Table 1. Characteristics of children and adolescents with T1DM according 
to glycated hemoglobin values (n = 87) 

Covariates
Glycated hemoglobin

P-value*
≤ 8% n (%) > 8% to ≤ 

10% n (%)
> 10% n 

(%)

Sex

Male 8 (73) 12 (27) 8 (26)
0.025

Female 3 (27) 33 (73) 23 (74)

Age

5-10 years 7 (64) 21 (47) 10 (32)
0.060

11-15 years 4 (36) 24 (53) 21 (68)

Total 11 (100%) 45 (100%) 31 (100%)

* Chi-square test. Significant results at level 5% (a = 0.05) marked in bold.

Table 2. Oral findings in children and adolescents with T1DM according 
to glycated hemoglobin values (n = 87) 

Covariates
Glycated hemoglobin

P-value*
≤ 8% n 

(%)
> 8% to ≤ 
10% n (%)

> 10% n 
(%)

Oral hygiene 

Satisfactory 5 (45) 31 (69) 16 (52) 0.752

Regular 6 (55) 14 (31) 15 (48)

Gingival bleeding after probe

CPI < 4 7 (70) 20 (44) 10 (32)
0.043

CPI ≥ 4 3 (30) 25 (56) 21 (68)

Caries experience in permanent teeth

DMFT = 0 8 (73) 19 (45) 9 (29)
0.013

DMFT ≥ 1 3 (27) 23 (55) 22 (71)

Caries experience

DMFT/dmft = 0 2 (25) 11 (23) 5 (16) 0.730

DMFT/dmft ≥ 1 6 (75) 37 (77) 26 (84)

Hyposalivation

Absent 9 (82) 23 (51) 9 (30)
0.003

Present 2 (18) 22 (49) 21 (70)

Total 11 (100%) 45 (100%) 31 (100%)

* Chi-square test. Significant results at level 5% (a = 0.05) marked in bold.
One individual without CPI and hyposalivation registered; Three DMFT not registered.
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Table 3 presents the results of the oral health indica-
tors according to mean values of glycated hemoglobin. 
A significant difference in the CPI values was found 
between groups HbA1c ≤ 8% (mean = 2.7; median = 
3) and HbA1c > 10% (mean = 4.2; median = 4) (p = 
0.038). 

The DMFT index was higher when the HbA1c va-
lues increased. A significant difference in the DMFT 
values was found between groups with HbA1c ≤ 8% 
(mean = 0.8; median = 0) and the group with HbA1c 
> 10% (mean = 2.4; median = 2; Table 2; p = 0.026). 
Figure 1 shows DMFT results according to the mean 
values of HbA1c. The association of glycemic control 
and dental caries presence was visible. 

Regarding SSFR, a significant difference in the sali-
vary flow was found between HbA1c ≤ 8% {mean = 1.2; 
median = 1.1 (0.3-2.1)} and the remaining groups (p = 
0.007). There was no statistical difference in SSFR be-
tween the group which had 8% < HbA1c ≤ 10% and the 
group which had HbA1c > 10%. However, both groups 
presented hyposalivation values (< 0.7 mL/min).

DISCUSSION

The current study was developed to evaluate the in-
fluence of the quality of diabetes control, verified 
through HbA1c levels, on the oral health of children 
and adolescents with T1DM. The results demonstrated 
that oral health indicators were influenced by disease 
control. In the groups with higher HbA1c concentra-
tion, a decrease in salivary flow, an increase in bleeding 
gums and dental cavities in permanent teeth were ob-
served.

Maintaining glycemic control in children and ado-
lescents with T1DM is a complex task that demands 
integrated action between the individuals with T1DM, 
the responsible adults and the health care providers 
that assist these individuals (32). In this study, it could 
be observed that most of the children and adolescents 
(80% of the sample) come to their regular appointments 
at the UEP with their mothers. Dental care should be-
come a part of a multidisciplinary form of assistance 
granted to people with T1DM, and educational pre-
ventive efforts to guide the patients and the responsible 
adults must be increased.

Regarding gender, significantly more girls in the 
groups with less adequate disease control (8% < HbA1 

Table 3. Oral health evaluation according to glycated hemoglobin in children and adolescents with T1DM (n = 87)

  Glycated hemoglobin P-value*

CCPI

≤ 8% (n = 10) > 8% to ≤ 10% (n = 45) > 10% (n = 31)

Mean Median Min-Max Mean Median Min-Max Mean Median Min-Max

2.7 3a 0-5 3.6 4ab 1-7 4.2 4b 0-9 0.038

DMFT 

≤ 8% (n = 11) > 8% to ≤ 10% (n = 42) > 10% (n = 31)

Mean Median Min-Max Mean Median Min-Max Mean Median Min-Max

0.8 0a 0-5 1.4 1ab 0-9 2.4 2b 0-8 0.026

SSFR

≤ 8% (n = 11) > 8% to ≤ 10% (n = 43) > 10% (n = 29)

Mean Median Min-Max Mean Median Min-Max Mean Median Min-Max

1.2 1.1a 0.3-2.4 0.7 0.7b 0.1-2.1 0.6 0.6b 0.1-1.8 0.007

* Kruskal-Wallis test. Significant statistical differences (a = 0.05) marked in bold.
Different letters indicate significant statistical differences in a clinical index between glycated hemoglobin groups into the line (post-test Mann-Whitney with Bonferroni correction).
CPI: Community Periodontal Index; DMFT: Decayed Missing Filled Teeth Index; SSFR: Stimulated Salivary Flow Rate.
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Figure 1. DMFT results according to glycated hemoglobin in children and 
adolescents with T1DM (n = 87). DMFT: Decayed, Missing, Filled Teeth.
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≤ 10% and HbA1c > 10%) were observed, and there 
were more boys in the HbA1c ≤ 8% group. No study 
that demonstrates significant differences between gen-
ders and glycemic control in T1DM could be found. 

The results of this study reinforce the idea that there 
is an early onset of gingival alteration in children and 
adolescents with T1DM. Usually, bleeding on prob-
ing indicates that there is a gingival alteration called 
gingivitis. This situation may be related to poor oral 
hygiene and the presence of pathogenic microorgan-
isms. In the current study, oral hygiene was considered 
adequate in over half of the group that was studied, 
and it was not associated with HbA1c levels. Also, the 
tendency to develop dental calculus described by Siu-
dikiène and cols. (8) was not observed. These authors 
demonstrated that, in spite of having the same hygiene 
habits, individuals aged between 10 and 15 years with 
T1DM had a higher tendency to develop dental cal-
culus and gingivitis than non-diabetic individuals (8). 
In that research study, the patients were divided into 
2 subgroups, one with better control (HbA1c ≤ 8.9%) 
and other with less adequate control (HbA1c ≥ 9.0%). 
The HbA1c group ≥ 9.0% presented higher mean va-
lues in the gingival, plaque and calculus indexes. These 
findings reinforce that, independent of satisfactory oral 
hygiene, individuals with diabetes, more precisely those 
with less adequate disease control, exhibit a higher risk 
of gingivitis. 

Higher CPI values were observed in the groups with 
the highest HbA1c levels. CPI was lower in the group 
with HbA1c ≤ 8% when compared with the group with 
HbA1c > 10%, thus indicating that better glycemic 
control could contribute to the prevention of gingi-
vitis. This result agrees with studies that demonstrate 
that gingival health is influenced by glycemic control 
(5,7,13,33). Not all cases of bleeding gums may evolve 
to periodontitis. It is known however, that basic oral 
hygiene habits are vital for maintaining periodontal 
health. Despite the fact that adolescents usually have 
some knowledge of the association between diabetes 
and periodontal disease, bleeding gums are not always 
noticed by children and adolescents with T1DM (17). 
It was observed that the bleeding did not influence 
tooth brushing frequency or dental floss use for people 
in this age group (6). 

 The current study demonstrated an association 
between mean HbA1c values and caries prevalence. 
A higher percentage of children and adolescents who 
were caries-free in their permanent teeth (DMFT = 0) 

in the groups with lower HbA1c values were observed, 
as well as an increase in caries frequency associated with 
those having higher HbA1c levels. A study developed 
in the same hospital, with another group, older than 
those in this study (14-19 years), did not show an as-
sociation between poor metabolic control and dental 
caries. The sample size (51 adolescents) may have in-
terfered in the results (13). 

These results agree with other studies that have eval-
uated caries and HbA1c levels (14-16). Among these, 
a study by Twetman and cols. (14) observed a higher 
level of development of dental caries in individuals with 
T1DM aged 8 to 16 years with HbA1c > 8%, and veri-
fied that these patients also exhibited a higher level of 
glucose concentration in their saliva. Studies that com-
pare caries prevalence in individuals with T1DM and 
a control group are controversial. Some have report-
ed higher dental caries prevalence in individuals with 
T1DM (1,18,34) while others found higher dental ca-
ries prevalence in the control group (4,11,12). These 
differences may be explained, in part, by a wide age 
range evaluated in one of the studies (individuals aged 
between 11 and 81 years) (11) and by the sample size 
(25 patients) in another study (12). Surprisingly, some 
authors found a higher dental caries frequency in the 
non-diabetic group (10,15). It must be emphasized 
that one of these studies (15) was conducted in a popu-
lation with high dental cavity prevalence. 

Salivary flow acts as a protecting agent of oral 
health. Thus, a reduction in salivary flow may lead to 
an increased dental caries frequency as well as a higher 
risk for oral diseases. In the current study, we found a 
lower stimulated salivary flow rate in the groups with 
high mean HbA1c values. This finding was described 
by other authors (1,15-17). However, not all of them 
demonstrated an association between salivary flow and 
metabolic control (15,17). A possible explanation for 
those results may be the small amount of individuals 
in the sample (15) and the cutting points chosen for 
HbA1c values (< 6.5% and ≥ 6.5%) (17).

In conclusion, the present study demonstrated that 
glycemic control had an influence on the oral health 
of children and adolescents with T1DM. Thus, an oral 
evaluation should be part of routine procedures in the 
assistance of children and adolescents with T1DM, and 
questions about hyposalivation symptoms and the sali-
vary flow rate should be asked. Moreover, the dentist 
should be a part of the multidisciplinary team that as-
sists individuals with T1DM. More studies involving 
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the oral health of children and adolescents with T1DM 
must be endorsed and conducted. 
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Cardiovascular risk factors and 
increased carotid intima-media 
thickness in young patients with 
congenital adrenal hyperplasia 
due to 21-hydroxylase deficiency

Tânia Maria Barreto Rodrigues¹, Cristina Botelho Barra2,  
Jovita Lane Soares Santos3, Eugênio Marcos Andrade Goulart4, 
Adaliene Versiani Matos Ferreira5, Ivani Novato Silva2

ABSTRACT
Objective: Increased arterial intima-media thickness has been observed in adults with congenital 
adrenal hyperplasia (CAH) due to 21-hydroxylase deficiency (21-OHD). CAH has also been associ-
ated with obesity, insulin resistance, and hypertension. The aim of the present study was to compare 
youths with CAH with healthy, normal-weight individuals, evaluating carotid intima-media thickness 
(CIMT) and indicative factors of cardiovascular risk to seek for abnormalities in the CAH group. Sub-
jects and methods: Clinical, biochemical, and ultrasonographic evaluations, according to published 
criteria, were performed in 113 subjects (5 to 20 years old): 40 patients with 21-OHD and 73 healthy 
individuals matched for gender, pubertal status, and age. Results: Most CAH patients were female 
(80%), salt-losers (72.5%), and pubescent (80%); 10 (25%) patients were overweight. An increase in 
CIMT was observed both on the right (p = 0.0240) and left (p = 0.0003) sides in 38 CAH patients com-
pared with the healthy individuals. The body mass index, BMI/age Z score, and systolic blood pres-
sure (SBP) were higher in patients compared with controls (p < 0.000 and p = 0.0219, respectively). 
Conclusions: Findings of increased CIMT, BMI, and SBP in young patients with 21-OHD indicate the 
need for early identification and intervention regarding cardiovascular risk. Validating these findings 
might result in improved therapeutic approaches for children with 21-OHD in the future. Arch Endocrinol 
Metab. 2015;59(6):541-7
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INTRODUCTION

Congenital adrenal hyperplasia (CAH) due to 
21-hydroxylase deficiency (21-OHD) is a com-

mon autosomal recessive disorder associated with sig-
nificant morbidity. Obesity, hypertension, and insulin 
resistance have been associated with 21-OHD, and 
these comorbidities may begin in childhood (1,2). It 
is not known whether these metabolic abnormalities 
can be linked to the disease itself, its treatment, or 
both (3). As these metabolic abnormalities are related 
to the pathogenesis of atherosclerosis (4), increased 
cardiovascular risk might be expected for 21-OHD pa-
tients. Increased artery intima-media thickness (IMT) 

has also been reported in adults with the classical 
form of 21-OHD (5). Carotid intima-media thickness 
(CIMT) is an independent predictor of future cardio-
vascular risk (6,7), and its increase has been reported 
in children with chronic diseases, suggesting early vas-
cular injury in the paediatric group (8). CIMT also is 
positive correlated with body mass index (BMI) and 
systolic blood pressure (9). Presently, there is limi-
ted knowledge of comorbidities in children with 21-
OHD, and it is uncertain whether they have increased 
cardiovascular risk. 

The aim of the present study was to identify ab-
normalities indicative of cardiovascular risk, evaluating 
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CIMT, clinical and biochemical parameters in youths 
with 21-OHD. 

SUBJECTS AND METHODS

This cross-sectional study was approved by the Research 
Ethics Committee of Federal University of Minas Gerais, 
Brazil (ETIC302/08). All of the children, adolescents 
and legal guardians signed an informed written consent 
after receiving information concerning the study.

One-hundred-thirteen individuals were evaluated, 
including 40 patients diagnosed with classical CAH 
due to 21-OHD (29 of which were salt losers) and 73 
healthy, normal-weight children and adolescents. 

All 21-OHD patients, 5 to 20 years old, who were 
followed-up at the Pediatric Endocrinology Division of 
the Hospital das Clínicas, Federal University of Minas 
Gerais were selected to participate, based on the evalu-
ation of medical records. 

The diagnosis of 21-OHD was based on clinical 
and biochemical assessment and confirmed in 72.5% 
of the cases by genetic analysis of the CYP21A2 gene. 
All  females presented with ambiguous genitalia at birth 
(n = 32). No participant had other chronic disease or 
regularly received medication, aside from hormone re-
placement therapy for CAH. 

The healthy children were recruited from a public 
school located in Belo Horizonte, Minas Gerais, Brazil, 
and matched to the CAH group for age and gender. The 
inclusion criteria consisted of being in good health. The 
exclusion criteria were the presence or a history of any 
chronic disease, continuous use of medication, and be-
ing obese or overweight according to the World Health 
Organization (WHO) established criteria (body mass 
index for age and gender over the 85th percentile) (10). 
The control group was not matched for weight because 
we found the community-based random sample of 
healthy controls more appropriate in our study setting. 
If BMI-matched controls had been used, we would not 
have been able to compare the prevalence of cardiovas-
cular risk factors between the CAH and control children. 

