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editorial

Asymptomatic vertebral fracture: 
a wolf in sheep’s clothing?

Francisco Bandeira1 

V arious methods are available for the detection of the so-called morphometric vertebral 
fracture in patients who have low bone density but do not present with the classical 

symptoms of severe back pain due to vertebral collapse. The semiquantitative (SQ) method 
was developed for the purpose of correcting the subjective evaluation of radiographs and 
is widely used in epidemiological studies and clinical trials (1). It consists of an assess-
ment of the height of vertebral bodies at the anterior, middle and posterior portions and the 
evaluation of the percentage of apparent reduction between them, grading the severity of 
the fracture as follows: Grade 0, when there is no fracture; Grade I, when there is a 20-25% 
reduction in vertebral body height; Grade II, when the reduction is between 25 and 40%; 
and Grade III when the reduction is > 40%. The assessment of vertebral fractures can also be 
made by the algorithm-based qualitative ABQ Jiang method, which is a modified approach 
for the visual diagnosis of vertebral fractures (2). Vertebral fracture is identified when there 
is evidence of central terminal plate depression and not only by the reduction in the vertebral 
height itself. As criteria for the presence of fractures the ABQ Jiang method uses evidence of 
osteoporotic endplate depression, with or without apophysis or cortical fracture.

The semiquantitative approach can be applied during bone mineral density (BMD) eva-
luation by the dual-energy x-ray absorptiometry technique, also known as vertebral fracture 
assessment (VFA). Although conventional radiography of the spine is considered the stan-
dard method for the detection of vertebral fractures, VFA exposes the patient to lower radia-
tion, has a lower cost and may be less operator-dependent (3). One potential disadvantage 
of conventional radiographic vertebral morphometry is related to the geometric distortions 
of the vertebral bodies inherent in the use of cone-beam geometry technique, in which each 
point on the radiograph is magnified and distorted in different ways. Compared with the 
center of the radiograph, which is less magnified and viewed at a more perpendicular angle, 
the periphery (edge) is more magnified and viewed at a more oblique angle. This issue 
of obliquity is minimized with VFA, particularly when performed with the patient in the 
supine position (3). Conventional visual radiographs are useful in identifying degenerative 
vertebral disease, which may resemble fractures when seen on VFA with automatic contour 
delineation of the vertebral bodies.

In this issue of the Archives Muszkat and cols. (4) report data on the prevalence of 
vertebral fractures by VFA/DXA in 188 postmenopausal women, of whom 75% were 
receiving treatment with bisphosphonates. They found that 17% had moderate to se-
vere fractures. Fifty-six percent of the fractures occurred in the thoracic spine and 28% 
were considered severe. BMD values were not significantly different between those 
with and without fractures, but the latter were older and had significantly less fat mass, 
suggesting that general health and frailty may be an important factor related to the risk 
of vertebral fractures, as found in a recent study in old men (5).

The incidence of morphometric vertebral fractures ranges from 570/100,000 per-
son-years in men to 1070/100,000 person-years in women (6). As such fractures may 
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be detected in patients with BMD in the osteopenia 
range, evaluation of the vertebral morphometry is a va-
luable tool in identifying the high-risk patient for future 
fractures irrespective of BMD values (7). Moreover, the 
decision on a more prolonged use of bisphosphonates 
in the long-term treatment of low BMD in postmeno-
pausal women may also depend on whether the patient 
has a vertebral fracture or not (8).

The prevalence of vertebral fractures by VFA in 
postmenopausal women aged 59-70 years has been 
reported to be 4.3% using vertebral heights less than 
3 SD from reference values (McCloskey criteria) and 
confirmed by the Genant method (9), with 17% of 
them having mild vertebral deformities (vertebral hei-
ghts between -2 and -2.99 SD from reference values). 
Likewise, an increased prevalence of vertebral fractures 
has been reported in several conditions associated with 
bone fragility, including endocrine (10-13), inflamma-
tory (14,15) and cardio-pulmonary diseases (16,17).

Several studies have demonstrated that the presence 
of an asymptomatic vertebral fracture may predispose 
the patient to a worse health outcome. It may be asso-
ciated with a decrease in quality of life, reflecting the 
frailty of the elderly (5,18). It may result in an increased 
risk of future fractures, especially at the hip, with all its 
devastating consequences (19), and also in an increase 
in total mortality (20).

The paper by Muszkat and cols. highlights the im-
portance of detecting asymptomatic vertebral fractures 
in patients with low bone mass who are at increased risk 
for future fracture. It is therefore to be hoped that the 
availability of VFA will result in a more widespread use 
of this approach.

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

Puberty: When is it normal?

Vinicius Nahime Brito1, Ana Claudia Latronico1 

C lassically, the normal chronological age for pubertal onset is between 8 and 
13 years in girls and 9 and 14 years in boys based on data from epidemiologi-

cal studies from the 60’s (1). However, the age limit for pubertal timing is still a 
challenge (2,3). It is well known that puberty is a complex and multi factorial pro-
cess that involves genetic, metabolic, socio economic, nutritional and ethnic factors. 
Moreover, the evidence that initial pubertal signs, mainly in girls, are appearing 
earlier today than in the last 4 decades has been described by several epidemiological 
studies (2-4).

In the last years, genetic control of pubertal onset has been demonstrated through 
the identification of pathogenic mutations. Several loss-of-function mutations of 
MKRN3, a gene encoding the makorin RING-finger protein 3, result in familial cen-
tral precocious puberty, suggesting a potential inhibitory input to gonadotropin-rele-
asing hormone (GnRH) secretion (5). Interestingly, the mean age of pubertal onset 
in MKRN3 affected girls was 6.0 years (ranging from 3.0 yr to 7.0). Notably, puber-
tal timing, pubertal height growth and age at menarche are strongly associated with 
adiposity in both epidemiological and genetic studies, since genome-wide association 
studies revealed genetic loci linking pubertal height growth, pubertal timing and chil-
dhood adiposity (6). The relationship between pubertal timing and adiposity is stron-
ger in girls. Environmental factors, such as endocrine chemical disruptors (pesticides, 
phthalates, bisphenol A, and plant-derived phytoestrogens) or low levels of estrogens 
in the food supply have been influenced the timing of puberty, leading to precocity or 
delay in this process, specially, in animal models (3). 

It is reasonable to suppose that each population has peculiar epidemiological fea-
tures that influence the age of pubertal onset. To establish the age of initial pubertal 
signs in the Brazilian population is a big task, not only due to the continental size of 
the country, but mainly due the population heterogeneity. The data of pubertal onset 
and its progression in Brazilian population is very scarce. Feibelmann and cols. (7) 
performed a relevant cross sectional epidemiological survey of age of breast develop-
ment in girls in a representative population of 665 schoolgirls (aged 5.9 to 18 yr) in 
Uberaba, Minas Gerais, Brazil. The authors identified that mean chronological age 
of thelarche was 9.8 ± 1.4 yr (ranging from 7 to 12 yr) and pubarche 10.2 ± 1.4 yr 
(ranging from 7 to 13 yr). In addition, the mean age of menarche was 11.7 ± 1.3 yr 
(ranging from 9 to 14 yr). The interval between thelarche and menarche was 1.7 ± 
1.3 years. Interestingly, black girls had thelarche and pubarche significantly earlier than 
white girls, reinforcing the influence of ethnicity. 

It is well known that the decline reported for the mean age of thelarche is not 
accompanied of significant changes in the mean age of menarche (3,4). While in Ame-
rican and European studies, the reported mean age of menarche was 12.5 yr and 
mean interval between thelarche and menarche of 2.3 yr, in the Brazilian study both 
indicators were lower (11.7 yr for menarche and 1.7 yr for mean interval between the-
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larche and menarche) (3,7). In addition, the diagnosis 
of abnormal puberty (non progressive and progressive 
forms) was established in 4.7% of girls in the Feibel-
mann’ study (7). These findings reinforce the idea that 
the prevalence of sexual precocity is underestimated. 
In fact, parent’s education regarding the detection of 
first pubertal signs is essential for prompt recognition 
of precocious puberty (8,9). 

Castilho and cols. (10) evaluated the secular trend 
of menarche according to body mass index (BMI). 
It was demonstrated that menarche in Brazilian girls 
has anticipated 3.24 months in the last 10 years, to-
gether with an increase of obesity prevalence. In the 
study by Feibelmann TC and cols. (7), the prevalence 
of overweight and obesity was 18.8 and 12.5%, respec-
tively. Other studies have documented that higher BMI 
is correlated with earlier onset of puberty, implicating 
leptin, a fat cell-derived protein, and other adipokines 
required for normal gonadotropin secretion (3,6,9). 
However, it is not clear if increased adiposity is the cau-
se or the consequence of early pubertal development in 
girls. Finally, other larger, longitudinal and multicenter 
epidemiological studies involving the Brazilian popula-
tion will be necessary for understanding the complexity 
of normal and abnormal pubertal timing. 

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

REFERENCES
1. Marshall WA, Tanner JM. Variations in pattern of puberal changes 

in girls. Arch Dis Child. 1969;44:291-303. 

2. Macedo DB, Cukier P, Mendonca BB, Latronico AC, Brito VN. Ad-
vances in the etiology, diagnosis and treatment of central preco-
cious puberty. Arq Bras Endocrinol Metabol. 2014;58(2):108-17.

3. Kaplowitz  P. Update on precocious  puberty: girls are showing 
signs of puberty earlier, but most do not require treatment. Adv 
Pediatr. 2011;58(1):243-58.

4. Herman-Giddens ME, Slora EJ, Wasserman RC, Bourdony CJ, Bhap-
kar MV, Koch GC, et al. Secondary sexual characteristics and men-
ses in young girls seen in office practice: a study from the Pedia tric 
Research Office Settings Network. Pediatrics. 1997;99:505-12.

5. Abreu AP, Dauber A, Macedo DB, Noel SD, Brito VN, Gill JC, et al. 
Central precocious puberty caused by mutations in the imprinted 
gene MKRN3. N Engl J Med. 2013;368(26):2467-75.

6. Cousminer DL, Berry DJ, Timpson NJ, Ang W, Thiering E, Byrne 
EM, et al. Early Growth Genetics (EGG) Consortium. Genome-
wide  association  and longitudinal analyses reveal genetic loci 
linking pubertal height growth, pubertal timing and childhood 
adiposity. Hum Mol Genet. 2013;22(13):2735-47. 

7. Feibelmann TC, Silva AP, Resende DC, Resende EA, Scatena 
LM, Borges MF. Puberty in a sample of Brazilian schoolgirls: tim-
ing and anthropometric characteristics. Arch Endocrinol Metab. 
2015;59(2):105-11.

8. Midyett LK, Moore WV, Jacobson JD. Are pubertal changes in 
girls before age 8 benign? Pediatrics. 2003;111(1):47-51. 

9. Sorensen K, Mouritsen A, Aksglaede L, Hagen CP, Mogensen SS, 
Juul A. Recent secular trends in pubertal timing: implications for 
evaluation and diagnosis of precocious puberty. Horm Res Pae-
diatr. 2012;77:137-45.

10. Castilho SD, Pinheiro CD, Bento CA, Barros-Filho Ade A, Cocetti 
M. Secular trends in age at menarche in relation to body mass 
index. Arq Bras Endocrinol Metabol. 2012;56(3):195-200.

Puberty: When is it normal?



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

95Arch Endocrinol Metab. 2015;59/2

editorial

Autoimmune thyroid disease: What 
secrets we still need to unravel?

José Augusto Sgarbi1

A utoimmune thyroid disease (AITD) has been considered the prototypical and 
the most prevalent organ-specific autoimmune disorder, affecting 2% to 5% of 

iodine-sufficient population (1). This condition encompasses a clinical-pathological 
spectrum of different phenotypes varying from hyperthyroidism in Graves’ disease to 
hypothyroidism in Hashimoto’s thyroiditis, probably representing the net effect of a 
complex mechanism causing break of tolerance to thyroid proteins through interac-
tion between genetic susceptibility and environmental triggers (2-4). The rational for 
this theory is based on both family studies and in twins based studies showing respec-
tively a higher frequency of AITD in the relatives of an affected individual and a higher 
but not complete concordance among identical twins (5). 

Several genes have been associated with AITD, including immune-response genes 
(HLADRA II and CD40), T-cell regulation genes (CTLA4, PTPN22, CD25), and 
thyroid-specific antigens genes (TG, and TSHR). However, these genes together pro-
bably do not confer more than about 10% of the genetic susceptibility for AITD (6). 
In other words, there is no single or dominant gene strong enough to confer major 
susceptibility to AITD. Thus, the disease seems likely to result from the combined 
effect of multiple genes (2-6). 

The most important environmental factors that have been implicated with AITD 
include iodine intake, stress, smoking, selenium, drugs, and infections (6). However, 
the mechanisms by which environmental factor trigger thyroid autoimmunity in gene-
tically primed individuals remain uncertain. 

This current issue of Archives of Endocrinology and Metabolism contains two articles 
conducted in the city of Rio de Janeiro that address different aspects of AITD: one 
study (7) evaluated the frequency of thyroid diseases in first degree relatives (FDR) of 
patients with type 1 diabetes mellitus (T1DM), and the other analyzed the prevalence 
of thyroid autoimmunity in HIV-infected patients (8). Araujo and cols. (7) found a 
high and similar prevalence of thyroid dysfunction and autoimmunity in patients with 
T1DM and their FDR. These data reinforce the theory of familial autoimmunity, 
which occurs when relatives from an affected individual present diverse autoimmunity 
diseases (9,10). Indeed, a strong genetic association between T1DM and AITD has 
been demonstrated, indicating but not proving that T1DM and AITD share similar 
genetic susceptibility genes (11,12). Identifying how do autoimmune diseases cluster 
in families and the basis for this shared pathogenesis is important to better understan-
ding the mechanisms of autoimmune diseases and the origin of AITD. In addition, 
identification of specific genetic markers associated with AITD could improve our 
ability to predict autoimmunity, disease progression, and their morbidities (10). It 
could be of particular interest on screening and prevention strategies for subclinical 
hypothyroidism due to potential associations between such a condition with a higher 
cardiovascular risk and mortality (13). However, to date only determination of thyroid 
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antibodies has been used in practice to differentiate cli-
nical phenotypes and disease progression of AITD.

The results found by Araujo and cols. (7) may also 
have implications to the clinical practice by suggesting 
that an extending screening for AITD would also be 
beneficial to FDR of T1DM patients. However, some 
caution in potential implications drawn from these re-
sults is required due to important methodological limi-
tations, such as its cross-section design and the modest 
sample size. Thus, further larger prospective studies are 
necessary to clarify the strength of the association be-
tween T1DM and AITD, and also to verify whether a 
universal screening for AITD and thyroid dysfunctions 
should be recommended for FDR of affected indivi-
duals. 

In the study by Rosa da Silva and cols., (8) a lower 
prevalence (4%) for positive anti-thyroperoxidase anti-
bodies (TPO-Ab) was found among 117 HIV-infected 
patients compared to the expected for the general po-
pulation (14), but it is in line with a previous published 
study in the same population (15). This result is surpri-
singly considering the high prevalence (12.8%) of subcli-
nical hypothyroidism found in this sample, and suggests 
an environmental protective factor in HIV-infected pa-
tients to thyroid autoimmunity. In fact, a previous study 
pointed that subclinical hypothyroidism in HIV-infected 
patients is not an autoimmune disease (16).  

It has been postulated that nearly 80% of the suscep-
tibility to develop AITD is attributed to genetic factors, 
while environmental factors contribute to nearly 20% 
(5). In this model of disease development, environmen-
tal factor is essential for trigger thyroid autoimmunity, 
but mechanisms of interaction with susceptibility genes 
are not fully understood. Most recently, new players has 
been added in the knowledge aiming to decipher the 
secrets of interaction risk factors. It has been hypoth-
esized that non-infectious environmental stress could 
reactivate viral latent infections and triggering an auto-
immune disease in genetically primed individuals (17). 
In addition, epigenetic modulation factors have been 
implicated as a plausible mechanism for interaction 
between susceptibility genes and environmental trig-
gers. Interpheron alpha (IFN-α), a cytokine secreted 
by viruses infections, was shown to induce alterations 
in thyroglobulin gene expression through epigenetic 
modifications in histone (3,4). Taken together, these 
recent players highlights to a multifactorial mechanism 
in which non-infections risk factors (stress), infectious 
risk factors (viruses), epigenetic factors (IFN-α), and 

susceptibility genes (TG) act in concert to cause AITD. 
Furthermore, a moderate alcohol intake and smoking 
have been associated with a decreased risk for Hashi-
moto’s thyroiditis (6). The female preponderance for 
AITD might now be associated to fetal microchimerism 
despite epidemiological studies are controversial on this 
matter (18). Interestingly, the use of antiretrovirals has 
been associated with high frequency of subclinical hy-
pothyroidism, but not associated with AITD (16). Un-
fortunately, there is no date about alcohol consumption 
and smoking in the study by Rosa da Silva and cols. 
(8), being impossible to estimate potential influences 
of these modifiable environmental factors on their re-
sults, and whether use of antiretrovirals could affect or 
modulate some epigenetic factor involved in the inter-
action between susceptibility genes and environmental 
factors is unknown. 

Despite considerable progress in understanding the 
mechanisms involved in the pathogenesis of AITD, 
many secrets still need to be unravel. A continuous 
effort by researchers is yet necessary to identify novel 
and stronger genes of susceptibility and by which exact 
mechanisms they interact with environmental factors 
and epigenetic factors to cause AITD. Identifying spe-
cific genetic markers and modifiable environmental fac-
tors associated to AITD,  understanding how do AITD 
cluster in families, what is the basis for a shared patho-
genesis with other autoimmune diseases, and how to 
explain the female preponderance will certainly provi-
de new insights in the knowledge about the origin of 
AITD, as well as will probably improve our ability to 
predict AITD and avoid progression to a more advan-
ced disease and its complications.  

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Digital vertebral morphometry 
performed by DXA: a valuable 
opportunity for identifying fractures 
during bone mass assessment

Patrícia Muszkat1, Marília Brasilio Rodrigues Camargo1,  
Barbara Santarosa Emo Peters2, llda Sizue Kunii1, Marise Lazaretti-Castro1

ABSTRACT 
Objectives: To evaluate the usefulness of vertebral morphometry in identifying unreferred verte-
bral fractures and correlate potential risk factors. Subjects and methods: Female patients above 45 
years, postmenopausal for at least 2 years, diagnosed with osteoporosis and undergoing treatment 
for at least three months were considered eligible. All of them underwent bone densitometry and ver-
tebral morphometry performed by concomitant DXA. The presence of fractures was defined between 
T7 and L4; only moderate and severe fractures were considered for analysis. All volunteers were sub-
mitted to laboratory tests, anthropometry and responded a questionnaire on their lifestyle habits and 
medical history. Results: Thirty two (17%) out of the 188 female patients presented with at least one 
vertebral fracture, among whom only 4 (12.5%) were previously aware of the fracture. The fractures 
were mainly located on the thoracic spine. Nine patients had severe fractures (28.1%), whereas 23 
had moderate fractures (71.9%). On average, patients with fractures were 5 years older and weighed 
5 kilograms less than those without fractures. The creatinine clearance was on average 9 mL/min less 
in patients with vertebral fracture. The assessment of vertebral fractures by morphometry is a fast, ac-
curate and complementary method associated with low radiation exposure for identifying moderate 
and severe vertebral fractures. Predisposition to vertebral fractures does not depend solely on BMD. 
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INTRODUCTION

B one fractures are the main cause of morbidity and 
mortality associated with osteoporosis. Fractures 

of long bones, such as that of the proximal femur, are 
usually fall-related, causing severe pain and incapac-
ity, which lead patients to seek for immediate medical 
care. Vertebral fractures, however, may occur without 
obvious trauma and be associated with nonspecific 
symptoms (1). Most spinal fractures are not clinically 
recognized at the time they occur: two out of three 
radiographically detected vertebral fractures are asymp-
tomatic findings (1). A large proportion of symptom-
atic fractures are associated with mild pain that tends 
to disappear in two to three weeks. Even vertebral 
fractures associated with moderate to severe pain can 
remain undiagnosed, since there are several other con-
ditions that cause back pain.

Vertebral fractures cause loss of stature; chronic 
pain; abuse and harmful use of anti-inflammatory and 
analgesic drugs; increased risk of falls; reduced lung 
capacity; sleep disorders; increased patient dependency 
on others; decreased appetite (2); which all markedly 
impair patients’ medical condition and quality of life. 
Most vertebral fractures occur at an earlier age than hip 
fractures (3), which is an important early indicator of 
disease severity. The mortality rate 5 years after a verte-
bral fracture is 20% higher than expected for the same 
age (4). Additionally, vertebral fractures, even if asymp-
tomatic, are predictors of increased risk of new fractures 
(5-11), therefore their identification is important for 
designing the clinical treatment. 

Clinical studies have shown that the existing treat-
ments for osteoporosis increase spinal BMD between 
4-12% and decrease the rate of vertebral fractures by 
40-70% (12-13). An early radiologic diagnosis, fol-
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lowed by the appropriate treatment, aids in preventing 
new fractures (14). Therefore it is important to identify 
vertebral fractures as early as possible.

The vertebral fracture assessment (VFA) performed 
by digital morphometry during a dual-energy X-ray ab-
sorptiometry (DXA) bone densitometry scan is a great 
opportunity for detecting vertebral fractures, which, by 
and large, might remain clinically unrecognized, but 
that could have relevant clinical implications. 

The aim of the current study is to assess the preva-
lence of moderate and severe vertebral fractures iden-
tified by vertebral morphometry performed during 
DXA bone densitometry scans and its relation to the 
possible risk factors for osteoporosis in a population of 
postmenopausal patients being treated for osteoporosis 
at the outpatient clinic of metabolic bone diseases at 
the Department of Endocrinology, Federal University 
of São Paulo.

PATIENTS AND METHODS

Two hundred and five women diagnosed with osteo-
porosis and registered in the database of patients be-
ing followed up at the outpatient clinic of metabolic 
bone diseases, at the school-hospital from Escola Pau-
lista de Medicina (Unifesp), took part in this study. 
The patients were invited to participate in the study 
either by telephone or in-person contact during their 
appointments in 2009. Data collection took place be-
tween June and December 2009. Eligible patients were 
aged 45 years or older, postmenopausal for at least two 
years, diagnosed with osteoporosis at some point, and 
receiving treatment for at least three months. The cri-
teria used for diagnosing osteoporosis were those pro-
posed by the World Health Organization (WHO): the 
patients with a T-score less than or equal to -2.5 in their 
lumbar spine, femoral neck and/or total femur bone 
densitometry scans were classified as osteoporotic. The 
official guidelines of the Brazilian Society for Clinical 
Densitometry, as published on the official website of 
this entity, were followed. 

The current study received approval from the Re-
search Ethics Committee at Unifesp (ERB n. 0839/08). 
All of the participating patients signed a voluntary in-
formed consent form.

All of the patients underwent bone densitometry 
scans in a Discovery A equipment (Hologic®, Bedford, 
MA, USA, software version 12.3) for assessing bone 
mass; body fat mass; lean body mass; and vertebral frac-

tures (digital morphometry – Figure 1). The analyzed 
sites were lumbar spine, femur and whole body. Ver-
tebral fracture assessment was performed in the same 
unit, immediately after the densitometry scans, with 
the patient in supine position and rotation of the unit 
arm for image acquisition. The assessment of vertebrae 
was conducted by placing 6 points on each vertebral 
body (on the anterior, medial and posterior portions of 
both the upper and lower parts of each vertebra). The 
software was used for calculating the anterior, medial 
and posterior heights of each vertebra, which allowed 
for the determination of the vertebra’s deformity type 
and degree according to the Genant method (Figure 2). 
Such method classifies a fracture according to its sever-
ity, each vertebra being assigned a score: 0, if there is 
no fracture; 1, 2 or 3, if the fracture is mild, moderate 
or severe, respectively. In mild fractures, the reduction 
in height of the anterior, medial and posterior portions 
is 20-25%; in moderate fracture; it is 25-40%; and in 
severe fractures, higher than 40%. Moderate to severe 
vertebral fractures between T7 and L4 vertebrae were 
considered for analysis. All of the 188 VFA images 

Figure 1. Example analysis of morphometric assessments comparing a 
severe biconcave fracture at L1 (A) and normal morphometry (B).

A B

Vertebral fracture assessment by DXA
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were also evaluated by the semi quantitative method, 
in which the vertebrae deformity is graded only by vi-
sual inspection. Furthermore, 20 VFA images (10 of 
each group) were randomly assigned for two blinded 
physicians for a semiquantitative analysis to evaluate the 
presence or absence of a moderate or severe fracture 
between T7 and L4.

Anthropometric data

Body mass and height were measured using a digital 
scale and a wall stadiometer. Body mass index (BMI) 
was calculated as the ratio between body mass (kg) and 
the square of height (m2).

Questionnaire

The patients responded questions on their age; lifestyle 
habits (smoking habits and alcohol consumption); co-
morbidities (diabetes mellitus, specifically); fracture his-
tory dating to any time in their life or specifically after 
age 45; and current medications. Patients were classi-
fied as smokers or non-smokers; those who denied cur-
rent smoking habits were considered as non-smokers. 

Statistical analysis

The Statistical Package for the Social Science (SPSS) 
version 19.0 (SPSS Inc., Chicago, Illinois, EUA) was 
used for conducting the statistical analysis. All variables 
were subjected to the Kolmogorov–Smirnov test to as-
sess the normality of data distribution. Independent 
Student’s t-test was used for comparing the anthropo-
metric, laboratory and densitometric data obtained for 
the two groups (with and without fractures). The asso-
ciations among categorical variables were evaluated by 
using the chi-squared test and p < 0.05 was considered 
significant. Agreement between observers was calcu-
lated using percentage of agreement and the κ statistic: 
κ = (p0-pc)/(1-pc), where p0 = the proportion of units 
in which the judges agreed; and pc = the proportion of 
units for which agreement is expected by chance (17).

RESULTS

Among the 205 patients selected for taking part in the 
study, 3 were deceased and 14 were not interested. 
Thus, data were obtained from a total of 188 patients, 
of which 32 (17%) presented with at least one moder-
ate or severe vertebral fracture, and among whom only 
4 (12.5%) the fracture had been previously diagnosed. 
Most patients (87.5%) were not aware of the presence 
of fractures and no description of vertebral fractures was 
found in their medical records, so, such information was 
unknown even by their doctors. Six (18,7%) out of these 
32 patients had more than one vertebral fracture, with 
one patient presenting with 4 fractures. Among the 4 
patients who were previously aware of the existing frac-
ture, 3 presented with more than one vertebral fracture.

Figure 2. Schematic diagram of the semi-quantitative grading system for 
vertebral fractures: reproduced from Genant and cols. (15).

Normal
(Grade 0)

Wedge deformity

Mild deformity
(Grade 1)

Moderate deformity
(Grade 2)

Severe deformity
(Grade 3)

Biconcave deformity Crush deformity

Analytical methods

Laboratory parameters

All patients had blood samples collected for measuring 
PTH; carboxy-terminal telopeptide of type 1 collagen 
(CTX); 25-hydroxyvitamin D (25OHD); creatinine; 
alkaline phosphatase activity (AP); total calcium (Ca); 
phosphorus (P); amino-terminal propeptide of type 1 
collagen (P1NP). Additionally, urine was also collected 
for measuring calcium (UCa) and creatinine (UCr) in 
the isolated samples. Ca, P and UCa were measured by 
an automatized colorimetric method. Both UCr and se-
rum creatinine were measured by a kinetic colorimetric 
method. Clearance of creatinine (CrClear) was estima-
ted by applying the Cockcroft-Gault equation (16). The 
UCa/UCr ratio was calculated. AP was measured by an 
enzymatic method (Olympus AU640 analyzer, USA). 
CTX, P1NP and PTH were measured using commer-
cially available kits (chemiluminescence, Roche, Elecsys 
2010 analyzer, USA). For CTX, the intra- and inter-
assay coefficients of variation (CV) were 4.6 and 4.7%, 
respectively; for P1NP, the CVs were 1.8 and 2.7%, re-
spectively; and for PTH, the CVs were 3.0 and 3.5%, 
respectively. 25OHD was measured by chemilumines-
cence (DiaSorin, Liaison analyzer, USA), with intra- and 
inter-assay CVs at 1.62 and 5.61%, respectively.

Vertebral fracture assessment by DXA
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The fractures were mainly located on the thoracic 
spine, with 56% of the cases occurring at the T11 and 
T12 vertebrae (9 involving each one of these), as can be 
seen in figure 3. As for fracture severity, we found 9 pa-
tients with severe fractures (28.1%) and 23 with mod-
erate fractures (71.9%). The semiquantitative analysis 
showed the same results.

Figure 3. Distribution of vertebral fractures.
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Table 1. Comparison of anthropometric and laboratory characteristics 
between the two groups: patients with and without vertebral fractures, as 
detected by digital morphometry performed by DXA

Patients 
without 

fractures 
(156)

Mean ± SD

Patients 
with 

fractures 
(32)

Mean ± SD

P (t-test)

Age (years) 67 ± 9 72 ± 8 0.010*

Body mass (kg) 60.2 ± 10.8 55.9 ± 7.6 0.032*

Height (cm) 152.9 ± 6.3 151.1 ± 4.8 0.113

BMI (kg/m2) 25.7 ± 4.1 24.4 ± 2.9 0.107

Age of menopause onset (years) 45.3 ± 6.5 47.4 ± 6.7 0.113

P1NP (ng/mL) 28.2 ± 22 22.6 ± 13 0.172

CTX (ng/mL) 0.19 ± 0.18 0.18 ± 0.15 0.648

PTH (pg/mL) 56 ± 23 57 ± 28 0.833

25OHD (ng/mL) 24.3 ± 13.8 26.1 ± 10.6 0.494

Creatinine (mg/dL) 0.78 ± 0.21 0.78 ± 0.18 0.989

CrClear (mL/min) 68.5 ± 20.9 59.8 ± 16.0 0.028*

Ca (mg/dL) 9.3 ± 0.4 9.3 ± 0.5 0.811

P (mg/dL) 3.5 ± 0.4 3.5 ± 0.5 0.922

AP (U/L) 67.6 ± 34.0 59.3 ± 14.4 0.175

UCa/UCr 0.09 ± 0.06 0.10 ± 0.09 0.268

* Statistically significant data.

There was an agreement of 95% with the first blin-
ded physician reading of the exams regarding the pres-
ence or absence of moderate or severe vertebral frac-
ture and of 100% with the second one. The κ statistic 
showed a κ = 0,9 for the first blinded physician and a κ 
= 1,0 for the second one. 

The results obtained from the anthropometric mea-
surements, laboratory tests and densitometry scans 
from patients with and without vertebral fractures (VF) 
assessed by VFA are shown in tables 1 and 2. The only 
statistically significant data between groups were age; 
clearance of creatinine; body fat mass; and total body 
mass. There were no other statistically significant dif-
ferences for any parameters evaluated.

Considering the 188 participants, patients age va-
ried between 48 and 86 years (mean age of 68). In 
the group of patients with vertebral fractures (VF), 
the mean age was 5 years more than that in the group 
of patients without VF. On average, patients with 
VF weighted 5 kg less than those without fractures. 
CrClear was on average 9 mL/min less in patients with 
vertebral fracture. In the group of patients with VF, 
16 (50%) patients had CrClear less than 60 mL/min, 
whereas in the group of patients without fractures that 
figure amounted to 52 (33.3%). Total body composi-
tion scans of patients with fractures showed on average 
2,633 g fat and 3,992 g total mass less when compared 
to patients without fracture. 

Table 2. Comparison of body composition and bone mineral density 
results between the two groups: patients with and without vertebral 
fractures, as detected by digital morphometry performed by DXA

Patients without 
fractures (156)

Mean ± SD

Patients with 
fractures (32)

Mean ± SD
P (t-test)

Lumbar spine 
BMD 

0.737 ± 0.111 0.720 ± 0.132 0.441

Lumbar spine 
T-score

-2.8 ± 1.0 -2.9 ± 1.2 0.440

Femoral neck 
BMD

0.648 ± 0.100 0.623 ± 0.086 0.200

Femoral neck 
T-score

-1.8 ± 0.8 -2.0 ± 0.7 0.216

Total femur BMD 0.744 ± 0.108 0.714 ± 0.110 0.147

Total femur 
T-score

-1.6 ± 0.89 -1.8 ± 0.9 0.173

Total body BMD 
(g)

0.914 ± 0.083 0.887 ± 0.076 0.092

Total body T-score -2.1 ± 0.9 -2.4 ± 0.8 0.092

Body fat mass (g) 21627.9 ± 6945.5 18994.3 ± 5275.4 0.044*

Lean body mass 
(g)

37208.7± 4544.5 35945.9 ± 3670.9 0.142

Lean body mass 
+ BMC 

38741.4 ± 4656.4 37383.4 ± 3767.7 0.124

Total body mass 60369.4 ± 10661.3 56377.7 ± 6952.4 0.044*

% fat 35.0 ± 6.1 33.2 ± 6.3 0.140

Vertebral fracture assessment by DXA
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According to their questionnaires, no patient re-
ported relevant alcohol consumption; 11.7% were cur-
rent or past smokers, 42.5% of them presented with at 
least one fracture after age 45, diabetes was reported by 
19%, but the distribution of these factors were not dif-
ferent between the groups with and without VF. Previ-
ous or current use of glucocorticoids were reported by 
11 (5,8%), but none of them in the fractured group. 

Considering patients’ current treatment, besides cal-
cium and cholecalciferol supplementation (according 
to the diet), most of them (n = 142, 75.5%) were us-
ing bisphosphonates at the time the assessment was per-
formed; 16 (8.5%) were receiving raloxifene; 2 (1.06%) 
were being treated with teriparatide; 28 (14.8%) were re-
ceiving only calcium and/or cholecalciferol supplemen-
tation, with no significant difference between the groups. 

DISCUSSION

The aim of this study was to assess the applicability of 
digital morphometry performed by VFA in detecting 
previously undiagnosed vertebral fractures in a popula-
tion comprised of osteoporosis patients receiving treat-
ment on an outpatient basis. The results showed that 
morphometry was able to detect moderate or severe 
vertebral fractures in 17% of such patients, in 87.5% of 
whom the fracture was unknown. In other words, ap-
proximately 1 out 7 patients receiving regular special-
ized treatment on an outpatient basis presented with 
an unknown vertebral fracture. In a study by Jager and 
cols., in which VFA was performed prospectively on all 
patients referred for DXA for bone mass assessment, 
the prevalence of moderate or severe vertebral fractures 
in patients with osteoporosis was 22% (18), very similar 
to the results observed by us. 

Vertebral fracture assessment conducted by quanti-
tative morphometry performed by X-ray absorptiom-
etry (DXA) allows us to detect prevalent vertebral frac-
tures, which are often not clinically recognized at the 
time they occur. Many studies had already validated the 
reliability of VFA interpretation against radiographs, 
mainly in detecting moderate to severe vertebral frac-
tures (19-21). As shown by others, using VFA, clini-
cians correctly identified 94% of radiographically de-
fined grade 2 and grade 3 vertebral fractures and 96% 
of non-fractures vertebrae were correctly identified as 
normal on VFA (19).

The fact that VFA can be performed at the same 
time BMD is measured constitutes a valuable oppor-

tunity. The relative risk of new fractures is increased 
4.4 times in the presence of a vertebral fracture. Addi-
tionally, it also increases the risk of fragility fractures at 
other sites as well (5). A vertebral fracture is associated 
with a 19% chance of new vertebral fractures within the 
next 12 months (22). 

An additional advantage is the simultaneous visual-
ization of both thoracic and lumbar spine on a single 
image, thus using low exposure. The radiation dose for 
VFA is 3 micro-Sieverts (µSv), whereas that for a simple 
radiograph of the lumbar spine is 600 µSv (23). A 3 µSv 
radiation dose is considered extremely low and com-
parable to the exposure dose received during a normal 
day (23). Since it is a digital technique, VFA allows for 
image manipulation and, thus, visualization enhance-
ment, which leads to more accurate measurements. 
Besides, the parallel distortion caused by the X-rays’ 
obliquity in relation to the vertebra is minimized, for 
the VFA performed by DXA emits rays that are per-
pendicular to the vertebra, especially when conducted 
at the supine position. VFA acquisition increases scan 
time in 10-15 seconds in addition to the time required 
for placing the patient in lateral decubitus position. The 
quantitative analysis is laborious, as measurements are 
performed individually on each vertebra. Nevertheless, 
it is possible to proceed in a so-called semi-quantitative 
manner, in which the vertebrae are graded solely by 
visual inspection without performing direct measure-
ments on each vertebra, which facilitates the work and, 
consequently, reduces the cost of test. Several studies 
have already shown an excellent correlation between 
quantitative and semi-quantitative analyses (15,24-26) 
specially when referring to moderate and severe frac-
tures. 

One disadvantage of VFA is that the visualization 
of vertebrae above T7 is hindered by the juxtaposition 
of thoracic structures. On the other hand, osteoporotic 
vertebral fractures are uncommon in this region. As 
shown by others, severe and moderate fractures above 
T7 are less than 5% of prevalent vertebral fractures 
(18). There are difficulties for assessing the vertebrae in 
this region even with the use of radiography, which is 
considered as the standard imaging method for assess-
ing fractures (18). 

The detection of mild fractures, however, presents 
difficulties both for VFA as by conventional radiographs 
(27). Such fact reflects the inherent difficulty that  
exists in determining minimal deformities in the ver-
tebrae (grade 1 fractures), regardless of the method.  

Vertebral fracture assessment by DXA
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Furthermore, mild fractures (grade 1) have been shown 
to have lesser clinical importance given their weaker as-
sociation with new fractures, causing lesser loss of stat-
ure and less back pain (28). The severity of vertebral 
fractures has proven better at predicting a non-verte-
bral fracture than has BMD itself (8). For this reason, 
only moderate and severe fractures between T7 and L4 
were included in our analysis. 

The exact cost of this diagnostic method has not 
been well established in several countries yet. In 2006, 
the amount paid by Medicare in Los Angeles for a VFA 
was $40.48 (US Dollars) versus $84.94 (US Dollars) 
for a radiograph of the thoracic and lumbar spine (29). 

This investigation corroborates previous studies 
that showed that predisposition to fracture is not de-
pendent solely on BMD. In our population, there was 
no difference in BMD between the groups. Consid-
ering that all patients were receiving treatment, some 
of them showed densitometry scan results compatible 
with osteopenia at the test conducted for this study. 
Other risk factors played an important role in predict-
ing the risk of vertebral fracture, such as age, total body 
mass and body fat mass. 

Adipocytes and osteoblasts are derived from the 
same progenitor cells in the mesenchymal tissue, there-
fore there can potentially exist autocrine and paracrine 
effects of adiponectin on bone metabolism. Adiponec-
tin is a hormone that is exclusively secreted by adipose 
tissue into the blood stream. Its blood plasma levels are 
inversely related to the percentage of body fat in adults. 
Some studies have already shown there exists a rela-
tion between serum adiponectin and risk of fractures 
in men, irrespectively of other factors like BMI and 
BMD. This relation, however, has not been established 
in women (30). 

The difference in renal function was probably due 
to older age and lower weight observed in the group 
with FV, since there was no difference in the serum 
creatinine levels in both groups. Nonetheless, that may 
have contributed to greater fragility, as renal dysfunc-
tion progresses with abnormalities of bone turnover and 
mineralization, leading to a loss of bone strength (31). 

Most patients were receiving treatment with 
bisphosphonates and cholecalciferol and, therefore, the 
correlation with bone remodeling markers, PTH and 
25OHD was hindered.

In summary, vertebral fractures were diagnosed by 
VFA realized during DXA examination in 17% of pa-
tients followed in an outpatient clinic for osteoporosis, 

and in more than 80% of them this diagnosis was hith-
erto unknown. Despite the fact that all patients in this 
study already had a diagnosis of osteoporosis, knowing 
whether or not a vertebral fracture exists is of utmost 
importance, since such knowledge can change their 
therapeutic approaches. Various studies have already 
shown that treatment reduces not only the risk of new 
fractures but also the number of hospitalizations (32-
35). Therefore, routine VFAs in addition to densitome-
try scans might modify the evaluation of the risk of new 
fractures of such a patient, changing the diagnosis from 
osteopenia or osteoporosis to “severe osteoporosis” in 
cases where a VF is detected. To take the opportunity 
of the presence of the patient in the diagnostic center 
and to use the full resources that modern DXA devices 
offer, increasing the accuracy of assessing the risk of 
fractures, seems a quite appropriate strategy.
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Puberty in a sample of Brazilian 
schoolgirls: timing and 
anthropometric characteristics
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ABSTRACT
Objective: The objective of this study was to determine the age at which puberty begins, age of 
menarche and anthropometric data of the participants at different stages of puberty. Subjects and 
me thods: This is a cross-sectional study in which we evaluated 665 girls, a sample representing the 
female schoolchildren population in Uberaba. Results: We found that thelarche, pubarche, underarm 
hair and menarche were attained at the age of 9.8 ± 1.4, 10.2 ± 1.4, 10.5 ± 1.5 and 11.7 ± 1.3 years, 
respectively. The mean interval between thelarche and menarche (ITM) was 1.7 ± 1.3 years. The preva-
lence of overweight and obesity was 31.3% and 95% of the participants began at thelarche between 
the age of 7 and 12 years. Conclusion: These values indicate a secular tendency to the decrease of 
the age of menarche and an earlier start of puberty. It is very important to understand these param-
eters to establish public policies aimed at plans to prevent these early events, especially regarding 
control of the prevalence of obesity. Arch Endocrinol Metab. 2015;59(2):105-11
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INTRODUCTION

Puberty is the period of transition between the im-
mature sexual state and the mature sexual state, cul-

minating in reproductive capacity and attainment of final 
height after a rapid somatic growth (1). The beginning 
and progression of this process can vary according to so-
cioeconomic, ethnic and geographic characteristics (1).

In girls, it is considered to be normal for the first 
sign of puberty to appear between 8 and 13 years of 
age (2). However, it has been reported that the age and 
time of progression of puberty have diminished (3,4) 
worldwide, and studies have indicated a secular reduc-
tion in the age of menarche and thelarche (3-5). Based 
on these data, the Lawson Wilkins Paediatric Endocrine 
Society (LWPES) even suggested that it could be con-
sidered normal for pubertal evolution to begin at 7 years 
of age for white girls and 6 years of age for black girls 
(6). These recommendations were found to be very 
controversial by the medical community worldwide (2). 

Less data are available from developing countries, 
but studies have indicated a persistent and even more 
marked drop in the age of menarche in these countries 
than in developed countries (4). In Brazil, previous 

studies have confirmed this tendency, and the decline 
of the age of menarche in our country may reach up to 
3.6 months per decade (7,8). Data regarding the age 
at which puberty begins and evolves in the Brazilian 
population are scarce (9,10). The most relevant study 
on this topic was performed in the 1980s (10).

Thus, the objective of this study was to identify at 
which age sexual development begins and the age of 
menarche in a sample of schoolgirls in a medium-size 
Brazilian city with a high Municipal Human Develop-
ment Index (MHDI = 0.772). Additionally, we com-
pared these data with those found in two classic stu dies: 
The Harpenden Growth Study and the PROS study 
(2,3,11). Considering the importance of ethnicity in 
puberty timing, sample stratification by ethnicity/skin 
colour was performed. Moreover, we evaluated differ-
ences in the anthropometry of the participants belong-
ing to different stages of puberty. 

SUBJECTS AND METHODS

This is a cross-sectional study with a sample extrac-
ted from a population of 48,390 schoolchildren aged 
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5 to 18 years, enrolled at public and private schools 
in the city of Uberaba, Minas Gerais, Brazil. The data 
were collected during the period from February 2012 
to September 2013. This study was approved by the 
Ethics Committee of UFTM, under protocol number 
1010, and adhered to the ethics criteria of the Declara-
tion of Helsinki VII. Prior to participating in the study, 
all of the schoolchildren and their parents or guardian 
signed the Free and Informed Consent. The sample size 
and sampling techniques were calculated in three stages 
(12). In the first stage, a simple random sampling of the 
total population was performed. In the second stage, 
a proportional division of the sample was performed 
according to the population distribution among chil-
dren enrolled in public schools and in private schools. 
Finally, in the third stage, the technique of sampling by 
conglomerates was used to determine the number of 
private and public schools.

To obtain the population sample established above, 
we randomly selected the schools and the schoolchil-
dren and gave them a sealed envelope containing Free 
and Informed Consent after an explanation, together 
with all of the questionnaires and appendices to be 
completed for the study. 

The inclusion criteria to participate in the study 
were age 5 to 18 years and good health. The exclu-
sion criteria were the use of medications or presence of 
chronic diseases that might influence the initiation of 
puberty or physical development and pregnancy.

The physical examination of the subjects consisted 
of measuring height, weight and six skinfolds as de-
scribed by Moreno and cols. (13). The weight and 
height measurements were used to calculate the body 
mass index (BMI), with a classification based on WHO 
criteria (14). The skinfolds were used to calculate the 
percentage of body fat (% BF) based on the formulas 
of Slaughter and cols. (15). The adequation of this 
percentage was established according to the refer-
ence values described by Deurenberg and cols. (16). 
To measure the weight and stature of the schoolchil-
dren, the following were used: G-TECH® model BAL-
GL3C digital electronic scale (capacity for 180 kg and 
50 g precision) and portable Alturaexata® stadiometer 
(gra duated up to 213 cm and 1 mm precision). The 
skinfolds were measured with a CESCORF® scientific 
plicometer (sensitivity 0.1 mm, reading range 85 mm, 
pressure ± 10 g/mB2). 

The evaluation of pubertal development was per-
formed by the participants in the study themselves, with 

the help of their parents or guardians when necessary. Us-
ing the status quo method, followed by the recall method, 
the students answered in a semi-structured questionnaire, 
whether they did or did not observe any sign of puberty 
and, if they did, at which stage they first noticed each of 
the specific secondary sexual characteristics.

Furthermore, they indicated at what stage of puber-
ty they currently were at on printed material consisting 
of photos that represented the various pubertal phases 
proposed by Marshall and Tanner (2) and adapted by 
Chipkevitch (17). 

Other data on the participants were obtained by 
answers to a semi-structured questionnaire. The socio-
economic level was based on the Brazil Economic Clas-
sification through the Brazilian Association of Research 
Companies (ABEP – Associação Brasileira de Empresas 
de Pesquisa) (18). The classes were grouped for analysis 
purposes as follows: upper class, middle class and lower 
class, as suggested by the Department of Strategic Af-
fairs (SAE – Secretaria de Assuntos Estratégicos) of the 
Presidency of the Republic, Brazil (19). For stratifica-
tion by ethnicity, we used the self-reported skin colour 
as suggested by other authors (20) because there is 
high rate of miscegenation of ethnic groups in Brazil. 

The use of photos and questionnaires employed to 
define the Tanner stage of the schoolchildren was also 
validated. The participants in whom any health disorder 
was identified during the data collection were invited to 
be evaluated through physical examination and ectos-
copy, including pubertal status, in the Endocrinology 
outpatient clinic of our service by a single researcher 
who was also an endocrinologist. The Kappa (21) cor-
relation coefficient between the evaluating physician 
and the participant was 0.626 for breast staging and 
0.772 for pubic hair staging (p < 0.001), with both 
va lues indicating substantial levels of agreement accor-
ding to Landis and Koch (21).

The data were analysed using the Statsoft program, 
version 8 and SPSS, version 20. To infer the difference 
between means, the Student t test and ANOVA fol-
lowed by a Tukey’s test for normal and homogeneous 
data were used. When these criteria were not fulfilled, 
the non-parametric tests were used: Wilcoxon test to 
compare two dependent samples, Mann-Whitney tests 
for independent samples and Kruskal-Wallis test for 
more than two means followed by the Dunn’s mul-
tiple comparisons test. The value of p < 0.05 was used 
for statistical significance and a confidence interval for 
means of 95%. 

Puberty: timing and anthropometry
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RESULTS

Data were collected from 665 girls representing a sam-
ple of schoolchildren girls from Uberaba city.

The participants were aged between 5.9 and 18 
years, and the mean of age, height, weight, z score for 
BMI and % BF for each group distributed according to 
the breast stage and total sample are shown in table 1. 
According to the distribution of girls in relation to 
the stage of pubic hair, 159 (23.9%) belonged to stage 
P1 (average age 8.4 ± 1.4 years), 112 (16.8%) to P2 
stage (average age = 10.9 ± 1.74 years), 134 (20.2%) 
to the stage P3 (average age 13.3 ± 2.8 years), 106 
(15.9%) to P4 (average age 15.0 ± 1.93 years) and 
finally 154 (23.2%) to stage P5 (average age 15.6 ± 
1.52 years).

According to economic status, 52 (7.8%) of the par-
ticipants belonged to the upper class, 473 (71.1%) to 
the middle class and 140 (21.1%) to the lower class. 
Regarding nutritional status, 20 (3.0%) girls were un-
dernourished or malnourished, 437 (65.7%) were eu-
trophic, 125 (18.8%) were overweight, and 83 (12.5%) 
were obese. When classified according to body con-
stitution using the parameter % BF, 314 (47.2%) par-
ticipants presented an adequate % BF, 162 (24.4%) a 
moderately high percentage and 189 (28.4%) a high or 
excessively high percentage. 

Regarding secondary sexual characteristics, in or-
der of events, the girls initially presented thelarche at 
9.8 ± 1.4 years, followed by pubarche at 10.2 ± 1.4 

years, underarm hair at 10.5 ± 1.5 years and finally 
menarche at 11.7 ± 1.3 years. The mean ITM was 1.7 
± 1.3 years. 

The data found in this study regarding mean age of 
onset of secondary sexual characteristics and ITM were 
compared to the results of the means and CI at 95% for 
the means found in two classical studies in the litera-
ture: the Harpenden Growth Study performed by Mar-
shall and Tanner (2) and the PROS study performed 
by Herman-Giddens and cols. (3). These findings are 
described in table 2. 

The distributions of girls according to age and sta-
tus quo regarding the presence of thelarche, pubarche 
or menarche when they participated in the study are 
shown in table 3.

In our sample, we compared 3 groups of girls ac-
cording to ethnicity/skin colour: white (n = 292), non-
black/non-white (n = 293) and black (n = 79). The 
results found are described in table 4.

Considering the answers obtained in the semi-struc-
tured questionnaire (a recall method) about the pres-
ence or absence of puberty and the age of attainment 
of the secondary sexual characteristics, we evaluated the 
age interval at which 95% of the participants presented 
different puberty events (percentile 2.5 to percentile 
97.5). For thelarche, the interval found was 7.0 to 12.0 
years; for pubarche, it was 7.0 to 13 years. For unde-
rarm hair, it was 8.0 to 13.0 years; for menarche, it was 
9.0 to 14.0 years. 

Table 1. Anthropometric characteristics related to Tanner’s pubertal stage in schoolgirls evaluated during the period from Feb/2012 to Sep/2014, in the 
city of Uberaba, Brazil

Pubertal stage n (%)
Age (years) Height (cm) Weight (kg) Height (z score) BMI (z score) %BF

mean ± SD 
(CI95%)

B1 141 (21.2)
8.2 ± 1.3a

(7.9; 8.4)

129.4 ± 8.4f

(128.0; 130.8)

29.4 ± 7.9j

(28.1; 30.7)

0.28 ± 1.05p

(0.10; 0.45)

0.46 ± 1.47q

(0.22; 0.71)

23.7 ± 7.4s

(22.5; 24.9)

B2 123 (18.5)
10.7 ± 1.9b

(10.3; 11.0)

143.9 ± 10.9g

(142; 145,9)
40.9 ± 11.0k 
(39.0; 42.9)

0.35 ± 1.08p

(0.16; 0.54)

0.71 ± 1.41qr

(0.46; 0.96)

27.6 ± 8.1t

(26.1; 29.0)

B3 135 (20.3)
13.4 ± 2.1c

(13.0; 13.7)

156.2 ± 8.6h

(154,8; 157,7)
49.5± 10.76l 
(47.7; 51.7)

0.24 ± 1.01p

(0.07; 0.41)

0.25 ± 1.18qr

(0.05; 0.45)

26.7 ± 7.2t

(25.4; 27.9)

B4 137 (20.6)
14.8 ±1,9d

(14.5; 15.1)

160.2 ± 6.5i

(159,0; 161,2)
53.5± 10.5m 
(51.7; 55.2)

0.11 ± 0.93p

(-0.04; 0.27)

0,12 ± 1,19qr

(-0.08; 0.32)

27.5 ± 6.9t

(26.3; 28.7)

B5 129 (19.4)
15,7 ± 1,4e

(15.5; 16.0)

159.6 ± 6.7i

(158,5; 160,8)
56.7 ± 10.8n 
(54.8; 58.5)

-0.28 ± 1.00o

(-0.46; -0.11)

0.40 ± 1.07r

(0.21; 0.58)

30.4 ± 8.1u

(29.0; 31.8)

B1-B5 = Tanner’s pubertal stage according to the evolution of the breasts; n(%) = number of subjects and percentage according to the total; cm = centimeters; kg = kilograms; BMI = body mass index; 
%BF = percentage of body fat.* Different letters mean statistical difference between the groups regarding the variables evaluated .† Letters must be interpreted by variable, i.e., by column. a≠b≠c≠d≠e 
(Kruskal-Wallis test, p < 0,001); f≠g≠h≠i (Kruskal-Wallis test, p < 0,001); j≠k≠l≠m≠n (ANOVA, p < 0,0001); o≠p (ANOVA, p < 0,0001); q≠r (ANOVA, p < 0,001); s≠t≠u (ANOVA, p < 0,0001).

Puberty: timing and anthropometry
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Table 2. Age of onset of the secondary sexual characteristics of schoolgirls evaluated during the period from Feb/2012 to Sep/2014, in the city of 
Uberaba (Brazil), compared to the results found by Marshal and Tanner (1964) and Herman-Giddens and cols. (1997)

Study Group evaluated n (%)
Characteristics evaluated (years) n (%)

mean ± SD (CI95%)

Thelarche Pubarche Menarche PTM

Feibelmann and 
cols. (2014)

Brazilian girls 665 (100) 515 (77.4)

9.81 ±1.39

(9.69;9.93)b

499 (75.0)

10.2 ±1.44

(10.07;10.33)e

355 (53.4)

11.66±1.32

(11.53;11.80)h

355 (53.4)

1.72±1.32

(1.58;1.86)l

Marshall and Tanner

(1964)
British girls 192 (100)

189 (98.4)

11.15 ±1.10

(10.99;11.13)c

189 (98,4)

11.69 ±1.21

(11.51;11.89)g

173 (90.1)

13.47±1.02

(13.33;13.61)k

128 (66.7)

2.34±1.03

(2.16;2.52)m

Herman-Giddens

and cols. (1997)

North American 
White skin girls

15438 (90,4)

3235 (18.9)

9.96 ± 1.82

(9.93;9.99)b

2723 (15.9)

10.51 ±1.67

(10.48;10.54)f

387 (2.3)

12.88±1.20

(12.82;12.94)j
NA

African American 
Black skin girls

1639 (9,6)

431 (2.5)

8.87 ± 1.93

(8.78;8.96)a

452 (2.6)

8.78 ±2.00

(8.69;8.87)d

105 (0.6)

12.16±1.21(12.04;12.28)i
NA

SD = standard deviation; CI95% = confidence interval at 95% for the mean; NA = not evaluated. * Different letters mean that there was no intercession between the CI95% for the mean. † The 
letters must be interpreted by characteristic, i.e., by column.

Table 3. Distribution of participants according to age and status quo regarding the presence of any secondary sexual characteristics in schoolgirls 
evaluated during the period from Feb/2012 to Sep/2013, in the city of Uberaba (Brazil)

Stage
Age* (years)/n

Total
6/n = 28 7/n = 45 8/n1 = 54 9/n = 43 10/n = 45 11/n = 78 ≥ 12/n = 371

≥ B2 2 1 9 11 9 8 4 44 

≥ P2 0 2 5 3 5 0 0 15 

≥ B2 and

≥ P2
1 3 6 9 27 65 367 478 

Total 3 6 20 23 41 73 371 537 

N = total number of subjects evaluated in the corresponding age group independent of pubertal stage; ≥ B2 = Tanner stage for breasts B2 or greater; ≥ P2 = Tanner stage for pubic hairs P2 or 
greater; ≥ B2 and P2 = presence of both (Tanner stage for breasts B2 or greater and ≥ P2 = Tanner stage for pubic hairs P2 or greater) in a same subject. *Age (years) = age in complete years to 
11 months within the corresponding age group.

Table 4. Age of onset of the secondary sexual characteristics according to ethnicity/skin color in schoolgirls evaluated during the period from Feb/2012 
to Sep/2014, in the city of Uberaba (Brazil)

Ethnicity/Skin color N (%)
Characteristics evaluated (years) n (%) mean ± SD (CI95%)

Thelarche Pubarche Menarche ITM

White
292

(43,9)

229 (78.4)

9.93 ± 1.46

(9.74-10.12)a

224 (76.7)

10.32 ± 1.39

 (10.13-10.50)c

173 (59.2)

11.74 ± 1.31

(11.54-11.93)d

173 (59.2)

1.74 ± 1.36

(1.53-1.94)e

Black
80

(12,0)

62 (77.5)

9.44 ± 1.33

(9.10-9.77)b

60 (75)

10.07 ± 1.65

(9.64-10.49)c

42 (52.5)

11.81 ± 1.63

(11.30-12.32)d

42 (52.5)

2.26 ± 1.38

(1.83-2.69)f

Nonwhite/nonblack
293

(44,1)

224 (76.4)

9.80 ± 1.31

(9.63-9.97)ab

215 (73.4)

10.12 ± 1.42

(9.93-10.31)c

140 (47.8)

11.53 ± 1.23

(11.33-11.74)d

139 (47.4)

1.54 ± 1.20

(1.34-1.74)e

N(%) = number of subjects according to ethnicity/skin color and percentage in relation to the total number of subjects evaluated; n(%) = number of subjects that presented the characteristic 
evaluated and percentage in relation to the total number of subject of the ethnicity/skin color mentioned on the line; SD = standard deviation; CI95% = confidence interval of 95% for the mean; 
PTM: Period between Thelarche and Menarche.

* Different letters mean that there was a statistical difference considering p < 0.05. † The interpretation must be done by column, i.e., by characteristic evaluated. a≠b (Kruskal-Wallis test;  
p = 0,0359); e≠f (Kruskal-Wallis test; p = 0,0028).

Puberty: timing and anthropometry
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Analysis of girls who present secondary sexual 
characteristics before the expected time 

The schoolgirls who reported the onset of any secon-
dary sexual characteristic before the expected time were 
called in for a specific evaluation at the Outpatient Ser-
vice of Endocrinology at the University Hospital of 
UFTM. 

They were distributed into 3 groups according to 
the characteristic presented: group 1 – premature the-
larche (n = 14), group 2 – premature pubarche (n = 
9) and group 3 – both premature thelarche and pre-
mature pubarche (n = 8). Within each group, we sepa-
rately evaluated the children who began puberty events 
before the age of 7 years and the children who began 
over the age of 7 years and less than 8 years.

Those children were subjected to clinical examina-
tion, laboratory tests, bone age and imaging stu dies 
including MRI of the central nervous system and sella 
when considered to be necessary. After evaluation and 
clinical follow-up, these girls were diagnosed as de-
scribed in figure 1.

DISCUSSION

In our study, we found that the beginning of puberty 
and the age of menarche in this group of Brazilian girls 
occurred earlier than reported in previous Brazilian and 
international studies (2,4,9,22-26).