All participants underwent clinical, biochemical, and 
nutritional evaluation. A complete physical examination 
was conducted. The anthropometric parameters assessed 
according to the WHO criteria were measured using por-
table digital scales (G-Tech®) to the nearest 0.1 kg for 
weight, and a wall-mounted stadiometer to the nearest 
0.1 cm for height. Blood pressure was analysed follow-
ing the Fourth Report on the Diagnosis, Evaluation, and 

Treatment of High Blood Pressure in Children and Ado-
lescents, according to age and height (11). Pubertal stag-
ing for females breast development and for testes size/
genitalia for males were evaluated using the Tanner cri-
teria (12). To analyze the pubertal status the participants 
were classified as prepubescent (Tanner 1), early puberty 
(Tanner 2 and 3), and late puberty (Tanner 4 and 5). 

Following overnight fasting, blood samples were 
collected between 7 and 8 a.m. for the biochemical 
assessment. Serum glucose, total cholesterol and frac-
tions, and triglycerides were measured by colourimetric 
methods (VITROS® 5.1 FS Chemistry System, Buck-
inghamshire, UK). Insulin and androstenedione levels 
were measured by chemiluminescence assay (IMMU-
LITE® 1000 Immunoassay System, Los Angeles, CA, 
USA), and 17α-hydroxyprogesterone was measured by 
radioimmunoassay (Siemens Healthcare Diagnostics 
Inc., Los Angeles, CA, USA). 

Insulin resistance was assessed by the Homeostatic 
Model Assessment for Insulin Resistance (HOMA-IR) 
according to the formula: insulin (µU/mL) x glucose 
(mmol/L)/22.5 (13).

High-resolution B-mode ultrasonography was per-
formed by a single experienced specialist in radiology 
and diagnostic imaging blinded to the status of the 
participants to measure the intima-media layer thick-
ness and evaluate the colour Doppler flow character-
istics of the carotid arteries. The recommendations of 
the Consensus Statement from the American Society 
of Echocardiography Carotid Intima-Media Thickness 
Task Force were followed (14).

The exams were conducted using a Toshiba Xario 
device model SSA-660A with a high-resolution multi-
frequency linear transducer adjusted to 12 MHz.  
B-mode colour photographic and Doppler velocimetry 
documentation was performed using image-acquisition 
software Image Explorer 3.1 for Windows. 

After resting for 10 min, the subjects were evaluated 
in the supine position with the neck slightly extended 
and inclined to 45°. Longitudinal and transverse sec-
tions of the right and left common carotid arteries 
(CCA), carotid bulbs, internal carotid arteries, and ex-
ternal carotid arteries were obtained using B-mode and 
colour Doppler ultrasound.

The ultrasound evaluation was conducted focusing 
on the identification of the intima-media layer and dis-
tinction of focal atherosclerotic plaques. Three measure-
ments of the IMT of each right and left common carotid 
arteries were obtained in the 15 mm stretch below the 
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bulb region, free from focal plaques, where the dou-
ble lines pattern of the IMT can be clearly observed. 
Multiple measurements were averaged to report a mean 
IMT value for each artery. Colour Doppler flow exami-
nation of the internal and external common carotid ar-
teries was conducted using technical parameters specific 
to the carotid arteries. Pulsed Doppler ultrasound was 
performed in the most distal segments of the internal 
and external common carotid arteries accessible to the 
exploratory probe with an insonation angle less than or 
equal to 60° to obtain quantitative information through 
spectral analysis. The equipment settings used were the 
same as the ones used for the qualitative analysis.

Statistical analysis

Comparisons between cases and controls data were 
adjusted for pubertal status and were performed in 
two sets: all CAH patients versus controls and normal 
weight CAH patients versus controls. 

Statistical analysis was performed using the Statisti-
cal Package for the Social Sciences (SPSS) for Windows 
version 19.0 (SPSS Corporation, Chicago, IL, USA) 
and EPI INFO version 6.04. The WHO AnthroPlus 
software version 1.0.4. (10) was used to calculate BMI. 
Normal distribution for the variables was tested using 
the Kolmogorov-Smirnov test. Descriptive statistics were 
performed, and data are presented as measures of central 
tendency and dispersion (median and mean ± SD) for 
continuous variables and as proportions for categorical 
and quantitative variables. The Student’s t-test was used 
to compare means, and the Mann-Whitney test was used 
to compare medians. The Chi-square test was used for 
group analysis. The Pearson correlation coefficients (r) 
between CIMT and other variables were calculated. Sta-
tistical significance was defined as a p value < 0.05. 

RESULTS 
Patients with 21-OHD were mostly salt-losers (72.5%), 
females (80%), and pubescent individuals (80% Tanner 
stages 4 and 5). Both CAH patients and healthy control 
groups were similar as to gender (p = 0.55), age (p = 
0.45), and pubertal status (p = 0.80). CAH patients 
were 14.3 ± 4.4 years old, were diagnosed with CAH at 
a median age of two months (0-120 months), and were 
three months old (0-120 months) when they began 
follow-up at the University Hospital. They reported 
good adherence to treatment according their medical 
records. The clinical characteristics of the subjects are 
presented in table 1.

Table 1. Clinical characteristics of patients with CAH and healthy controls 

Variable Patients 
(n = 40)

Controls 
(n = 73) p-value

Female/male 32/08 52/21 0.55

Age* 14.1 (5.11-20.1) 14.9 (7.61-20.06) 0.453

BMI/age Z-score† 0.30 ± 0.90 -0.53 ± 0.85 < 0.001

Pubertal status (n) 40 73 0.80

Prepubescent 2 6

Early puberty 6 12

Late puberty 32 55

WC/H ratio 0.44 (0.38-0.57) 0.41 (0.36-0.55) < 0.001

SBP < P90†

SBP ≥ P90†

27

6

58

2

0.219

DBP < P90†

DBP ≥ P90†  

22

11

49

11

0.1695

* Median (minimum-maximum); † n ≤ 18 years old. WC/H: waist circumference/height ratio.
SBP: systolic blood pressure; DBP: diastolic blood pressure.

At their last visit, CAH patients were receiving a 
daily dose of 14.6 ± 3.6 mg/m² of hydrocortisone. 
The salt-losers received fludrocortisone at an average 
dose of 100 mg/day. CAH patients were shorter than 
controls with height/age Z-scores of -0.36 ± 1.41 and 
0.16 ± 1.01, respectively (p = 0.033). 

Twenty-five percent of the patients with 21-OHD 
were overweight (n = 10), but none was obese. The BMI/
age z score of the whole CAH patients group (n = 40) was 
significantly higher than the z score of the control group  
(p < 0.001). The BMI/age z score of normal weight CAH 
patients (n = 30) was also significantly greater than that of 
controls (–0.12 ± 0.71 vs. –0.53 ± 0.85; p = 0.029). 

When CAH patients under 18 years old (n = 33) were 
compared with control individuals of the same age group 
(n = 60) higher systolic blood pressure (SBP) levels (≥ 90 
centiles) were found in CAH patients (p = 0.0219). Al-
though there were also more patients (33%) presenting 
with diastolic blood pressure (DBP) levels ≥ 90 centiles 
when compared with the controls (18%), the difference 
was not statistically significant (p = 0.1695). No differ-
ence was found in systolic (p = 0.34) and diastolic blood 
pressure (p = 0.13) between the salt-losing CAH patients 
and those exhibiting the simple virilising form. 

The results of the biochemical evaluations of the 
investigated subjects are presented in table 2. The se-
rum lipid and insulin levels were similar in patients and 
controls, except for high-density lipoprotein cholesterol 
(HDL-c), which was lower in the CAH group. The 
CAH patients also exhibited significantly lower glucose 
concentration than controls, but the values of HOMA-IR 
were similar in both groups.  
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Table 2. Biochemical characteristics of patients with CAH and healthy 
controls 

Variable Patients 
(n = 40)

Controls 
(n = 73) p-value

17α-hydroxyprogesterone

(nmol/L)*

130.59 
(1.36-1215.03)

2.84 
(0.24-18.18)

< 0.001

Androstenedione 
(nmol/L)*

20.46 
(0.73-34.92)

6.00 
(0.73-20.95)

0.0001

Glucose (mmol/L)** 4.16 ± 0.44 4.50 ± 0.33 < 0.001

Insulin (pmol/L)* 27.98 
(14.35-150.67)

34.72 
(14.35-116.95)

0.322

HOMA-IR** 1.07 ± 0.90 1.13 ± 0.77 0.25

Triglycerides (mmol/L)* 0.85 
(0.28-2.19)

0.76 
(0.37-2.52)

0.931

Total-c (mmol/L)** 4.03 ± 0.88 4.19 ± 0.86 0.316

HDL-c (mmol/L)** 1.22 ± 0.32 1.35 ± 0.29 0.046

LDL-c (mmol/L)** 2.39 ± 0.81 2.44 ± 0.68 0.745

* Median (minimum-maximum); ** Mean ± SD.         
HOMA-IR: Homeostatic Model Assessment for Insulin Resistance.
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Figure 1. Carotid intima-media thickness in young patients with CAH and 
healthy controls: right (RCIMT) and left (LCIMT) sides.

Ultrasonography of the carotid arteries was per-
formed in 60 adolescents, 38 21-OHD patients and 
22 healthy individuals. Both CAH patients and healthy 
children were similar as to age (p = 0,286), and puber-
tal status (p = 0.992). CAH patients had significantly 
increased CIMT (RC = 0.47 ± 0.05; LC = 0.48 ± 0.04) 
compared with the control group (RC = 0.42 ± 0.09; 
LC = 0.41 ± 0.10) both in the right (p = 0.0240) and 
left (p = 0.0003) sides. The subset of normal weight 
CAH patients also showed significantly increased CIMT 
when compared with the control group, as shown in 
figure 1. Among female patients, both RCIMT (0,50 ± 
0.07 x 0.42 ± 0.07) and LCIMT (0.50 ± 0.06 x 0.42 ± 
0.08) were significantly greater in CAH patients when 
compared with controls (p = 0.0021 and p = 0.0006, 
respectively). No difference was observed for males.

During the last four years before CIMT evaluation, 
cumulative hydrocortisone dosis data from 29 of the 
40 CAH patients (72%) was retrieved. According to the 
medical records these 29 children received a mean daily 
dose of 13.38 ± 2.84 mg/m² of hydrocortisone over 
41.83 ± 10.44 months of follow-up. No significant asso-
ciation between hydrocortisone dose and CIMT could be 

demonstrated in these patients (right carotid: r = -0.05 r2 
= 0.00 p > 0.05; left carotid: r = -0.24 r2 = 0.06 p > 0.05).

No significant associations were also demonstrated 
between CIMT and BMI, between CIMT and blood 
pressure, and between CIMT and all metabolic param-
eters, including serum androstenedione, total choles-
terol and fractions, triglycerides, and HOMA-IR. 

Doppler assessment of the carotid arteries did not 
show signs of obstruction of the blood flow, which 
maintained its laminar pattern and normal velocity.

DISCUSSION

Young patients with 21-OHD in this study had increa-
sed CIMT when compared with the healthy children.

A significant increase in CIMT, a surrogate marker 
of atherosclerosis, has been reported in adult CAH pa-
tients suggesting increased cardiovascular risk (5). It 
is known the process of atherosclerosis starts during 
infancy (6). Two recent reports showed an increased 
CIMT in children and adolescents with classical CAH 
(15,16), as was found in the present study. Findings 
of increased CIMT in childhood suggest that vascular 
lesions might be amenable to early detection, and that 
CAH patients may benefit from specific interventions 
to address their cardiovascular risk (1). 

Table 3. Carotid intima-media thickness (mean ± DP) in patients with CAH and healthy controls

Patients (n = 38) Controls (n = 22) p-value Normal weight 
patients (n = 29) Controls (n =  22) p-value

RCIMT 0.47 + 0.05 0.42 + 0.09 0.0240 0.47 + 0.05 0.42 + 0.09 0.0168

LCIMT 0.48 + 0.04 0.41 + 0.10 0.0003 0.48 + 0.04 0.41 + 0.10 0.0005

RCIMT: right carotid intima-media thickness; LCIMT: left carotid intima-media thickness.
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Another study showing brachial artery dysfunction 
on ultrasound without carotid disease in 14 young 
CAH patients, when compared with obese or healthy 
individuals, lends further support to such early and tar-
geted intervention (17). 

Ultrasonographic assessment of CIMT is a well-
established examination for screening individuals at 
cardiovascular risk (7). A hindrance to the wider use 
of CIMT measurements in the paediatric population is 
the lack of standardisation of CIMT values in this age 
group. Values above the 95th percentile of the control 
group (CIMT > 0.475 mm) were considered abnor-
mal in a study of children with high cardiovascular risk 
(6). However, one should take into consideration that 
a slight linear increase in CIMT with age is observed 
among healthy children, preventing the use of a single 
reference value in childhood (9). Comparison with 
healthy controls in studies increases the reliability of the 
results, but this comparison is not feasible in everyday 
clinical practice.

Chronic diseases in children such as dyslipidaemia, 
type 1 diabetes mellitus, and chronic renal failure have 
been associated with increased CIMT (8). The relation-
ships of obesity and high blood pressure with increased 
CIMT have also been reported in adolescents (18). 
Notwithstanding the previously mentioned difficulties, 
a systematic review concluded that despite heteroge-
neous methodology in ultrasonographic assessment, a 
significant increase in CIMT could be demonstrated 
in 55 out of 67 studies in the paediatric population 
(8). Therefore, screening for cardiovascular risk in sev-
eral chronic diseases including CAH during childhood 
might be achieved using CIMT measurements.

The reasons for the presumably increased cardiovas-
cular risk in 21-OHD patients remain unknown. Due to 
the current inability to replace the physiological secre-
tion of cortisol perfectly, children with CAH may pres-
ent with periods of endogenous hyperandrogenism and 
iatrogenic hypercortisolism during treatment. The dif-
ficulty of devising an ideal treatment for those patients 
is widely agreed upon (3). Glucocorticoid replacement 
may increase the risk of cardiovascular disease through 
multiple pathways, resulting in a trade-off between 
benefit and harm. In a recently published report, chil-
dren and adolescents with CAH were observed to be 
obese, have a higher BP, demonstrate impaired glucose 
tolerance with reduced insulin sensitivity, and have an 
increased CIMT compared with their healthy counter-
parts. The authors did not find a correlation between 

these variables and mean daily hydrocortisone dose, 
but they hypothesized that there might be a cumulative 
effect of glucocorticoid therapy over years (16). The 
greater risk of metabolic complications in patients with 
CAH might also be related to the pharmacogenetics 
of an individual response to glucocorticoids (19). The 
greater sensitivity to glucocorticoids of some patients 
results in a therapeutic overdose that is not necessar-
ily related to improved control but exposes patients to 
developing metabolic complications (20). 

We found glucocorticoid replacement in the stu-
died group was uniform and appropriate, following the 
current recommendations and consistent with previous 
findings of therapeutic efficacy in the same group of 
children (21,22). Follow-up was performed systemati-
cally at the same medical facility, and patients had no 
clinical signs of glucocorticoid excess or suppressed 
levels of serum steroids. Contrary to what would be 
expected in glucocorticoid excess, they showed lower 
mean glucose levels than controls. Furthermore, we 
could not demonstrate a correlation between mean 
hydrocortisone dose and CIMT. Taken together these 
findings suggest that the increased CIMT should not 
be attributed to treatment-related effects, however, this 
possibility cannot be ruled out.

Twenty-five percent of the patients with 21-OHD 
were overweight. Increased body fat in childhood is an 
early risk factor for morbidity and mortality in adult life 
(8) and has already been reported in CAH children (23). 
Possible metabolic consequences of increased body fat 
are dyslipidaemia and reduced insulin sensitivity, both 
of which are more common in CAH patients (24). 
Increased body fat in 21-OHD patients might reflect 
general population trends, as is currently occurring in 
Brazil, where a prevalence of 20.5% of overweight and 
4% of obesity for children 10 to 19 years old has been 
reported, according to data from Instituto Brasileiro de 
Geografia e Estatística (IBGE) (25). Nonetheless, the 
BMI in the studied CAH group was higher than in the 
control group, even when normal weight CAH patients 
were compared with healthy controls. 

Obesity and familial predisposition were reported as 
significant determining factors of an adverse metabolic 
profile in young patients with CAH (26). On the other 
hand, it has been suggested that increased body fat in 
classical CAH children could reflect the effects of life-
time glucocorticoid therapy (27,28), as stated before. 

The association between increased CIMT and higher 
androgen levels reported in obese female adolescents (29) 
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notes another aetiology in increased cardiovascular risk, 
namely, hyperandrogenism, which is a frequent finding 
in CAH patients. This possibility cannot also be ruled out 
in the present study. However, serum androstenedione 
levels did not show a significant association with CIMT. 

Another relevant previously reported finding was 
the increased SBP in CAH patients in both obese and 
normal weight individuals (30). Increased SBP has 
been associated with increased CIMT. In a longitudinal 
evaluation of nearly 100 Latin-American children di-
agnosed with metabolic syndrome, SBP and 2-h post-
prandial glucose were the best predictors of CIMT, 
even when taking into consideration other components 
of the syndrome (31). This association could not be 
proven in the present study. Although such increases in 
blood pressure have been associated with obesity and 
increased CIMT in adolescents (18), it is difficult to 
assess the relative contribution of each variable. Again, 
the treatment regimen has been implicated in the in-
crease of blood pressure in children with CAH (32). 
Further studies are needed to achieve a better under-
standing of these associations and to assess other pos-
sibilities in the development of hypertension in patients 
with CAH. 

It was observed that cardiovascular risk factors de-
tected in childhood such as elevated LDL-c, SBP, and 
BMI were associated with increased CIMT and that 
progression to atherosclerosis may be predicted in 
childhood independent of risk factors identified later in 
adulthood (33). Most studies show normal lipid pro-
files in CAH patients (24). On the other hand, a higher 
HDL-c may independently predict a lower cardiovas-
cular risk (34). Therefore, the lower levels   of HDL-c 
among patients with CAH, as was found in this study, 
may represent an additional cardiovascular risk factor 
for these children. These findings give support for in-
tervention programmes intended to reduce cardiovas-
cular risk factors during childhood (35).

This cross-sectional study presents some limitations. 
The most important of these limitations is that the sam-
ple size is small for ascertaining associations. This small 
sample size did not permit drawing conclusions regard-
ing the causes of increased CIMT. However, an in-
creased CIMT in CAH children, as shown in this study, 
has also been recently reported by two others research 
groups (15,16), which indicates that these findings will 
likely be confirmed through further trials. 

Although the physiopathology of the metabolic ab-
normalities occurring in CAH is currently unknown, 

early detection of these abnormalities may be of great 
relevance. Reversibility of early atherosclerotic altera-
tions has been reported in obese prepubescent children 
with increased CIMT who showed a significant reduc-
tion in carotid lesion size with weight loss (35).

We conclude that increased CIMT might be an early 
indication of greater cardiovascular risk in children and 
adolescents with CAH, as previously reported in adults. 
Abnormal SBP and BMI may also represent independent 
risk factors for these children. These findings of increased 
CIMT, BMI, and SBP in young patients with CAH re-
quire confirmation and might lead to improved thera-
peutic approaches for children with CAH in the future.
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Pituitary metastasis of lung 
neuroendocrine carcinoma:  
case report and literature review

Pedro Freire de Siqueira1, Andréia Latanza Gomes Mathez1,  
Denize Borges Pedretti1, Julio Abucham1

SUMMARY
Metastasis to the pituitary gland is an unusual situation in clinical practice, but the frequency thereof 
is increasing due to the increased survival of cancer patients, and greater availability of imaging. In 
most cases, they are found between the sixth and seventh decades of life, as determined in image 
examination of patients with known malignant neoplasm, but, generally, asymptomatic with respect 
to pituitary involvement. The most common primary sites are breast in women and lung in men. 
We present the case of a 64-year-old patient with clinical visual changes, polyuria, polydipsia, and 
decreased level of consciousness whose tests showed pan-hypopituitarism, hypernatremia and low 
urine specific gravity, and extensive mass in sellar region. Diabetes insipidus was confirmed and 
treated, corticotrophic and thyroid deficits were corrected and then the patient underwent resection 
by transsphenoidal surgery. The histopathological and immunohistochemistry analysis revealed pi-
tuitary metastasis of lung neuroendocrine tumor. Subsequently, a chest CT scan showed pulmonary 
mass consistent with primary neoplasm. Despite the water and electrolyte correction and intrave-
nous glucocorticoid replacement, the patient continued to show decreased level of consciousness 
due to compression of the brain stem by the pituitary mass, evolving to death. The purpose is to call 
attention to the differential diagnosis of invasive lesions of the sellar region, mainly in individuals 
over 50 years and/or when associated with diabetes insipidus, as it may be a case of metastasis, 
although there is no known primary neoplasm. Arch Endocrinol Metab. 2015;59(6):548-53

INTRODUCTION

Metastasis to the pituitary gland is an uncommon 
situation in clinical practice (1-5). Pituitary me-

tastases are estimated to correspond to approximately 1% 
of pituitary tumors (2,6-8), having been found in 3.6% of 
consecutive autopsies of patients with metastatic malig-
nant disease (9). However, in recent years, the frequency 
of pituitary metastases is increasing due to the increased 
survival of cancer patients, and greater availability of im-
aging (1,4). Pituitary metastases occur most commonly 
in the elderly, especially in the sixth and seventh decades 
of life, with no difference between genders (3,4,10).

Most of the cases of pituitary metastasis are disco-
vered by imaging in patients with malignant neoplasm 
(2,3,11), but asymptomatic in relation to the pituitary 
involvement (1,2). Among patients with advanced ne-
oplasm and finding of pituitary mass, the probability of 
pituitary metastasis is approximately twice that of ade-
noma (11).

The aim of this paper is to report the case of a 64- 
year-old patient whose presentation of a lung neuroen-

docrine cancer was visual change, pan-hypopituitarism 
and diabetes insipidus secondary to pituitary metastasis, 
as well as review the literature on this topic which im-
portance is growing. 

CASE REPORT
A female patient, 64, admitted to the emergency ser-
vice of HSP in August 2013, with a history of apathy, 
asthenia, somnolence, polyuria and nocturia for about 
three months. She also experienced dyplopia and blur-
red vision with rapid progression to bilateral amaurosis. 
Twenty days before admission, the patient developed 
worsening of general condition, loss of appetite, nausea 
and vomiting, as well as holocranial headache and cog-
nitive impairment with periods of mental confusion and 
disorientation. History of longstanding hypertension 
and former smoker (smoking history of 30 packs per 
year), quitting 16 years ago. 

The general physical examination revealed normal 
vital signs and mild/moderate dehydration. During 
neurological examination, the patient was drowsy, di-
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soriented in time and space, responding to verbal call 
with slowed speech. Visual acuity was bilaterally impai-
red, with perception of light only, without deficit of 
strength in limbs and deep reflexes decreased globally. 

Initial laboratory tests showed normal blood count, 
blood glucose: 81 mg/dL, Na: 153 mmol/l (RV: 135-
145), K: 3.6 mmol/l (RV: 3.5-5.0), creatinine: 1.06 
mg/dL (RV: 0.5-0.9) and urine specific gravity: 1,005 
(RV: 1,010-1,045). Hormonal evaluation revealed pa-
nhypopituitarism (Table 1) and magnetic resonance 
imaging of the sella turcica showed a large mass in the 
sellar and suprasellar region (Figure 1).

Table 1. Initial hormonal evaluation

Hormone (unit) Result Reference

TSH (µUI/mL) 0.093 0.27 – 4.2

Free T4 (ng/dL) 0.49 0.93 – 1.7

GH (ng/mL) 0.47 0.13 – 9.9

IGF-1 (ng/mL) 53.2 75 – 212

ACTH (pg/mL) 20 ≤ 46

Cortisol (µg/dL) 4.9 6.2 – 19.4

LH (mUI/mL) 0.9 7.7 – 58.5

FSH (mUI/mL) < 0.1 26 – 135

Estradiol (pg/mL) < 5 < 5 – 55

PRL (ng/mL) 27 4.8 – 23

Figure 1. RM sella turcica. RM sella turcica (A) Coronal section in T1: expansive formation in the sellar region, infrasellar and suprasellar with intense 
enhancement inside after paramagnetic contrast injection, with superior shift of the optic chiasm and in bilateral contact with the internal carotid arteries, 
with no signs of invasion of the cavernous sinus, measuring about 4.8 x 3.6 cm. (B) Coronal section in T2: mass with heterogeneous hyperintense inside. 
(C) Sagittal section in T1: mass obliterating suprasellar cisterns and projecting further to the bridge, with isosignal. (D) Sagittal section with contrast 
indicating compression of the third ventricle floor and the bridge. 
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As the patient presented severe polyuria (8-12 li-
ters/day), hypernatremia and low urine specific grav-
ity, corrected after desmopressin administration, there 
was no need for additional tests to confirm the diag-
nosis of central diabetes insipidus. She was maintained 
with desmopressin 1.0 µg, subcutaneous, once a day 
and, after hydrocortisone replacement (initial dose: 
100 mg intravenous 8/8h) and levothyroxine 200 µg/
day showed progressive improvement, in a few days, 
of drowsiness, anorexia, nausea and vomiting, although 
she still showed periods of mental confusion. 

Subsequently, the patient underwent transsphenoi-
dal surgery with partial resection only of the mass due to 
heavy bleeding lesion. After surgery, she showed a slight 
visual improvement, but kept fluctuating consciousness.

Intraoperative frozen biopsy showed a solid tumor 
with high-grade nuclear atypia. Anatomopathological 
analysis showed neuroendocrine tumor metastasis of 
lung primary site with positive immunohistochemistry 
for CK (cytokeratin) 8/18, CA (antigen carbohydrate) 
19.9, TFF-1 (thyroid transcription factor 1), NSE (neu-

ron specific enolase), chromogranin and synaptophysin. 
The Ki-67 showed high cell proliferation rate (Figure 2).

After histological diagnosis of sellar mass indicated 
the origin of the lesion, we performed CT scan of the 
chest, which showed a solid mass in the right lower 
lobe consistent with the primary neoplasm (Figure 3).

As the risk of lung mass biopsy was considered high 
(elevated pulmonary artery pressure) and given the 
certainty of the anatomopathological diagnosis of pi-
tuitary mass, we decided to start radiation therapy of 
the central nervous system followed by systemic che-
motherapy. During this hospitalization, the patient also 
had severe sepsis (urinary infection), delaying the start 
of the treatment plan. After 64 days, she was discharged 
to then start radiotherapy. The patient underwent only 
two sessions of radiotherapy, evolved with reduction 
of consciousness and was hospitalized again. She was 
admitted in a coma (Glasgow 6), hypotensive (70 x 
40 mmHg), with poorly reactive mydriatic pupils and 
hypernatremia (Na = 160 mmol/l). Despite the water 
and electrolyte correction and intravenous administra-

Figure 2. Histopathological and immunohistochemical analysis (A) Cytokeratin stained slides, proving that it was a carcinoma. (B) IHC-positive for 
chromogranin, proving endocrine origin. (C) IHC-positive for TTF-1 indicating pulmonary origin. (D) Ki-67 showing high cell proliferation index.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

551

Pituitary metastasis of lung cancer

Arch Endocrinol Metab. 2015;59/6

tion of glucocorticoids, the patient continued to show 
decreased level of consciousness requiring ventilatory 
support. Through images (CT and MRI) and electro-
encephalogram, the diagnostic possibilities of ischemia 
or central nervous system bleeding and nonconvulsive 
status epilepticus, respectively, were ruled out. Thus, 
the lowering of consciousness was attributed the very 
brainstem compression by the metastasis that could al-
ready be observed in the initial image (Figure 1). Faced 
with the severity of the condition, it was decided, to-
gether with family members, for palliative care. After 
72 days of the second hospitalization, the patient died. 

DISCUSSION

Pituitary metastases are usually detected in patients 
with advanced malignant disease, but they most often 
remain silent, because other metastases, usually coexis-
ting, shorten the time of life (12). More rarely, they are 
discovered due to signs and/or symptoms of impair-
ment of the pituitary region, preceding the diagnosis of 
the primary tumor (8,13), as in the case reported here.

The most common primary sites of pituitary metas-
tases are breast in women and lung in men (1,2,3,7,9), 
and these two sites account for about two-thirds of the 
cases (Table 2). In cases of lung cancer, small cell and 
non-small cell cancer cause metastasis to the pituitary 
gland with the same frequency (9). 

Neuroendocrine neoplasms may also show an ag-
gressive behavior, and pituitary involvement is extre-
mely rare (14). In a recent review, about 15 cases of 
pituitary metastases by neuroendocrine neoplasia were 
compiled, and small cell pulmonary carcinoma to neu-
roendocrine neoplasm were more frequent (15).

Figure 3. Chest CT. High resolution chest CT in mediastinal window with contrast (A) and lung window (B), showing consolidation in the basal segment 
behind the right lower lobe of nearly 6.5 x 4.7 cm, indicating the primary neoplastic lesion.

Table 2. Origin of the primary neoplasm in cases of pituitary metastasis 

Primary site % Primary site %

Breast 39.7 Pancreas 1.3

Lung 23.7 Pharynx 1.3

Prostate 5.0 Endometrium 1.3

Kidney 2.6 Leukemia 1.3

Skin (melanoma) 2.4 Bladder 1.1

Colon 2.4 Liver 1.1

Thyroid 2.1 Cervix 1.1

Stomach 1.8 Undetermined 3.1

Adapted from reference 4.