When we compared our results to the study per-
formed by Marshall and Tanner (2), all characteristics 
evaluated were attained earlier in our group. This dif-
ference is could be due to the contribution of ethnic 
differences because we have noticed that our sample is 
miscegenated with genetic characteristics that are defi-
nitely different from those of the British girls evaluated 
by those authors. Moreover, our study is much more 
recent, and it is recognised that there is a phenomenon 
of secular reduction in the age of onset of the second-
ary sexual characteristics in several populations, espe-
cially in developing countries such as Brazil (4,5). 

However, in accordance with this hypothesis, it was 
noted that the average age of the thelarche appearance 
in our sample of Brazilian girls was similar to that found 
by Herman-Giddens and cols. (3). The girls evaluated 
in that study were North American white girls.

In addition, the observation of the results found by 
our group after stratification of the sample according 
to ethnicity and skin colour also shows results that are 
in accordance with Herman-Giddens and cols. (3), i.e., 
one can expect an early appearance of breasts in black 
skin girls at a younger age than in other ethnic groups, 
although there was no difference in age at menarche 
between groups in our study.

Nevertheless, surprisingly, the mean age at men-
arche in our sample was lower than that found by any 
other study in the literature, including regarding the 

Figure 1. Folow up of girls with early secondary sexual characteristics. 

* Isolated Premature Telarche; † Central Precocious Puberty.
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interval between thelarche and menarche and data on 
the Brazilian population (4,10). Although it is possible 
that there was a bias because this age was self-reported 
by the participants, the method was similar to that de-
scribed by previous authors. While in our sample the 
girls presented a mean age at menarche of 11.66 ± 
1.32 years, the other Brazilian studies performed found 
mean values between 12.20 and 13.98 years (10). The 
statistical comparison of these results to those of our 
study was not performed because of methodological 
differences, number and age of the participants evalu-
ated in each study. However, there is an apparent ten-
dency for the age of menarche to become lower in Bra-
zilian adolescents.

The factors posited that could explain a faster pu-
bertal evolution in our sample include racial miscege-
nation, environmental, social and cultural factors. Al-
though Brazil is a developing country, in the last few 
years, one of our most significant social problems, 
malnutrition, was geometrically replaced by the oppo-
site phenomenon, obesity and overweight, even in the 
poorer populations. This excess weight and exposure 
to endocrine disruptors might explain both the earlier 
onset of the secondary sexual characters and the faster 
evolution of puberty, culminating in an earlier menar-
che (26,27). 

In our sample, there was a high rate of overweight 
and obesity (31.3%). Additionally, the children are ex-
posed early to cosmetics manufactured for adult women 
and subjected to different socio environmental stimuli, 
especially through the media, which could lead to the 
beginning and evolution of puberty (27). 

In the present study, 95% of the girls attained thelar-
che between the age of 7.0 and 12.0 years, which would 
contribute to the discussion raised by the LWPES in 
1999 (6) about the need to lower the age limit consid-
ered to be normal for the beginning of puberty. Howe-
ver, we believe that more important than defining a 
new cut-off value to investigate early puberty, we need 
to understand the factors responsible for these changes 
and whether there is a difference between the severity 
of puberty that began before the age of 7 years and 
puberty occurring between 7 and 8 years. Accordingly, 
regarding the clinical and laboratory evaluation of the 
girls who began puberty according to the different cri-
teria, we find that the age of beginning puberty does 
not by itself distinguish the aetiology from the disorder.

Regarding the anthropometric parameters of the 
participants in our study compared among girls at dif-

ferent pubertal stages, we found that, as expected, the 
time spent between the B2 and B3 stages appears to be 
longer than between the other stages (2,3). This result 
coincides with the knowledge that, at the beginning of 
puberty, the hypothalamic-pituitary-gonadal axis, al-
though activated, is not yet completely mature (1).

Weight also increases over the pubertal evolution, 
but the z score for BMI was similar between stage B1 
and stage B5. This finding suggests that at the begin-
ning of puberty, there is a proportional weight gain in 
relation to the girls’ height, and the prepubertal pattern 
returns in the final phases. However, when evaluating 
the percentage of body fat, we find that the girls pres-
ent a lower rate of BF in the pre-pubertal phase than 
during all of the other stages, most likely due to oestro-
gen production and to the progressive accumulation of 
fat mediated by this hormone (1).

Regarding height, there is a progressive increase 
throughout the development of these girls, but the fi-
nal or almost final stature is most likely still achieved at 
stage B4 because the values found for stature during 
this phase were similar to those found in B5. The z 
score of this parameter is only different between the B5 
stage and the other stages and is progressively lowering. 
This result leads us to speculate that we may be overes-
timating the final stature of the girls. 

The present study does not allow the generalisation 
of data among the Brazilian population once it contem-
plated a restricted sample of students of a Brazilian city 
located in a well-developed area. In addition, because it 
is a cross-sectional study, there may have been biases re-
lated to adherence of the participants, the sample usage 
by conglomerates and especially because it was a timely 
evaluation of a dynamic event, limiting the validity of 
analysis related to the puberty progression. For this 
purpose, it would be ideal to perform a longitudinal 
evaluation of the same individual. Despite these limita-
tions, it should be emphasised that the study partici-
pants were part of a single sample, independent of their 
pubertal stage, thus minimising biases that may occur 
in relation to genetic and ethnic background.

CONCLUSION

The girls evaluated in this study showed the beginning 
of secondary sexual characteristics and menarche at a 
younger age than expected, when considering the clas-
sical parameters suggested by Marshall and Tanner (2). 
In addition, the group of black girls started thelarche 

Puberty: timing and anthropometry



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

111Arch Endocrinol Metab. 2015;59/2

earlier than girls from the other ethnic groups stud-
ied, despite reaching the final puberty at similar ages. 
Despite the limitations of this research, the results 
discussed cannot be neglected and indicate the need 
to conduct longitudinal, multicentre studies with the 
support of the Federal Government in order to bet-
ter understand the reality of a representative sample 
of children and adolescents from the Brazilian popula-
tion. 
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Disclosure: no potential conflict of interest relevant to this article 
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Thyroid disorders are common in 
first-degree relatives of individuals 
with type 1 diabetes mellitus 
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Lenita Zajdenverg1, Rosangela Prendim Tortora3, Mario Vaisman4, 
Adolpho Milech1 José Egídio Paulo de Oliveira1, Melanie Rodacki1

ABSTRACT
Objective: Thyroid diseases are common in individuals with type 1 diabetes mellitus (T1DM) and 
should be investigated annually in these individuals. The aim of this study was to evaluate the 
frequency of thyroid diseases in first degree relatives (FDR) of patients with T1DM. Subjects and 
me thods: Eighty individuals (40 patients with T1DM and 40 FDR) were interviewed and blood was 
sampled for thyroid-stimulating hormone (TSH), free thyroxine (FT4) and thyroid peroxidase (TPO) 
antibodies measurement. Autoantibodies against glutamic acid decarboxylase 65 (GAD65), islet an-
tigen-2 (IA2) and autoantibodies against insulin (AAI) were measured in FDR. Results: We found a 
similar prevalence of thyroid dysfunction in patients with T1DM and their FDR (22.5% vs. 27.5%; p = 
0,79). There were no differences in serum TSH levels (p = 0.29), FT4 (p = 0,45), frequency of abnormal 
TSH (p = 0.28), positive TPO antibodies (p = 0.13), titers of TPO antibodies (in positive cases) between 
patients with T1DM and their FDR (p = 0.94). Conclusions: Thyroid abnormalities seem to be com-
mon not only in patients with T1DM but also in their FDR, which suggests that screening strategies for 
thyroid diseases might also be useful to these individuals. Arch Endocrinol Metab. 2015;59(2):112-5
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INTRODUCTION

P atients with type 1 diabetes mellitus (T1DM) are 
at increased risk for other autoimmune disorders, 

such as autoimmune thyroid disease (ATD), celiac dis-
ease and Addison’s disease (1-3). The most prevalent 
autoimmune disease in patients with T1DM is ATD. 
Although quite a variable frequency of thyroid antibo-
dies (thyroglobulin antibody – TgAb and thyroid per-
oxidase antibody – TPOAb) and thyroid dysfunction 
(TD) has been reported in patients with T1DM among 
different populations (from 3 to 50%), a high prevalence 
of ATD has been reported in most cases. This suggests 
that both diseases share etiopathogenic mechanisms (2-6). 
Current guidelines recommend that all patients with 
T1DM should undergo an annual screening for thyroid 
disease with at least a serum TSH measurement (2,6-8).

Clustering of autoimmune disorders is commonly 
observed in families of patients that have autoimmu-

ne diseases. Previous studies have shown that first de-
gree relatives (FDR) of patients with T1DM have an 
increased prevalence of thyroid abnormalities than the 
general population (2,3,9-12), ranging from 8 to 25% 
(2,3). However, these studies have included mostly 
Caucasians, very little is known about the prevalence of 
ATD in other ethnic groups and thyroid disease often 
remains undiagnosed in this group (12,13). The aim of 
this study was to investigate the frequency of thyroid 
diseases and thyroid autoimmunity in FDR of patients 
with T1DM from the Brazilian multiethnic population.

SUBJECTS AND METHODS

Eighty individuals were enrolled in this study, 40 pa-
tients with T1D (group 1) and their respective FDR 
(group 2). Patients were randomly selected, in order 
of appearance. All patients were followed at the Dia-
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betes and Nutritional Diseases Section at Clementino 
Fraga Filho University Hospital (HUCFF) of Federal 
University of Rio de Janeiro (UFRJ), and at the State 
Institute of Diabetes and Endocrinology Luiz Capri-
glione (IEDE) in Rio de Janeiro, Brazil. The project 
was approved by the institutional review board and all 
participants signed an informed consent.

T1D was defined according to the American Dia-
betes Association criteria. One participant per family 
was included, and they were siblings or children of the 
index patient.

All subjects were interviewed and blood was sam-
pled for thyroid stimulating hormone (TSH), free 
thyroxine (FT4) and thyroid peroxidase (TPO) anti-
bodies measurement. Autoantibodies against glutamic 
acid decarboxylase 65 (GAD65), islet antigen-2 (IA2A) 
and autoantibodies against insulin (IAA) were also me-
asured in the FDR. Thyroid dysfunction was defined by 
the presence of abnormal TSH levels and/or previous 
known thyroid disorder.

Serum TSH and TPO antibody were measured 
with a Chemiluminescence method according to the 
manufacturer’s instructions (Immulite – Diagnostic Pro-
ducts Corporation). For FT4, GADA, IA2A and IAA an-
tibodies a direct radiobinding assay (Immulite-Diagnostic 
Products Corporation) was used. All analyses were per-
formed at Clementino Fraga Filho University Hospital, 
Rio de Janeiro, Brazil. The sera were stored at -80°C de-
grees after sampling. Cut-off values for the test were set 
to 0.4 – 4.0 µlU/mL for TSH, 0.8 – 1.8 ng/dl for FT4, 
> 35 UI/mL for the positive TPO antibody, and ≥ 1.0 
Ui/ml for positive GADA, IA2A and IAA antibodies.

All statistical analyses were performed using the 
Statistical Package for Social Science (SPSS). Mann-
-Whitney U test and Chi-Square were used for compa-
rison between groups. A p-value < 0.05 was considered 
significant.

RESULTS

Characteristics of the study group

Among TIDM patients and their FDR, there was a 
higher prevalence of women (57.5% vs. 70%, respec-
tively) and Whites (62.5% vs. 60%, respectively). T1DM 
subjects were older than their FDR (30.83 ± 10.57 
years vs. 19.45 ± 9.77 years, respectively). In patients, 
the mean duration of diabetes was 13.1 ± 7.5 years. The 
characteristics of the study group are shown in table 1.

Table 1. Epidemiological characteristics and prevalence of thyroid 
disorders in type 1 diabetes (T1D) patients and their first degree relatives 
(FDR) 

Characteristics T1D patients
n = 40 (%)

FDR
n = 40 (%)  p value

Gender

Female  23 (57.5) 28 (70)  0.11

Ethnicity

Whites

Non whites

25 (62.5)

15 (37.5)

24 (60)

16 (40)  0.20

Age (mean ± SD years) 30.83 ± 10.57 19.45 ± 9.77 0.99

TSH level (µl U/ml)

(mean ± SD)  2.32 ± 1.78  3.57 ± 4.35  0.29

FT4 level (ng/dl)

(mean ± SD) 1.24 ± 0.22 1.25 ± 0.17  0.45

TPOAb frequency (%) 14 (35) 7 (17.5) 0.13

TPOAb titers (U/ml) 

(mean ± SD)  280.64 306.14 0.94

Abnormal TSH level 
frequency (%) 7 (17.9) 12 (29.4) 0.28

Thyroid dysfunction 
(abnormal TSH and FT4 
levels) frequency (%) 9 (22.5) 11 (27.5) 0.79

TSH level ≥ 2.5 (µl U/ml) 13 (33.3) 15 (37.5) 0.81

T1D: type 1 diabetes; FDR: first degree relatives; TSH: thyroid-stimulating hormone; FT4: free 
thyroxine; TPOAb: thyroid peroxidase antibody.
P-value < 0.05 was considered significant. 

ATD in T1DM patients and their FDR

The prevalence of thyroid dysfunction (altered TSH 
and/or previous known thyroid disorder) did not di-
ffer between the groups (22.5% x 27.5%; p = 0.79). 
A total of 8 subjects had primary hypothyroidism and 
were treated with levothyroxine (five patients and three 
FDR). These FDR had previous thyroid disease. In two 
of them, the correspondent index case with TIDM also 
had hypothyroidism. The prevalence of TSH levels ≥ 
2.5 µlU/ml was also similar in both groups (33.3% vs. 
37.5% respectively, p = 0.81). 

 There were no significant differences in serum TSH 
levels (p = 0.29), FT4 (p = 0,45), abnormal TSH (p = 
0.28), positive TPO antibodies (p = 0.13) and titers 
of TPO antibodies (in positive cases) between patients 
with T1DM and their FDR (p = 0.94). Abnormal TSH 
levels were observed in patients and their FDR, as sho-
wn in table 1, and were independent of TPO antibody 
status (p = 0.67). FT4 levels were normal in all patients 
with high TSH levels. 

We found no association between TSH levels and 
gender (p = 0.31), ethnicity (p = 1.00) or age (p = 
0.08) in the group as a whole or with the positivity for 

Thyroid disorders and type 1 diabetes
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Thyroid disorders and type 1 diabetes

pancreatic autoantibodies (GADA p = 1.00, IA2A p = 
0.49 and IAA p = 1.00) in the FDR. 

The prevalence of GADA in FDR was 17.5% (n = 7). 
There was a positive association between  positive titers 
of GADA, positive TPO antibodies (p = 0.00), and ab-
normal TSH levels (p = 0.01). 

CONCLUSIONS
In this study, we identified a similar frequency of thy-
roid dysfunction and autoimmunity in patients with 
T1DM and their FDR. Current guidelines indicate 
that thyroid disorders should be screened annually in 
individuals with T1DM based on the high risk of the 
development of these abnormalities (14-16). Our data 
suggests that a significant proportion of FDR also de-
velop thyroid autoimmunity and thyroid dysfunction.  

Thyroid diseases may present with non-specific signs 
and symptoms and may remain undiagnosed for long 
periods of time. Untreated thyroid diseases may increa-
se the risk of cardiovascular diseases through inter-rela-
tionships with dyslipidemia, insulin resistance and vas-
cular endothelial dysfunction (17,18). Therefore, it is 
probable that FDR of patients with T1DM would also 
benefit by the current screening strategy for thyroid di-
seases that are applied for patients with T1DM.

Although we did not find any case of undiagno-
sed overt hypothyroidism in this study, subclinical hy-
pothyroidism was quite common. There is increasing 
evidence of the role of subclinical asymptomatic hypo-
thyroidism in the risk for cardiovascular diseases (17-
19) and even TSH levels between 2.5 and 4.0 mU/liter 
have been linked to cardiovascular risk. The National 
Academy of Clinical Biochemistry has suggested that 
the cutoff for TSH levels should be < 2.5 mU/liter, 
based on the observation that 95% of the normal popu-
lation has TSH levels within this range (20). In this stu-
dy, we did not find any difference in the proportion of 
individuals with TSH levels < 2.5 mU/liter in patients 
with T1DM and FDR. 

Although this study had a modest sample size, other 
small studies have identified similar results (2,3,9,19,21-
24), including one in another sample of the Brazilian 
population (12). According to these authors, thyroid 
autoantibodies occur in 8% to 25% of FDR of T1DM 
patients. The prevalence of thyroid dysfunction is also 
high in this group (25%), being similar to the preva-
lence found in patients. These data confirm the high 
frequency of thyroid abnormalities in FDR of patients 
with T1DM and reinforce the relevance of investiga-

ting thyroid disorders in family members of individuals 
with T1DM. 

 This study has also other limitations, besides its 
size. First, an ultrasound of the thyroid gland was not 
performed. Moreover, only one measurement of TSH 
was performed for each individual, without a confirma-
tion of the TSH levels above the reference range. In 
addition, this was a cross-sectional study and informa-
tion about the proportion of first degree relatives of pa-
tients with T1DM that develop clinical thyroid disease 
over the years is still lacking. 

We did not observe any characteristic that would 
help to identify the FDR of T1DM that are at an incre-
ased risk of thyroid abnormalities (age, gender, family 
member with ATD, positive GADA, IA2 or IAA). Ho-
wever, some authors have found a positive association 
between GADA and ATD (2,3,7,10,22-25). Bonifacio 
and cols. found a positive association between the risk 
of developing TPOAbs and the presence of GADA, 
whereas IA2A and IAA were not associated with TPO-
Ab risk in relatives of T1DM patients. 

 Further larger longitudinal studies are necessary to 
clarify if a universal screening for thyroid diseases should 
be recommended for FDR of patients with T1DM or if 
there are clinical or immunogenetic characteristics that 
could identify the individuals that are more prone to 
develop thyroid dysfunction and who should therefore 
undergo this investigation. 
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Association between  
antiretrovirals and thyroid  
diseases: a cross-sectional study
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ABSTRACT
Objective: This study aims to estimate the prevalence of thyroid diseases and anti-TPO status. We 
searched for an association among presence of immune reconstitution and use of stavudine, didano-
sine and protease inhibitors with thyroid diseases. Materials and methods: A cross-sectional study 
was performed to analyze the records of 117 HIV-infected patients who had their CD4+ cell count, 
viral load, anti-TPO, TSH and free T4 levels collected on the same day. Immune reconstitution was 
considered in those whose T CD4+ count was below 200 cells/mm³, but these values   increased above 
200 cells/mm³ after the use of antiretrovirals. The odds ratio obtained by a 2x2 contingency table and 
a chi-square test were used to measure the association between categorical variables. Results: The 
prevalence of thyroid disease was 34.18%; of these, 4.34% were positive for anti-TPO. There was an 
association of risk between stavudine use and subclinical hypothyroidism (OR = 4.19, 95% CI: 1.29 to 
13.59, X² = 6.37, p = 0.01). Immune reconstitution achieved protection associated with thyroid disease 
that was near statistical significance OR = 0.45, 95% CI: 0.19 to 1.04, X² = 3.55, p = 0.059. Conclusion: 
The prevalence of thyroid disease in the sample studied was higher than what had been found in the 
literature, with a low positive anti-TPO frequency. The historical use of stavudine has an association 
of risk for the presence of subclinical hypothyroidism, and immune reconstitution has trends towards 
protection for the presence of thyroid diseases. Arch Endocrinol Metab. 2015;59(2):116-22
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INTRODUCTION 

A IDS is an emerging disease and is one of the larg-
est health problems today because of its pandemic 

status and severity characteristics. This disease is mainly 
characterized by a progressive loss of CD4+ T lympho-
cytes (CD4+), which cause immunosuppression and 
involvement by opportunistic diseases. The natural his-
tory of AIDS has been altered considerably by high ac-
tivity antiretroviral therapy (HAART), which prevents 
the evolution of the loss of CD4+ to its final stage. 
Along with prevention campaigns, HAART contributes 
to the decline of the transmission and stabilization of 
the epidemic in many countries (1).

Nevertheless, several complications have been re-
ported with the use of HAART, among them are hy-
pertriglyceridemia, lipodystrophy, type 2 diabetes mel-
litus, gonadal dysfunction, and osteoporosis (2). The 
mechanism by which HAART causes these changes 

has not been fully elucidated (3-6). Another complica-
tion is immune reconstitution inflammatory syndrome 
(IRIS). This condition occurs in some patients recei-
ving HAART who develop clinical deterioration by the 
reestablishment of immunity despite high CD4+ counts 
and a low plasma viral load. Immune reconstitution 
(IR) can be defined as an increased CD4+ count above 
200 cells/mm3 in subjects who previously had CD4+ 
counts lower than 100-200 cells/mm3 (7).

The development of autoimmune diseases in HIV 
patients is increasing (8,9). HAART promotes in-
creased patient survival and IR, which could be factors 
that contribute to autoimmunity. A suggested mecha-
nism of molecular mimesis involves an opportunistic 
infectious agent that generates an autoimmunity trig-
ger in IRIS or immunodeficient patients (10-12). In 
immunodeficient patients, as soon as the CD4+ cells 
are depleted, autoimmune diseases can be mediated by 
CD8+ T lymphocytes (13).
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It is possible to relate the stages of HIV infection 
with the development of autoimmune diseases, which 
may arise during an acute viral infection (phase I). 
Autoimmune diseases also occur at the stage of clini-
cal latency, and even without the overt manifestation 
of AIDS, there is a progressive decline of CD4+ cells 
(phase II). When the CD4+ count becomes profound-
ly low, autoimmune diseases related to CD4+ cells are 
more difficult to develop (phase III). After the initia-
tion of HAART, IR occurs with increased CD4+ cells in 
addition to altered immune regulation, which may lead 
to autoimmune disease (stage IV) (13).

HIV-infected patients have a high overall frequency 
of autoantibodies, which may be generated as a direct 
effect of the virus in the endothelium, synovial fluid and 
hematopoietic cells, leading to the enchantment of the 
cytotoxic activity of immune cells and autoantigen ex-
pression. Increased autoantibody expression, in most 
cases, is associated with lower CD4+ cell counts and in-
creased mortality without a relationship with the clinical 
expression of autoimmune diseases (13,14). Graves’ dis-
ease, rheumatoid arthritis and, rarely, Hashimoto’s thy-
roiditis were reported as complications of IR (15-17).

Specifically in autoimmune thyroid disease, the 
prevalence of primary hypothyroidism in AIDS is hi-
gher compared with the general population; however, 
it is not necessarily associated with autoimmunity. The 
most common cause of primary hypothyroidism in 
the population is Hashimoto’s thyroiditis, which has a 
prevalence of 0.3% (18,19). Among HIV-infected in-
dividuals, the prevalence of primary hypothyroidism is 
approximately 2.6% (20-22).

The prevalence of subclinical hypothyroidism in 
patients infected with HIV who were not treated va-
ries between 8% and 10%, with a higher propensity in 
men. Among HAART users, the prevalence reaches 
up to 12.6%. Naive patients have a higher prevalence 
of subclinical hypothyroidism shortly after beginning 
HAART compared with those who have already been 
on HAART for at least 1 year, suggesting that thyroid 
dysfunction associated with medication is acute (23).

A possible manifestation of hypothyroidism in AIDS 
is dysfunction in the basal secretion of thyroid stimula-
ting hormone (TSH) or central hypothyroi dism. The 
evaluation of TSH in patients with HIV demonstrates 
a significant reduction of the nocturnal peak at mid-
night, which is considered to be a sensitive index for 
evaluating central hypothyroidism (24). Another mani-
festation consistent with central dysfunction is the pres-

ence of isolated low levels of TSH with normal free 
T4 (FT4). This condition was found in 1.3 to 6.8% of 
HIV-infected individuals, especially those in advanced 
disease stages (20,25-28). However, administration of 
exogenous TSH releasing hormone (TRH) did not al-
ter the response of TSH among individuals with low 
FT4, making hypothalamic or pituitary insufficiency the 
least likely scenario (29). Therefore, the clinical sig-
nificance of a low FT4 levels is not clear because these 
patients did not experience a higher frequency of hypo-
thyroidism symptoms compared with control subjects. 
Thyroid function tests may be requested annually, but 
levothyroxine therapy is not recommended (30).

Euthyroid sick syndrome is characterized by nor-
mal or low FT4 levels, low T3 levels, elevated reverse T3 
(rT3) levels and low or normal TSH levels (31). This is 
a physiological adaptive phenomenon of the body to 
conserve energy during periods of extreme stress and 
during an infection. HIV-infected patients characteris-
tically have increased resting energy expenditure com-
bined with a loss of appetite and subsequent weight 
loss. The mechanism involved is the reduction in pe-
ripheral conversion of T4 to T3, with accumulation of 
the inactive metabolite rT3. The degree of rT3 eleva-
tion and T3 and T4 suppression depends on the severity 
of the disease or stress. The euthyroid sick syndrome 
recovery phase can be observed with a transient in-
crease in TSH and normal FT4 and T3 levels. Before the 
HAART era, this disturbance was a common feature of 
terminal phase AIDS patients (32).

Thyroid dysfunction among HIV-infected indivi-
duals after HAART had an increased prevalence and is 
linked in most cases to asymptomatic patients, particu-
larly those with subclinical hypothyroidism. Although 
the mechanism is not clear, stavudine has been suggest-
ed as a direct intervening agent in the production and/
or metabolism of thyroid hormones, suggesting the 
need for monitoring thyroid function in HIV patients 
who have been treated with this medicine (25,28,29). 
Drug interactions between protease inhibitors and le-
vothyroxine have also been reported through a shared 
glucuronidation metabolic pathway. The frequency and 
clinical impact of these interactions are not known (33).

MATERIALS AND METHODS

Cross-sectional studies analyzed the medical records of 
HIV-infected patients on regular outpatients at follow-
up in the Immunology Service of the Gaffrée Guinle 
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University Hospital (HUGG), Federal University of the 
State of Rio de Janeiro (UNIRIO) and were approved 
by the institution’s Ethics in Research Committee.

A total of 421 medical records were reviewed from 
all of the patients who attended the hospital from 
March 2013 through August 2013. Of these, 117 re-
cords met the inclusion criteria, which included CD4+ 
cell counts; HIV viral load; and anti-TPO, TSH and 
FT4 levels from the same sample. All of the records had 
information about the age, gender, date of HIV infec-
tion diagnosis and HAART history. The exam results 
were dated from 2012 or 2013. Patients were demon-
strably infected with HIV, aged between 18 and 65 
years and were submitted or not to HAART. Because 
TSH and FT4 levels are not routine tests for HIV pa-
tients, 304 records were excluded because of a lack of 
thyroid function data. A relative sample loss occurred 
in 17 patients who did not have anti-TPO records. The 
final sample consisted of 117 patients with complete 
data and 100 patients with incomplete data because of 
a lack of anti-TPO results. The database was stored in 
files from SPSS 17 and in files from Excel 2007.

Patients whose CD4+ counts were below 200 cells/mm³ 
but the values   of which increased above 200 cells/mm³ 
after HAART were included in the IR group. The re-
ference range for TSH was established as normal be-
tween 0.5 to 4.5 μUI/L, increased > 4.5 μUI/L, and 
decreased < 0.5 μUI/L. The reference range for FT4 

was established as normal between 0.8 to 1.9 ng/dL, 
increased > 1.9 ng/dL, and decreased < 0.9 ng/dL. 
Anti-TPO levels were classified as normal if they were 
below 35 μUI/mL. 

Descriptive analyses (means and frequencies) were 
analyzed using SPSS 17 software. Association measure-
ments among categorical variables, such as the use of 
stavudine, didanosine and protease inhibitors, and the 
presence of IR and thyroid diseases were analyzed in 
a 2x2 contingency table by measuring the odds ratio 
(OR). We performed the uncorrected chi-square test 
(X²) using the significance value (α) of 0.05 and de-
grees of freedom = 1, which corresponded to a critical 
value of 3.84. The Epi Info 7 program was used for this 
statistical analysis.

RESULTS 

After a descriptive and frequency evaluation, the results 
regarding gender, age, time since diagnosis and anti-
retroviral status are demonstrated in table 1. The mean 

CD4+ cell count did not differ between the groups, 
which were ranked according to thyroid dysfunction 
and measured by TSH levels according to the data con-
tained in table 2.

Table 1. Descriptive analysis of the sample

N Mean ± SD

Gender (M/F) (68/49) -

Age (years) 117 43,69 ± 1,06

Time since diagnosis 
(months)

117 112 ± 9,1

HAART (Yes/No) (95/22) -

SD: standard deviation.

Table 2. Mean CD4+ per groups of thyroid dysfunction measured by TSH 
(N = 117/117)

N TSH CD4+

Mean ± SD

92 Increased 487 ± 253

23 Increased 543 ± 346

2 Decreased 488 ± 171

117 - 498 ± 272

CD4+ count measured in cel/mm³. SD: standard deviation.

Among 100 patients, 4% had increased anti-TPO 
(1% were diagnosed as subclinical hypothyroidism, 
1% as secondary hyperthyroidism, and 2% had normal 
TSH and FT4).

Using the 117 patients selected for an unrelated an-
ti-TPO analysis, thyroid disease diagnoses, as measured 
by thyroid function tests and frequency analyses, are 
contained in table 3.

Table 3. Analysis of thyroid diseases in the sample (N = 117/117)

N TSH FT4 Diagnosis Percentage

77 Normal Normal Normal 65,8%

14 Normal Decreased HSouT* 11,96%

1 Normal Increased HSec** 0,85%

15 Increased Normal HP SC*** 12,82%

8 Increased Decreased HP**** 6,83%

1 Decreased Decreased HSouT* 0,85%

1 Decreased Normal HyperSC***** 0,85%

HSouT*: pituitary/central hypothyroidism or euthyroid sick syndrome; HSec**: secondary 
hyperthyroidism HP SC***: subclinical hypothyroidism; HP****: primary hipothyroidism; Hyper 
SC*****: subclinical hyperthyroidism.