As already mentioned, in most cases pituitary metas-
tases are silent, however, such possibility should be rai-
sed in patients with pituitary mass and diabetes insipidus, 
since such condition is seen in less than 1% of patients 
with pituitary adenomas (7). In symptomatic patients, 
up to 70% of cases (11) present diabetes insipidus, which 
is a more commonly reported condition (3,4,7,9,11). 
Deficiency of anterior pituitary hormones is less com-
mon and occurs alone in nearly 23% (4). Such difference 
is due to the intense vascularization of pituitary posterior 
lobe, with direct arterial supply from systemic circula-
tion, while the anterior lobe is deprived of direct blood 
supply (5,6,12,16). Corticotropic and thyrotrophin de-
ficits are the most commonly followed by panhypopitui-
tarism (3). A rare case of acute adrenal crisis due pituita-
ry metastases was recently described (17).

Hyperprolactinemia is seen at 6.3% of pituitary me-
tastases due to compression of pituitary stalk (2) and 
although prolactin values greater than 250 ng/mL are 
indicative of prolactinomas (18), in a described case of 
pituitary metastases originating from hepatocellular car-
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cinoma, prolactin value was 438.6 ng/mL (4), which 
can make diagnosis difficult and delay treatment. Inter-
estingly, the case of a patient with a bronchogenic non-
small cell carcinoma who developed pituitary metastases 
to the inside of a prolactinoma was published (5). In the 
case reported, we observed mild hyperprolactinemia.

Other manifestations of pituitary metastases inclu-
de: visual field deficiencies due compression of the optic 
chiasm (more often hemianopsia bitemporal), cranial 
nerve palsies by infiltration of the adjacent cavernous 
sinus (mostly oculomotor nerve) and headache due to 
distension of sellar diaphragm (3,4,11). Seizure asso-
ciated with pituitary metastases was already described 
(19) and an unusual case of pituitary apoplexy associa-
ted with pituitary metastases was reported (20). Rare 
cases of primary neuroendocrine tumors (lung and 
pancreas) secreting ACTH or GHRH have already 
been reported with functioning pituitary metastases le-
ading to Cushing’s syndrome and acromegaly (22,23). 
In the case reported, it was observed, at admission, dia-
betes insipidus and panhypopituitarism with no evidence 
of underlying disease, besides less commonly reported 
symptoms such as altered consciousness, nausea, vomi-
ting and cognitive decline (4). 

Radiological findings of pituitary metastases are not 
specific (4,16). In general, in MRI is observed isointen-
se or hypointense sellar mass on T1 and hyperintense on 
T2 with homogeneous enhancement after gadolinium 
(4). Invasion of cavernous sinus is common and exten-
sion to the sphenoid sinus and other central nervous 
system lesions can occur concomitantly (9). However, 
that should mostly raise suspicion of pituitary metas-
tases is the evolution with rapid and invasive growth, 
with diabetes insipidus and/or changes of cranial nerves 
especially in patients over 50 years of age (4,6,11), as 
observed in the case reported.

The treatment of pituitary metastases should be 
targeted to the treatment of the underlying disease 
and control of symptoms (16). Although radiotherapy 
and chemotherapy are the methods of choice, surgical 
intervention should be considered for relief of symp-
toms, especially headache and visual field deficits (4), 
as demonstrated in this case. Survival was not different 
between groups with approach to pituitary mass and 
groups for which such approach was not performed 
(1,10). The prognosis is poor with survival around six 
months (9) depending on the aggressiveness of the pri-
mary tumor and staging of disease (4,13). A case of 
metastatic neuroendocrine neoplasm and for the pitui-

tary gland and liver was recently published, with im-
munohistochemistry demonstrating higher expression 
for somatostatin receptor, with good response to tre-
atment with radiolabeled somatostatin analogue (14).

Therefore, metastasis to the pituitary region is a 
rare condition, and it is even more unusual in case of 
neuroendocrine neoplasms, but it must be a differential 
diagnosis of invasive lesions in the sellar region, mainly 
in patients over 50 years of age and/or associated with 
diabetes insipidus.
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Autoimmune central diabetes 
insipidus in a patient with ureaplasma 
urealyticum infection and review on 
new triggers of immune response
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SUMMARY
Diabetes insipidus is a disease in which large volumes of dilute urine (polyuria) are excreted due to 
vasopressin (AVP) deficiency [central diabetes insipidus (CDI)] or to AVP resistance (nephrogenic dia-
betes insipidus). In the majority of patients, the occurrence of CDI is related to the destruction or de-
generation of neurons of the hypothalamic supraoptic and paraventricular nuclei. The most common 
and well recognized causes include local inflammatory or autoimmune diseases, vascular disorders, 
Langerhans cell histiocytosis (LCH), sarcoidosis, tumors such as germinoma/craniopharyngioma or 
metastases, traumatic brain injuries, intracranial surgery, and midline cerebral and cranial malforma-
tions. Here we have the opportunity to describe an unusual case of female patient who developed 
autoimmune CDI following ureaplasma urealyticum infection and to review the literature on this 
uncommon feature. Moreover, we also discussed the potential mechanisms by which ureaplasma 
urealyticum might favor the development of autoimmune CDI. Arch Endocrinol Metab. 2015;59(6):554-8
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INTRODUCTION 

Diabetes insipidus (DI) is a disabling and rather often 
severe disease in which large volumes of dilute urine 

(polyuria) are excreted due to posterior pituitary and an-
tidiuretic hormone vasopressin (AVP) deficiency [central 
diabetes insipidus (CDI)], or to peripheral AVP resistance 
(nephrogenic diabetes insipidus). DI is accompanied by 
reactive polydipsia and very high risk of dehydration (1). 
The destruction or degeneration of neurons, originating 
in the hypothalamic supraoptic and paraventricular nu-
clei, produce the disease in the majority of patients. The 
main and well recognized causes of CDI (Table 1) inclu-
de local inflammatory or autoimmune diseases, vascular 
disorders, Langerhans cell histiocytosis (LCH), sarcoido-
sis, germinoma/craniopharyngioma, metastases, trauma 
resulting from surgery or accidents, and midline cerebral, 
as well as cranial malformations (2). In rare cases, the un-
derlying cause can be a genetic defect in AVP synthesis 

that could be inherited as autosomal dominant, autoso-
mal recessive or X-linked recessive traits (1). Although 
CDI has been reported to be idiopathic in 30–50% of 
cases, the identification of antibodies against AVP-secre-
ting neurons (3,4), as well as the use of more modern 
imaging techniques, have made the true idiopathic form 
an uncommon finding (2). Indeed, more recently, it has 
been noted that some patients in the acute phase develop 
lymphocytic infundibuloneurohypophysitis (LINH), su-
ggesting that an autoimmune mechanism is involved in 
the development of the disease (5). 

Here we first describe an unusual case of female 
patient, who developed autoimmune CDI and reac-
tive arthritis, following ureaplasma urealyticum (UU) 
infection, and we took this opportunity to review the 
current literature concerning this type of DI. We finally 
discussed the potential mechanisms by which UU mi-
ght have favored the development of CDI in this spe-
cific case. 
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and examined by polymerase chain reaction-based as-
says for the presence of chlamydia trachomatis, myco-
plasma hominis, ureaplasma parvum and UU. Among 
these latter, only UU was detected. Elevated serum 
antibody titer to UU was demonstrated and UU was 
isolated from the knee synovial fluid as well. Antinuclear 
antibodies (ANA), anti-neutrophil cytoplasmic antibo-
dies (ANCA), anti-cardiolipin, anti-b2-glycoprotein-I 
and anti-phosphatidylserine antibodies, lupus anticoa-
gulant (LAC), human leucocytes antigen (HLA)-B51, 
HLA-B27, rheumatoid factor test and anticitrulline an-
tibodies, anti-thyroid peroxidase antibody, anti-thyro-
globulin antibodies and thyroid-stimulating hormone 
receptor antibody were negative. Fasting blood gluco-
se was 75 mg/dL, glycated hemoglobin (HbA1c) was 
4.9% (reference value: 4.3-5.8%), urinalysis was unre-
markable and did not show any evidence of glycosuria, 
which excluded the possibility of symptomatic diabetes 
mellitus. A further endocrinological assessment showed 
low level of antidiuretic hormone (AVP; 0.7 pg/mL) 
and normal levels of anterior pituitary hormones, as well 
as cortisol, free T3 and T4. The patient underwent the 
water deprivation test and plasma osmolality was 380 
mosm/Kg, at baseline, while urine osmolality was 152 
mosm/Kg. After 7 hours of water deprivation, plasma 
osmolality was 388 mosm/Kg and urine osmolality was 
140 mosm/Kg. After the administration of five units of 
1-deamino-8-D-arginine vasopressin (DDAVP), urine 
osmolality raised to 780 mosm/Kg, strongly indicating 
the presence of CDI. The diagnosis was confirmed by 
magnetic resonance (MR) imaging, which displayed the 
absence of classical posterior pituitary lobe hyperinten-
sity in T1. Anti-pituitary antibodies (APAs) resulted ne-
gative while anti-hypothalamus antibodies (AHAs) were 
positive. AHAs and APAs were detected by simple indi-
rect immunofluorescence method on cryostat sections 
of young baboon hypothalamus and pituitary, respecti-
vely, supplied by Biosystem Italia Srl (San Martino Buon 
Albergo, VR, Italy), as described previously (6). Finally, 
quantiferon tuberculosis gold test resulted negative and 
angiotensin-converting enzyme (ACE) was in the nor-
mal range. The diagnosis of an autoimmune CDI and 
reactive arthritis following UU infection was made and 
the patient started oral desmopressin (100 mcg at bedti-
me), experiencing a marked relief of polyuria, as well as 
polydipsia. Finally, the reactive arthritis was treated with 
doxycycline (100 mg twice daily for 14 days), followed 
by a single 2 g dose of azithromycin. Complete clinical 
remission of arthritis was achieved after ten days of tre-

Table 1. Causes of diabetes insipidus 

Central Nephrogenic

Surgery 

Transcranial NCH

Transsphenoidal NCH

Cranial trauma/Brain injury
Primary tumors
Hypothalamic tumor

Craniopharyngioma

Meningioma

Dysgerminoma 

Glioma

Haematologic disorders
Lymphoma

Leukemia

Pituitary metastases 

Breast 

Lung 

Prostate

NET

Infections
Tuberculosis (meningitis)

Viral infections (meningitis)

Intracranial abscess

Toxoplasmosis

Granulomatous diseases
Tuberculosis (mass effect)

Sarcoidosis

Histiocytosis

Inflammatory
Systemic lupus erythematosus 

Scleroderma

Wegener’s disease

Vascular
Aneurysm

Hypoxic encephalopathy

Sheehan’s syndrome

Chemicals
Snake venom

Tetrodotoxin
Autoimmune and idiopathic
Genetic

Drugs
Lithium

Ofloxacin

Demeclocycline

Amphotericin B

Aminoglycosides

Cisplatin

Cidofovir

Foscarnet

Didanosine

Ifosfamide

Obstructive
Sarcoma

Vascular
Sickle cell disease and trait

Acute tubular necrosis

Metabolic
Severe hypercalcemia

Severe hypokalemia

Infiltrative diseases
Amyloidosis

Sjögren’s syndrome

Granulomatous diseases
Sarcoidosis

Genetic

NCH: neurosurgery; NET: neuroendocrine tumors.

CASE REPORT

On January 2011, a 45 year-old-female was admitted 
for arthralgia, swelling and limited movement of hands, 
feet and knees lasting for 6 months. The patient was 
experiencing polydipsia, polyuria and nicturia since No-
vember 2010. Indeed, she was drinking about 7-8 L 
of water per day, and urinated every 1-2 hours at night 
with a daily urinary output of approximately 7 L. Uri-
ne specimens were cultured for aerobic bacterial species 
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atment. The patients signed an informed consent for 
the use of the data concerning the case.

DISCUSSION AND UPDATE UPON CURRENT 
LITERATURE 

The identification of antibodies against AVP-secreting 
cells (AVPc) on the one hand (3), and the advances in 
imaging techniques on the other (4), have shed light on 
the pathophysiological aspects of CDI, making the idio-
pathic form a very uncommon condition. An autoimmu-
ne process involving the hypothalamic-neuroendocrine 
AVPc leading to CDI was initially suggested in the early 
1980s by Scherbaum and Bottazzo (7). Subsequently, 
AVPc autoantibodies were detected in 37% of indivi-
duals affected by idiopathic CDI and in 6.3% of those 
with CDI associated with LCH, at a mean age of 34.9 
years (4). Furthermore, Pivonello and cols. reported a 
relationship between AVPc autoantibodies and clinical, 
immunological and radiological features in about 23% 
of a large cohort of individuals with CDI of different 
etiologies at mean age of 29.2 years (8). All these fin-
dings confirm that autoimmune CDI most commonly 
affects female patients with associated autoimmune di-
seases. The evidence of pituitary stalk thickening, as well 
as the absence of classical posterior pituitary lobe hype-
rintensity in T1 at MR imaging, generally characterizes 
the radiologic features of these patients. Finally, AVPc 
autoantibodies have been reported in patients affected 
by autoimmune polyendocrinopathy (9), while pitui-
tary stalk thickening and CDI have been described in 
the course of autoimmune polyglandular syndrome (2). 
The fact that AVPc autoantibodies are recognized in few 
patients seems to indicate either that they are subject to 
early disappearance or, possibly, that autoimmune T-cell 
local damage took place, not, however, necessarily asso-
ciated with autoantibody formation (4). Indeed, Imura 
and cols. confirmed the immune-mediated pathogenesis 
of some cases of CDI using neuroimaging and histo-
logical assessment (5). These authors reported that an 
autoimmune process, affecting the posterior pituita-
ry gland and infundibulum, without anterior pituitary 
involvement, could cause LINH. Furthermore, hypo-
thalamic-neurohypophyseal autoimmune involvement 
seems to occur more commonly in children and young 
adults with idiopathic CDI (4). However, a high fre-
quency of AVPc autoantibodies was observed in patients 
with LCH characterized by “activated antigen presen-
ting cells” (in particular histiocytes) in the target-affec-

ted tissue (10). Patients with LCH and CDI presented 
radiological and immunological targets similar to tho-
se with idiopathic CDI, suggesting that both diseases 
may have a common pathogenesis. The hypothesis of an 
important role of autoimmunity in the pathogenesis of 
CDI is strengthened by the fact that the pituitary gland 
is susceptible to CD8+ T-cell-mediated autoimmunity, 
triggered by a cell-specific model autoantigen (11), as 
well as to the development of autoimmune hypophy-
sitis through the immunization of female SJL/J mice 
with mouse pituitary extracts (12). Furthermore, LINH 
has been found associated also with autoimmune in-
flammatory disease of the pituitary gland, although the 
exact etiology remains unknown so far. The underlying 
process of pituitary stalk thickening in idiopathic CDI 
is not yet completely understood. The term LINH has 
been introduced to distinguish between children and 
adolescents with CDI (2), pituitary hormone deficiency, 
decrease in anterior pituitary size and transient and/or 
persistent pituitary stalk thickening and adult subjects 
with similar posterior pituitary findings at MR imaging, 
but normal size and function of the anterior pituitary 
(5). Mirocha and cols. reported two different potential 
pathogenic mechanisms (13). The first one apparently 
directed against self-antigens and known as “T-helper 
dominance”, whereas the second one directed against 
non-self-antigens (i.e., post-infection mechanism). Both 
these mechanisms may favor primary hypophysitits.

However, LINH is considered a disease characte-
rized by lymphocytic infiltration of the posterior lobe 
of the pituitary gland, resulting in clinically evident 
CDI. It has been suggested that an immune respon-
se, triggered by viral or bacterial infection, could be 
involved in the development of LINH. However, the 
viruses or bacteria that may commonly cause this di-
sease have not yet been identified, probably because 
of the extremely low incidence. Kobayashi and cols. 
reported a case of CDI following probable type A/
H1N1 flu infection (14). In this case, the autoimmu-
ne mechanism of LINH was hypothesized associated 
with novel flu sustained by A/H1N1 virus infection 
(14). Furthermore, cases of LINH after meningoen-
cephalitis due to the type A flu virus, or herpes sim-
plex virus, were previously reported (15). Hannon and 
cols. a retrospectively reviewed the databases from the 
endocrinology units of two tertiary referral centers, in 
England and Ireland, and identified 39 patients with 
CDI, who presented other autoimmune diseases, such 
as Hashimoto’s thyroiditis, Graves’ disease, type 1 
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diabetes mellitus and Addison’s disease, including vi-
tamin B12 deficiency secondary to Addisonian perni-
cious anaemia (16). These data were in line with an 
estimated overall incidence of 28-38% for associated 
autoimmune endocrine disease in autoimmune CDI, 
as defined by the presence of AVPc autoantibodies (8-
10). Finally, in the present case, there was a temporal 
association between the UU infection and the onset of 
polyuria and polydipsia. To our knowledge, this is the 
first case of autoimmune CDI following UU infection. 
The pathogenic link remains obscure although an im-
munologic response to UU antigen may be associated 
with the generation of AVPc-specific antibodies, sug-
gesting the presence of common antigenic epitopes in 
their structures, as reported for chlamydia trachomatis 
and human apolipoprotein B (17). In support of this 
hypothesis, infection with a pathogen sharing similar 
structures with autoantigens is one possibility of how 
pathogens might induce or accelerate autoimmunity. 
Such ‘molecular mimicry’, indeed, exists and has been 
detected between pathogens and autoantigens recog-
nized by antibodies or T cells of patients with a broad 
variety of autoimmune diseases (18,19). Notably, an 
association between the infection with campylobacter 
jejuni and the Guillain Barré syndrome has been des-
cribed as well (20). Indeed, campylobacter jejuni sha-
res a structural homology of the lipo- oligosaccharide 
with the peripheral nerve GM1 ganglioside, and could 
be convincingly reproduced in an animal model (20). 
However, the best example of post-infectious autoim-
munity due to molecular mimicry has been established 
for streptococcus pyogenes-induced acute rheumatic 
fever, where the lysoganglioside of the host shares a 
structural similarity to N-acetyl-b-D-glucosamine, the 
dominant epitope of the group A streptococcal car-
bohydrate (21). The occurrence of “molecular mimi-
cry” between trigger and target seems to circumvent 
peripheral tolerance to the target antigen, resulting in 
the generation of a high frequency of target antigen-
-specific T cells, which surpasses a critical threshold 
for the induction, or the acceleration, of autoimmune 
diseases. However, besides genetic predisposition and 
environmental factors, local inflammation seems to 
play a key role in the transition from autoimmunity to 
autoimmune overt disease. Indeed, the balance betwe-
en pro- and anti-inflammatory chemokines and cytoki-
nes, which determines the local inflammatory milieu, 
or the proportion of apoptotic and anti-apoptotic sig-
nals influencing the fate of a cell, the ratio between 

aggressive and regulatory T-lymphocytes might be as 
important as the absolute number of autoaggressive 
lymphocytes (22). The case we presently reported re-
presents an example of pathogenetic autoimmune pa-
thway induced by a cross-reactive immune response 
following UU, and confirms that autoimmune CDI 
may be included among the potential clinical manifes-
tations of cross-reactive response in individuals expo-
sed to UU infection.

TREATMENT OF CENTRAL DIABETES INSIPIDUS
The drug of choice for the treatment of CDI is DDAVP 
(desmopressin). Given intranasally or currently more 
often orally, maximum plasma concentration is reached 
in about 40-55 minutes and its half-life is about 3-5 
hours. The intravenous route is only used in case of di-
sabled patients, coma, or other condition contraindi-
cating or impeding the other modalities of treatment. 
Orally daily dosages may vary from 100 to 1200 µg 
(once or twice a day). Symptomatic dilution hyponatre-
mia is a potential hazard if desmopressin is administered 
in excess over a long period. Symptoms of hyponatre-
mia include headache, nausea, vomiting, seizure and, in 
untreated cases, coma and death. Notably, extrapontine 
myelinosis may occur in multidrug treated individuals 
(23). Corticosteroid treatment of LINH gave conflic-
ting results (14). However, starting corticosteroid the-
rapy as soon as possible seems to improve more rapidly 
the clinical picture of CDI (14). It is advisable to start 
treatment within 2 months from symptom onset. In-
deed, Kajiyama and cols. described a case of a patient 
with clinical autoimmune CDI associated with systemic 
lupus erythematosus (SLE) and dermatomyositis (24). 
After treatment with intravenous cyclophosphamide 
and concomitant oral prednisone, AVPc antibodies di-
sappeared, CDI improved and vasopressin replacement 
therapy was completely withdrawn. Finally, TNF-α 
inhibitors appeared efficient in the treatment of chro-
nic immune-mediated or inflammatory diseases, such 
as rheumatoid arthritis, ankylosing spondylitis, psoriasis 
and/or psoriatic arthritis (25-31). Which may be their 
potential effectiveness in treating autoimmune CDI, is 
a question that remains unanswered so far. However, 
tumor necrosis factor-α inhibitors may represent a new 
frontier in the treatment of autoimmune CDI associa-
ted with systemic autoimmune diseases.

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

Permanent neonatal diabetes 
by a new mutation in KCNJ11: 
unsuccessful switch to sulfonylurea 

Eva Lau1, Cintia Correia2, Paula Freitas1, Claúdia Nogueira3, Maria Costa3, 
Ana Saavedra3, Carla Costa2, Davide Carvalho1, Manuel Fontoura2 

SUMMARY
Permanent neonatal diabetes (PNDM) can result from activating heterozygous mutations in KCNJ11 
gene, encoding the Kir6.2 subunit of the pancreatic ATP-sensitive potassium channels (KATP). Sulfo-
nylureas promote KATP closure and stimulate insulin secretion, being an alternative therapy in PNDM, 
instead of insulin. Male, 20 years old, diagnosed with diabetes at 3 months of age. The genetic 
study identified a novel heterozygous mutation in exon 1 of the KCNJ11 gene – KCNJ11:c1001G>7 
(p.Gly334Val) – and confirmed the diagnosis of PNDM. Therefore it was attempted to switch from 
insulin therapy to sulfonylurea. During glibenclamide institution C-peptide levels increased, however 
the suboptimal glycemic control lead us to restart an intensive insulin scheme. This new variant of 
KCNJ11 mutation had a phenotypic lack of response to sulfonylurea therapy. Age, prior poor meta-
bolic control and functional change of KATP channel induced by this specific mutation may explain 
the observed unsuccessful switch to sulfonylurea. Interestingly, C-peptide levels raise during gliben-
clamide administration support some degree of improvement in insulin secretory capacity induced 
by the treatment. Understanding the response to sulfonylurea is crucial as successful treatment may 
be life-changing in these patients. Arch Endocrinol Metab. 2015;59(6):559-61
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INTRODUCTION

P ermanent neonatal diabetes mellitus (PNDM) is a 
rare form of diabetes with an estimated prevalence 

at 1 in 252 000 (1). It is characterized by the onset of 
diabetes before the age of 6 months, being a permanent 
condition that does not goes into remission. This form 
of diabetes can be caused by variants of several genes, 
including KCNJ11, ABCC8, GCK, and IPF1 gene (2). 
Approximately half of the cases are caused by a mutation 
in KCNJ11, which encodes the Kir6.2 subunit of the 
pancreatic ATP-sensitive potassium channels (KATP) (3); 
the majority of these patients develop isolated PNDM, 
but 20% have associated neurologic disturbances like 
DEND syndrome, characterized by developmental de-
lay, epilepsy, and neonatal diabetes (3).

KATP channel is a key regulator of beta-cell insulin 
secretion. In the pancreatic beta cell, the intracellular 
increase of ATP, due to glucose metabolism, leads to 
KATP channels closure, which causes membrane depo-
larization and opening of voltage-gated Ca2+ channels; 
this Ca2+ influx can trigger insulin release (4).

Activating KCNJ11 mutations are associated with 
diabetes: these mutations cause an inappropriate acti-
vation of KATP channel channels, which fail to close in 
response to an increase in plasma glucose levels, leading 
to insulin secretion dysfunction (5,6). The identifica-
tion of Kir6.2 (KCNJ11) mutations has critical thera-
peutic implications, since sulfonylureas, a class of oral 
anti-diabetic agents, act through that channels (7). Sul-
fonylureas are able to promote KATP channels closure by 
an ATP-independent route, thereby stimulating insulin 
secretion in those patients (8). Thus, sulfonylureas may 
represent a suitable therapy for patients with KCNJ11 
mutations, instead of insulin therapy.

CASE REPORT

A caucasian male, son of non-consanguineous healthy 
parents, was born by a dystocic parturition (forceps) at 
36 weeks of gestation. Prenatal history was remarkab-
le for intrauterine growth restriction. The birth weight 
was 1800 g (< 3rd centile), length 44 cm (10th centi-
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le) and head circumference 33 cm (50th centile). At 3 
months old he was diagnosed with a febrile acute otitis 
media and was medicated with amoxicillin. During this 
acute process he became dehydrated and was admit-
ted to hospital. Laboratory workup revealed persistent 
hyperglycemia and the diagnosis of diabetes was made.

At diabetes onset, laboratory study showed nega-
tive anti-insulin and anti-GAD autoantibodies. He was 
started with an intensive insulin treatment (> 0.5 unit/
kg/day) in a basal-bolus insulin regimen but he always 
had a poor glycemic control (HbA1c 8-12.5%). Dur-
ing his childhood, there was no developmental delay, 
learning difficulties or history of epilepsy. At 20 years 
old it was carried out a genetic study for KCNJ11 gene. 
Sequencing of the entire coding region identified a het-
erozygous KCNJ11:c1001G>7 (p.Gly334Val) in exon 1 
of the KCNJ11 gene, a novel variant, confirming the 
diagnose of PNDM. He was thereby admitted in our 
department to attempt for insulin switch to sulfonyl-
urea, according to a standardized protocol (9). Prior 
to treatment transition, the patient was taking 40 units 
of glargin insulin at breakfeast time, and 4 units of fast-
acting insulin (insulin aspart) four times daily, before 
meals, adjusted according to capillary glucose levels. 
His body mass index (BMI) was 24.3 kg/m2 (weight: 
74 kg, height: 1.75 m). Glibenclamide was started at a 
dose of 0.1 mg/kg/day (7.5 mg twice daily), with daily 
increments of 0.2 mg/kg/day, reaching 1.6 mg/kg/
day (60 mg bid). Insulin glargine was gradually tapered 
and suspended after 5 days. During glibenclamide treat-
ment, glucose levels were always rapidly interchange-
able between hypoglycemia and hyperglycemia (> 200 
mg/dL). This metabolic instability has made impossible 
to discharge aspartic insulin. C-peptide levels increased 
from 0.08 ng/mL to 1.03 ng/mL (normal range: 1.1-
4.4) after starting glibenclamide. However, given the 
suboptimal glycemic control and according to patient’s 
preference, it was decided to suspend the sulfonylurea 
treatment and restart an intensive insulin scheme.

DISCUSSION

Permanent forms of diabetes presented before 6 mon-
ths raise the clinical suspicion of PNDM. The identifica-
tion of the genetic etiology in this form of diabetes has 
important clinical implications, since sulfonylureas may 
be an effective and alternative treatment, instead of in-
sulin therapy (8,10). In the past, patients with neonatal 
diabetes were treated with insulin therapy as they were 

usually classified as having an early-onset form of type 
1 diabetes. The identification of gain-of-function muta-
tions in KATP channel genes has raised the possibility of 
these patients being treated with an oral agent. Sulfony-
lureas may have double benefits in PNDM, comparing 
to insulin therapy: promotion of a global improvement 
in glycemic control, causing reduction in blood glucose 
fluctuations; and, consequently, risk reduction of diabe-
tic complications and improvement of quality of life of 
the affected patients (11,12).

Although sulfonylureas seem highly effective and 
safe in the treatment of the majority of patients, not 
all respond. This case represents an unsuccessful exam-
ple of transition from insulin therapy to sulfonylurea. 
Therefore it is important to reflect about the possible 
associated reasons, which may justify the unsuccessful 
switch. Firstly, the attempt to withdrawal insulin treat-
ment began at an adult age and after a long period 
of poor glycemic control (HbA1c 8-12.5%). Age and 
poor metabolic control seem to be important predic-
tors of sulfonylureas responsiveness, since an effective 
transfer is less likely in older patients, with worse glyce-
mic control (13,14). In addition, starting sulfonylureas 
treatment at later age is associated with increased dose 
requirement. Although the roles of age and glucose 
homeostasis are not completely understood, some el-
egant studies in mouse models might further expand 
our knowledge: mice with uncontrolled diabetes had 
less functioning beta cells, comparing to those treated 
with insulin therapy, whose beta cells were preserved 
(15). So, poor long-term glucose control, enhanced in 
older patients, may result in decline and impairment of 
beta cells function, which may further explain the lack 
of response to sulfonylureas.

Secondly, the functional properties of KATP channel 
predict the clinical response to sulfonylurea therapy ob-
served in these patients (8). It was shown that tolbu-
tamide treatment blocked more than 75 percent of the 
KATP channel in patients carrying KCNJ11 mutations 
that had clinical response to sulfonylureas. In contrast, 
patients who failed to respond had less than 65 per-
cent blockage with tolbutamide (8). Thus, the channel 
changes induced by this specific novel variant of KCNJ11 
gene, a mutation on c1001G>7 (p.Gly334Val), may 
also explain the observed reduction in drug sensitivity. 
However, it is important to notice the rise in C-peptide 
levels during glibenclamide administration, which may 
reflect a partial improvement in the insulin secretory 
capacity induced by the treatment. Thus, we might 
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speculate that the changes on KATP channel induced by 
this novel variant on KCNJ11 might not be irreversible 
and may respond to sulfonylureas, mainly if the attempt 
to switch from insulin can be achieved early in life and 
the patient has prior good glycemic control.