By analyzing the contingency table and applying the 
chi-square test, we can identify a not statistically signifi-
cant association with previous or current stavudine use 
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and thyroid disease (OR = 2.23, 95%CI: 0,84 to 5.93, 
X² = 2.68, p = 0.1). An analysis within the subclinical 
hypothyroidism group and according to current stavu-
dine use demonstrated a statistically significant risk 
association (OR = 4.19, 95%CI: 1.29 to 13.59, X² = 
6.37, p = 0.01). The same analysis demonstrated no 
statistically significant association for the primary hy-
pothyroidism (OR = 0.67, 95%CI: 0.07 to 5.82, X² = 
0.12, p = 0.72) and pituitary/central hypothyroidism 
or euthyroid sick syndrome group (OR = 1.25, 95%CI: 
0.31 to 4.91, X² = 0.1, p = 0.74).

By analyzing the contingency table and applying 
the chi-square test, we could not identify a statistically 
significant association with previous or current didano-
sine use on the presence of thyroid disease (OR = 1.64, 
95%CI: 0,64 to 4.16, X² = 1.09, p = 0.29). Analysis 
within the subclinical hypothyroidism group and a pre-
vious or current history of didanosine use demonstrate 
an insignificant association (OR = 2.33, 95%CI: 0.71 
to 7.65, X² = 2.03, p = 0.15). The same analysis for the 
primary hypothyroidism (OR = 0.56, 95%CI: 0.06 to 
4.83 X² = 0.27, p = 0.59), pituitary/central hypothy-
roidism or euthyroid sick syndrome groups resulted in 
an insignificant association (OR = 1.58, 95%CI: 0.45 to 
5.53 X² = 0.53, p = 0.46).

The calculations relating to prior or current prote-
ase inhibitor use in the presence of thyroid disease was 
not significant (OR = 0.64, 95%CI: 0.29 to 1.40, X² = 
1.19 p = 0.27). The analysis within the subclinical hypo-
thyroidism group and a history of previous or current 
protease inhibitor use had an insignificant association 
(OR = 0.72, 95%CI: 0.23 to 2.17, X² = 0.33 p = 0.56). 
The same analysis for the primary hypothyroidism (OR 
= 0.35, 95%CI: 0.06 to 1.82, X² = 1.66, p = 0.19) and 
pituitary/central hypothyroidism or euthyroid sick syn-
drome groups (OR = 0.98, 95%CI: 0.33 to 2.91, X² = 
0.0008 p = 0.97) resulted in a not significant association.

Statistical analyses were used to identify a protec-
tion association between IR and thyroid disease that 
was close to statistical significance (OR = 0.45, 95% CI: 
0.19 to 1.04, X² = 3.55, p = 0.059). Individually, for 
each type of thyroid disease, there was an insignificant 
association for subclinical hypothyroidism (OR = 0.51, 
95% CI: 0.15 to 1.74, X² = 1.15, p = 0.28), statistically 
insignificant association from primary hypothyroidism 
(OR = 0.92, 95% CI: 0.2 to 4.05 X² = 0.01, p = 0.91) 
and from pituitary/central hypothyroidism or euthy-
roid sick syndrome (OR = 0.51, 95% CI: 0.15 to 1.74, 
X² = 1.15, p = 0.28). The contingency table for the 

calculations based on different categorical variables is 
demonstrated in table 4.

DISCUSSION 

Cross-sectional studies have the limitation of not assess-
ing a cause and effect relationship. The proposed study 
aims to evaluate only associative measures between the 
categorical variables of IR, use of stavudine, didanosine, 
and protease inhibitors in the presence of thyroid disea-
se. These antiretrovirals were chosen based on previ-
ous publications and by the HAART profile, which was 
used in the hospital where the study was performed. 
The sample of HAART users as a whole had a history 
of using zidovudine and lamivudine, and these patients 
were excluded from the analysis.

Among HIV-infected individuals, approximately 1% 
to 2% has symptomatic thyroid disease, and up to 35% 
may have only subtle abnormalities in thyroid function 
tests (23). In this study, 6.83% of patients had TSH 
values   greater than 4.5 μUI/L and FT4 values less than 
0.9 ng/dL, which characterized them with primary 
hypothyroidism. These values were above the averages 
that had been published previously for HIV-infected 
individuals, in whom the prevalence was estimated 
from 2.6% up to 0.3% when compared with the general 
population (19). Subclinical hypothyroidism is charac-
terized by slightly elevated TSH and normal FT4 lev-
els. In the present study, 12.82% of patients had these 
characteristics, which kept this result above the aver-
age prevalence among HIV-infected persons of 3.5% 
to 12.2% (20-22). This result was elevated with respect 
to the overall population, for which the prevalence is 
4.3% (19). We can link this response to the genetic and 
environmental profiles of the study population, issues 
related to the HIV genotype, or HAART profile histo-
ry in the sample. Another possible reason is the lack of 
a definition in the literature relating the TSH baseline 
and ultrasensitive detection assay development. Further 
analysis of these assumptions may elucidate a mecha-
nism for the high prevalence of primary hypothyroid-
ism in this population.

Another important finding was the prevalence of > 
34 μUI/L anti-TPO in 4% of patients who had anti-
TPO measurements. From all of the patients who had 
anti-TPO measurements, 1% had increased TSH with 
normal FT4 levels (subclinical hypothyroidism). In the 
other 1%, we identified isolated increased FT4 (second-
ary hyperthyroidism) levels, and another 2% had normal 

Association between antiretrovirals and thyroid diseases
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Table 4. Presence of thyroid diseases in patients with or without antiretrovirals 

HAART

Thyroid diseases

TotalNormal Sicks HSouT* HSec** HP SC*** HP**** Hyper    
SC*****

 + - + -  +   -  +   -  + - +   - + -

+ stavudine 10 10 10 10 3  17 0  20 6 14 1 19 0   20 20

- stavudine 67 30 30 67 12  85 1  96 9 88 7 90 1   96 97

OR 0.44 2.23 1.25 - 4.19 0.67 -

CI95% 0.16-1.18 0.84-5.93 0.31-4.91 - 1.29-13.59 0.07-5.82 -

p-value 0.1 0.1 0.74 - 0.01+ 0.72 -

+ didanosine 13 10 10 13 4 19 0 23 5 18 1 22 0   23 23

- didanosine 64 30 30 64 11 83 1 93 10 84 7 87 1   93 94

OR 0.61 1.64 1.58 - 2.33 0.56 -

CI95% 0.24-1.54 0.64-4.16 0.45-5.53 - 0.71-7.65 0.06-4.83 -

p-value 0.29 0.29 0.46 - 0.15 0.59 -

+ PI 39 16 16 39 7 48 0 55 6 49 2 53 0   55 55

- PI 38 24 24 38 8 54 1 61 9 53 6 56 1   61 62

OR 1.54 0.65 0.98 - 0.72 0.35 -

CI95% 0.71-3.34 0.29-1.40 0.33-2.91 - 0.23-2.17 0.06-1.82 -

p-value 0.27 0.27 0.97 - 0.56 0.19 -

+ IR 35 11 11 35 4 42 0 46 4 42 3 43 0 46 46

- IR 42 29 29 42 11 60 1 70 11 60 5 66 1 70 71

OR 2.20 0.45 0.51 - 0.92 0.51 -

CI95% 0.96-5.02 0.19-1.04 0.15-1.74 - 0.2-4.05 0.15-1.74 -

p-value 0.06 0.059 0.28 - 0.91 0.28 -

Total 77 40 40 77 15 102 1 116 15 102 8 109      1  116 117

HSouT*: pituitary/central hypothyroidism or euthyroid sick syndrome; HSec**: secondary hyperthyroidism; HP SC***: subclinical hypothyroidism; HP****: primary hypothyroidism; Hyper SC*****: 
subclinical hyperthyroidism; IR: immune reconstitution; PI: protease inhibitors; + Statistically significant (p < 0.05), - undefined.

thyroid function. In the general population, hypothy-
roidism is most commonly caused by autoimmune thy-
roid destruction, in which 90% of cases were anti-TPO 
positive (34). In our study, only one of 23 patients was 
diagnosed with hypothyroidism or subclinical hypothy-
roidism and had positive anti-TPO values (4.34%). This 
value is below what is expected for the general popula-
tion and gives consistency to the scientific evidence that 
HIV-infected patients with primary hypothyroidism 
have lower anti-TPO positivity (20,32). The absence of 
anti-TPO does not mean that the patients do not have 
thyroid autoimmune disease. Tissue biopsies and imag-
ing tests, such as an ultrasound, are necessary to identi-
fy whether patients with anti-TPO also demonstrate an 
absence of lymphocytic infiltration and heterogeneous 
aspects of the gland, which are characteristic of Hashi-
moto’s thyroiditis.

The onset of Graves’ disease appears to be possible 
after the IR. There are few case reports of Hashimo-
to’s thyroiditis that developed after initiating HAART 

(35). In the present study, there was an association of 
protection that was very close to reaching statistical 
significance that was related to thyroid disease in the 
presence of IR history. This trend suggests that most 
thyroid dysfunction in AIDS cases are not immune-
mediated but are related to specific antiretroviral drugs 
and the presence of disease activity as in the euthyroid 
sick syndrome.

The use of stavudine has been associated with sub-
clinical hypothyroidism in a few studies. In one pros-
pective study, abnormalities in thyroid function were 
found in 12.6%. Patients on stavudine had significantly 
lower FT4 levels with prolonged treatment (25). In 
other study, the prevalence of subclinical hypothyroi-
dism was 12.2% and the previous use of PI, especially 
stavudine, had a statistically significant risk association 
for hypothyroidism when compared to naïve patients 
(p < 0.05) (29). As in the previously cited studies, an 
association of risk was observed among the historical 
use of stavudine and subclinical hypothyroidism OR = 

Association between antiretrovirals and thyroid diseases
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4.19, 95%CI: 1.29 to 13.59, X² = 6.37, p = 0.01). The 
underlying mechanisms involved in this association are 
unclear and deserve further investigation. The associa-
tion analysis between stavudine use and thyroid diseases 
(general thyroid diseases, pituitary/central hypothyroi-
dism, euthyroid sick syndrome, secondary hyperthyroi-
dism, primary hypothyroidism or subclinical hyper-
thyroidism) was not statistically significant.

Isolated low FT4 levels with normal or low TSH le-
vels are frequently observed among HIV-infected indi-
viduals with a prevalence of 1.3% to 6.8% (20,26-28). 
Within these results, the value in our study was higher 
than the average because 11.96% of patients had nor-
mal TSH and low FT4 levels. In some cases, euthyroid 
sick syndrome or pituitary or hypothalamus failure can 
lead to central hypothyroidism (secondary or tertiary). 
In such cases, FT4 concentrations are low, and TSH 
concentrations can be low or in the normal range.

In patients with low thyroid hormone levels and 
normal or low TSH (1 patient = 0.85%) levels, pituita-
ry/central hypothyroidism or euthyroid sick syndrome 
needs to be considered. Euthyroid sick syndrome oc-
curs during severe illnesses, including advanced AIDS, 
where the most common pattern of thyroid function 
is reduced T3 levels, high rT3 levels, varying FT4 levels, 
and normal or decreased TSH levels, depending upon 
disease severity. However, a smaller increase of rT3 le-
vels was observed among patients with advanced AIDS 
(33). During disease recovery, TSH levels may increase 
temporarily, sometimes exceeding the normal range, 
thus returning FT4 and T3 levels to normal values, mi-
micking subclinical hypothyroidism. Among the HIV-
-infected population, the highest frequency of thyroid 
disease was reported in patients with terminal AIDS be-
fore HAART, with up to 16% of patients affected (30). 
In this study, TSH and FT4 levels were obtained in low 
levels in only one patient (0.85%). rT3 measurement 
in individuals that are not suspected of having thyroid 
disease is not recommended and was not performed. 
The sum of patients with normal or low TSH and low 
FT4 levels totaled 15 (12.82%), which was higher than 
expected for HIV (1.3% to 6.8%) (20,26-28).

We conclude that the prevalence of thyroid disease 
in the sample studied was higher than what had been 
found in the literature, with a low positive anti-TPO 
frequency. The historical use of stavudine has an asso-
ciation of risk for the presence of subclinical hypothyroi-
dism, and IR has a protection association close to sta-
tistical significance for the presence of thyroid diseases.
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Influence of altered maternal 
lipid profile on the lipid 
profile of the newborn

Willian B. Sales1, Silleno J. Dias Junior1, Caroline Kroll1,  
Silmara S. B. S. Mastroeni2, Jean C. Silva1, Marco F. Mastroeni1

ABSTRACT 
Objective: To evaluate whether there is an association between altered maternal lipid profile and 
the lipid profile of the newborn in a maternity hospital. Subjects and method: Cross-sectional study 
with 435 parturients and their respective newborns. Blood samples from the newborns were collec-
ted during delivery by venipuncture of the umbilical cord close to the placenta. Blood samples from 
the parturients were collected in the pre-delivery room or right after delivery. The concentrations of 
total cholesterol, triglycerides and HDL-c were determined by an enzymatic colorimetric method and 
LDL-c was calculated by the Friedewald formula. Results: There was no significant difference in mean 
concentrations of total cholesterol, LDL-c, HDL-c and triglycerides in neonates according to altered 
or non-altered maternal total cholesterol, LDL-c, HDL-c and triglycerides. Conclusions: Change in 
maternal lipid profile is not significantly associated with the mean concentrations of total cholesterol, 
LDL-c, HDL-c and triglycerides in newborns.  Arch Endocrinol Metab. 2015;59(2):123-8
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INTRODUCTION

P regnancy is a condition that involves a metabolic 
adaptation to satisfy the nutritional support and 

development of the fetus (1). Since it is a moment 
of intense maternal hormonal change, the maternal 
lipid profile (total cholesterol and cholesterol frac-
tions) undergoes physiological changes, increasing 
throughout the pregnancy (2,3). The pituitary-stim-
ulating hormones released by the hypothalamus – 
gonadotropin-releasing hormone (GnRH), cortico-
tropin-releasing hormone (CRH), growth hormone 
releasing hormone (GHRH), thyrotropin-releasing 
hormone (TRH) and prolactin – act directly on the 
pregnancy and reach high circulating levels due to 
placental stimulation (2). Some studies have shown 
that significant changes may occur in overweight or 
obese women (4,5). The normal physiological in-
crease in circulating lipids allows the mother to have 
a valuable source of energy for her and for the baby 
and keeps their metabolic rate steady, enabling the 
healthy development of the newborn (6). However, 
during intrauterine development, pathophysiological 
processes can occur in the metabolism of the lipids 

leading to abnormal serum concentrations in fetal cir-
culation (7-11). 

The understanding of how the maternal/newborn 
lipid transport occurs allows us to find out whether 
lipid alterations are capable of generating permanent 
changes in the structures and functions of the organs, 
which may reflect on their metabolism and post-uterine 
life (3). Some authors consider the placenta a transport 
channel for the lipid portions from the mother to the 
fetus, and this transport can be influenced by mater-
nal diseases associated with lipid metabolism (12,13). 
Several clinical conditions can influence the serum 
concentrations of lipids in neonates, and some au-
thors disagree in relation to the transport via placenta 
(14). Changes in circulating lipids – total cholesterol 
(TC), high-density lipoprotein (HDL-c), low-density 
lipoprotein (LDL-c) and triglycerides – may be related 
to maternal/fetal transport mechanisms, in which the 
supply of fatty acids can be favored or restricted causing 
serious problems for fetal organs and tissues (15-19).

The aim of this study was to evaluate whether there 
is an association between altered maternal lipid profile 
and the lipid profile of the newborn in a public mater-
nity hospital in Joinville, Santa Catarina.
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SUBJECTS AND METHODS

Design and study population

This is a cross-sectional study, conducted with 435 
pairs (mothers and children) attending a public mater-
nity hospital in the city of Joinville-SC, between Janu-
ary and February of 2012. The sample was calculated 
with the software OpenEpi version 3.02. Based on a 
prevalence of 6% of macrosomic infants (20-22), for a 
95% confidence interval, absolute precision of 2.5% and 
a population of 7,200 newborns, the estimated sample 
size was 331 individuals. Assuming a 20% loss, a total 
of at least 397 participants was required.

This study is part of a larger project which in-
cluded investigation of socioeconomic, demogra phic, 
obstetric, anthropometric and reproductive data of 
mothers and their newborns. We included in the 
study all pregnant women in labor, aged 18 years or 
more, with gestational age classified as “term” (37 
to 42 weeks), who did not follow any specific type 
of diet before or during pregnancy, or at the time of 
delivery, with a single pregnancy and live births who 
delivered in the maternity ward. We excluded moth-
ers diagnosed with infectious and contagious diseases 
(syphilis, human immunodeficiency syndrome, toxo-
plasmosis and hepatitis) and preeclampsia, and those 
newborns who presented morphological changes at 
the time of birth. The study was approved by the Re-
search Ethics Committee of Univille under the num-
ber 107/2011. 

Biochemical analysis

The blood samples of the newborns, approximately 10 
mL, were collected at the time of the delivery by aspira-
tion of the umbilical vein close to the placenta up to 10 
minutes after clamping to prevent coagulation. Blood 
samples of the parturients, approximately 10 mL, were 
collected by a nurse in the pre-delivery room or soon 
after the delivery (up to 24 hours). Immediately after 
collection, the blood was transferred to tubes contain-
ing separating gels, then identified and kept at room 
temperature for 30 minutes. After that, the tubes with 
the samples were placed in a refrigerator for up to four 
hours and subsequently centrifuged under 6°C refrig-
eration at 3,500 rotations per minute for 15 minutes. 
After separation of the serum, the samples were frac-
tionated in aliquots of 0.5 mL for measurement of TC, 
HDL-c, LDL-c and triglycerides, and the remainder 
was stored in a freezer at -75°C.

The concentrations of TC, triglycerides and HDL-c 
were determined by an enzymatic colorimetric method 
with Advia Centaur (model 1650, Siemens), using the kits 
Cholesterol Liquiform (GOD-ANA 2009), Triglycerides 
Liquiform (GOD-ANA 2009) and D-HDL (Siemens Di-
agnostics, Tarrytown, USA), respectively. From the TC, 
triglycerides and HDL-c levels obtained, we determined 
the values of LDL-c using the Friedewald formula when 
triglycerides values were below 400 mg/dL (23). We 
considered as reference values for lipids in women above 
the age of 20 years, those proposed by the “V Brazilian 
Guideline on Prevention of Dyslipidemia and Atheroscle-
rosis” of the Brazilian Society of Cardiology, which con-
siders as high those values of TC ≥ 240 mg/dL, LDL-c ≥ 
160 mg/dL and triglycerides ≥ 200 mg/dL (24). HDL-c 
was considered low when the values were below 40 mg/dL,  
according to the “V Brazilian Guideline on Prevention 
of Dyslipidemia and Atherosclerosis”, which stratifies this 
variable according to gender (24). For women aged 19 
years or younger, we adopted the reference values pro-
posed by the “I Guideline on Prevention of Atheroscle-
rosis in Childhood and Adolescence”, which considers as 
high those values of TC ≥ 170 mg/dL, LDL-c ≥ 130 
mg/dL, HDL-c < 45 mg/dL and triglyce rides ≥ 130 
mg/dL (25).

Gestational weight gain

Gestational weight gain (GWG) was calculated by sub-
tracting from the weight at the time of hospitalization 
at the MDV, as evaluated by the screening staff and 
recorded in the medical chart, the weight reported by 
the mother before the pregnancy. The adequacy of the 
GWG was evaluated according to the new recommen-
dations of the Institute of Medicine - IOM (26). Un-
derweight women (BMI < 18.5 kg/m2) should gain 
between 12.5 and 18 kg; women with adequate BMI 
(18.5-24.9 kg/m2) between 11.5 and 16.0 kg, over-
weight women (25.0-29.9 kg/m2) between 7.0 and 
11.5 kg, and obese women (BMI ≥ 30.0 kg/m2) be-
tween 5.0 and 9.0 kg (26). 

Statistical analysis

The data were stored and analyzed by the software 
SPSS Inc. Released 2008. SPSS Statistics for Windows, 
Version 17.0. Chicago: SPSS Inc. We calculated mea-
sures of central tendency and dispersion for quantita-
tive variables and frequency distributions for categorical 
variables. The statistical comparison was analyzed using 
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the Mann-Whitney U test for non-parametric variables. 
Biochemical variables were transformed into the binary 
modes “NOT ALTERED” and “ALTERED”. Nor-
mality was verified using the Kolmogorov-Smirnov test 
and the significance level adopted was 5%. 

RESULTS

Of 529 children born during the period of investigation, 
46 did not fulfill the inclusion criteria and 12 were exclu-
ded from the study, yielding a total of 471 pairs. Of these, 
36 (7.6%) were considered losses, resulting in 435 pairs.

The general characteristics of the 435 parturients 
and their children are presented in table 1. The mean 
age of the mothers was 25.9 (SD = 6.0) years and most 

(56.6%) were ≥ 24 years of age, with ≥ 8 years of educa-
tion (75.2%), married/in a stable relationship (83.0%) 
and with a declared household income ≥ 3 times the 
minimum wage (57.5%). More than one third (37.9%) 
of the parturients reported having a BMI ≥ 25 kg/m2 
before the pregnancy. As for the newborns, the male 
gender was the most prevalent (51.5%), about one 
third (33.3%) were delivered by cesarean section and 
24.4% were categorized as large for gestational age – 
LGA (Table 1).

Table 2 lists the values of GWG of the 435 inves-
tigated parturients. Although the average GWG de-
creased with increasing BMI, the parturients catego-
rized as being overweight or obese (n = 165; 39.9%) 
gained more weight than the recommended maximum 
by the IOM classification (26). When we analyzed only 
women with BMI ≥ 25 kg/m2 (overweight and obese), 
Spearman’s correlation analysis showed no association 
between GWG and the lipid profile of the newborns 
(TC: rho = -0.058, p = 0.467; LDL-c: rho = -0.071,  
p = 0.376; HDL-c: rho = 0.031, p = 0.701; triglycer-
ides: rho = -0.052, p = 0.518).

Table 1. General characteristics of the mothers and their newborns according 
to absolute (n) and relative (%) frequencies. Joinville, SC, Brazil, 2012

Characteristics (n = 435) n %

Mothers

Age

< 24 189 43.4

≥ 24 246 56.6

Years of education

≥ 8 327 75.2

<8 108 24.8

Marital status 

Married/stable relationship 361 83.0

Others 74 17.0

Family income 

<3 177 42.5

≥ 3 239 57.5

Pre-gestational BMI (kg/m2)

Underweight (< 18.5) 19 4.4

Normal weight (18.5 – 24.9) 251 57.7

Overweight (25 – 29.9). 108 24.8

Obese (≥ 30) 57 13.1

Newborns

Gender 

Male 224 51.5

Female 211 48.5

Type of delivery

Normal 290 66.7

Cesarean section 145 33.3

Weight status

Small for gestational age (SGA) 4 0.9

Appropriate for gestational age (AGA) 325 74.7

Large for gestational age (LGA) 106 24.4

Table 2. Minimum, maximum and mean values and standard deviations 
(SD) for gestational weight gain (GWG) of 435 parturients. Joinville, SC, 
Brazil, 2012

Gestational 
weight gain 
(kg)a

Minimum Maximum Mean SD

Low weight 

(12.5 - 18.0)b,

(n = 19)

8.0 27.0 15.2 4.4

Normal weight 

(11.5 - 16.0),

(n = 251)

1.6 39.0 14.8 5.9

Overweight 

(7.0 - 11.5),

(n = 108)

-9.1 43.0 13.7 6.9

Obesity 

(5.0 - 9.0),

(n = 57)

-7.0 32.9 10.4 7.7

a According to Rasmussen and Yaktine, 2009.
b Minimum and maximum values in kilograms of recommended weight gain according to the 
nutritional classification.

The values of the lipid profile of the mothers and 
their children are presented in table 3. The mean con-
centrations of TC (208.1 mg/dL) and triglycerides 
(197.8 mg/dL) of the mothers were classified as al-
tered and borderline, respectively, according to the “V 
Brazilian Guideline on Prevention of Dyslipidemias and 
Atherosclerosis” (24).

Maternal and newborn lipid profile
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Table 4 shows the mean values and standard devia-
tions of the concentrations of TC, LDL-c, HDL-c and 
triglycerides of newborns according to the maternal 
lipid profile, whether not altered (N) or altered (A). 
There was no significant difference in the plasma lipid 
concentrations in newborns in relation to the maternal 
lipid profile.

DISCUSSION

In this study we demonstrated that with the exception 
of the maternal variable LDL-c, the other maternal bio-
chemical variables (TC, HDL-c and triglycerides) are 
not significantly associated with the lipid profile of the 
newborn. 

The relationship of the maternal lipid profile to the 
lipid profile of the newborn is still not well understood 
in the scientific literature. Several authors report the oc-

currence of lipid transport across the placenta, but this 
transport is not enough to influence the infant’s plasma 
lipid concentration (1,6,7,13). The physiological and 
biochemical mechanisms of the transport of nutrients 
across the placenta is rather complex (9-11). According 
to some authors, triglycerides are not transferred from 
the mother to the fetus (7), however, when the placenta 
presents lipase enzymatic activity and membrane recep-
tors to lipoproteins, essential fatty acids are transported 
as triglycerides bound to lipoproteins, becoming thus 
available to the fetus (1,6,7).

During pregnancy, there is an increase in circulating 
lipids, leading to maternal hyperlipidemia. However, 
the lipoprotein-specific receptors for the transport of 
fatty acids in the placenta are metabolized in the fetal 
plasma (6,7,9-12). A study conducted with blood from 
the umbilical cord of newborns showed a lower con-
centration of TC and lipid fractions when compared 
with the concentrations obtained in the first days of 
life of these same individuals, probably due to the pro-
duction of TC from the maternal milk. Maternal TC 
and lipid fractions are transferred to the fetus due to 
placental permeability (9-12). However, at the end of 
the pregnancy, cholesterol is no longer physiologically 
important, since it is then synthesized by fetal tissues. 
Ketone and small amounts of glycerol are also trans-
ferred across the placenta, because the fetus uses these 
elements in their metabolism (1). 

Essential fatty acids are required for fetal develop-
ment, and they are transferred to the fetus with the help 
of lipoprotein receptors present in the trophoblasts 
(6). Although the trophoblasts are responsible for the 
transport of cholesterol to the fetus, these cells express 
receptors for LDL-c and HDL-c in their membranes, 

Table 3. Mean values and standard deviations (SD) of plasma lipid 
concentrations of the mothers and their newborns. Joinville, SC, Brazil, 
2012

Characteristics n Mean SD

Mothers

Total cholesterol (mg/dL) 414 208.1 33.9

LDL-c (mg/dL) 404 112.7 27.6

HDL-c (mg/dL) 414 56.3 9.7

Triglycerides (mg/dL) 413 197.8 76.4

Newborns 

Total cholesterol (mg/dL) 412 57.7 14.7

LDL-c (mg/dL) 412 29.9 10.2

HDL-c (mg/dL) 412 21.7 6.9

Triglycerides (mg/dL) 412 30.3 17.9

LDL-c: low-density lipoprotein cholesterol; VLDL-c: very-low-density lipoprotein cholesterol; 
HDL-c: high-density lipoprotein cholesterol.

Table 4. Mean values and standard deviations (SD) of plasma lipid concentrations of newborns according to the maternal lipid profile – whether not 
altered (N) or altered (A). Joinville, SC, Brazil, 2012

Concentration 
of plasma 
lipids in 
newborns 
(mg/dL)

Maternal Lipid Profile

Total cholesterol

P*

LDL-c

P*

HDL-c

P*

Triglycerides

P*N A N A N A N A

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean 
(SD)

Mean  
(SD)

Mean  
(SD)

Mean 
(SD)

Mean  
(SD)

Total cholesterol 57.1 (15.1) 59.1 (14.6) 0.221 57.7 (15.1) 56.7 (13.6) 0.605 57.4 (14.4) 59.2 (17.1) 0.614 57.3 (15.8) 58.1 (14.2) 0.452

LDL-c 29.7 (10.5) 30.7 (9.9) 0.155 29.9 (10.4) 29.6 (9.1) 0.883 29.9 (10.2) 30.5 (10.7) 0.695 30.1 (11.6) 29.9 (9.2) 0.424

HDL-c 21.3 (6.8) 22.3 (7.1) 0.261 21.7 (7.0) 21.4 (6.5) 0.613 21.4 (6.8) 22.6 (7.3) 0.273 21.0 (6.7) 22.2 (7.1) 0.180

Triglycerides 30.3 (18.5) 29.8 (17.0) 0.743 30.4 (17.8) 28.9 (21.1) 0.179 30.2 (18.3) 30.1 (16.7) 0.930 30.7 (21.1) 29.8 (15.0) 0.863

Altered Maternal Lipid Profile: ≤ 20 years: total cholesterol ≥ 170 mg/dL, LDL-c ≥ 130 mg/dL, HDL-c < 45 mg/dL, Triglycerides ≥ 130 mg/dL; > 20 years: Total cholesterol ≥ 240 mg/dL, LDL-c ≥ 
160 mg/dL, HDL-c < 40 mg/dL, Triglycerides ≥ 200 mg/dL.
* Mann-Whitney U test.

Maternal and newborn lipid profile
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which are responsible for the uptake and transport of 
cholesterol to the intracellular environment via lyso-
some. In the lysosome, cholesterol ester is hydrolyzed 
and then transported by the Niemann-Pick C1 (NPC1) 
protein, which regulates the transport of cholesterol 
from the lysosomes to other cellular compartments, 
making it available to the fetal plasma (9-11). Despite 
the occurrence of this transport of lipoproteins from 
the mother to the fetus, the maternal concentrations of 
TC, LDL-c, HDL-c and triglycerides seem not to affect 
the lipid profile of the newborn, as demonstrated in 
this study. Additionally, the GWG also showed no rela-
tionship with the lipid profile of the newborn, signaling 
that the nutritional status of the mother seems not to 
significantly change the lipid profile of the newborn.