We report, for the first time, the heterozygous mu-
tation KCNJ11:c1001G>7 (p.Gly334Val) in exon 1 of 
the KCNJ11 gene, in a patient with permanent neona-
tal diabetes mellitus. This case highlights the clinicians 
to consider a neonatal form of diabetes if diagnosis is 
made up within six months of life. The identification of 
this form of diabetes may be life-changing, mainly if sul-
fonylurea treatment could be well-succeed in early life.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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The c.63A>G polymorphism in the 
NKX2.5 gene is associated with 
thyroid hypoplasia in children 
with thyroid dysgenesis 

Taise Lima de Oliveira Cerqueira1,2, Yanne Ramos1, Giorgia Strappa1,  
Daniel San Martin1, Mariana Jesus1, Jailciele Gonzaga1, Paulo Ferreira1,  
Anabel Costa3, Vladimir Fernandes4, Tatiana Amorim5, Ana Marice Ladeia6,  
Helton Ramos1,2

ABSTRACT 
Objective: To search for genetic alteration in NKX2.5 gene in patients presenting both congenital 
heart disease (CHD) and TD. Subjects and methods: Individual phenotypes were carefully analyzed 
in 86 children with thyroid dysgenesis (TD) using thyroid function tests, scintigraphy, ultrasound 
and echocardiography. DNA was extracted and NKX2.5 gene coding region was amplified by poly-
merase chain reaction (PCR) and sequenced. Results: CHD were found in 8.1% of patients with TD. 
The mutation screening revealed two known polymorphisms in patients with isolated TD or TD as-
sociated with CHD. None of them are predicted to result in codon change in conserved domain. The 
c.63A>G polymorphism was detected in 54/86 patients (49 with isolated TD and 5 with TD combined 
with CHD). There was a significant association of c.63A>G polymorphism with hypoplasia (p < 0.036). 
The c.541G>A polymorphism was observed in only one patient with isolated thyroid hypoplasia. 
Conclusion: NKX2.5 mutations were not found. The c.63A>G polymorphism might be associated 
with thyroid hypoplasia. Arch Endocrinol Metab. 2015;59(6):562-7
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INTRODUCTION

C ongenital hypothyroidism (CH) occurs in 
1:3,500-1:4,000 newborns. In 80-85% of the 

cases, CH is due to thyroid dysgenesis (TD), which are 
developmental abnormalities of the thyroid gland in-
cluding thyroid ectopy, thyroid agenesis or athyreosis, 
thyroid hypoplasia, and thyroid hemiagenesis (1). Sev-
eral specific transcriptional factors, in view of their im-
portant role in thyroid organogenesis and thyroid spe-
cific gene expression, would be strong candidate genes 
for the etiology of TD; thus, the thyroid transcription 
factor 1 (TITF-1, also known as NKX2.1), forkhead 
box E1 (FOXE1) and the paired homeodomain factor 
PAX8 have been described as causes of human TD (1). 
However, abnormalities in these genes have been found 
in only a small proportion of patients with TD (2-5). 

NKX2.5 appears to function during the early period of 
organogenesis in the developing embryo. Murine Nkx2.5 
is expressed in early heart progenitor cells, as well as in thy-
roid, tongue, stomach and spleen (3,6,7). The NKX2.5 
transcription factor is known to be essential for normal 
heart morphogenesis, myogenesis and function (8,9). 
Several loss of function mutations in NKX2.5 (OMIM 
600584) have been described in patients with Congenital 
Heart Disease (CHD) and the most frequents one were 
atrial septal defect, ventricular septal defect and tetralogy 
of fallot (10,11). CHD has a higher frequency in children 
with CH than in the general population (11,12). Clinical 
interest in this gene have arised from the identification of 
heterozygous mutations involved in the pathogenesis of 
human TD, including a mutational screening conducted 
in 241 patients with TD in Italy, allowing identification of 
three mutations in four patients (7). 
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In mouse, Nkx2.5 expression has been recently 
demonstrated in precursors of thyroidal cells in the 
pharyngeal floor at embryonic day 8.5 (E8.5), a pe-
riod coincident with the appearance of Titf-1, PAX8 
and Pax8, but disappears around E12.5 (12). There-
fore, once Nkx2.5 mRNA is present in the thyroid pri-
mordium at an early stage of development, it might be 
required in normal thyroid morphogenesis. Nkx2.5-/- 
embryos exhibited a smaller outgrowing bud of endo-
dermal cells, indicating that Nkx2.5 is required as com-
ponent of the genetic control of thyroid development 
(7). These observations propose a functional impact of 
NKX2.5 on genetic pathogenesis of TD and motivate 
us to address the question if genetic abnormalities of 
NKX2.5 could play an important role in patients pre-
senting both CHD and TD or isolated TD. Our results 
indicate that no NKX2.5 mutations are not common 
in patients presenting TD, even in combination with 
CHD. However, the variant c.63A>G was significantly 
associated with hypoplasia. 

SUBJECTS AND METHODS

Subjects

Between 2001 and 2013 we have identified 1,051 new-
borns with CH in the neonatal thyroid screening pro-
gram of the State of Bahia, Brazil by dry blood spot 
TSH measurement collected after 24 hours of life from 
a heel prick (TSH cut-off 9 mU/L, Delphia Perkin-El-
mer immunofluorimetric assay). Within 24 h of a posi-
tive screening result, the neonates had a history and a 
physical examination performed and a blood sample was 
taken for confirmation of diagnosis [serum TSH and 
total T4 (TT4)] employing chemoluminescent assays; 
reference intervals are 6-12 mg/dL for TT4 and 0.3-4 
mU/L for TSH. After the confirmation of results, le-
vothyroxine (L-T4) replacement treatment, 10-15 mg/
kg/day, was started and L-T4 dosage was adjusted du-
ring infancy and childhood according to serum TSH 
and TT4. When the infants reach 3 years, they follow a 
protocol to determine if the CH is permanent or tran-
sient, consisting of serum thyroid function tests (TSH 
and TT4), thyroid 123I or 131I scanning, and thyroid ul-
trasound after 30 days of L-T4 therapy discontinuation. 
According to the results, children were divided into five 
groups: 1) ectopy, 2) agenesis, 3) hypoplasia, 4) hemia-
genesis and 5) normal eutopic thyroid gland or goiter. 
Eight hundred fifty one patients were confirmed for 

permanent CH, from which 710 have been followed in 
our institution. 

We have selected 86 patients with TD for clini-
cal and molecular studies. The cardiac phenotype was 
evaluated by history, review of medical records, physical 
examination, 12-lead electrocardiogram (EKG), and 
2-dimension transthoracic echocardiography. Family 
history of CHD and thyroid disease was investigated by 
chart report (i.e., clinical testing of parents was not per-
formed for the purpose of this study). Medical records 
of all patients were reviewed to determine whether any 
non-cardiac congenital malformations or other recog-
nized genetic syndromes were present. Clinical studies 
were performed without knowledge of genotype. Writ-
ten informed consent was obtained from the parents of 
all participants in accordance with protocols approved 
by the Federal University of Bahia.

Genotype analysis

Deoxyribonucleic acid was extracted from whole blood 
using standard techniques. The coding region of the 
NKX2.5 gene, including exon/intron boundaries, was 
amplified from genomic DNA by polymerase chain reac-
tion (PCR). The exon 1 were amplified using two pair 
of primers: 1F 5´-CTTGTGCTCAGCGCTACCT-3´ 
and 1R 5´-CTCCTGGCCCTGAGTTTCTT-3´. The 
exon 2 were amplified by a total of 2 PCRs with the 
following two pair of primers derived from the flanking 
introns: 2AF 5’-GCGCTCCGTAGGTCAAGC-3’, 
2AR 5’-TAGGGATTGAGGCCCACG-3’, 2BF 5’-CA-
GACTCTGGAGCTGGTGG-3’ and 2BR 5’-CCC-
GAGAGTCAGGGA-3’. 100 ng of genomic DNA was 
amplified in a 25-μL volume containing: 40 ng of each 
oligonucleotide primers; 200 μmol/L each of deoxya-
denosine triphosphate, and deoxythymidine triphos-
phate; 1,5 nM of MgSO4 and Taq polymerase. The 
reaction of exon 1 started with 5 minutes at 94C follo-
wed by 35 cycles of 30 seconds 94C, 30 seconds at 56C 
and 30 seconds at 72C and finished with a 10 minutes 
extension period at 72C. For the exon 2, all reactions 
started with 2 minutes at 95C followed by 35 cycles of 
45 seconds at 95C, 30 seconds at 59C or 60C, and 45 
seconds at 72C and finished with a 10-minute exten-
sion period at 72C. DMSO (0.2 mL/20-.L reaction) 
was added to standard reagents for the exon 1 and for 
the first reaction of exon 2. PCR products were purified 
with PureLink Quick PCR Purification kit (Invitrogen, 
Germany) and sequenced using the ABI PRISM Dye 
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Terminator cycle sequencing Ready Reaction kit (PE 
Applied Biosystems) according to the manufacturer’s 
instructions. Bidirectional sequencing was performed 
by an automated sequencer (ABI3100 genetic analy-
zer). Sequences were analyzed with Bioedit Software 
and alterations were examined in context of the open 
reading frame. One hundred normal individuals were 
screened for the identified sequence alterations. 

Statistical analysis

We used t test and Hardy-Weinberg test to estimate the 
differences in the frequency of NKX2.5 polymorphisms 
in our cohort and the general population and between 
each subgroup of TD. We built a two-way contingency 
table comparing the group of positive heart disease with 
each type of TD, thus we tested for dependence bet-
ween each categorization and patients without CHD. 
The association of subtype of TD or presence of CHD 
in each subgroup and NKX2.5 polymorphisms was 
analyzed by X2 (Fisher’s Exact Test).

RESULTS

Clinical observations

We found a high prevalence of CHD in patients with 
TD (7/86; 8.1%). Seventy nine infants presented with 
isolated TD (32 ectopy, 15 agenesis, 30 hypoplasia and 
2 hemiagenesis). The overall female:male ratio was 2:1 
(Table 1).

Five from seven patients with TD associated with 
CHD harbored the c.63A>G NKX2.5 polymorphism 
(Table 1). In family 1, the mother was diagnosed with 
autoimmune hypothyroidism. Her affected daughter 
(Patient A, Figure 1) was detected by neonatal screen-
ing, when the TSH level was 91.4 uIU/ ML. The ul-
trasound showed an agenesis, but the level of serum Tg 
was 4.5 ng/mL and the thyroid scan showed an ectopic 
gland (Table 1, Figure 1). In family 2, a male patient 
(Patient B) was diagnosed lately and the ultrasound de-
tected a hypoplastic thyroid gland (Table 1, Figure 1). 
In family 3 (Patient C, Figure 1), the neonatal TSH 
screening was 40 uIU/ML and a hypoplastic gland was 
confirmed by ultrasound. All the propositus from fami-
lies 1-3 presented atrial septal defect on cardiac evalu-
ation (Table 1, Figure 1). In Family 4, the proband 
(Patient D) had an absent thyroid gland by ultrasound 
associated with serum Tg levels of 17.3 ng/mL and 
an ectopic gland detected by thyroid scintigraphy. This 

patient had pulmonary stenosis (Table 1, Figure 1). 
The patient of family 5 (Patient E) was diagnosed with 
twenty-three days of birth and hypoplasia was observed 
by ultrasound (Figure 1, Table 1).

Table 1. Phenotype/Genotype summary in seven patients with TD 
associated with CHD

Patient Gender Thyroid
phenotype

Cardiac 
phenotype Polymorphism

1 Female Ectopy ASD c.63A>G

2 Male Hypoplasia ASD c.63A>G

3 Female Hypoplasia Lown-Ganong-
Levine 

Syndrom

No

4 Male Hypoplasia ASD No

5 Male Hypoplasia ASD c.63A>G

6 Male Hypoplasia AVB c.63A>G

7 Male Ectopy PS c.63A>G

ASD: atrial septal defect; PS: pulmonary stenosis; AVB: atrio-ventricular block.

Figure 1. Pedigrees of the five families with patients harboring the c.63A>G 
polymorphism associated with TD and CHD. All family members were 
analyzed. Squares, men; circles, women; open symbols, clinically unaffected 
individuals; solid black symbols, affected by hypothyroidism with ectopy or 
hypoplasia; half black symbol represent a individual with hypothyroidism.

Ectopy

Family 3

C
Hypoplasia

D
Ectopy

E
Hypoplasia

Family 4 Family 5

Family 1 Family 2

Hypoplasia
A B

Correlating NKX2.5 polymorphisms and clinical 
phenotype

We did not find any NKX2.5 mutation in patients with 
both TD and CHD or isolated TD. Table 2 shows the 
polymorphisms found. The known c.63A>G NKX2.5 
polymorphism was detected in heterozigozity in 33 
(38.3%) of patients and in homozigozity in 21 (24.3%) 
of cases (Table 2) (Figure 2). Among patients positive 
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for the c.63A>G polymorphism, 49 had isolated TD 
(18 ectopy, 24 hypoplasia, 6 agenesis, 1 hemiagenesis) 
(Table 2). The polymorphism c.63A>G was associated 
with hypoplasia (p < 0,036). 

A second polymorphism, c.541G>A was observed, 
in heterozigozity, in only 1 patient with isolated TD 
(Figure 2). A girl, diagnosed in neonatal screening 
(TSH 32.2 uIU/ML) presenting a hypoplastic thyroid 
gland.

DISCUSSION

Since NKX2.5 is one of the earliest transcription factors 
expressed in the thyroid lineage of developing vertebrate 
embryos and its targeted disruption results in perturbed 
morphogenesis, we hypothesized that it might be invol-
ved in TD etiology. The importance in human ontoge-

nesis was further underscored by recent identification of 
patients with NKX2.5 mutation associated with TD (7). 
In this study of 86 infants with TD detected by Neonatal 
Screening Program for CH, in Brazil, we hypothesized 
the possible contribution of NKX2.5 gene to the patho-
genesis of TD, firstly provided by Dentice and cols. (7). 

In our screening for germeline inactivating mutation 
in the NKX2.5 gene, in a group of DT patients without 
a family history, we observed no significant variation 
but a positive association between the c.63A>G poly-
morphism and thyroid hypoplasia as phenotype. 

This A → G polymorphism was previously detect-
ed in other studies and we have also found in normal 
subjects (13,14). Candidate gene mutations have been 
previously identified in familiar groups of CH, thus the 
patient’s selection may have played an important role 
because we analyzed patients selected from an entire 

Table 2. NKX2.5 polymorphisms identified among 86 patients with TD

Polymorphism Site Polymorphism type Allele frequency in patients Allele
Frequency in controls

c.63A>G

p.Glu21

rs2277923

TN domain Silent A/G 0.372

G/G 0.243

A/A 0.385

A/G 0.160

G/G 0.000

A/A 0.840

c.541G>A

p.Gln181

rs72554028

Homeodomain Silent G/A 0.012

A/A 0.000

G/G 0.988

G/A 0.000

A/A 0.000

G/G 1.000

Figure 2. Chromatograms showing the polymorphisms found in exon 2 of NKX2.5 gene. Top, Left: homozygous A-to-G transition at position 63 of codon 
21 in the NKX2.5 gene; top midle: heterozygous A-to-G transition at position 63 of codon 21 in the NKX2.5 gene; top right: wildtype sequence; Bottom, 
left: wildtype sequence; Bottom, right: heterozygous G-to-A transition at position 541 of codon 181 in the NKX2.5 gene.
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population, mostly sporadic cases. Our results indi-
cate that the mutation rate of NKX2.5 gene is rare in 
patients with TD, even in a phenotype-focused study 
from a different genetic background. In fact, a popula-
tion-based study in a Czech cohort of 170 patients with 
CH, including 15 with CHD, has not found mutations 
on NKX2.5 gene (15). Similarly a japanese study en-
rolling 102 patients, 37 with thyroid ectopy, did not 
find any mutations and confirms that NKX2.5 muta-
tions are rare (4). Indeed, a closer look at the italian´s 
publication shows that some unaffected parents also 
carried the c.73C>T variant, suggesting that it might 
be not disease-causing but perhaps only disease-predis-
posing (7).

 In Brazil, another study including 27 patients with 
TD without CHD, identified the same c.63A>G poly-
morphism in NKX2.5 gene (20). We might consider 
that hypothetical mechanisms such as epigenetic or so-
matic changes could cause the inactivation of this gene 
(13,16). It is still discussed if somatic nature and mosa-
icism of NKX2.5 mutations are major etiological path-
way in CHD because the results obtained from fresh 
frozen diseased tissue sample are different from data 
obtained from formalin fixed archival tissues (13,16). 
However, unknown genes, but functionally similar in 
the same embryonic path, might be involved in the 
pathogenesis of TD associated or not with CHD, as 
for example, the report indicating that deficiency of the 
T-box transcription factor Tbx1 results in hemiagenesis 
and hypoplasia of the thyroid gland due to a failure of 
the embryonic thyroid to establish contact with ves-
sels derived from the cardiac outflow tract at a criti-
cal step necessary for the proper guidance of bilateral 
growth and lobulation (2). Such genes may be either 
uniquely or differentially expressed and encode pro-
teins including ion channels and signaling molecules. 
Indeed, the initial induction of follicular thyroid cells 
has been shown to be associated with factors secreted 
by endothelial cells and may involve input from epi-
genetic mechanical factors (2). Recent data revealed 
that NKX2.5 was expressed in multipotent progeni-
tors during cardiac development, suggesting role in 
regulation of the endocardial/endothelial fate in the 
developing heart and embryo, although the molecu-
lar mechanisms are unknown (17). Thyroid formation 
begins at approximately embryonic day (E) 20-22 in 
the human when progenitors cells migrate through the 
primitive streak to the more caudal side of the embryo 
to form the thyroid gland (18). Although a cooperative 

action of NKX2.5 with other cellular factors could be 
essential for the maintenance of gene expression during 
thyroid embryogenesis, alternatively, loss of function 
of NKX2.5 can lead to a limited gradual diminution 
of a downstream target genes during development, 
without interfere at its initial regulation. As NKX2.5 
is expressed so early at thyroid bud, it can potentially 
interact with other crucial transcription factors and 
modulates their activity post-translationally by chang-
ing its dimerization process. 

In addition to the polymorphisms described in 
TD, many different heterozygous germline NKX2.5 
mutations have been identified in patients suffer-
ing from CHD (OMIM 600584). Those previously 
reported mutations associated with CHD are more 
primarily localized within the homeodomain. In this 
report, five of the patients positive for the c.63A>G 
polymorphism had a CHD phenotype. Although 
most published cases in CHD phenotype are in se-
quences affecting the homeodomain, there is no clear 
genotype-phenotype correlation. CHD of these pa-
tients with NKX2.5 germline mutations were mainly 
of atrial septal defect with or without AV block, al-
though there were reports of patients with tetralogy 
of Fallot, ventricular septal defect, double-outlet right 
ventricle, interrupted aortic arch, truncus arteriosus, 
L-transposition of the great arteries, hypoplastic left 
heart syndrome and aorta coarctation. So, the spec-
trum of NKX2.5 mutations is diverse in terms of mu-
tation type, position of the affected amino acid and its 
predicted impact on protein-protein interactions. In 
fact, experimental studies have shown that other por-
tions of NKX2.5, even far away from the homeodo-
main, are also functionally very important (21). The 
NKX2.5 gene from diseased cardiac tissues of patients 
with complex cardiac malformations typically contains 
multiple mutations (14). As well, thyroid growth de-
fect could be associated with single germilane muta-
tions or, alternatively, additional mutations arising in 
the hypoplastic gland could amplify the effect of the 
germinal polymorphisms. Therefore, studies in which 
there is only examination of lymphocytic DNA may 
not reveal the molecular basis of TD. 

NKX2.5 appears to be an unlikely candidate gene 
for CHD associated with TD. The molecular mecha-
nisms of TD with or without CHD are complex: while 
familial TD occurs at greater-than-random frequency, 
monozygotic (MZ) twins are discordant (19). We be-
lieve that germeline predisposing factors likely exist but 
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additional mechanisms are required to explain MZ twin 
discordance (somatic events, random mono-allelic ex-
pression even CNV – copy number variants).

 However, it is known that, in the heart, NKX2.5 
could have an essential role during the early thyroid 
morphogenesis, and might be implicated as a partner 
of the genetic circuit controlling thyroidal cell specifica-
tion and migration and have pointed to the importance 
of its dosage in thyroid development (20). Important-
ly, NKX2.5 mutations are known to be central to the 
genesis of CHD and, in this case, might be necessary 
but not sufficient for TD. NKX2.5 binding elements 
has been identified in a number of expressed genes and 
many other tissues as in lingual muscle, spleen, stomach 
and in the lung (21). 

It would be of interest to attempt to identify addi-
tional NKX2.5 downstream target genes and upstream 
signaling pathways for a more complete knowledge-
ment of its function during thyroid morphogenesis. 
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Atkins diet program rapidly decreases 
atherogenic index of plasma in 
trained adapted overweight men

Rennan de Oliveira Caminhotto1*, Felipe Lucas Tavares da Fonseca2*, Natalie 
Carolina de Castro1, João Pedro Arantes3, Rogério Antonio Laurato Sertié1

ABSTRACT
Background: The Atkins diet program is a great example of the application of low carbohydrate di-
ets for obesity, with the intention of weight loss and improvement in cardiovascular risk (CV risk). A 
good CV risk predictor is the atherogenic index of plasma (AIP) calculated as log (TG/HDL [mmol]), 
which is strongly affected by serum triglycerides, which in turn is associated with the carbohydrate 
intake. This study determined the effect of the initial phase of Atkins diet program, consisting in 20 
g/day of carbohydrate intake with positive urinary ketones measure, in AIP of 12 adult overweight 
trained adapted men. The AIP was calculated before and after intervention. Results: After 14 days, 
BMI and triglycerides decreased significantly, while HDL-C increased. No alterations were described 
in LDL plasmatic concentration. Prior to the diet, 58.3% of subjects presented high CV risk and after 14 
days of the diet program only 33.3% of subjects were classified as high CV risk, while more than 66% 
were low CV risk. The intervention was effective in 11 of 12 participants. However, in one person the 
dietary intervention increased AIP index. Conclusion: The initial phase of Atkins diet program could 
significantly decrease the AIP in 11 of 12 adult overweight trained adapted men. Dietary individual 
responses need to be more studied. Arch Endocrinol Metab. 2015;59(6):568-71
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INTRODUCTION

A mong the diets for obesity treatment and metabol-
ic syndrome, a few have gotten a high visibility as 

low carbohydrate diets, being the Atkins diet program, 
one of the main examples of this trend. This program 
is objectively characterized by an unlimited calorie diet, 
but with limited consumption of carbohydrates about 
20 g/day for at least 14 days and gradual increases, re-
specting the need for additional weight loss (1).

In addition to the benefits in body weight control, 
waist circumference, blood pressure and improvement 
in indicators of carbohydrate metabolism dysfunction, 
such as fasting plasma glucose, glycated hemoglobin 
and plasma insulin, months in dietary programs based 
on carbohydrate restriction has also positively contrib-
uted to lipid profile of plasma, increasing HDL cho-
lesterol and decreasing plasma triglycerides (to a great 
review of these points read) (2).

It’s already known that plasma triglycerides is in-
volved in large VLDL particles and small dense LDLs 
productions, as it has been proposed as the major deter-
minant of cholesterol esterification/transfer and HDL 

particles remodeling, key determinants in cardiovas-
cular risk, where the smallest LDL and HDL particles 
have deleterious effects (3). In this context, the plasma 
parameter log (TG/HDL-C), well known as ‘athero-
genic index of plasma’ (AIP), has been considered as a 
marker of plasma atherogenicity, since it indicates the 
lipoprotein particle size (4) and is associated with coro-
nary artery disease (5).

In this brief communication, we demonstrate that 
a simple explanation of the initial phase of the Atkins 
program (20 g/d of carbohydrate during 14 days), 
even with minimal professional contact, may provide 
beneficial effects in the AIP in obese and overweight 
trained adapted individuals.

MATERIALS AND METHODS
Twelve healthy overweight trained adapted individuals 
(n = 12) participated voluntarily in this study which was 
approved by university’s institutional ethics committee. 
The inclusion criteria was based on CV Risk where to 
participate in the research the voluntary should be ra-
ted in high (> 0.21) or medium (0.11-0.21). However, 
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individuals with low CV risk, but with index above 0.09 
(borderline), were included in the research. 

To participate in this study the voluntary should be 
physically adapted. The physical training during the 14 
days of diet was muscular resistance exercise, 4 times/
week, in 60% of maximum intensity previous defined, 
performing 4 sets of 15 repetitions, with 1 minute in-
terval between them, in order to standardize the train-
ing intensity between all participants. 

Based in Foster and cols. study (6) the individuals 
were introduced to the initial phase of Atkins diet pro-
gram (1) which consists in an unlimited calorie intake 
of protein and fat, but with a limited carbohydrate in-
take (< 20 g/day) for two weeks. The measure of uri-
nary ketones has been done with commercial kit Keto-
Diabur-Test (Roche) every 3 days. Positive result was 
needed to proceed the study. Serum analysis was done 
by a commercial clinical laboratory. AIP was calculated 
as log (TG/HDL) expressed in molar concentrations. 
Data is expressed in means ± SEM. Shapiro-Wilk was 
used to verify normality of the data. Nonparametric 
paired Student’s t test were then used.

RESULTS

After 14 days in Atkins diet program, body weight, 
BMI, VLDL and TG, had decreased, while HDL-c 
increased (Table 1). In addition, the mean (± SEM) 
calculated AIP before the diet program (0.29 ± 0.26) 
represented a high CV risk, more precisely in 58,3% of 
the individuals (Figure 1B). After 14 days of Atkins diet 
program, the mean value decreased significantly (-0.02 
± 0.29, p < 0.05 Figure 1) and more than 66% of indi-
viduals were low CV risk (Figure 1B).

DISCUSSION

In our study, we have demonstrated that, in addition to 
body weight loss, only 14 days in Atkins program were 
enough to provide beneficial effects in HDL-c, TG and, 
therefore, in AIP. These results are supported by simi-
lar studies with more expressive sample size and dura-
tion. The recommendation of the Atkins diet program 
without constant supervision has already been able to 
promote improvement in the same cardiovascular risk 
markers after some 2 months to a year (6,7). Although 
AIP has not been calculated, calculating from the mean 
of the previously studies cited show similar improve-
ment in AIP values during obesity weight loss. Also, 
in other study (8), a ketogenic diet with intense car-
bohydrate restriction has been associated with impro-
vement in serum LDL subclass distribution, increasing 
the mean of particles diameter after only three weeks of 
diet, independently of weight loss.

In 2013, a meta-analysis of randomized controlled 
trials for weight loss (9) demonstrated that carbohydrate 
restriction promotes a better TG decrease and increase 
in HDL (the components of AIP index) than conven-
tional restricted-energy high carbohydrate (> 50%) low 
fat (< 30%) diet in more than 1,500 individuals studied 
for up to a year. Therefore, lack of evidence for high 
carbohydrate/low fat diets for cardiovascular risk, espe-
cially when it comes from serum lipids and cholesterol 
fraction, and the benefits of fat intake in the same topic 

Table 1. Anthropometric and biochemical data of healthy overweight 
trained adapted individuals before and after 14 days in Atkins diet 
program. 

Baseline After diet

Age 30 ± 1.38 -

BMI 31.24 ± 0.62 28.56 ± 0.84*

Body weight (kg) 98.87 ± 3.002 93.14 ± 2.72

Cholesterol T (mg/dL) 191.66 ± 10.61 170 ± 12.96

HDL-c (mg/dL) 32.75 ± 2.96 38.2 ± 2.88*

LDL-c (mg/dL) 120 ± 14 112 ± 16

VLDL-c (mg/dL) 20.5 ± 2.51 12.42 ± 0.93*

TG (mg/dL) 154 ± 23.73 89.91 ± 12.44*

Glycemia (mg/dL) 86.66 ± 2.6 88.83 ± 2.8

n = 12; * p < 0.05.

Figure 1. AIP before and after 14 days in Atkins diet program. (A) Each 
point represents atherogenic indexes of plasma (AIP) of individuals before 
and after 14 days in initial phase of Atkins diet program. n = 12; p < 0.05 
(B) Percentage of CV risk before and after diet.

1.0
Atherogenic index of plasma

High CV risk
Medium CV risk
Low CV risk

Baseline After diet

0.5

0.0

-0.5

B

CV risk Baseline (%) After diet (%)

Low 25 66.7

Medium 16.7 0

High 58.3 33.3

A
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is part of a constant and current discussion in human 
nutrition (10). Likewise, despite associations between 
fat intake and CV risk are commonly cited, large ran-
domized prospective studies never found significant 
beneficial effects of low fat diets on mortality, cardiovas-
cular disease and risk (11,12) which generates the need 
of others dietary researches and interventions for blood 
cholesterol control, particularly LDL and HDL lipopro-
tein particle size, emphasizing the importance the pres-
ent results.

A possible explanation of our results is the fact that 
carbohydrates, especially sugar, interact with plasma 
lipids due to the changes in hepatic lipid metabolism 
and short term high carbohydrate diets increases plas-
ma lipids by accelerated VLDL-triglyceride secretion 
(13,14). Also, once known that low carbohydrate diet 
is related with lower insulin levels, a shunting in meta-
bolic pathways of hepatic lipogenesis and cholesterol 
synthesis should be considered. In addition of a higher 
fat oxidation, syntheses of ketones bodies decrease he-
patic substrates of triglycerides and cholesterol (15) 
which can interfere in serum lipids release and conse-
quently in AIP.