Similarly to what has been reported by various au-
thors, there is still limited information on the relation-
ship between the lipid metabolism of the mother and 
the newborn. Mechanisms of synthesis, degradation 
and transport of fats, as well as carbohydrate metabo-
lism, need to be better investigated in this group in or-
der to enable the correct monitoring of the maternal 
plasma lipids during the gestational period.

To conclude, limitations of the present study in-
clude: 1) the fact that some parturients were not fast-
ing when the blood was collected, which may have 
overestimated the values obtained for maternal TC and 
triglycerides; 2) the absence of a standard reference 
for the lipid variables TC and cholesterol fractions in 
children under the age of two years does not allow the 
assessment of a relationship between the altered lipid 
profile of the mother and the lipid profile of the child, 
hindering the understanding of the transport of these 
substances across the placenta.
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Dyspeptic symptoms in patients 
with type 1 diabetes: endoscopic 
findings, Helicobacter pylori 
infection, and associations 
with metabolic control, mood 
disorders and nutritional factors

Mariza Faria1, Elizabeth João Pavin2, Maria Cândida Ribeiro Parisi2, 
Cristiane Kibune Nagasako3, Maria Aparecida Mesquita1

ABSTRACT
Objectives: To evaluate, in a group of patients with long-standing type 1 diabetes (DM1), an associa-
tion of dyspepsia symptoms with: changes in the gastroduodenal mucosa, infection by Helicobacter 
pylori, glycemic control, and psychological and nutritional factors. Subjects and methods: A total of 
32 patient with DM1 were studied (age: 38 ± 9 years; females: 25; diabetes duration: 22 ± 5 years). All 
patients answered a standardized questionnaire for the evaluation of gastrointestinal symptoms and 
underwent upper gastrointestinal endoscopy, with gastric biopsies for the evaluation of Helicobacter 
pylori infection. The presence of anxiety and depression was evaluated by the HAD scale. Nutritional 
parameters were BMI, arm and waist circumference, skinfold measurement, and body fat percent-
age. Results: Upper endoscopy detected lesions in the gastric mucosa in 34.4% of the patients, with 
similar frequency in those with (n = 21) and without dyspepsia (n = 11). The patients with dyspepsia 
complaints showed greater frequency of depression (60% vs. 0%; p = 0.001), higher values for HbA1c 
(9.6 ± 1.7 vs. 8.2 ± 1.3%; p = 0.01) and lower values for BMI (24.3 ± 4.1 vs. 27.2 ± 2.6 kg/m2; p = 0.02), 
body fat percentage (26.6 ± 6.2 vs. 30.8 ± 7.7%; p = 0.04), and waist circumference (78.7 ± 8 vs. 85.8 ± 
8.1 cm; p = 0.02). No association was found between the symptoms and the presence of Helicobacter 
pylori. Conclusions: Dyspepsia symptoms in patients with long-standing DM1 were associated with 
glycemic control and depression, and they seem to negatively influence the nutritional status of these 
patients.  Arch Endocrinol Metab. 2015;59(2):129-36 
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INTRODUCTION

R ecent studies indicate that the prevalence of gas-
trointestinal symptoms in patients with type 1 

diabetes (DM1) is greater than that observed in the 
overall population (1-3). It was also demonstrated that 
this clinical picture has a negative impact in the quality 
of life of these patients (4). However, the mechanisms 
responsible for digestive manifestations in diabetes have 
not been elucidated, yet (5). 

Few authors have used upper digestive endoscopy 
(UDE) to analyze the presence of mucosal lesions that 
could explain the esophageal and dyspeptic complaints 
in diabetic patients. In one study, endoscopic evalu-
ation showed that the lesions in the esophagogastric 

mucosa were more frequent in diabetic patients (most 
of them with type 2 diabetes) than in non-diabetic con-
trols. However, no relationship was observed between 
the lesions found and the presence of digestive symp-
toms (6). On the other hand, some authors observed a 
similar frequency of endoscopic lesions in diabetic and 
non-diabetic control patients (7). 

Studies that investigated the relationship between 
digestive symptoms and Helicobacter pylori infection 
(8), glycemic control (1,9), and abnormal autonomic 
function (5) in diabetes also showed contradictory re-
sults. Besides, no direct relationship was demonstrated 
between diabetic gastroparesis and specific digestive 
symptoms (10,11). 
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The association between gastrointestinal symptoms 
and psychological factors, particularly anxiety and de-
pression, is growingly recognized in the literature since 
the studies which were carried out in patients with func-
tional diseases, such as functional dyspepsia and irritable 
bowel syndrome (12). There is evidence of increased 
prevalence of anxiety and depression in diabetic patients 
(13,14), but the relationship between these disorders 
and the presence of gastrointestinal symptoms have sel-
dom been investigated in diabetes. An Australian study 
that evaluated both type 1 and type 2 diabetes patients 
demonstrated that digestive symptoms were twice more 
frequent in those patients that showed anxiety and/or 
depression (15). This information indicates the need 
for new studies to confirm this relationship in patients 
with DM1. Besides, there are no studies involving the 
possible influence of dyspeptic symptoms in the nutri-
tional picture of patients with DM1. 

Therefore, the objectives of this study were to eva-
luate, in a group of patients with long-term DM1, the 
relationship between dyspeptic symptoms with the fol-
lowing factors: changes in the gastroduodenal mucosa; 
infection by Helicobacter pylori; glycemic control; and 
psychological and nutritional factors. 

SUBJECTS AND METHODS 

A total of 32 patients with DM1 were seen at the DM1 
outpatient clinic of the Endocrinology Division at the 
Hospital das Clínicas da Unicamp (HC-Unicamp). 
Mean age of the participants in the study was 38 ± 9 
years, with 25 (78.1%) female patients and 7 (21.9%) 
male ones. DM1 diagnosis was determined by the cri-
teria of the American Diabetes Association (ADA) (16). 

Inclusion criteria were: patients had to be older than 
18 years of age, diabetes diagnosis should have been 
established more than 10 years before, written consent 
for upper digestive endoscopy (UDE). Exclusion crite-
ria were: pregnancy, previous gastrointestinal tract sur-
gery, renal failure with dialysis, concurrent diseases that 
may cause changes in gastrointestinal motility. 

The control group for the presence of gastrointes-
tinal symptoms was made up by 50 healthy volunteers 
(30 women and 20 men, aged 33 ± 8 years) recruited 
among employees and students at the HC and Gastro-
centro-Unicamp. The control group was matched to the 
patient group based on age, sex and BMI. None of the 
volunteers had cardiac or gastrointestinal disease, arterial 
hypertension, diabetes or previous abdominal surgery. 

This study was approved by the Research Ethics 
Committee at Unicamp. All participants signed a writ-
ten informed consent term.

Clinical and laboratory assessment 

Factors related to DM1, including duration of the 
disea se, chronic complications (retinopathy, peripheral 
neuropathy, and diabetic nephropathy), and laboratory 
parameters, including fasting glucose, urea, creatinine, 
creatinine clearance, and TSH were obtained from pa-
tient records. Glycemic control was analyzed by means 
of glycated hemoglobin (HbA1c) obtained by high ef-
ficiency liquid chromatography. Levels above 7% were 
considered inadequate glycemic control.

Diabetic retinopathy was diagnosed by fundoscopy  
carried out by an ophthalmologist at HC-Unicamp. 
Diabetic nephropathy was evaluated by means of mi-
croalbuminuria in a morning urine sample; nephro-
pathy was considered when two values observed on 
two different days were above the normal value (up to  
30 mg/g creatinine), in the absence of urinary infec-
tion. The diagnosis of peripheral neuropathy was deter-
mined using a 10 g-monofilament for pain sensation, 
128 Hz tuning fork for vibration perception, assess-
ment of achilles and patellar reflexes, as well as palpa-
tion of dorsalis pedis and posterior tibial pulses. 

Gastrointestinal symptoms

Gastrointestinal symptoms were analyzed in patients 
and controls using a standardized questionnaire that 
was previously validated (17). The following esopha-
geal symptoms were analyzed: dysphagia, heartburn  
and regurgitation. Dyspeptic symptoms included pain 
or epigastric burning, postprandial bloating, nausea, 
and vomiting. Intestinal symptoms analyzed were: ab-
dominal distention, abdominal pain, constipation, diar-
rhea, and fecal incontinence. Each symptom received a 
score from 0 to 4, according to the intensity, as follows: 
0 = no symptom, 1 = mild (symptoms can be ignored), 
2 = moderate (symptoms cannot be ignored, but do 
not influence daily activities), 3 = severe (symptoms in-
fluence daily activities). Only moderate or severe symp-
toms that occurred more than once a week were con-
sidered in the analysis of the data. 

Upper digestive endoscopy 

Upper digestive endoscopy was carried out in order to 
diagnose gastroduodenal lesions responsible for gastro-
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intestinal symptoms. Besides, gastric biopsy fragments 
were collected for H. pylori analysis (body and antrum) 
and fragments of the bulb and postbulbar portion (dis-
tal to the duodenal papilla) were collected to the analy-
sis of celiac disease. 

Analysis of H. pylori infection

Analysis of H. pylori was carried out by the urease test 
and histological examination of fragments collected in 
the endoscopy. Infection was considered to be negative 
when both tests were negative. 

Diagnosis of celiac disease 

Considering the increased prevalence of celiac disease in 
DM1 (18), and the possible nutritional changes caused 
by this comorbidity, the presence of celiac disease in 
the patient group was analyzed by means of histological 
examination of duodenal biopsies. 

Assessment of mood disturbances by the HAD scale 

The presence of anxiety and depression was evaluated 
using the Portuguese version of the HAD (Hospital 
Anxiety and Depression) scale, which was validated in 
Brazil (19). This scale is divided into subscales for anxi-
ety and depression, and values over 8 in each subscale 
indicate anxiety or depression. 

Assessment of nutritional status 

Nutritional status of the patients was assessed according 
to standardized protocols (20) that yielded the follow-
ing anthropometric indices: body mass index (BMI), 
calculated as weight (kg)/height2 (m); arm circumfer-
ence (AC); corrected arm muscle area (cAMA); waist cir-
cumference (WC); and skinfold measurements: tricipital 
(TSF), bicipital (BSF), subscapular (SSSF) and suprailiac 
(SISF). Body fat percentage was calculated based on these 
indices. Measurement of arm and waist circumferences 
were carried out with an inextensible tape, and skinfolds 
were measured with a Lange caliper (Cambridge Scien-
tific Industries Cambridge, MA) with 0.2 mm accuracy. 

Statistical analysis

Results were expressed as means ± SD. Statistical analy-
sis was carried out using the Mann-Whitney, Chi-Square 
and Fischer Exact Test, as necessary. The comparison 
between multiple variables was carried out by the analy-
sis of variance (ANOVA) and Tukey test. Correlation 

analysis was carried out using Spearman correlation co-
efficient. Statistical significance was set at p < 0.05. 

RESULTS

Clinical and demographic characteristics of the 
patients

Table 1 shows the main demographic and clinical 
characteristics of the 32 patients with DM1. Mean time 
from diagnosis was 22 ± 5 years.

All patients used insulin, and none of them was un-
der treatment with metformin. Peripheral neuropathy 
was found in 46.9% of the participants. Mean HbA1c 
was 9.1 ± 1.7%, indicating that the group of patients 
studied had inadequate glycemic control. Only one pa-
tient (3%) showed good control, with HbA1c < 7%. 
There were no significant differences (p > 0.05) be-
tween men and women in relation to the clinical pa-
rameters.  

Gastrointestinal symptoms

Table 2 shows the frequency of the different gastroin-
testinal symptoms reported by diabetic patients and the 
control group. Compared with the control group, dia-
betic patients presented significantly greater frequen-
cies of dysphagia, heartburn, regurgitation, postprandi-
al bloating, nausea, vomiting, and intestinal symptoms 
(constipation, diarrhea, abdominal distention, and fecal 
incontinence). 

Considering the group of symptoms, it was obser-
ved that 21 (65.6%) of the patients showed dyspepsia. 
The main dyspepsia complaint was postprandial fullness 
more than three times a week in all cases. In patients 
with dyspepsia, 7 (33.3%) presented symptoms asso-
ciated with gastroesophageal reflux (heartburn and/or 
regurgitation) and 18 (85.7%) showed associated intes-
tinal complaints, such as constipation, diarrhea, pain or 
abdominal distention. None of the patients presented 
with exclusively reflux symptoms, and none of them 
used gastric acid secretion inhibitors or prokinetic dru-
gs in the treatment of the symptoms. 

Nineteen (90.5%) of the patients with dyspepsia 
symptoms related the onset or worsening of the gas-
trointestinal symptoms with the ingestion of specific 
foods. The most common foods reported were: milk, 
bread and pasta, fried foods, red meat, banana and co-
ffee. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

132 Arch Endocrinol Metab. 2015;59/2

Table 2. Frequency of gastrointestinal symptoms in patients with DM1 
and in the control group

Symptoms DM1 patients
(n = 32)

Controls
(n = 50) p

Dysphagia 6 (18.7%) 1 (2%) 0.01

Heartburn and/or 
regurgitation

7 (21.9%) 3 (6%) 0.04

Postprandial fullness 15 (46.9%) 5 (10%) 0.001

Epigastralgia 9 (28.1%) 11 (22%) 0.60

Nausea/vomiting 7 (21.9%) 3 (6%) 0.04

Abdominal distention 13 (40.6%) 8 (16%) 0.02

Constipation 9 (28.1%) 5 (10%) 0.04

Diarrhea 6 (18.7%) 0 (0%) 0.002

Abdominal pain 3 (9.4%) 1 (2%) 0.29

Fecal incontinence 5 (15.6%) 0 (0%) 0.01

Association between dyspeptic symptoms, glycemic 
control and diabetes complications 

Comparisons between diabetic patients with and with-
out dyspepsia are shown in tables 1 and 3-5. Table 1 
shows that diabetic patients with dyspepsia presented 
significantly higher levels of HbA1c when compared 
with diabetic patients without dyspepsia, indicating 
that this subgroup had worse glycemic control. 

There was no statistical association (p > 0.05) betwe-
en dyspepsia symptoms and diabetes complications (pe-
ripheral neuropathy, retinopathy, nephropathy), or with 
any of the other parameters analyzed: sex, age, fasting 
glucose, creatinine values, creatinine clearance, and TSH. 

Upper digestive endoscopy findings 

UDE analysis showed that most of the patients with 
DM1 (65.6%) did not present relevant changes in the 

mucosa of the digestive system. The most important 
findings were severe erosive gastritis in two patients 
and a healing gastric ulcer in a patient. The comparison 
of patients with and without dyspepsia did not show 
significant differences in the frequency of endoscopic 
lesions. 

Helicobacter pylori infection

H. pylori infection was found in eleven patients (34.4%). 
The urease test and histological examination were in agree-
ment in all cases. None of the patients reported previous 
treatment of the infection. There were no statistical dif-
ferences between dyspeptic and asymptomatic patients 
as for the presence of the bacteria (Table 3).

Presence of celiac disease

Histological examination of the duodenal biopsies con-
firmed the diagnosis of celiac disease in one patient. 

Presence of anxiety and depression 

Thirty patients completed the HAD scale. According 
with the scores, 19 patients (63.3%) presented some 
kind of mood alteration. Ten patients (33.3%) pre-
sented anxiety associated with depression, 7 (23.3%) 
showed only anxiety, and two (6.7%) presented only 
depression. 

There was no significant correlation (p > 0,05) be-
tween the scores for anxiety and depression, HbA1c 
values and any other biochemical parameter. No statis-
tically significant association was observed with gender, 
age, or diabetes complications, either. 

Table 4 shows that 60% of the dyspeptic patients 
and 50% of the diabetic patients without symptoms of 

Dyspepsia in diabetes type 1

Table 1. Demographic and clinical characteristics of patients with DM1. Comparison of patients with and without dyspepsia

Variables Total 
(n = 32)

Patients with dyspepsia
(n = 21)

Patients without dyspepsia
 (n = 11) p

Age (years)  38 ± 9 37 ± 9 41 ± 7 0.18

Sex: 

Female (n %)

Male (n %)

25 (78.1)

7 (21.9)

16 (76.2)

5 (23.8)

9 (81.8)

2 (18.2)

1

Time since diabetes diagnosis (years) 22 ± 5 25 ± 6 21 ± 5 0.06

Peripheral neuropathy n (%) 15 (46.9) 10 (47.6) 5 (45.4) 1

Retinopathy (%) 28 (87.5) 17 (81) 11 (100) 0.27

Diabetic nephropathy n (%) 22 (68.7) 16 (76.2) 6 (54.5) 0.25

Smoking n (%) 4 (12.5) 4 (19) 0 (0) 0.27

HbA1c (%) 9.1 ± 1.7 9.6 ± 1.7 8.2 ± 1.3 0.01
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dyspepsia presented anxiety (p > 0.05). On the other 
hand, depression was identified in 60% of the patients 
with dyspeptic complaints, whereas none of the dia-
betic without dyspepsia presented this disorder (p = 
0.001). In accordance with these data, the score in the 
depression subscale was significantly greater in patients 
with dyspeptic symptoms. 

Association between dyspeptic symptoms and 
nutritional parameters

Mean values of anthropometric parameters are presen-
ted in table 5. For the analysis of the results, the patient 
diagnosed with celiac disease was excluded, once she 
was malnourished. According to the BMI, 13 patients 
(43.3%) were overweight and one (3.3%) was obese. 

When compared with patients without dyspeptic 
complaints, patients with dyspepsia presented signi-
ficantly decreased values (p < 0.05) for the following 

parameters: BMI, waist circumference, and fat percen-
tage. 

There was no association between anthropometric 
data and any of the other clinical and laboratorial para-
meters analyzed. Besides, there was no statistical asso-
ciation between nutritional factors, anxiety and depres-
sion (p > 0.05).

DISCUSSION

Most of the studies that investigated gastrointestinal 
symptoms in DM1 were carried out in groups that were 
mostly made up by patients with DM2 (3). Besides, 
the analysis of different study groups shows wide vari-
ability in terms of clinical and laboratory characteristics 
and length of the disease in patients with DM1. The 
advantage of the present study was to analyze dyspep-
tic symptoms in a homogenous group of patients with 

Dyspepsia in diabetes type 1

Table 3. Lesions observed in upper digestive endoscopy and H. pylori infection in patients with type 1 diabetes and without dyspepsia

Endoscopic alterations Total
n = 32

Patients with dyspepsia
(n = 20)

Patients without dyspepsia
(n = 11) p

Erosive lesions/peptic ulcer

Mild erosive gastritis

Mild erosive gastritis + erosive esophagitis

Severe erosive gastritis

Gastric ulcer

11 (34.4%)

7

1

2

1

8 (38.1)

5

1

1

1

3 (27.3%)

2

0

1

0

0.70

H. pylori infection 11 (34.4%) 6 (28.6%) 5 (45.4%) 0.44

Table 4. Anxiety and depression in patients with DM1 according to the HAD scale. Comparison between diabetic patients with and without dyspeptic 
symptoms 

Mood alterations Total 
(n = 30)

Patients with dyspepsia
(n = 20)

Patients without dyspepsia
 (n = 11) p

Anxiety

Anxiety score 

17 (56.7%)

8.3 ± 4.7

12 (60%)

9.1 ± 5

5 (50%)

6.4 ± 4.4

0.70

0.20

Depression

Depression score

12 (40%)

6.9 ± 4.3

12 (60%)

8.3 ± 4.2

0 (0%)

4.0 ± 3.0

0.001

0.005

Table 5. Anthropometric data of diabetic patients according to the presence or absence of dyspeptic symptoms 

Anthropometric data Total 
(n = 31*)

Patients with dyspepsia
(n = 20)

Patients without dyspepsia
 (n = 11) p

BMI (kg/m2) 25.3 ± 3.8 24.3 ± 4.1 27.2 ± 2.6 0.02

Body fat (%) 28.3 ± 7.1 26.6 ± 6.2 30.8 ± 7.7 0.04

Waist circumference (cm) 81.5 ± 8.6 78.7 ± 8 85.8 ± 8.1 0.02

Arm circumference (cm) 29.7 ± 3.8 28.4 ± 3.8 31.5 ± 3 0.08

Tricipital skinfold (mm) 15.9 ± 5.7 14.6 ± 5.9 17.6 ± 5.2 0.14

Corrected arm muscle area  (cm2) 42.7 ± 12 39.1 ± 12.3 47.8 ± 10 0.06

* Patient with celiac disease excluded from the statistical analysis.
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DM1 in relation to the length of the disease, the pres-
ence of diabetes complications, and even in terms of 
inadequate glycemic control.  

Patients were characterized by the high frequency 
of gastrointestinal symptoms, which was significantly 
greater than that in the control group, confirming the 
results of previous studies that demonstrated that di-
gestive symptoms are more frequent in diabetic patients 
compared with non-diabetic controls (1-3). However, 
it is important to observe that the prevalence of dyspep-
tic complaints observed in the present cases was higher 
than that reported in population studies, and cannot be 
generalized to the whole population of DM1 patients. 
This may be due to the fact that the study protocol 
required upper endoscopy to be carried out. Therefo-
re, it is possible that diabetic patients with dyspep-
tic complaints had more interest in taking part in 
the study, what may have increased the frequency of 
changes in the group studied. Similarly, the predo-
minance of female patients may also be related with 
greater interest in taking part in the study, once pre-
vious observations demonstrated that gastrointesti-
nal symptoms are more frequent in women than in 
men with DM1 (2). Considering this possible bias, all 
statistical analyses considered a possible gender effect. 

Upper endoscopy showed that a large number of 
the diabetic patients with dyspeptic symptoms did not 
show gastroduodenal lesions that could explain the cli-
nical picture, indicating that other factors may be res-
ponsible for the digestive complaints in these patients. 

Results presented here indicate that H. pylori in-
fection is not related to the presence of dyspeptic 
symptoms, confirming recent literature data (8,21). 
The infection was found in 34.4% of the patients, si-
milar to another Brazilian study with DM1 adolescent 
patients (22). However, this prevalence is lower than 
the one reported in a Brazilian population study invol-
ving blood donors, which was 65-70% for individuals 
in the same age group (23). It is also lower than that 
observed in patients with functional dyspepsia in a pre-
vious study carried out by our group, which demons-
trated the presence of the bacterium in 65% of the cases 
(24). Data on the prevalence of H. pylori infection in 
DM1 are contradictory. Some studies show greater pre-
valence than the one found in the controls, and others 
show similar prevalence (8). On the other hand, some 
authors reported lower frequency of infection in those 
patients that had the disease for a longer time, due to 
the repeated use of antibiotics (25). This may be the 

explanation for the relatively low proportion of infec-
tions by H. pylori in the group of diabetic patients in 
the present study: they may have been treated countless 
times with antibiotics during the prolonged course of 
their disease. 

A large number of patients with DM1 presented an-
xiety and/or depression disorders, confirming literature 
results (13,14). Besides, an association between depres-
sion and dyspeptic symptoms in these patients was de-
monstrated. The relationship of gastrointestinal symp-
toms with anxiety and depression was already described 
in groups of DM1 and DM2 patients (15). This associa-
tion was also documented in the follow-up of a mixed 
group of patients with DM1 and DM2 during a period 
of two years. It was observed that the onset of depres-
sion symptoms increased three times the risk of gastroin-
testinal symptoms, no matter the type of diabetes (26). 

The mechanisms responsible for the relationship 
between gastrointestinal symptoms and psychologi-
cal factors have not been elucidated in diabetes, yet. 
One of the mechanisms proposed to explain this asso-
ciation in functional dyspepsia is visceral hypersensiti-
vity, that is, an increased perception of gastrointestinal 
sensations (27,28). It was demonstrated that anxiety 
and depression may influence the central processing of 
visceral stimuli, increasing the perception of gastroin-
testinal sensations (29). Gastrointestinal symptoms, on 
their turn, may increase the levels of anxiety and de-
pression, leading to a vicious cycle. Once the studies 
on diabetes already demonstrated abnormalities in the 
perception of visceral sensations in different parts of the 
gastrointestinal tract (30), it may be inferred that, simi-
lar to what was observed in functional diseases, the rela-
tionship between psychological factors and gastrointes-
tinal symptoms in diabetes may be explained, at least in 
part, by visceral hypersensitivity (15). This hypothesis 
still needs to be confirmed by new studies. 

In spite of the fact that almost all diabetic patients 
in the study presented inadequate glycemic control, the 
levels of HbA1c were significantly higher in dyspeptic 
patients than in those without dyspepsia, suggesting a 
role of glycemic control in the production of dyspep-
tic symptoms in DM1. These results are in agreement 
with the observations of other authors (2,31). Labora-
tory studies in which patients were submitted to gastric 
distention by means of the insufflation of intragastric 
balloons showed that severe hyperglycemia increases 
the perception of nausea and bloating (30-32), sugges-
ting that visceral hypersensitivity may also be involved 

Dyspepsia in diabetes type 1
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in the relationship between glycemic control and dys-
peptic symptoms in DM1. New studies are necessary to 
explore this hypothesis. 

According to the data presented here, there was no 
association between digestive symptoms and peripheral 
neuropathy or other diabetes complications. However, 
these results do not enable us to rule out the partici-
pation of autonomic neuropathy in the pathogenesis of 
dyspeptic symptoms, once the appropriate tests to inves-
tigate this change were not used in the present study. It 
is important to mention, however, that previous studies 
did not evidence good correlations between digestive 
symptoms and diabetic autonomic neuropathy, sugges-
ting a multifactorial physiopathology for dyspepsia in 
these patients (5,30). The results of the present study 
seem to fit the current view that digestive symptoms 
in DM1 are result of a complex relationship between 
psychological changes, glycemic control, visceral hyper-
sensitivity, and autonomic neuropathy (15,33).

The evaluation of data on BMI in the studied group 
evidences a high percentage of overweight patients, 
confirming recent studies on DM1 (34,35). However, 
the values for nutritional parameters in dyspeptic pa-
tients were reduced compared with those observed in 
patients without dyspepsia, suggesting that digestive 
symptoms may influence the nutritional status of DM1 
patients. As patients related their digestive complaints 
with the ingestion of different foods, it is possible that 
food intake in these patients was reduced due to the 
severity of the symptoms, leading to the changes in 
nutritional status. This possible relationship should be 
adequately investigated in future studies. 

In conclusion, dyspeptic symptoms may be associa-
ted with worse glycemic control and presence of de-
pression, in most of the patients with DM1. Besides, 
dyspepsia seems to negatively affect the nutritional 
status of the diabetic patients. Therefore, it is impor-
tant that the endocrinologist considers these symptoms 
and recognize that adequate treatment of digestive 
complaints also depends on the effective approach of 
psychosocial factors involved. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Risk of hypoglycemia during 
hemodialysis in diabetic patients is 
related to lower pre-dialysis glycemia

Jayme Eduardo Burmeister1, Diego da Rosa Miltersteiner1, 
Bruna Ortega Burmeister1, Juliana Fernandes Campos1 

ABSTRACT 
Objective: To compare the occurrence of hypoglycemia during hemodialysis in chronic kidney dis-
ease diabetic patients who present different levels of pre-dialysis glycemia both when using dialy-
sis solutions with and without glucose. Subjects and methods: Twenty type 2 diabetic patients 
in maintenance hemodialysis were submitted to three dialysis sessions (at a 7-day interval each) 
with dialysis solutions without glucose, with glucose at 55 mg/dL, and at 90 mg/dL subsequently. 
Blood glucose levels were measured immediately pre-dialysis and at 4 moments during the ses-
sion, and values under 70 mg/dL were considered as hypoglycemia. Results: Average pre-dialysis 
glycemia was lower in those who presented intra-dialytic hypoglycemia than in those who did 
not, both in glucose-free (140.4 ± 50.7 vs. 277.7 ± 91.0 mg/dL; p = 0.005; 95%CI: 46.4 to 228.1) and 
in glucose 55 mg/dL (89.5 ± 10.6 vs. 229.7 ± 105.0 mg/dL; p < 0.05; 95%CI: 9.8 to 270.5). In patients 
with  pre-dialysis glycemia under 140 mg/dL, average intradialytic glycemia was significantly lower 
than pre-dialysis glycemia only when using glucose-free dialysate (p < 0.0001; 95%CI: 29.9 to 56.0 -  
t-test). Hypoglycemia during dialysis was observed only when using glucose-free or glucose-poor 
dialysis solutions. Conclusions: The use of glucose-free or glucose-poor dialysis solution presents 
a high risk of intradialytic hypoglycemia in diabetic renal patients, especially in those with pre-
sumed better glycemic control. Arch Endocrinol Metab. 2015;59(2):137-40
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INTRODUCTION

A symptomatic hypoglycemia (HG) during hemo-
dialysis (HD) has been reported in chronic kid-

ney disease (CKD) patients since more than a decade 
ago (1), and it is common in diabetic (DM) individuals 
when dialysis is performed with a glucose-free dialysis 
solution (2,3). Moreover, the use of glucose-added 
dialysate showed a significant reduction and even the 
absence of intradialytic HG (3), and nowadays its use 
is indicated and largely diffused (4). Recently, we pub-
lished a study in which we compared the occurrence of 
HG during dialysis with different levels of glucose (5). 
Now we revised these data in order to verify the hy-
pothesis that intradialytic HG episodes in DM patients 
could be related to pre-dialysis serum glucose levels. 

SUBJECTS AND METHODS

This study was approved by the Ethics Commit-
tees in Research of Universidade Luterana do Brasil 

 (ULBRA), and all participants signed an informed 
consent form. 