Yet, it should be noticed that a possible interaction 
between exercise and ketosis might exist, making easier 
the ketogenic state, even with a higher consumption 
of protein, that could otherwise stimulate insulin and 
break ketosis. High protein diets (even high in animal 
proteins), mainly when carbohydrates are replaced, are 
not atherogenic and leads to improvement of serum 
lipid and carbohydrate metabolism, (16,17). Further, 
it is also discussed that the success of carbohydrate re-
stricted diets depend on the high protein intake (18), 
leading us not to dismiss the reasonable and possible 
role of a high protein intake in these results. 

Between the usual concerns and misunderstand-
ings about this dietary intervention are the acidosis and 
kidney healthy. About that: firstly, dietary ketosis (0.5-
3.0 mmol) induced by low carbohydrate intake should 
not be confused be confused with ketoacidosis (15-25 
mmol), a potentially fatal condition which is only pos-
sible as a result of uncontrolled diabetes mellitus (19); 
Secondly, over two years in Atkins diet style, no adverse 
effects in kidneys were found during obesity treatment 
with this same approach (20). However, dietary indi-
vidual responses need to be analyzed. In our results 
(Figure 1A), we observed a single person who had his 
AIP index worse after dietary intervention (Medium 
CV risk to High).

An important limitation of our results is the limited 
sample size. Nevertheless, our results are supported by 
current clinical trials and meta-analysis. Therefore, we 
encourage further research on the topic. 

In conclusion, an advice to follow the initial phase 
of Atkins diet program, which consists in a low-carbo-
hydrate diet with positive urine ketones, can decrease 
the AIP after only 14 days of program, in adult obese 
or overweight trained adapted men. This finding may 
reflect positively in clinical nutrition.
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should be no longer than 500 words, with no more than five complete references, 
and should 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 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. Submit-

ted papers must be complete, including the title page, abstract, figures, and ta-
bles. 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 the evaluation of the manuscript for publication in 

AE&M, and any information relevant to the manuscript. Elsewhere on the sub-
mission 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 suppor-

ting the writing of the paper. 
7.  List of references. 

title page 
The title page must contain the following information: 

1.  Title of the article (a concise statement of the major contents of the article).
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 correspon-

ding author. 
4.  Abbreviated title of no more than 40 characters for page headings.
5.  Up to five keywords or phrases suitable for use in an index (the use of MeSH 

terms is recommended).
6.  Word count – excluding title page, abstract, references, figures/tables and their 

legends.
7.  Article type 

structured abstracts 
All Original Articles, Brief Reports, Reviews, Case Reports should be submitted 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 written for general journal 
readership. The abstract format should include four sections that reflect the section 
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headings in the main text. All information reported in the abstract must appear in 
the manuscript. Please use complete sentences for all sections of the abstract. 

Introduction 
The article should begin with a brief introductory statement that places the study in 
historical perspective, and explains its objective and significance.

materials and methods 
These should be described and referenced in sufficient detail for other investigators 
to be able to repeat the study. The source of hormones, unusual chemicals and rea-
gents, and special pieces of apparatus should be stated. For modified methods, 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 Discus-
sion should focus on the interpretation and significance of the findings, with conci-
se objective comments that describe their relation to other studies in that area. The 
Discussion should not reiterate the Results. 

Authorship 

The AE&M ascribes to the authorship and contributorship guidelines defined by the 
International Committee of Medical Journal Editors (www.ICMJE.org). Unrestricted 
joint authorship is allowed. A maximum of two corresponding authors is allowed. 
The uniform requirements for manuscripts submitted to medical journals state that 
authorship credit should be based only on substantial contribution to: 
1.  The conception and design, or analysis and interpretation of data. 
2.  The drafting of the article or its critical review for important intellectual content.
3. The final approval of the version to be published.
All these conditions must be met. The corresponding author is responsible for ensu-
ring that all appropriate contributors are listed as authors, and that all authors have 
agreed with the content of the manuscript and its submission to the AE&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 con-
flict of interest to disclose, this should be indicated in the Acknowledgments section. 

acknowledgments 
The Acknowledgments section should include the names of those people who con-
tributed to a study but did not meet the requirements for authorship. The correspon-
ding 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 acknowledgments must give permission – in writing, if 
possible – for the use of his or her name. It is the responsibility of the corresponding 
author to provide this information.

references 
References to the literature should be cited in numerical order (in parentheses) in the 
text and listed in the same numerical order at the end of the manuscript on a separa-
te page or pages. The author is responsible for the accuracy of references. The num-
ber of references cited is limited for each category of submission, as indicated above. 

tables 
Tables should be submitted in the same format as the article (Word), and not in 
another format. Please note: we cannot accept tables as Excel files within the ma-
nuscript. 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 foot-
notes at the foot of the table. Tables must not simply duplicate the text or figures. 

figures and legends 
All figures must display the figure number. Sizing the figure: the author is responsi-
ble 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. Authors are requested to pay the cost 

of reproducing color figures in print (the publisher will provide price quotes upon 
acceptance of the manuscript). 

photographs 
The AE&M strongly prefers to publish unmasked patient photos. We encourage all 
prospective authors to work with families prior to submission and address the issue 
of permission for review and possible publication of patient images. If your submis-
sion contains ANY identifiable patient images or other protected health information, 
you MUST provide documented permission from the patient (or the patient’s pa-
rent, guardian, or legal representative) before the specific material circulates among 
editors, reviewers and staff for the purpose of possible publication in AE&M. If it is 
necessary to identify an individual, use a numerical designation (e.g. Patient 1) ra-
ther than using any other identifying notations, such as initials. 

units of measure 
Results should be expressed in metric units. Temperature should be expressed in 
degrees Celsius and time of day using the 24-hour clock (e.g., 0800 h, 1500 h). 

standard abbreviations 
All abbreviations must be immediately defined after it is first used in the text. 

experimental subjects 
To be considered for publication, all clinical investigations described in submitted 
manuscripts must have been conducted in accordance with the guidelines of The 
Declaration of Helsinki, and must have been formally approved by the appropriate 
institutional review committees or their equivalent. 
The study populations should be described in detail. 
Subjects must be identified only by number or letter, not by initials or names. Pho-
tographs of patients’ faces should be included only if scientifically relevant. The 
authors must obtain written consent from the patient for the use of such photogra-
phs. For further 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 manuscript 
was conducted in accordance with accepted standards of humane 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 variants re-

ported. These can be easily derived for novel variants uncovered by the study. 
Where rs numbers are provided, the details of the assay (primer 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) 17:424-433 - DOI 10.1007/s10897-008-9169-9). 

nomenclatures 
• For genes, use genetic notation and symbols approved by the HUGO Gene No-

menclature Committee (HGNC) – (http://www.genenames.org/). 
• For mutation nomenclature, please use the nomenclature guidelines suggested 

by the Human Genome Variation Society (http://www.hgvs.org/mutnomen/) 
• Provide information and a discussion of departures from Hardy-Weinberg equili-

brium (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 de-
sirable 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.

papers must be written in clear, concise english. 
Avoid jargon and neologisms. The journal is not prepared to undertake major correc-
tion of language, which is the responsibility of the author. Where English is not the 
first language of the authors, the paper must be checked by a native English speaker.
For non-native English speakers and international authors who would like assistan-
ce with their writing before submission, we suggest Voxmed Medical Communica-
tions, American Journal Experts or PaperCheck.
ISSN 2359-3997 © A&EM – Rua Botucatu, 572 – conjunto 83 – 04023-062 – 
São Paulo, SP, Brazil



All Free on-line Access: www.Aem-sbem.com

Official JOurnal Of the Brazilian SOciety Of endOcrinOlOgy and MetaBOliSM

Archives oF

And meTAbolism
endocrinoloGY





Material destinado ao profissional de saúde.

FO
R.1

4.
C.

24
0 

– 
Pr

od
uz

ido
 em

 ju
nh

o/
20

14
.

Referências bibliográficas: 1. Forxiga® (dapagliflozina) comprimidos [bula do medicamento]. São Paulo, SP. Bristol-Myers Squibb Farmacêutica S.A.; 2014. 2. Wright EM. Renal Na(+)-glucose cotransporters. Am J Physiol Renal 
Physiol. 2001;280(1):F10-F18. 3. Lee YJ, Lee YJ, Han HJ. Regulatory mechanisms of Na(+)/glucose cotransporters in renal proximal tubule cells. Kidney Int Suppl. 2007;(106):S27-S35. 4. Hummel CS, Lu C, Loo DD, Hirayama BA, Voss 
AA, Wright EM. Glucose transport by human renal Na+/D-glucose cotransporters SGLT1 and SGLT2. Am J Physiol Cell Physiol. 2011;300(1):C14-21. 5. Resolução - RE No 2. 234, de 28 de Junho de 2013. Dapagliflozina: registro de 
medicamento novo. Diário Oficial da União 2013;124 (Supl):pp 18. 6. Abdul-Ghani MA, DeFronzo RA. Dapagliflozin for the treatment of type 2 diabetes. Expert Opin Pharmacother. 2013;14(12):1695-1703.

FORXIGA® (dapagliflozina) COMPRIMIDOS REVESTIDOS. FORXIGA® (dapagliflozina) comprimidos revestidos. USO ORAL. USO ADULTO. Reg. MS  – 1.0180.0404. FORXIGA® (dapagliflozina) é um inibidor do cotransportador 
sódio – glicose 2 (SGLT2) que melhora o controle glicêmico em pacientes com diabetes mellitus tipo 2, através da redução da reabsorção renal de glicose e consequente excreção do excesso de glicose na urina. INDICAÇÕES: FORXIGA® 
é indicado como adjuvante a dieta e exercícios para melhora do controle glicêmico em pacientes com diabetes mellitus tipo 2 em monoterapia ou em combinação com metformina, uma tiazolidinediona, uma sulfonilureia ou insulina 
(isolada ou com até duas medicações antidiabéticas orais), quando a terapia existente juntamente com dieta e exercícios não proporciona controle glicêmico adequado. Indicado em combinação inicial com metformina quando ambas 
as terapias são apropriadas. CONTRAINDICAÇÕES: FORXIGA® é contraindicado a pacientes com conhecida hipersensibilidade a dapagliflozina ou aos outros componentes da fórmula. ADVERTÊNCIAS E PRECAUÇÕES: FORXIGA® 
não é indicado para uso por pacientes com diabetes tipo 1 e não deve ser utilizado para o tratamento de cetoacidose diabética. FORXIGA® não deve ser usado em pacientes com insuficiência renal moderada a grave (taxa 
de filtração glomerular estimada [TFGe] persistentemente < 45 mL/min/1,73m2 calculada pela fórmula de Modificação da Dieta na Doença Renal [MDRD da sigla em inglês] ou depuração de creatinina [ClCr] persistentemente < 60 
mL/min calculado pela fórmula de Cockcroft – Gault) ou doença renal em fase terminal (ESRD). Pacientes com diabetes e doença cardiovascular: o perfil de segurança de FORXIGA® em estudos nessa população específica foi 
consistente com o de FORXIGA® na população dos estudos clínicos em geral. Pacientes com risco de depleção de volume: deve – se considerar a suspensão temporária de FORXIGA® em pacientes que desenvolverem depleção 
de volume. Infecções do trato urinário: a excreção urinária de glicose pode estar associada com aumento no risco de infecções do trato urinário, portanto, a suspensão temporária de FORXIGA® deve ser considerada no tratamento 
de pielonefrite ou sepse urinária. Uso com medicações conhecidas por causar hipoglicemia: uma dose menor de insulina ou de secretagogos de insulina pode ser necessária para reduzir o risco de hipoglicemia em combinação 
com FORXIGA®. Gravidez: não deve ser usado no segundo e terceiro trimestres de gravidez. Não existem estudos adequados e bem controlados de FORXIGA® em mulheres grávidas. Quando a gravidez for detectada, FORXIGA® deve 
ser descontinuado. Categoria de risco na gravidez: C – Este medicamento não deve ser utilizado por mulheres grávidas sem orientação médica ou do cirurgião dentista. Lactação: FORXIGA® não deve ser utilizado 
em mulheres que estejam amamentando. Uso pediátrico: segurança e a eficácia de FORXIGA® em pacientes pediátricos não foram estabelecidas. Uso geriátrico: não são recomendadas alterações de dose de FORXIGA® com 
base na idade. REAÇÕES ADVERSAS: a interrupção do tratamento devido a eventos adversos em pacientes que receberam FORXIGA® 10 mg foi de 4,3% em comparação com 3,6% para o grupo placebo. Os eventos mais comuns 
foram: infecção genital, infecção do trato urinário, dor nas costas e poliúria. Verificar a bula completa do produto para maiores informações. INTERAÇÕES MEDICAMENTOSAS: o metabolismo de dapagliflozina é mediado 
principalmente pela UGT1A9 – dependente da conjugação glicuronídeo. Em estudos realizados em indivíduos sadios, a farmacocinética da dapagliflozina não foi alterada pela metformina, pioglitazona, sitagliptina, glimepirida, 
voglibose, hidroclorotiazida, bumetanida, valsartana ou sinvastatina. Após o uso concomitante de dapagliflozina com rifampicina ou ácido mefenâmico não houve qualquer efeito clinicamente significativo na eliminação de glicose na urina 
em 24 horas. Em estudos conduzidos em indivíduos sadios, a dapagliflozina não alterou significativamente a farmacocinética da metformina, pioglitazona, sitagliptina, glimepirida, hidroclorotiazida, bumetanida, valsartana, sinvastatina, 
digoxina ou varfarina. Outras interações: os efeitos da dieta, tabagismo, produtos à base de plantas e uso de álcool sobre a farmacocinética da dapagliflozina não foram especificamente estudados. POSOLOGIA: a dose recomendada 
de FORXIGA®, em monoterapia ou terapia combinada, é 10 mg, uma vez ao dia, a qualquer hora do dia, independentemente das refeições. Para pacientes em risco de depleção de volume devido a condições coexistentes, uma dose 
inicial de 5 mg de FORXIGA® pode ser apropriada. Não são necessários ajustes de dose de FORXIGA® com base na função renal ou hepática. Para maiores informações, consulte a bula completa do produto. FRX004. Rev0114. VENDA 
SOB PRESCRIÇÃO MÉDICA. SE PERSISTIREM OS SINTOMAS, O MÉDICO DEVERÁ SER CONSULTADO.

CONTRAINDICAÇÕES: Pacientes com conhecida hipersensibilidade a dapagliflozina ou aos outros componentes da 
fórmula. INTERAÇÕES MEDICAMENTOSAS: A farmacocinética da dapagliflozina não foi alterada pela metformina, 
pioglitazona, sitagliptina, glimepirida, hidroclorotiazida, valsartana ou sinvastatina.

Primeiro com mecanismo de ação 
independente de insulina1,5,6

Controle glicêmico com perda de peso1

Administração oral, 1 vez ao dia1

Eficácia no controle glicêmico com 
benefício adicional de perda de peso¹

ELIMINA EM MÉDIA 
70g DE GLICOSE POR DIA1-4
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