Twenty CKD patients in stable maintenance HD 
were randomly selected among all 34 adult type 2 
diabetic (T2DM) individuals from an HD unit. They 
should be free from any hospitalization or infectious 
event in the past 4 weeks, and BMI should be over 20 
kg/m2. The patients were submitted to three mid-week 
HD sessions with a 7-day interval, using different glu-
cose concentrations in the dialysate fluid – first with a 
glucose-free (GluZERO), later with glucose 55 mg/dL 
(Glu55), and then with 90 mg/dL (Glu90). In each 
phase, plasma glucose levels were measured immedi-
ately pre-dialysis (pre-HD glycemia), and in four stan-
dardized moments during the session (intra-HD glyce-
mia) – at 30, 60, 150, and 240 min. Hypoglycemia was 
considered as a blood glucose level under 70 mg/dL 
even without symptoms, as stated in previous studies 
(2,3). Other details of the study were decribed in the 
original article (5). 
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For the present analysis, we compared pre-HD with 
intra-HD average glycemia in each phase, both in those 
patients who presented HG episodes as in those with-
out HG. We also studied specifically those patients with 
pre-HD glycemia under 140 mg/dL in each phase, 
comparing pre-HD to intra-HD average glycemia in 
each phase.

Bivariate statistical analysis was performed using 
GraphPad InStat 3.05 (GraphPad Software, San Diego, 
California, USA). Student’s t-test was used to compare 
continuous variables. Statistical significance was set at 
P < 0.05.

RESULTS

The 20 patients’ age was 56.3 ± 11.8 yrs-old (mean ± 
SD). Twelve (60%) were male. All of them were on di-
alysis for an average of 56.3 months and presented the 
diagnosis of diabetes for more than 7 years.

Five patients in GluZERO and three patients in 
Glu55 presented seven and five HG episodes respec-
tively, none during Glu90.

For all individuals, mean intradialytic glycemia was 
significantly lower than pre-HD glycemia in each of 
the 3 phases, a finding more pronounced in GluZERO 
(151.9 ± 70.2 vs. 243.4 ± 101.8 mg/dL).   

Average pre-HD glycemia was lower in those who 
presented intra-HD episodes of HG than in those who 
did not, both in GluZERO (140.4 ± 50.7 vs. 277.7 ± 

91.0 mg/dL; p = 0.005) and in Glu55 (89.5 ± 10.6 vs. 
229.7 ± 105.0 mg/dL; p < 0.05) (Table 1). 

Among those with pre-HD glycemia under 140 
mg/dL (respectively five, six, and five patients in Glu-
ZERO, Glu55, and Glu90), mean intra-HD glycemia 
was significantly lower only in phase GluZERO (p = 
0.0015; t test) (Table 2).

DISCUSSION

It is well established, especially in DM individuals, that 
asymptomatic hypoglycemia is usual during hemodialy-
sis with glucose-free dialysis solution, and that a glu-
cose-added dialysate prevents these events (2,3,5-7). 
However, to the best of our knowledge, no one has 
previously studied the relationship of these hypoglyce-
mic events with pre-HD blood glucose levels. 

We observed that the occurrence of HG during the 
dialysis session is related to blood glucose level signif-
icantly lower, though normal, at the begining of di-
alysis (Table 1). Moreover, when considering only those 
patients with pre-HD blood glucose level under 140 mg/dL,  
who are supposedly more prone to HG during dialy-
sis, we found intra-HD glycemia significantly lower 
than pre-HD glycemia only during glucose-free dialysis 
(Table 2). These data seem to indicate a higher risk of 
intradialytic HG for DM individuals who presumably 
present the best glycemic control, especially when in 
glucose-free dialysis. Further, we found a significant 

Table 1. Glycemia (pre-HD and intra-HD – mean ± SD; mg/dL) in those with and without HG during each phase

Phase GluZERO Glu55 Glu90

Patients All (n = 20) With HG (n = 5) No HG (n = 15) All (n = 20) With HG (n = 3) No HG (n = 17) All (n = 20)

Pre-HD glycemia 243.4 ± 101.8 140.4 ± 50.7* 277.7 ± 91.0* 215.7 ± 108.3 89.5 ± 10.6** 229.7 ± 105.0** 207.8 ± 113.7

Intra-HD glycemia 151.9 ± 70.2 78.0 ± 16.2 176.4 ± 63.8 165.2 ± 72.2 77.0 ± 41.9 175.0 ± 68.2 157.6 ± 75.4

P < 0.001

95%CI:

56.2 to 125.9

< 0.0001

95%CI:

35.7 to 89.0

< 0.0001

95%CI:

61.1 to 141.4

< 0.02

95%CI:

10.3 to 90.2

0.62

95%CI:

-41.5 to 66.5

< 0.02

95%CI:

13.3 to 96.0

< 0.02

95%CI:

8.4 to 91.9

* p = 0.005 (95%CI: 46.4-228.1) / ** p < 0.05 (95%CI: 9.8-270.5); (t-test).

Table 2. Pre-HD and intra-HD glycemia (mean±SD; mg/dL) in patients with pre-HD glycemia < 140 mg/dL in each phase

GluZERO Glu55 Glu90

Patients (n) 5 6 5

Pre-HD glycemia (n) 122.4 ± 14.1 (5) 107.0 ± 18.3 (6) 114.4 ± 16.1 (5)

Intra-HD glycemia (n) 79.4 ± 12.3 (20) 103.7 ± 44.2 (24) 127.2 ± 49.4 (20)

p* < 0.0001

95%CI:29.9 to 56.0

0.86

95%CI:-34.8 to 41.4

0.57

95%CI:-59.7 to 34.1

* t-test.

Hypoglycemia in diabetic patients on dialysis
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decrement of blood glucose levels during dialysis (Ta-
ble 1), which could be due, at least in part, to a loss of 
glucose in the dialysate (1-3).

All the above highlight the risk of using dialysis so-
lution without glucose in DM patients. 

As the maintenance of good glycemic control in 
DM patients on dialysis is related to lower mortality 
and better quality of life (8-13), it seems fundamental 
that this control must be in line with a dialysis proce-
dure that precludes HG.

In the early days of dialytic therapy, glucose was 
present in hemodialysis fluid. Later, this was followed 
by the wide use of glucose-free solutions in order to 
avoid the risk of bacterial contamination and for cost 
reduction (4,14). This practice became usual despite 
reports, since that time, about possible deleterious ef-
fects related to the lack of glucose in the dialysis so-
lution (15-17). However, this matter was recently re-
sumed, and the presence of glucose in dialysate became 
widely advisable to prevent frequent symptom-free HG 
and its consequences in DM patients, as the involve-
ment of the central nervous system (3,4). The frequent 
repetition of these asymptomatic events leads to a ce-
rebral adaptation to low blood glucose levels, and this 
has been attributed as the cause of the lack of symptoms 
(18). In consequence, these patients are submitted to 
the risk of a progressively compromised cognitive func-
tion (19-21). Ramirez and cols. (16), in 1986, first 
called attention to electroencephalographic abnormali-
ties when using glucose-free hemodialysis solutions. 
Recently, Cui and cols. used metabonomics to compare 
the metabolic properties of maintenance hemodialysis 
patients with and without glucose in dialysate. Their 
results showed that glucose-added dialysate was more 
efficient than glucose-free fluid in providing energy to 
the central nervous system (22). 

In our study, the small number of patients, the lack 
of information about some clinical data (for instance, 
the presence of autonomic neuropathy, and a proper 
method of regular glycemic control), and also some 
characteristics peculiar to this kind of study (e.g., the 
different ranges of time between daily meals and the 
start of the dialysis session; and the individual adminis-
tration schedule of insulin or oral hypoglycemic drugs) 
– all may have caused some influence on our results. 
Nevertheless, the strength of our data relies on the fact 
of being obtained under usual daily clinical conditions, 
this way reflecting the reality of regular hemodialysis 
treatment in diabetics.

In conclusion, T2DM patients with lower, though 
normal, pre-HD glycemia seem to present higher risk 
of developing intradialytic HG when using a dialysis 
solution without glucose or with low concentration of 
glucose. These findings allow to suppose that diabetic 
CKD patients who are in best glycemic control present 
higher risk of HG episodes during HD sessions with 
a glucose-free (or a glucose-poor) dialysis solution. 
In this way, while optimizing diabetes treatment and 
glycemic control, we would be providing a worse di-
alysis therapy if a glucose-free or glucose-poor dialysis 
solution was used. Finally, these data strengthens the 
importance of an adequate level of glucose in the com-
position of hemodialysis solution. 

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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The thyroid hormone receptor 
β-selective agonist GC-1 
does not affect tolerance to 
exercise in hypothyroid rats

Alexandre Gonçalves1, Chineyder Corrêa Tolentino2,  
Fernanda Rodrigues de Souza3, Juliana Carla da Costa Huss4, 
Karolinne de Lourdes Zinato5, Leandro Teixeira Paranhos Lopes3, 
Roberto Furlanetto Júnior6, Francisco de Assis Rocha Neves7

ABSTRACT
Objective: Investigate the effect of GC-1 on tolerance to exercise in rats with experimental hypo-
thyroidism. Materials and methods: Hypothyroidism was induced with methimazole sodium and 
perchlorate treatment. Six groups with eight animals were studied: control group (C), hypothyroid 
group without treatment (HYPO); hypothyroidism treated with physiological doses of tetraiodothy-
ronine (T4) or 10 times higher (10×T4); hypothyroidism treated with equal molar doses of GC-1 (GC-1) 
or 10 times higher (10×GC-1).  After eight weeks, each animal underwent an exercise tolerance test 
by measuring the time (seconds), in which the rats were swimming with a load attached to their tails 
without being submerging for more than 10 sec. After the test, the animals were killed, and blood 
samples were collected for biochemical analysis, and the heart and soleus muscle were removed for 
weighing and morphometric analysis of the cardiomyocyte. Results: Hypothyroidism significantly 
reduced tolerance to exercise and, treatment with GC-1 1× or T4 in physiological doses recover toler-
ance test to normal parameters. However, high doses of T4 also decreased tolerance to physical ex-
ercise. Conversely, ten times higher doses of GC-1 did not impair tolerance to exercise. Interestingly, 
hypothyroidism, treated or not with T4 in a physiological range, GC-1 or even high doses of GC-1 
(10X) did not change cardiomyocyte diameters and relative weight of the soleus muscle. In contrast, 
higher doses of T4 significantly increased cardiomyocyte diameter and induced atrophy of the soleus 
muscle. Conclusion: Unlike T4, GC-1 in high doses did not modify tolerance to physical exercise in the 
rats with hypothyroidism. Arch Endocrinol Metab. 2015;59(2):141-7
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INTRODUCTION

T hyroid hormones (THs) act on practically all hu-
man organ systems, playing an important role 

in growth and development, and regulation of di-
verse homeostatic functions, including production of 
heat and energy. THs modulate myocardial function, 
metabolic rate, mineral bone density, lipid regulation, 
and cholesterol and lipoprotein metabolism (1-4). To 
initiate these effects, TH enter the target cell through 
a system mediated by transporters to bind to TH re-
ceptor [TR] located in the nucleus. These receptors 
are distributed in various tissues, and the affinity to 
TR is ten times greater for 3,5,3’-triiodothyronine 
(T3) than for 3,5,3′,5′-tetraiodothyronine (T4). The 
actions of THs are mediated by two different recep-

tors, namely receptor α (TRα) and receptor β (TRβ) 
(5). TRα and β are coded by two different genes lo-
cated on chromosomes 17 and 3, respectively. The 
isoforms α1, β1, β2, and β3, which result from the 
alternative splicing of messenger RNA or use of alter-
native promoters, are capable of binding to THs and 
are heterogeneously distributed in diverse tissues (6). 
TRβ1 is predominant in the kidney, brain, and liver, 
where it plays a role in the metabolism of blood cho-
lesterol and energy expenditure. TRβ2 is expressed 
only in the brain and anterior pituitary, where it regu-
lates the negative feedback mechanism of the TH in 
the hypothalamic-pituitary-thyroid axis. TRα1 is pre-
dominately expressed in the central nervous system, 
myocardium, gastrointestinal tract, skeletal muscle, 
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cartilage, and bone (3-8). Given that T3 has a similar 
affinity to TRβ and TRα, even though the distribu-
tions of TRs differ, the administration of THs is re-
stricted for the treatment of hypothyroidism, as it can 
cause se rious adverse effects such as tachycardia and 
cardiac arrhythmias, which are associated with TRα 
stimulation in the heart (6-9).

However, as the TH increases energy expendi-
ture and significantly decreases the levels of choles-
terol and lipoproteins, several groups have tried to 
develop selective agonists of the β thyroid receptor, 
given that these ligands may help treat diseases such 
as obesity and dyslipidemia (10,11). Owing to their 
lower affinity to TRα1, selective agonists for TRβ 
do not cause, for example, tachycardia. Thus, va-
rious compounds with selective action for TRβ were 
synthesized, including [3,5-dimethyl-4-(4′-hydroxy-
3′-isopropylbenzyl)]-phenoxyacetic acid, known as 
GC-1 (12).

Studies have already shown that GC-1 effectively 
decreases obesity, increases metabolic rate and lipolysis, 
and decreases plasma levels of cholesterol, lipoproteins, 
and triglycerides without increasing cardiac frequency 
(13,14). In addition, unlike THs, the use of GC-1 does 
not induce osteoporosis or damage the skeletal tissue 
of rodents (15,16). Administrating GC-1 or GC-24, 
another TRβ-selective compound, to rats with hypo-
thyroidism did not affect muscle mass (16), genetic ex-
pression, or composition of muscle fibers (17).

Despite the positive effects of selective TRβ ago-
nists on metabolic rate and lipid profile already being 
well demonstrated in the literature, studies on cardiac 
side effects are more restricted to assessing the increase 
in cardiac frequency and/or presence of arrhythmias 
(13,14,18).

To date, no study has investigated the influence of 
selective TRβ1 agonists on tolerance to physical exer-
cise, despite that both hypothyroidism and hyperthy-
roidism are known to affect their role during exercise 
(19,20).

The aim of this study was to analyze the effect 
of GC-1 on tolerance to exercise in rats with experi-
mental hypothyroidism that were submitted to swim-
ming sessions. We assessed the tolerance to exercise 
in swimming sessions in hypothyroid rats treated 
with T4 and GC-1 in physiological and supraphysi-
ological doses. Our results revealed that GC-1, un-
like T4, even in high doses, did not affect tolerance to 
physical exercise.

MATERIALS AND METHODS

Animals and drugs

This study was approved by the Animal Ethics Com-
mittee (CEUA) at the Institute of Biological Sciences at 
the University of Brasilia, Brasilia, Brazil (approval No. 
119158/2010). To implement the experimental pro-
tocol, adult Wistar rats from the bioterium of the Fed-
eral University of Uberlandia, Uberlandia, MG, Brazil 
weighing between 200 to 250 g were used. We selected 
48 animals, which were divided into six groups of eight 
animals as it follows: the euthyroid control group (C), 
hypothyroid group (HYPO), hypothyroid group treated 
with T4 (Sigma, Brazil) (T4) at a dose of 0.3 µg/100 g of 
body weight (BW) per day, treated with 10×T4 at a dose 
of 3 µg/100 g of BW per  day (group 10×T4), treated 
with GC-1 at a dose of 0.15 µg/100 g of BW per day 
(group GC-1), and treated with 10×GC-1 at a dose of 
1.5 µg/100 g of BW per day (group 10×GC-1). The 
GC-1 and 10×GC-1 groups were treated with equimolar 
doses of groups T4 and 10×T4. T4 was dissolved in 40 
mol/L NaOH, and GC-1 was dissolved in dimethyl sulf-
oxide at a concentration of 1 mg/mL. Then, both T4 and 
GC-1 were diluted in a saline solution. All the treatments 
were administered via daily intraperitoneal injections for a 
period of eight weeks. All the animals were weighed every 
three days to adjust the doses of the drugs when required.

Storing the animals

The animals were kept in cages in the bioterium at the 
Central University of Planalto de Araxa, MG, Brazil. 
The temperature, relative air humidity, and level of 
noise were kept constant throughout the experiment, 
with the light-dark cycle every 12 hours. All the animals 
received food and water ad libitum.

Induction of hypothyroidism

Hypothyroidism was induced by administering 0.1% 
methimazole plus 1% sodium perchlorate (MM 0.1% 
+ P 1%) in the drinking water of the rats during the 
experiment (21).

Effort test

Before the effort test was applied, the animals spent five 
days adapting to the aquatic environment. The swim-
ming apparatus for the effort test was a 20 × 50 cm tank, 
filled with water between 30ºC and 32ºC up to 40 cm, 
thereby preventing the rats from floating during the test.

GC-1 and tolerance to exercise
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To verify the exercise tolerance, the following pro-
tocol was used as follows: each animal underwent a 
swimming session, with a load representing 5% of its 
BW attached to its tail, for as long as possible. This pro-
cedure guarantees an intensity of effort corresponding 
to the maximum stable phase of lactate. The test was 
validated when the rats were submerged for more than 
10 sec. Tolerance to effort was defined as the time that 
the animals spent swimming without being submerged 
for more than 10 sec (22).

Blood collection and analysis of hormone levels

After performed the effort tolerance test, the animals 
were euthanized by decapitation using a guillotine and 
blood samples were collected from the trunk. Each 
blood sample was centrifuged and immediately frozen. 
Subsequently, the total serum levels of T3, T4, and TSH 
were analyzed in the Clinical Analysis Laboratory of the 
Veterinary Hospital at the Federal University of Uber-
landia, using enzyme-linked immunosorbent assay. In-
tra and inter-assay coefficients of variation were respec-
tively: T3 = 9,6-10,3%, T4 = 4,3-4,5%, TSH = 4,6-7,6%.

Removal and weighing of the heart and soleus muscle

After being euthanized by decapitation, the thorax was 
opened, and the left posterior limb was dismembered 
to remove the heart and soleus muscle, respectively, 
which were then fixed in 10% formalin. After 24 hours, 
both the heart and soleus muscle were weighed using a 
Filizolla precision balance (0.001 g-Gehaka Ltda. Sao 
Paulo-Brazil). The relative weights of the cardiac and 
soleus muscles were determined by dividing the respec-
tive values obtained from the total weight of the animal 
on the day of euthanasia.

Afterward, the left ventricle was removed together 
with the interventricular septum to perform the histo-
logical sections. This procedure aims to verify possible 
hypertrophy or tissue degradation.

Histomorphometric analysis of the heart

The histological samples were prepared by immersing 
the material in paraffin, followed by hydration (depa-
raffinization) and finally dehydration of the material 
(diaphanization).

Next, two sections of the right ventricle were 
formed, and the smallest diameters of seven perpen-
dicularly cut cells were measured and identified in five 
different microscopic fields. The cell diameter was 

measured using scanned images taken using a binocular 
Olympus BX40 microscope at 40× resolution, coupled 
to an Olympus OLY-200 camera attached to a com-
puter via a Data Translation 3153 digital board. The 
measurements were performed using the software HL 
Image (Western Vision). The whole analysis was per-
formed using the double-blind technique. All the pro-
cedures to prepare the slides and equipment to analyze 
the material belonged to the Laboratory of Histology 
and Molecular Biology of the Institute of Biomedical 
Sciences at the Federal University of Uberlandia.

Statistical analysis

The data were statistically analyzed using the software 
Prism 4.0. One-way analysis of variance was used to 
verify any significant difference between the groups, 
followed by the Newman-Keuls test, with a significance 
level of 0.05.

RESULTS

Serum levels of T3, T4, and TSH

As shown in table 1, the serum levels of T3 and T4 were 
significantly lower, and that of TSH was significantly 
higher in the hypothyroid group than in the control 
group. Treatment with T4 in physiological doses normal-
ized the T3, T4, and TSH levels. Meanwhile, treatment 
with high doses of T4 (10×T4) significantly increased the 
serum T3 and T4 levels and decreased the TSH levels. 
The animals treated with GC-1 (GC-1 and 10×GC-1) 
had lower serum T3 and T4 levels than the control group. 
The serum TSH level was lower only for 10×GC-1. 

Table 1. Serum levels of thyroid hormones in the different groups

Groups/
Parameters T3 (ng/dL) T4 (ng/mL) TSH (µU/dL)

C 1.68 ± 0.25 46,58 ± 2.40 0.22 ± 0.01

HYPO 0.18 ± 0.07a 5.60 ± 0.50a 0.80 ± 0.03a

T4 1.30 ± 0.18b 49.65 ± 3.26b 0.18 ± 0.02b

10xT4 2.10 ± 0.07a,b,c 155.56 ± 5.78a,b,c 0.02 ± 0.0a,b,c

GC-1 0.3 ± 0.10a,c,d 4.29 ± 1.08a,c,d 0.16 ± 0.02b,d

10´GC-1 0.62 ± 0.16a,c,d 10.13 ± 1.06a,c,d 0.06 ± 0.02a,b,c,e

The values correspond to mean ± standard error. For each value, eight rats were used. T
3
 = 

Serum levels of T
3
; T

4
 = Serum levels of T

4
; TSH = Serum levels of TSH; C = control group; 

HYPO = hypothyroid rats; T
4
 = hypothyroid rats treated with T

4
; 10×T

4
 = hypothyroid rats 

treated with 10×T
4
; GC-1 = hypothyroid rats treated with GC-1; 10×GC-1 = hypothyroid rats 

treated with 10×GC-1. a = significant difference when compared to group C; b = significant 
difference when compared to group HYPO; c = significant difference when compared to group 
T4; d = significant difference when compared to group 10×T4; and e = significant difference 
when compared to group GC-1. p ≤ 0.05 in the Newman-Keuls test.

GC-1 and tolerance to exercise
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Tolerance to the effort test

To address the response of each group to physical ef-
fort, the animals performed exercise in the form of 
swimming, with a load equivalent to 5% of their BW. 
As can be seen in figure 1, hypothyroidism decreased 
tolerance to physical exercise rather significantly. The 
control animals managed to swim for 426.75 ± 42.72 
sec, whereas the group with hypothyroidism tolerated 
only 110.13 ± 5.78 sec (p < 0.001). Treating the ani-
mals with T4 or GC-1 normalized tolerance to exercise 
(T4 = 414.63 ± 36.40 sec; GC-1 = 398.13 ± 21.71 
sec). However, when the animals were treated with 
higher doses of T4 (10×T4), tolerance to exercise also 
decreased quite significantly, reaching values similar to 
those in hypothyroidism (212 ± 22.57 sec; p < 0.001). 
Unlike T4, GC-1 at higher doses did not alter the toler-
ance of the animals to swimming (455.75 ± 25.58 sec).

Diameter of cardiomyocytes

Given that BW varies significantly when hypothyroidism 
or hyperthyroidism is present and that heart weight cor-
rected by BW may vary according to BW changes, we 
decided to analyze cardiomyocyte diameter in the dif-
ferent groups. As observed in figure 2, compared with 
the controls, the rats with hypothyroidism did not have 
altered cardiomyocyte diameters. Similarly, treatment 
with T4 and GC-1 in normal doses also did not cause 
such alteration. However, administering T4 in high dos-
es (group 10×T4) significantly increased cardiomyocyte 
diameter. On the other hand, high doses of GC-1 did 
not modify cardiomyocyte diameters (10×GC-1).

Figure 1. GC-1 did not alter tolerance to physical effort in the hypothyroid 
Wistar rats subjected to the swimming protocol, with a load equivalent to 
5% of body weight (n = 8 rats per group). Control (C); with untreated 
hypothyroidism (HYPO); with hypothyroidism treated with T4 in 
physiological doses (T4); high doses (10×T4); and with equimolar doses 
of GC-1 (GC-1 and 10×GC-1). The effort time was when the animals 
managed to swim without being submerged for more than 10 sec. a = 
significant difference when compared to the control group. p ≤ 0.05 in the 
Newman-Keuls test.
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Body parameters of the rats with experimentally 
induced hypothyroidism

Hypothyroidism caused a significant increase in BW 
and treatment with T4, GC-1 and 10×GC-1 normal-
ized these values (Table 2). However, using T4 at high 
doses (10×T4) caused a significant decrease in BW.

Hypothyroidism induced a significant increase in 
the weight of the heart when compared with the rest of 
the animals, whereas groups T4, 10×T4, and 10×GC-1 did 
not show different values to the control group. When 
analyzing the heart weight corrected by BW, a signifi-
cant increase was observed only for group 10×T4.

Figure 2. GC-1 did not alter cardiomyocyte diameter in the rats treated 
with physiological (GC-1) and high doses (10×GC-1; n = 8 rats per group). 
The diameter of the cardiomyocytes of the left ventricle was measured in 
the animals in the different groups. * Significant difference in group 
10×T4 when compared to the rest. p < 0.05 in the Newman-Keuls test.
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Table 2. Effect of treatment with T
4
 and GC-1 on the body parameters of 

the rats with experimentally induced hypothyroidism

Groups/
Parameters BW (g) HW (mg) HW/BW 

(mg/g)

C 310.38 ± 10.67 970 ± 26.64 3.13 ± 0.09

HYPO 451.75 ± 15.17a 1572.5 ± 80.84a 3.48 ± 0.14

T4 337.50 ± 8.9b 1052.50 ± 30.62b 3.13 ± 0.11

10xT4 233.38 ± 15.22a,b,c 886.25 ± 34.57b,c 3.85 ± 0.2*

GC-1 341.38 ± 11.17b,d 1142.5 ± 26.98a,b,d 3.36 ± 0.09

10´GC-1 312.63 ± 18.07b,d 1020 ± 29.28b,d 3.32 ± 0.21

The values correspond to mean ± standard error. For each value, 8 rats were used. 
BW = body weight of the rats; HW = rat heart weight; HW/BW = relative weight of 
the rat heart. C = control group; HYPO = hypothyroid rats; T4 = hypothyroid rats 
treated with T4; 10×T4 = hypothyroid rats treated with 10×T4; GC-1 = hypothyroid 
rats treated with GC-1; 10×GC-1 = hypothyroid rats treated with 10×GC-1. a = 
significant difference when compared to C. b = significant difference when 
compared to HYPO. c = Significant difference when compared to T4. d = Significant 
difference when compared to 10×T4. * Significant difference when compared to 
the other groups.
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Relative weight of the soleus muscle

Next, to analyze the influence of the different treat-
ments on skeletal musculature, the relative weight of the 
soleus muscle was analyzed for each animal. As shown 
in figure 3, hypothyroidism did not alter the relative 
weight of the soleus muscle, nor did treatment with T4 
and GC-1 in physiological doses. Meanwhile, adminis-
tering T4 in high doses caused atrophy of the soleus 
muscle. Conversely, the administration of high doses of 
GC-1 (10×GC-1) did not affect soleus muscle mass.

hypothyroidism, decreases BW and cholesterol levels 
without causing tachycardia, arrhythmia, and osteopo-
rosis, or damaging the skeletal tissue of rodents (13-
16). Nevertheless, none of these studies evaluated the 
effect of GC-1, or even its analogue, GC-24, on tol-
erance to exercise in rats with experimentally induced 
hypothyroidism. Since exercise has been re commended 
to obesity and metabolic disease treatment, it is very 
important to investigate whether GC-1 can disrupt ex-
ercise capacity.  

Here, we investigated the effect of GC-1 on physi-
cal tolerance while the animals were in swimming ses-
sions. Our results show that unlike T4, physiological 
doses and high doses of GC-1 do not modify tolerance 
to physical exercise in rats with hypothyroidism.

The importance of THs upon tolerance to exercise 
has been long known, as patients with a hypo or hyper-
thyroidism display exercise intolerance (19,20).

Physiological studies on exercise show that toler-
ance to physical effort is a reflex of the combined action 
of respiratory, cardiovascular, and muscular systems. 
Therefore, disorders that alter one of these systems, 
as it is observed in hypo and/or hyperthyroidism, de-
crease performance during exercise (25).

In our study, we observed a significant decrease in 
tolerance in hypothyroid rats submitted to physical 
swimming exercise. This finding confirms previous re-
sults, which also observed a lower tolerance to exercise 
in rats with experimental hypothyroidism (26). The im-
portance of thyroid hormone in physical performance 
may be associated with the regulation of genetic expres-
sion of α and β myosin heavy chain in the myocardium 
by THs (27). Previous studies in rodents found that 
TH increases the expression of α myosin heavy chain 
(αMHC) and, decreases the expression of β myosin 
heavy chain (βMHC) (28). Therefore, hypothyroidism 
decreases αMHC expression, reduces cardiac contrac-
tility and impairs ejection fraction increment required 
during physical exercise (19). Thus, the downregula-
tion of αMHC (fast myosin with higher ATPase activ-
ity) and the upregulation of βMHC (slow myosin with 
low ATPase activity) (29) partially explain the decrease 
in cardiac contractility associated with hypothyroidism 
and, consequently, lower tolerance to swimming in the 
animals with hypothyroidism. 

Despite the direct effect on heart function, animals 
and patients studies have also shown that hypothyroid-
ism is associated with the reduction in blood flow to 
the skeletal musculature during physical effort (20,30). 

Figure 3. GC-1 did not cause atrophy of the soleus muscle in the rats 
treated with both physiological (GC-1) and high doses (10×GC-1; n = 8 
rats per group). The diameter of the cardiomyocytes of the left ventricle 
was measured in the animals in the different groups. * Significant 
difference in group 10×T4 when compared to the rest. p ≤ 0.05 in the 
Newman-Keuls test.
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DISCUSSION

With a growing and aging world population, we have 
observed over the past decade a significant increase in 
the prevalence of obesity and diabetes and, consequent-
ly, in their comorbidities, which will continue to do so 
in the future. The prevalence of obesity in the world 
population increased from 6.4% in 1980 to 12% in 
2008 (23), and the prevalence of diabetes in the adult 
population will increase from 6.4% in 2010 to 7.7% in 
2030 (24). Diverse strategies can be applied to tackle 
these problems, including pharmacological and non-
pharmacological methods such as lifestyle changes, in-
cluding regular exercise. Among the pharmacological 
approach, a therapeutic option that has been investigat-
ed is the development of selective agonists for the thy-
roid receptor beta. These ligands have been suggested 
to help control obesity and hypercholesterolemia with-
out the side effects caused by TH in the heart, bone 
and skeletal muscle (13-17). One of these compounds 
is GC-1, which when administered to animals with 
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Similarly to our hypothyroid animals, the treat-
ment with high doses of T4 (10×T4), but not GC-1, 
also diminished tolerance to swimming effort test 
(Figure 1). Additionally, animals with hyperthyroid-
ism (10×T4 – Figure 2) exhibited increased cardio-
myocyte diameter and ventricular hypertrophy. Pro-
longed exposure to high concentrations of TH causes 
an increase in the myocardium work rate due to 
blood-volume overload, with inefficient use of energy 
by the myocardium. Consequently, hypertrophy of the 
cardiomyocytes is not accompanied by increased effi-
ciency of the cardiac pump since it impairs tolerance 
to physical exercise (31). The decreased tolerance to 
exercise with hyperthyroidism may also be related to 
dysfunction of the skeletal muscle due to the reduced 
expression of oxidative and glycolytic enzymes (32). 
Although we did not assess the genetic expression or 
protein and biochemical content of the skeletal muscle 
in our study, the animals treated with supraphysiologi-
cal doses of T4, but not GC-1, presented an atrophy of 
the soleus muscle. 

Previous studies already showed that supraphysi-
ological doses of GC-1 increase energy expenditure 
without causing tissue damage or altering heart mass 
(33). GC-1 has no adverse effects on the myocardium 
and skeletal muscle because TRα1 is predominantly ex-
pressed in these tissues (1) and owing to the pharmaco-
kinetic distribution of GC-1 that predominates in other 
tissues such as liver (34). Collectively, these findings 
suggest that GC-1 combined with exercise may be safe 
to treat hypercholesterolemia and or obesity.

In conclusion, our results show that GC-1 adminis-
tered in physiological and supraphysiological doses 
does not alter effort tolerance test nor does it modify 
the diameter of cardiomyocytes. Therefore, GC-1 and 
perhaps other selective β thyroid agonists may be used 
alongside regular physical exercise, the fundamental 
strategy for the treatment of obesity and other meta-
bolic diseases.
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Exercise alters myostatin protein 
expression in sedentary and 
exercised streptozotocin-diabetic rats

Daniela Bassi1, Patricia de Godoy Bueno2, Keico Okino Nonaka2, 
Heloisa Sobreiro Selistre-Araujo2, Angela Merice de Oliveira Leal3 

ABSTRACT 
Objective: The aim of this study was to analyze the effect of exercise on the pattern of muscle myo-
statin (MSTN) protein expression in two important metabolic disorders, i.e., obesity and diabetes 
mellitus. Materials and methods: MSTN, is a negative regulator of skeletal muscle mass. We evalu-
ated the effect of exercise on MSTN protein expression in diabetes mellitus and high fat diet-induced 
obesity. MSTN protein expression in gastrocnemius muscle was analyzed by Western Blot. P < 0.05 
was assumed. Exercise induced a significant decrease in glycemia in both diabetic and obese ani-
mals. Results: The expression of precursor and processed protein forms of MSTN and the weight of 
gastrocnemius muscle did not vary in sedentary or exercised obese animals. Diabetes reduced gas-
trocnemius muscle weight in sedentary animals. However, gastrocnemius muscle weight increased 
in diabetic exercised animals. Both the precursor and processed forms of muscle MSTN protein were 
significantly higher in sedentary diabetic rats than in control rats. The precursor form was significant-
ly lower in diabetic exercised animals than in diabetic sedentary animals. However, the processed 
form did not change. Conclusion: These results demonstrate that exercise can modulate the muscle 
expression of MSTN protein in diabetic rats and suggest that MSTN may be involved in energy ho-
meostasis. Arch Endocrinol Metab. 2015;59(2):148-53
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INTRODUCTION

M yostatin (MSTN) or growth and differentia-
tion factor 8 (GDF8) is a member of the trans-

forming growth factor-β (TGFβ) superfamily and has 
been characterized as a negative regulator of skeletal 
muscle mass in different (1). It is expressed mainly in 
muscle but also in adipose tissue (2). Following syn-
thesis as a precursor protein, MSTN is processed by 
proteolysis by the furin family enzymes, with removal 
of the 24-amino acid signal peptide and generation of 
an N-terminal propeptide domain and a C-terminal 
domain. These peptides dimerize through disulfide 
bonds (latent MSTN) and are then cleaved again 
by members of the BMP-1/tolloid family of metal-
loproteinases. This second cleavage results in MSTN 
propeptide and mature MSTN. The mature MSTN 
then binds to its cell surface receptors, activin recep-
tor type II or IIb, and activates intracellular members 
of the SMAD family of signaling proteins, which then 
translocate to the nucleus and regulate transcription 

of specific genes in association with diverse transcrip-
tion factors (3,4). 

In addition to the roles of MSTN in skeletal muscle 
growth, both in vivo and in vitro studies have sugges-
ted that MSTN also regulates metabolism by effects on 
muscle as well as on other metabolic sites such as adi-
pose tissue (5-10). Introduction of MSTN null muta-
tion into different obese strains or deletion of MSTN 
in mice results in skeletal muscle hypertrophy and, in 
contrast, reduction in fat accumulation and preven-
tion of insulin resistance (2-5,7,8,10-13). In addition, 
MSTN gene expression in muscle was upregulated and 
attenuated by insulin in streptozotocin-induced type 1 
diabetic mice (14). 

There is also evidence that MSTN is regulated by 
physical exercise (15-18) which is linked to improved 
glucose homeostasis and enhanced insulin sensitivity.

In the present study, we evaluated the protein ex-
pression of MSTN in two animal models of metabolic 
diseases, diet-induced obesity and strepzotocin-induced 
diabetes, in sedentary and exercised rats. 
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MATERIAL AND METHODS

Experimental models

All procedures were approved by the Ethics Commit-
tee of the Federal University of São Carlos (UFSCar, 
035/2007). Thirty days old male Wistar rats, were ini-
tially acclimated in individual polypropylene cages (30 
cm×20 cm×13 cm) under controlled temperature, hu-
midity and lighting (12-h dark/light cycle), with free 
access to water and standard rodent chow (PRIMOR 
– São Paulo, Brazil) for 7 days.

Streptozotocin-induced diabetes

After 7 days of acclimation, animals (156.7 ± 3.7g) 
were randomly assigned to 2 groups, control rats (C) 
(n = 12) and diabetic rats (D) (n = 12). Diabetic rats re-
ceived streptozotocin (STZ, Sigma-Aldrich, St. Louis, 
USA, 60 mg/kg, intraperitoneally) and control rats re-
ceived vehicle (sodium citrate, intraperitoneally). Seven 
days after diabetes induction, control (C) and diabetic 
(D) animals were randomly assigned to 2 groups: sed-
entary control (SC) (n = 5) or exercised control (EC) 
(n = 6) and sedentary diabetic (SD) (n = 6) or exer-
cised diabetic (ED) (n = 6). Glycemia was determined 
in tail blood using a portable glucometer (Accu-Check 
glucose meter (Roche Diagnostic, Indianapolis, USA). 
Soon after diabetes induction, all diabetic animals re-
ceived 1 U of insulin Lantus® (Sanofi Aventis, Deutsch-
land) intraperitoneally on alternate days to avoid very 
high glycemia.

Diet-induced obesity 

After 7 days of acclimation, animals (190 ± 18.4 g) 
were randomly assigned to 2 groups, control rats (CG) 
(n = 12) fed standard rodent chow and rats fed a high-
fat diet (HF) (n = 12) containing 60% of kcal as fat 
(Research Diets, New Brunswick, NJ, USA). Animals 
and food were weighed daily. After 12 weeks, animals 
of both groups were randomly divided into 2 groups: 
sedentary control (SC) (n = 5) or exercised control 
(EC) (n = 6) and sedentary high-fat diet (SHF) (n = 5) 
or exercised HF (EHF) (n = 6).

The glucose tolerance test (GTT) was performed 
before and after exercise training. After an overnight 
fast, unanesthetized rats were injected intraperitone-
ally with 1.5 of a 50% glucose solution per kg body 
weight (BW). Blood samples were obtained from the 
tail vein before injection and at 30, 60, 90, and 120 
min after glucose injection. The insulin tolerance test 

(ITT) was also performed before exercise training. 
After an  overnight fast, unanesthetized rats were in-
jected intraperitoneally with human insulin, 1 U/kg 
BW. Blood samples were obtained from the tail vein 
before injection and at 15, 30, 60, and 90 min after the 
insulin challenge. Blood glucose concentrations were 
measured with an Accu-Check glucose meter (Roche 
Diagnostic, Indianapolis, USA).

Exercise protocol

In both models, rats in the exercise groups were exer-
cised by swimming for 1.5 h/day, 45 min at 9:00 AM 
and 45 min at 5:00 PM, for 4 weeks. The swimming 
exercise was performed in plastic barrels (30 cm in di-
ameter) filled with water (50 cm deep) maintained at 
32-36oC and with a weight corresponding to 5% BW 
attached to the tail of each rat. The protocol started 
with the animals swimming 30 min on the first day, 
with a gradual increase so that on the fourth day they 
could swim for 90 minutes. All animals were towel 
dried before being returned to their cages. The sed-
entary groups were placed in shallow water for 5 min-
utes, towel dried and then returned to their cages at the 
same time as the exercised groups. 

After the training period, rats were sacrificed by de-
capitation. White gastrocnemius muscle was dissected, 
weighed, immediately frozen in liquid nitrogen, and 
stored at -80oC until analysis.

Western blotting analysis

MSTN protein levels in gastrocnemius muscle were 
analyzed by Western Blot according to a method pre-
viously described (15). Muscle (50 mg) protein was 
extracted using Tris-Triton buffer (10 mM Tris, pH 
7.4, 100 mM NaCl, 1 mM EDTA, 1 mM EGTA, 1% 
Triton X-100, 10% glycerol, 0.1% SDS, 0.5% deoxy-
cholate) and the protein content of the supernatant was 
quantified by the BCA method (BCA™ Protein Assay 
Kit, Thermo Scientific, USA). Samples (250 μg of total 
protein) were separated on 12% polyacrylamide gel and 
then transferred to a nitrocellulose membrane. Coo-
massie Blue staining of the gels confirmed optimal pro-
tein transfer. Nitrocellulose membranes were incubated 
overnight at 4oC with antimyostatin primary antibodies 
(GDF-8 N-19-R sc-6885-R, Santa Cruz Biotechnol-
ogy, Santa Cruz, CA, USA) diluted 1:200 with Tris 
buffered saline with Tween added (TBST). Membranes 
were then washed with TBST and incubated with a 
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peroxidase-conjugated secondary antibody (goat anti-
rabbit IgG-HRP: sc-2004). Protein levels were nor-
malized to those of actin (I-19 – sc 1616, Santa Cruz 
Biotechnology, Santa Cruz, CA, USA). Enhanced che-
miluminescence (ECL) Plus Western Blotting Detec-
tion Reagents (GE Healthcare Chalfont St. Giles, UK) 
was used to detect bound antibody.

Data analysis

Data were analyzed statistically by analysis of variance 
(ANOVA). Tukey’s multiple comparisons test was used 
for post hoc analysis of between-group comparisons. 
Data are reported as means ± SEM. P values < 0.05 
were considered to be statistically significant.

RESULTS

STZ-induced diabetes

By the third week of the experiment, the BW of SD 
animals was significantly lower than that of SC animals 
(P < 0.05) and this difference was maintained till the 
end of the experiment. There was no difference in BW 
between sedentary and exercised animals (data not 
shown). Before training, diabetic rats had significant-
ly higher glycemia than control rats (P < 0.05). After 
training, ED animals had significantly lower glycemia 
than SD animals (P < 0.05). No difference was ob-
served between sedentary and exercised control ani-
mals after training (Figure 1).

Diabetes induced a significant decrease of gastroc-
nemius muscle weight in sedentary diabetic animals 
compared to sedentary control animals (P < 0.05). 
However, exercise induced an increase in gastrocne-

mius muscle weight in diabetic animals compared to 
sedentary diabetic animals (P < 0.05) (Figure 2). 

The precursor and processed forms of MSTN in 
gastrocnemius muscle were significantly higher in sed-
entary diabetic rats than in sedentary control rats (P < 
0.05). However, the precursor form was significantly 
lower in diabetic exercised animals compared to dia-
betic sedentary animals (P < 0.05) and the processed 
form did not change in these two groups (Figures 3A 
and 3B). 

Figure 1. Glycemia of STZ-induced diabetic animals.

Glycemia (mg/dL) at the end of the training period in the sedentary control 
group (SC), exercised control group (EC), sedentary diabetic group (SD) 
and exercised diabetic group (ED). Values are means ± SEM for n = 5-6 
per group. P < 0.05, *SC vs. SD; ‡ SD vs. ED.
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Figure 2. Muscle weight of STZ-induced diabetic animals: weight of white 
gastrocnemius muscle (g/100 g body weight) of the sedentary control 
group (SC), exercised control group (EC), sedentary diabetic group (SD) 
and exercised diabetic group (ED). Values are means ± SEM for n = 5-6 
per group. P < 0.05, *SC vs. SD; ‡ SD vs. ED.

Figure 3 (A) MSTN protein expression in STZ-induced diabetic animals: 
expression of MSTN protein precursor (A) and processed (B) forms in white 
gastrocnemius muscle of the sedentary control group (SC), exercised 
control group (EC), sedentary diabetic group (SD) and exercised diabetic 
group (ED). Values are means ± SEM for n = 5-6 rats per group. * P < 0.05, 
sedentary diabetic group (SD) vs. sedentary control group (SC); ‡ P < 0.05, 
exercised diabetic group (ED) vs. sedentary diabetic group (SD). (B). 
Representative Western blotting of MSTN protein forms in white 
gastrocnemius muscle of sedentary control group (SC), exercised control 
group (EC), sedentary diabetic group (SD) and exercised diabetic group (ED).

10

8

6

4

2

0

no
rm

al
ize

d 
fo

r a
ct

in

Myostatin precursor Myostatin processed

‡

SC
EC
SD
ED

MuscleMuscle

Pro 40 KDa

A

B

Mature 26 KDa

Actin

SC EC SD ED

Myostatin expression in diabetes

0.8

W
hi

te
 g

as
tro

cn
em

ui
s 

m
us

cl
e 

w
ei

gh
t

 (g
/1

00
 g

 b
od

y 
w

ei
gh

t )
 

0.6

0.4

0.2

SC

SC

EC

EC

SD

SD

ED

ED‡

0.0



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

151Arch Endocrinol Metab. 2015;59/2

A

B

Diet-induced obesity

A high-fat diet induced a significant increase in BW in 
the rats fed a high-fat diet compared to controls (P < 
0.05). After training, both exercised high-fat diet-fed 
and control animals had significantly lower body weight 
compared to sedentary high-fat diet-fed and control 
animals, respectively (P < 0.05) (Figure 4). There was 
no difference in gastrocnemius muscle weight between 
high-fat diet-fed and control animals, sedentary or 
exer cised. High-fat diet induced significantly increase 
in mesenteric, retroperitoneal and epididymal adipose 
tissue mass in sedentary high-fat fed diet animals com-
pared to sedentary control animals. 

Before training, rats fed a high-fat diet showed a sig-
nificantly higher glucose response to both insulin and 
glucose injections than control rats (Figure 5). After 
exercise, the glucose response to glucose injection was 

significantly lower than the previous test response in 
rats fed a high-fat diet (P < 0.05) (Figure 6). No differ-
ence was observed between the pre- and post-exercise 
glucose response to glucose injection in control rats. 

No difference in the expression of MSTN protein 
precursor and processed forms was observed between 
the various groups (Figures 7A and 7B).

Figure 6. Glucose tolerance test in animals fed a high-fat diet: glycemia 
profile in the glucose tolerance test (GTT) pre- and post-exercise training. 
Values are means ± SEM for n = 5-6 rats per group. * P < 0.05, exercised 
control group (EC) pre-exercise vs. exercised high-fat diet group (EHF) 
pre-exercise; & P < 0.05, exercised high-fat diet group (EHF) pre-exercise 
vs. exercised high-fat diet group (EHF) post-exercise.

Figure 4. Body mass in animals fed a high-fat diet: body mass of the 
sedentary control group (SC), sedentary high-fat diet group (SHF), 
exercised control group (EC) and exercised high-fat diet group (EHF). 
Values are means ± SEM for 5-6 rats per group. p < 0.05, * SC vs SHF; 
+ SHF vs. EHF; & SHF vs. EHF.

550

500

450

400

350

300

Bo
dy

 m
as

s 
(k

g)
 

250

200
0 4 8 12

SC
EC
SHF
EHF

16
Time (Weeks)

&

+
+ + +

& & &

Figure 5. Insulin test tolerance in animals fed a high-fat diet (ITT) pre-
exercise: sedentary control group (SC), sedentary high-fat diet group (SHF). 
Values are means ± SEM for 5-6 rats per group. p < 0.05, * SC vs. SHF. 

120

100

80

60

40

20

0
0 30 60 90

Gl
yc

em
ia

 (m
g/

dL
)

ITT pre-exercise

SC
SHF

Time (min)

300

200

100

0
0 30 60 90 120

Gl
yc

em
ia

 (m
g/

dL
)

EC pre-exercise
EC post-exercise
EHF pre-exercise
EHF post-exercise

Time (min)

Myostatin expression in diabetes

2.5

2.0

1.5

1.0

0.5

0.0

M
yo

st
at

in
 q

ua
nt

i�
ca

tio
n

no
rm

al
ize

d 
fo

r a
ct

in

Myostatin precursor Myostatin processed

SC
EC
SHF
EHF

Muscle

Pro 50 KDa

Processad 26 KDa

Actin

SC EC SHF EHF

Figure 7 (A) MSTN protein expression in animals fed a high-fat diet: 
Expression of MSTN protein precursor (A) and processed (B) forms in white 
gastrocnemius muscle of the sedentary control group (SC), sedentary high-fat 
diet group (SHF), exercised control group (EC) and exercised high-fat diet 
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DISCUSSION

The present results show that the expression of MSTN 
protein varies in muscle of both sedentary and exer-
cised rats with streptozotocin-induced diabetes, but 
not in animals with high fat diet-induced obesity.

Training improved postprandial glycemia in diabetic 
animals and glucose tolerance in rats fed a high-fat diet. 
It has been demonstrated that exercise improves insu-
lin sensitivity in diet-induced obese rats by improving 
insulin and AMP-activated protein kinase (AMPK) sig-
naling pathways (19,20). In addition, there is evidence 
suggesting that exercise increases insulin secretion and 
has a protective effect in STZ-induced diabetes by de-
creasing oxidative stress and preserving pancreatic beta 
cell integrity (21-23) observed was increasing muscle 
mass by myostatin inhibition elevates basal metabolic 
rate dystrophic muscle by myostatin blockade. Thus 
clinical applications; for example, treatment of type 
II diabetics by myostatin inhibition to altering muscle 
mass would hypothetically result in increased whole 
body energy consumption, reduce peripheral fat mass 
and potentially lower blood glucose (24). 

In STZ-induced diabetic rats, the expression of 
both MSTN protein precursor and mature forms was 
increased in skeletal muscle. The expression of MSTN 
protein precursor was decreased in exercised diabe-
tic rats, but the expression of mature protein did not 
change. It has been previously demonstrated that 
MSTN mRNA expression (14,25) in gastrocnemius 
muscle is increased in STZ-induced diabetes, suggest-
ing that upregulation of MSTN expression contrib-
utes to muscle atrophy in insulin deficiency. However, 
Barazzoni and cols., (26) have reported that MSTN 
mRNA expression is not altered in the lateral gastroc-
nemius and soleus muscles of STZ-induced diabetic 
rats with or without insulin replacement. The discrep-
ancy between these studies may be due to different ex-
perimental designs. 

The different profile of expression of MSTN pre-
cursor and mature forms in muscle of rats with strep-
tozotocin-induced diabetes could possibly be explained 
by the modulation of proteolysis processing of MSTN. 
In fact, it has been demonstrated that BMP-1/metal-
loproteases are involved in the regulation of MSTN 
maturation (27-29). Recent data have shown that the 
increased insulin sensitivity and adipose tissue reduction 
observed in MSTN null mice is an indirect result of met-
abolic changes in skeletal muscle (6). Previous studies 

have shown that MSTN may signal through Akt phos-
phorylation and thus affect insulin sensitivity in muscle. 
Previous reports suggest that myostatin protein concen-
trations are regulated not only at the transcriptional level 
but by posttranscriptional mechanisms as well (27-29). 
In muscle and adipose tissue from MSTN null mice and 
transgenic mice overexpressing MSTN propeptide, insu-
lin signaling was increased by a higher level of Akt phos-
phorylation (6,30,31). One mechanism by which myo-
statin stimulation induces hypoglycaemia is by increasing 
mRNA activity of several glucose-regulating proteins, 
including GLUT1 and GLUT4, IL6, hexokinase and 
phosphorylated adenosine triphosphate kinase – AMPK, 
thereby increasing cellular glucose uptake (32).

In the present study, MSTN protein expression did 
not vary in muscle of obese rats. However, an increase 
of MSTN has been shown in muscle of extremely obese 
women (33). Although the expression of MSTN pro-
tein did not vary in the gastrocnemius muscle of con-
trol and obese animals, sedentary or exercised groups, 
the presence of both precursor and mature forms of 
MSTN in muscle suggests the occurrence of proteolysis 
processing of MSTN in this tissue.

We have previously shown the profile of MSTN 
mRNA expression in obese and exercised animals (3) 
which differs from the MSTN protein expression profile 
shown in the present study. The discrepancy observed in 
MSTN mRNA and protein expression has been observed 
in other studies and suggests that MSTN protein concen-
trations are regulated not only at the transcriptional level 
but by post-transcriptional mechanisms as well (4,34). 

In conclusion, the results demonstrate that exer-
cise can modulate the increased muscle expression of 
MSTN protein in diabetic rats and suggest that MSTN 
may participate in energy homeostasis. However, fu-
ture studies are needed to elucidate the role and mech-
anisms of action of myostatin.
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Translational research into gut 
microbiota: new horizons on 
obesity treatment: updated 2014
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ABSTRACT
Obesity is currently a pandemic of worldwide proportions affecting millions of people. Recent stu dies 
have proposed the hypothesis that mechanisms not directly related to the human genome could be 
involved in the genesis of obesity, due to the fact that, when a population undergoes the same nu-
tritional stress, not all individuals present weight gain related to the diet or become hyperglycemic. 
The human intestine is colonized by millions of bacteria which form the intestinal flora, known as gut 
flora. Studies show that lean and overweight human may present a difference in the composition of 
their intestinal flora; these studies suggest that the intestinal flora could be involved in the develop-
ment of obesity. Several mechanisms explain the correlation between intestinal flora and obesity. The 
intestinal flora would increase the energetic extraction of non-digestible polysaccharides. In addition, 
the lipopolysaccharide from intestinal flora bacteria could trigger a chronic sub-clinical inflammatory 
process, leading to obesity and diabetes. Another mechanism through which the intestinal flora could 
lead to obesity would be through the regulation of genes of the host involved in energy storage and 
expenditure. In the past five years data coming from different sources established causal effects 
between intestinal microbiota and obesity/insulin resistance, and it is clear that this area will open 
new avenues of therapeutic to obesity, insulin resistance and DM2. Arch Endocrinol Metab. 2015;59(2):154-60
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INTRODUCTION

I n recent years, the prevalence of obesity has in-
creased rapidly throughout the World (1,2). This 

epidemic is related to the intake of high calorie foods 
associated with sedentary lifestyles (3). The imbalance 
between energy expenditure, caloric intake and energy 
storage, is known to contribute to the development of 
obesity (4). Recent studies have suggested that mecha-
nisms not directly related to the human genome could 
be involved in the genesis of obesity, due to the fact 
that, when a determined population undergoes similar 
nutritional stress, not all individuals become hypergly-
cemic or present diet-related weight gain (5-7).

The human intestine is colonized by millions of bac-
teria, primarily anaerobic bacteria, comprising appro-
ximately 1,000 species (8). The intestinal flora geno-
me has approximately 100 times more genes than the 
human genome (5,9). Normal intestinal flora presents 
different functions that contribute to the functioning 
of our organism, therefore this flora can be considered 
a microbial organ (10,11).

Recently several studies have suggested a direct role 
of the intestinal flora in the development of obesity, as 
the intestinal flora could alter energetic and fat storage 
(4). In this article, we review the potential role of the 
intestinal flora in the development of obesity.

NORMAL GUT MICROBIOTA

A large number of bacteria inhabit the gastrointesti-
nal tract and the genome of these commensal bacteria 
which constitute the intestinal flora is greater than the 
human genome (12,13).  

The stomach and the small intestine are not colo-
nized by a large number of bacteria, as the pancreatic 
secretion and bile acids prevent bacterial proliferation 
(13). The colon however, presents approximately 1012 

microorganisms/g of intestinal content (14) (Figu-
re 1). Recent studies have highlighted that over 90% 
of these bacteria are Bacteroides and Firmicutes (4), 
furthermore, over 90% of these bacteria are compul-
sory anaerobes. The predominant bacterial species are: 
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Figure 1. Relative concentrations of bacteria at various locations within 
the gut. Cfu: colony-forming unit.

Duodenum

101-103 cfu/ml

Stomach

101-103 cfu/ml

Colon

1011-1012 cfu/ml

Jejunum/ileum

104-107 cfu/ml

Bacteroidetes, Eubacterium, Bifidobacterium, Fusobacte-
rium, Peptostreptococcus, amongst others.

infant begins to affect the composition and sequence 
of intestinal colonization. Breast fed newborns present 
differences compared to formula-fed newborns in the 
constitution of their intestinal flora (23). The intestinal 
flora of breastfed newborns limits the over-growth of 
potentially pathogenic bacteria such as Escherichia coli 
and Clostridium perfringens, through the production 
of acetate and lactate (15). The main component of 
the flora of these newborns is Bifidobacterium. Gesta-
tional age also affects the formation of the intestinal 
flora, preterm newborns in the neonatal intensive care 
unit have been observed to have a lower number of 
bacteria species, and the strains tended to be more vi-
rulent (24,25). 

Changes in the composition of intestinal microbiota 
occurs along the human intestinal tract and throughout 
the life of an individual, the composition of the flora 
however is quite stable during most of the individual’s 
life (15). The change to an adult diet, factors of the 
intestinal flora itself, changes in the intestinal environ-
ment, amongst other factors, contribute to the trans-
formation of the intestinal flora into an adult type of 
flora (26,27). 

Age appears to be another factor involved in the mo-
dification of intestinal flora. The elderly present a lower 
number of anaerobic bacteria, and on the other hand, a 
higher number of enterobacteria (28,29). Aging brings 
on a significant increase in the potentially pathogenic 
bacteria such as enterobacterias and Clostridium, and a 
decrease in the Bifidobacterial species, which contribu-
te to the protection of the intestinal tract (30,31).

The intestinal flora may vary considerably from one 
individual to another. As observed in studies with adults 
with a varying degree of kinship, genotype appears to 
be the most important factor in defining the compo-
sition of the flora. Additional factors such as diet, life 
expectancy and age would have a less relevant role in 
the composition of an individual’s flora (28,32).

The intestinal flora plays an essential role in main-
taining normal gastrointestinal tract function; this in-
cludes the digestion of nutrients and immune respon-
se of the gastrointestinal tract. Animal studies using 
germ-free mice revealed that these animals presented 
a decrease in the activity of digestive enzymes, of the 
mucosa-associated lymphoid tissue and reduction of 
motility, muscle wall thickness and vascularization. 
These animals also presented a decrease in serum im-
munoglobulin levels and were more prone to infec-
tions (12,13). 

Commensal bacteria have a fundamental role in 
functioning of the intestine (15). These bacteria are 
known to have several functions, such as cellulose di-
gestion (14) and also form a protective barrier that par-
ticipates in the development of the systemic and mu-
cosal immune system (15). The gut flora is constituted 
by multiple non-pathogenic bacteria, and also contains 
possible pathogenic microorganisms (15).

The composition of the intestinal flora is influen-
ced by several factors and appears to be determined 
during the first year of life (4). Factors that contribute 
to the establishment of the this flora include forms of 
childbirth delivery, diet of the newborn, use of me-
dicine and hygiene level, as the intestine is sterile at 
birth (13,16,17). The establishment of the intestinal 
flora begins at delivery when the newborn comes into 
contact with the bacteria present in the environment, 
in maternal feces and bacteria of the vaginal flora (18). 
The intestinal flora is probably continued to be built 
up for several months after birth, when a stable and 
unique flora is established (19-21). The form of de-
livery may influence the initial intestinal flora compo-
sition. Cesarean section delivered newborns may pre-
sent a 30 day delay in the colonization of the intestine 
with beneficial bacteria such as Bifidobacterium and 
Lactobacillus in comparison to vaginal delivered new-
borns (16,22).

Subsequently, the composition of the intestinal flora 
undergoes substantial modifications and the diet of the 

Gut flora and obesity



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

156 Arch Endocrinol Metab. 2015;59/2

Figure 3. Relative proportion of Firmicutes and Bacteroidetes in lean and 
obese mice.

Figure 2. Schematic view of the possible mechanisms linking gut flora to 
obesity. FIAF: fasting-induced adipose factor; LPL: lipoprotein lipase; LPS: 
lipopolysaccharide.
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GUT MICROBIOTA AND OBESITY

Extraction of additional calories from ingested food

Recent studies have shown that the bacteria present in 
the intestinal flora is capable of altering energy regu-
lation and harvesting energy from nutrients, suggest-
ing that the flora can play a role in the development of 
obesity (4). Moreover, in hyperlipidemic diet-induced 
obesity, the lipopolysaccharide from intestinal bacteria 
could represent a triggering factor for the inflammation 
present in these obesity models (Figure 2).

An animal study using germ-free mice observed 
that these mice, despite ingesting greater amounts of 
food than conventionally raised mice, presented a lo-
wer amount of body fat (8). Subsequently, a study by 
Turnbaugh and cols., highlighted that germ-free mice 
colonized with the gut flora from obese mice, presen-
ted a higher increase in body fat than when they were 
colonized with the flora from lean animals (33). This 
same study showed that obese ob/ob mice (leptin-defi-
cient mice) had a reduced number of Bacteroidetes and 
a proportional increase in Firmicutes, when compared 
to lean mice (ob/+ and +/+) from the same litter. Fur-
thermore, the gut flora of obese mice was observed to 

present an abundance of genes coding for enzymes ca-
pable of digesting polysaccharides from diet not usually 
digestible by human. In addition, these investigators 
proposed the hypothesis that the flora of obese mice 
favored a greater capacity of extracting calories from 
food, as the feces of these mice were observed to have 
less calories and a greater amount of fermentation end-
-products. 

Ley and cols. highlighted the gut flora imbalance 
of ob/ob mice compared to that of lean mice in another 
study, observing a relative increase of 50% of Firmicutes 
and a decrease of 50% of Bacteroidetes in ob/ob mice 
(34) (Figure 3). These same investigators demonstra-
ted that obese individuals presented an intestinal flora 
with a lower proportion of Bacteroidetes than lean per-
sons (35). Weight loss over a one-year period modifies 
the flora of obese individuals, leveling the proportion 
of Firmicutes close to those observed in lean persons.

Other bacteria

Firmicutes

Bacteroidetes

Other bacteria

Bacteroidetes

Firmicutes

ObeseLean

The correlation between intestinal flora and obesi-
ty requires further studies in order to elucidate several 
questions. It is not known yet whether, as proposed by 
studies on transplantation of flora, a significant weight 
gain could occur, over a short period of time, simply 
by a small increase in the extraction of energy (36). A 
diet rich in non-digestible fibers has been observed to 
reduce the severity of diabetes, reduce weight and the 
amount of fat tissue (37,38).

Additionally other important questions remain 
unanswered, for example, in which manner do weight 
differences alter the balance of the intestinal flora is 
not yet clear. Furthermore, the manner by which the 
change in flora could be triggered by the conditions 
of the host organism has not yet been fully elucidated 
(39). The intestinal flora of obese individuals has been 
suggested to undergo changes which would increase 
the extraction of calories from nutrients; this however 
would seemingly be more adaptive if it were to occur in 
individuals who presented weight loss, interestingly ho-
wever it is precisely the intestinal flora of obese human, 
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who already have high calorie reserves, that has been 
observed to be more efficient (35). 

Induction of subclinical inflammation 

A short time ago, several studies highlighted a correla-
tion between type-2 diabetes and obesity which a state 
of subclinical chronic inflammation in several tissues 
such as the adipose tissue, liver and hypothalamus (40-
44). Based on this observation, a new hypothesis has 
been proposed correlating intestinal flora and obesity 
(Figure 2). The inflammation that leads to diabetes and 
obesity in high-fat diet animal models has been pro-
posed to be triggered by the lipopolysaccharide (LPS) 
of gram-negative bacteria which compose the intestinal 
flora (45). These investigators connected an altered mi-
crobiota composition, brought about by a high-fat diet, 
to an increase in the proportion of gram-negative bacte-
ria compared to gram-positive bacteria, with a decrease 
in Bacteroides, Eubacterium rectal-Clostridium coccoides 
group and bifidobacteria. In this study, the imbalance 
of the intestinal microbiota associated to a high-fat 
diet was correlated to insulin resistance, diabetes, and 
increase in body weight gain and body fat, increase in 
serum LPS and triglycerides levels in the liver. Addition-
ally, another study observed a decrease in hepatic steato-
sis and LPS expression after treating rats with polymixin 
B an antibiotic specific for gram-negative bacteria (46). 

In human, individuals without type 2 diabetes pre-
sented lower levels of serum lipopolysaccaride than pa-
tients with type 2 diabetes, paired by age (47). These 
data corroborate the hypothesis that the development 
of obesity and type 2 diabetes can be correlated to the 
lipopolysaccharide from intestinal flora bacteria. 

Another animal study using ob/ob mice, demons-
trated that the modulation of the gut flora using anti-
biotics (ampicillin and norfloxacin) can reduce hepatic 
steatosis and improve glucose tolerance (48). Moreo-
ver, mice treated with a high-fat diet, were observed 
to present a reduction in intestinal permeability and 
in serum LPS levels, in addition to a decrease in the 
inflammation of adipose tissue and macrophage infil-
tration, after the modification of gut microbiota using 
antibiotics (49-53).

Regulation of genes in the host involved in energy 
storage and expenditure 

In a recent study, Backhed and cols. highlighted that 
control animals compared to germ-free mice, presented 

40% more body fat and approximately 50% more go-
nadal fat (8). After two weeks, germ-free mice who had 
received the gut flora of control mice were observed 
to present an increase of 60% of body fat. Two pro-
teins carbohydrate response element-binding protein 
(ChREBP) and liver sterol response element-binding 
protein type-1 (SREBP-1) were demonstrated to be 
involved in the absorption of monosaccharides in the 
intestine and hepatic lipogenesis induced by the gut 
flora (8).

The authors suggested that the intestinal flora in-
terferes in the energy metabolism through several me-
chanisms, among which is included the absorption of 
short chain fatty acids and monosaccharides, which are 
subsequently transformed into fat in the liver. Further-
more, the intestinal flora would enable the absorption 
of polysaccharides which are not normally digestible 
and enable the regulation of genes in the host which 
are involved in the fat deposit in adipocytes (8). Ba-
ckhed and cols., investigated the role of lacking fas-
ting-induced adipose factor (Fiaf) or angiopoietin-like 
protein 4 in the modulation of microbiota induced-
-weight control and showed that the gut flora suppres-
sed intestinal Fiaf (Figure 2), leading to increased lipo-
protein lipase activity in adipocytes, with a consequent 
increase of fat (8). 

Backhed and cols. (54) suggested that germ-free 
mice were resistant to obesity, even when they consu-
med a diet rich in fat and sugar, through mechanis-
ms that involved an increase in the metabolism of fatty 
acids. They demonstrated an increase in the activity of 
the AMPK (adenosine monophosphate-activated pro-
tein kinase) enzyme, which plays a central role in the 
regulation of homeostasis, as a sensor of the status of 
cell energy in the cell. In addition, an increase in Fiaf le-
vels triggers the production of peroxisome proliferator-
-activated receptor gamma coactivator, increasing the 
expression of genes that regulate the oxidation of fatty 
acids in the mitochondria. In this way, the intestinal flo-
ra appears to influence the energy balance not only by 
enabling the extraction of energy from nutrients, but 
also by influencing the expression of genes with regula-
te energy expenditure and storage (54).

CONCLUSION IN 2009

Studies showing that lean and obese humans present 
differences in intestinal flora, suggest that this flora 
could be involved in the development of obesity. Sever-
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al mechanisms explain the correlation between intesti-
nal flora and obesity. The intestinal flora would increase 
the energy extraction from non-digestible polysaccha-
rides. Moreover, the lipopolysaccharide from bacteria 
flora would trigger a state of subclinical chronic inflam-
mation, leading to obesity and diabetes. Another mech-
anism through which the intestinal flora would lead to 
obesity would be through the regulation of genes in 
the host, involved in energy storage and expenditure. 
However, further studies are necessary to elucidate sev-
eral issues related to the association between intestinal 
flora and obesity. It is not yet clear whether the change 
in the intestinal flora observed in obese individuals 
causes or is caused by obesity. In addition, it is not yet 
known whether a significant weight gain could occur 
due to a modest increase in calorie extraction. 

The human intestine is colonized by millions of mi-
croorganisms and the modifications in the composition 
of the intestinal flora could constitute a novel type of 
treatment for obesity. Probiotics are live microorganis-
ms that could promote changes in the composition of 
intestinal flora. Prebiotics stimulate the growth and ac-
tivity of commensal bacteria as they are non-digestible 
oligosaccharides fermented by the intestinal flora. An-
tibiotics, probiotics and prebiotics could possibly have 
a role in the manipulation of intestinal flora to treat 
obesity in the future. 

CONCLUSION IN 2014

Since the relationship between obesity and gut mi-
crobiota was established few years ago, the important 
question was whether this relationship is causal. In this 
regard, in the past five years, data coming from differ-
ent sources have shown a causal relationship between 
gut microbiota and obesity (4,5,55), supported by ex-
periments including microbiota modulation and mainly 
transplantation. In addition, studies in mice and in hu-
mans have also shown that gut microbiota have a causal 
role in insulin resistance, which is the primary alteration 
observed in DM2. In this regard, an elegant study of 
Ridaura and cols. (55), demonstrated that microbiota 
transplantation from obese or lean human to germ free 
mice induced obesity or lean phenotypes, respectively. 
They also showed that housing mice with obese mi-
crobiota with mice with lean microbiota prevented the 
development of obese phenotypes in the former (55). 
These data indicated us clearly that microbiota can im-
prove metabolic parameters or even prevent obesity, al-

though the composition of diet will also be important 
(11,14,36,39,55,56). 

In addition to the causal role of intestinal micro-
biota on obesity and insulin resistance, alterations in 
gut microbiota have been reported in association with 
HIV disease progression (57), with olanzapine-induced 
metabolic dysfunction (58) and increasing the risk of 
cardiovascular diseases (59). Gut microbiota can also 
modulate diurnal secretion of glucocorticoids (60), the 
immunity with important role in the regulation of Treg 
cells (61), and surprisingly brain activity (62). These 
alterations/modulations usually are induced by pro-
ducts of bacterial metabolism as short chain fatty acids, 
kinurenin which is a product of tryptophan catabolism 
by some bacteria, choline and phosphatidylcholine which 
will first produce trimethylamine (TMA) and then a 
proatherogenic compound trimethylamine-N-oxide 
(TMAO) and many others not yet identified. 

We should also mention that drugs used in clinical 
practice can have a direct effect on intestinal microbio-
ta, or its metabolism may also be influenced by micro-
biota. Recently it was demonstrated that metformin can 
modulate intestinal microbiota, at least in C. elegans, 
suggesting that the therapeutic effect and also the side 
effects of this drug may also be mediated by microbiota 
(63). Another interesting study in this area is related to 
the inactivation of cardiac drug digoxin by gut bacteria 
(Eggerthella lenta), suggesting an important role of diet 
and microbioma in inducing digitalis intoxication (64).

Finally it is important to recognize that this area su-
ffers an enormous progress in the past years, but the 
ideal microbiota profile to a specific person remains to 
be established. However we should be optimistic be-
cause this new knowledge may allowed us to establish 
new clinical trials with slow release encapsulated micro-
biota or probiotics in order to treat obesity/DM2 or 
even to introduce an important epidemic of leanness. 

Note of Editor: this manuscript is the corrected and revised version, 
and invalidates a previous manuscript published in 2009 that was 
retracted.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Human pancreatic islet 
transplantation: an update and 
description of the establishment of a 
pancreatic islet isolation laboratory
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ABSTRACT
Type 1 diabetes mellitus (T1DM) is associated with chronic complications that lead to high morbid-
ity and mortality rates in young adults of productive age. Intensive insulin therapy has been able to 
reduce the likelihood of the development of chronic diabetes complications. However, this treatment 
is still associated with an increased incidence of hypoglycemia. In patients with “brittle T1DM”, who 
have severe hypoglycemia without adrenergic symptoms (hypoglycemia unawareness), islet trans-
plantation may be a therapeutic option to restore both insulin secretion and hypoglycemic percep-
tion. The Edmonton group demonstrated that most patients who received islet infusions from more 
than one donor and were treated with steroid-free immunosuppressive drugs displayed a consider-
able decline in the initial insulin independence rates at eight years following the transplantation, but 
showed permanent C-peptide secretion, which facilitated glycemic control and protected patients 
against hypoglycemic episodes. Recently, data published by the Collaborative Islet Transplant Regis-
try (CITR) has revealed that approximately 50% of the patients who undergo islet transplantation are 
insulin independent after a 3-year follow-up. Therefore, islet transplantation is able to successfully 
decrease plasma glucose and HbA1c levels, the occurrence of severe hypoglycemia, and improve pa-
tient quality of life. The goal of this paper was to review the human islet isolation and transplantation 
processes, and to describe the establishment of a human islet isolation laboratory at the Endocrine 
Division of the Hospital de Clínicas de Porto Alegre – Rio Grande do Sul, Brazil. Arch Endocrinol Metab. 
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INTRODUCTION

T ype 1 diabetes mellitus (T1DM) is responsible for 
approximately 10% of all diabetes cases worldwide. 

This disease is caused by autoimmune destruction of 
pancreatic β cells, which leads to complete insulin de-
ficiency and fates patients to require exogenous insulin 
to survive (1,2). Although significant advances in the 
treatment of T1DM have been seen in recent decades 
(3,4), this disease still leads to chronic complications, 
which are associated with high morbidity and mortal-
ity in individuals in a productive age (5). Moreover, a 
number of T1DM patients present “brittle T1DM”, 
which is characterized by unpredictable glycemic os-
cillations over short periods of time, with sudden epi-

sodes of hyperglycemia followed by severe hypoglyce-
mia, which may evolve to convulsions, coma, and even 
death (6). The “brittle T1DM” treatment still repre-
sents a major challenge for the clinicians, and there is 
no consensus indicating the optimal treatment for this 
condition. The replacement of β cells through whole-
pancreas or islet transplantation is the only manner to 
restore endogenous insulin secretion and the awareness 
of hypoglycemic symptoms and represents an appealing 
treatment option for these patients (7,8).

Whole-pancreas transplantation results in adequate 
glycemic control and is able to prevent diabetic chronic 
complications, being recommended for T1DM patients 
with end-stage kidney disease, at the same time as the 
kidney transplant or after it (9,10). Although, pan creas-
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transplanted patients show high rates of long-term 
survival, this procedure is usually not recommended 
to T1DM patients who do not require a kidney trans-
plantation, since its morbidity and mortality rates are as 
high as those associated with other major surgical pro-
cedure (7,9,10). In this context, allogeneic islet trans-
plantation has become an interesting option for “brittle 
T1DM” patients, as it consists of a cell infusion pro-
cedure, which is not associated with major complica-
tions. This occurs because the islets are infused directly 
into the liver through the portal vein (Figure 1) using 
interventional radiology techniques (7). According to 
the Collaborative Islet Transplant Registry (CITR), the 
risk of peri-procedure complications associated with is-
let infusion is 20 times lower than that observed after 
whole-pancreas transplantation (11). 

Therefore, the aim of the present study was to re-
view the current literature regarding pancreatic islet 
isolation and transplantation in T1DM patients as well 
as evaluate the current status of this procedure in the 
international health scenario. Furthermore, we also 
described the development of a laboratory for human 
pancreatic islet isolation in the Endocrine Division 
of the Hospital de Clínicas de Porto Alegre (HCPA; 
Porto Alegre, Brazil). Currently, this laboratory is 
equipped and technically prepared to begin islet trans-
plantation in T1DM patients who underwent kidney 
transplantation. 

HISTORICAL ASPECTS

Although pancreatic islet transplantation was first at-
tempted in 1893 (12), it was only in 1972 that Lacy 
and cols. (13) managed to reverse hyperglycemia in 
diabetic rodents through the infusion of healthy islets. 

In the 1980s, the use of autologous islet transplanta-
tion in patients who underwent total pancreatectomy 
for untreatable pain as a result of chronic pancreatitis 
was reported (14). These patients were able to main-
tain insulin independence for up to 13 years following 
the transplant (15). Since these data were first pub-
lished, the use of islet transplantation for the treatment 
of T1DM has been investigated by several researchers, 
who sought a possible cure for this condition. 

 Nevertheless, the first attempts at allogeneic pan-
creatic islet transplantation in humans did not produce 
promising results, leading to insulin independence 
rates of only 10% (16,17). Data obtained from the Is-
let Transplant Registry (ITR) revealed that a total of 
493 islet transplantations were performed worldwide 
between the years 1893 and 2000, showing decreasing 
rates of insulin independence over the time following 
the transplant: 66% after 1 month, 40% after 1 year, 
22% after 2 years, 11% after 3 years, 6% after 4 years and 
only 2% after 5 years (18). Although semi-automated 
islet isolation was made possible in 1989 by the research 
group led by Dr. Camillo Ricordi, in Miami, USA (19), 
it was only in the year 2000, after the creation of the 
Edmonton protocol, that islet transplantation began 
to achieve more promising results: an insulin inde-
pendence rate of 100% was achieved after 1 year post 
transplant in seven patients with T1DM (20). The im-
provement in achieving insulin-independence with this 
protocol was attributed to the following factors: use of 
corticoid-free immunosuppressive protocols (induction 
with daclizumab and maintenance with sirolimus and 
a low dose of tacrolimus), and multiple islet infusions 
from different donors, in order to increase the mass of 
transplanted islets (20). In 2005, the same group pub-
lished the results of a five-year follow-up of 65 patients 

Figure 1. Infusion of human pancreatic islets into the portal vein of a recipient with type 1 diabetes mellitus.
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who had undergone islet transplantation. The mean 
duration of insulin independence was 15 months, with 
only 10% of patients remaining insulin-free for more 
than 5 years (21). However, it is important to note that 
80% of patients had partial graft function, with detect-
able C-peptide secretion, contributing to the improve-
ment of glycemic control and to the reduction in the 
number of hypoglycemic episodes.

The Edmonton protocol was later replicated in a 
multicenter study organized by the Immune Toler-
ance Network, which involved 36 patients with T1DM 
from nine centers in the USA and Europe (22). Only 
13.8% of patients remained insulin-free after 2 years, 
although those who maintained partial graft function 
had a substantial improvement in metabolic control 
and significant lower rates of hypoglycemia (22). Suc-
cess rates varied widely between centers, so that those 
with greater experience in the area obtained the best 
results, with approximately 80% of patients maintaining 
insulin independence after one year (22). These find-
ings led to a new definition of the objectives and out-
comes associated with islet transplantation. The main 
goal of islet transplantation is insulin independence 
and, therefore, procedures are considered completely 
successful whenever this outcome is achieved. How-
ever, when the transplant leads to improved glycemic 
control and to the reduction or elimination of severe 
hypoglycemic episodes, even if exogenous insulin use is 
still required in low doses, the procedure is considered 
partially successful. Individuals with partial graft func-
tion (defined by C-peptide levels > 0.5 ng/mL) main-
tained their glycemic control much better than those 
with total graft loss (absence of C-peptide secretion) 
(HbA1c: 6.7 vs. 9.0%, P = 0.025) and required signifi-
cantly lower doses of insulin following the transplant 
than in the pre-transplant period (0.34 vs. 0.66 insulin 
units/kg/day, P = 0.001), as demonstrated in a five-
year follow-up study (21).

These encouraging results led to a significant in-
crease in the number of islet transplantations performed 
in all existing research centers, and motivated the es-
tablishment of further transplantation centers around 
the world (http://citregistry.org). The CITR was also 
created in an attempt to monitor the progress of islet 
transplantation technology and to ensure greater safety 
in such procedures through the registration, analysis 
and publication of data regarding all islet transplanta-
tion performed in North America as well as in some 
European and Australian locations. A total of 76 cen-

ters conducted islet transplantation in the year 2005 
(23) and, until May 2011, 730 patients had undergone 
such procedure (24). A number of countries, such as 
Canada, Switzerland, Australia, Japan, England and 
Belgium, already consider islet transplantation to be an 
acceptable treatment option for patients with “brittle 
T1DM”. In these countries, such procedure is cov-
ered by public and/or private health services (25,26). 
However, in many other countries, including USA, is-
let transplantation is still performed on an experimen-
tal basis (phase 3 clinical trials) (27). In the USA, islet 
transplantation is expected to be approved as a treat-
ment option for “brittle T1DM” in 2015, following 
the end of a large multicenter clinical trial, which is cur-
rently being evaluated by the Food and Drug Admin-
istration (FDA).

Islet transplantation has led to progressively better 
results over recent years. A recent CITR report assessed 
the outcomes of 677 patients who had undergone is-
let transplantations between the years 1999 and 2010. 
Patients were divided into three groups according to 
the period their surgeries were performed: “Early Era” 
(1999-2002), “Mid Era” (2003-2006) and “Recent 
Era” (2007-2010). Five main outcomes were assessed: 
presence of C-peptide secretion, decrease in HbA1c 
levels, stable fasting glycemia, insulin independence 
and frequency of severe hypoglycemia (11). Patients 
who underwent transplantations in the “Recent Era” 
had significantly better outcomes, and achieved an in-
sulin independence rate of almost 50% three years after 
the transplant (11,24). This result may be attributed 
to the improvement of islet isolation and islet culture 
techniques, as well as to the improvement of immu-
nosuppressive regimens, more careful patient selection 
and increased knowledge and understanding of β cell 
characteristics and requirements (11). The latest data 
obtained for graft survival at 5 years after islet trans-
plantation have shown a significant increase in insulin 
independence rate. In some studies, 70% of insulin in-
dependence has been achieved in 7 years of follow-up, 
so far (28). These numbers are similar to those achieved 
with pancreas transplant alone in the same period (29). 

A search for open trials on the Clinical Trials website 
(www.clinicaltrials.gov), performed in January 2014 
using the keyword “islet transplantation”, identified 34 
studies which are currently recruiting patients for such 
procedure. These studies include investigations of im-
munosuppressive drugs following allogeneic islet trans-
plantation, the outcomes of encapsulated islet trans-

Human pancreatic islet transplantation
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plantations and the applicability of autologous islet 
transplantation in cases of total pancreatectomy. None 
of these investigations are currently being conducted in 
South America. At the time of writing this paper, the 
Islet Transplant Program at the University of Greno-
ble, France, is conducting the first randomized clinical 
trial to compare the outcomes of islet transplantation 
with those on standard clinical treatment for T1DM 
(TRIMECO, http://clinicaltrials.gov).

ISOLATION OF HUMAN PANCREATIC ISLETS

The process of islet isolation involves the extraction of 
insulin-producing cells from the pancreas, while pre-
serving their structural and functional integrity (30). 
Islet isolation methods have become increasingly so-
phisticated over the past three decades (7) and advances 
in this area are at least partly attributable to the use of 
a semi-automated method of controlled pancreatic di-
gestion developed by Camillo Ricordi in 1989 (19). 
Although this islet isolation protocol has been slightly 
modified over recent years, according to the experience 
of different transplantation groups, the basic steps of the 
procedure remain the same: cleaning the pancreas and 
cannulation of pancreatic ducts, enzymatic perfusion, 

distension and digestion of the pancreas, followed by 
islet dilution, purification and culture (Figure 2) (31).

The process starts when the donated organ is re-
ceived and assessed by an isolation team, and ends with 
the release of the isolated islets for transplantation or 
research by a quality control (QC) team. The first stage 
of the process is the cleaning of the pancreas, which 
consists in organ dissection and removal of the spleen, 
duodenum and any underlying fat. The next step con-
sists of pancreatic distension and digestion, a process 
through which an enzyme which breaks up collagen 
chains (collagenase) is infused into the main pancreatic 
duct, leading to the disaggregation of the pancreatic 
tissue. The pancreas is then cut into 8 to 10 pieces and 
transferred to a Ricordi Chamber (19) containing 7-9 
silicone beads and filled with collagenase solution for 
the digestion phase, which is facilitated by mechanical 
agitation. When islets are separated from the exocrine 
tissue and are not over-digested, large volumes of dilu-
tion solution are then added to the tissue to stop the 
digestion process. In the purification step, the islets are 
separated from the exocrine and ductal tissues through 
continuous or discontinuous density gradients using a 
COBE 2991 centrifuge. The goal of this step is to puri-
fy the islets that will be used in the transplant, throwing 

Figure 2. Pancreatic islet isolation and transplantation from the donor to the recipient. Adapted from reference 31. 1 = sampling location for islet collection 
and for the monitoring of digested islets; 2 = chamber temperature monitoring probe (37°C); 3 = Ricordi Chamber with silicone beads, pancreatic tissue 
and collagenase solution; 4 = peristaltic pump to ensure the circulation of the solutions in the system; 5 = heating coil in a 50°C water bath. 
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away the remaining cells, so that only a small volume of 
tissue (10 mL maximum) will be infused into the portal 
vein, reducing the risk of portal vein hypertension and 
thrombosis (16). After isolation, islets are cultured for 
up to three days (32).

The FDA has stated that, before allogeneic islet 
transplantation is approved as a treatment option for 
T1DM, the safety, purity, potency and efficacy of the 
islets must be assessed. For islets to be considered suit-
able for transplantation, the islet isolation and purifica-
tion processes must be defined, validated, and proved to 
be able to generate consistently high-quality products 
(33). Therefore, the last step in the isolation process 
consists of QC tests for purity, number of islet equiva-
lents (IEQ – one IEQ corresponds to one islet with 
150 μm diameter or greater), viability, cell functionality 
and sterility (34).

Purity (the proportion of islets to other tissue types 
in the isolated material) is assessed throughout the 
stages of islet isolation and culture. Only the samples 
with purity > 50% can be approved for transplant. The 
IEQ is determined by the estimated diameter of islets. 
Transplantation is only possible if the IEQ is > 5000 
IEQ/kg of the recipient’s body weight, in a maximum 
volume of 5-10 mL (34). The viability of islets (num-
ber of live cells/total number of cells, including dead 
cells) is determined by the integrity of the cell mem-
brane. This is assessed by staining tissue samples with 
two types of dye (fluorescein diacetate, which stains 
viable cells green, and propidium iodide, which stains 
damaged cells red), and examining the results in a fluo-
rescent microscope (35). The islet batch is considered 
adequate for transplantation if its viability is over 80%. 
Islet function is assessed by measuring the amount of 
insulin secreted after incubation with low and high 
concentrations of glucose and, then, calculating a stim-
ulation index (SI) by dividing insulin concentration of 
the islet sample stimulated with high glucose by the in-
sulin concentration of the islet sample stimulated with 
low glucose (20). Functional islets must have a SI > 1. 
The sterility is assessed through aerobic and anaerobic 
bacterial cultures as well as mycoplasma and endotoxin 
tests (16,34).

ISLET TRANSPLANTATION AND THE CURRENT 
STATUS OF THIS PROCEDURE IN BRAZIL

Pancreatic islet transplantations have proved to be a 
safe and effective treatment option for patients with 

“brittle T1DM”. However, the clinical applicability of 
islet transplantation in many health centers is limited by 
the complexity of islet isolation processes, the high cost 
(34,36) and the scarcity of donor organs (37). Since 
each transplant patient generally requires islets isolated 
from two to three donors in order to improve rates of 
insulin independence (37), there is a significant interest 
in developing methods for isolating the greatest num-
ber of viable islets from the pancreas of each donor. 
However, this is a challenging process, which requires 
considerable experience with cell isolation procedures 
and an extensive knowledge of the factors which influ-
ence islet quantity and quality (38). 

The physical, chemical and mechanical impacts suf-
fered by the islets during the isolation process might 
lead to fragmentation and damage of the β, α, δ and PP 
cells (39), influencing the quantity and quality of avail-
able islets. In the past 6 years, an additional obstacle 
was introduced into islet isolation research, as the most 
effective collagenase used in pancreatic digestion (Lib-
erase HI, Roche Pharmaceutics) was removed from 
the market due to the discovery of an association be-
tween the enzyme and an increased risk of spongiform 
encephalopathy transmission (40). Other collagenases, 
such as Serva NB1 (Serva, Heidelberg, Germany), 
Liberase MTF (Roche, Indianapolis, USA) and Vita-
cyte (CIzyme HA, Indianapolis, USA) (37,41-43) are 
promising alternatives for islet isolation (44). However, 
studies that have sought to assess which enzyme would 
be the most adequate for pancreatic digestion have 
produced conflicting results (40,42,45-48). A meta-
analysis conducted by our research group (49) found 
that all aforementioned enzymes lead to similar levels of 
islet quantity (IEQ/g pancreas) and quality (purity and 
viability); however, Vitacyte and Serva NB1 enzymes 
seem to be associated with an improved SI as compared 
with Liberase MTF. 

Donor characteristics (age, gender, medical history, 
body mass index [BMI], cause of death, use of vasopres-
sor agents) and pancreas characteristics (size, fat con-
tent, duration of cold ischemia) may also influence the 
quality and quantity of the isolated islets (30,50,51). 
Although organs donated by individuals with BMI > 
25 kg/m2 and/or age over 50 years tend to produce 
a greater number of islets, these islets do not always 
function adequately (50,51). The study by Sá and cols. 
(53) reinforced the importance of the donor BMI as 
a defining parameter for successful islet isolation and 
established this variable as a potential pancreas alloca-

Human pancreatic islet transplantation
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tion criterion for pancreatic islet transplantation in Bra-
zil. The duration of cold ischemia is also relevant to 
the islet isolation process, since increased cold ischemia 
time may damage the pancreatic tissue. Therefore, the 
type of solution used to preserve the pancreas and de-
crease the deleterious effects of hypoxia may have an 
important effect on transplant results (30). Most isola-
tion procedures involve the use of the UW (University 
of Wisconsin) solution, which contains electrolytes and 
other substances that contribute to cell integrity (30). 
However, some studies have found that the combined 
use of UW solution and other substances with high ox-
ygen affinity (two-layer perfluorocarbon method) led 
to improved pancreatic preservation (54,55), although 
these results were most pronounced in cases of pro-
longed cold ischemia (56). 

The effect of brain death (BD) on the pancreas may 
also influence the quality of the donated organ. A study 
conducted by our research group found that, in the 
case of BD donors, the pancreas appears to be damaged 
long before isolation, as evidenced by an increase in 
TNF levels in the organ (57). Another recent study has 
also found that the organs of BD donors produce islets 
of lower quality when compared to those whose donors 
died of heart-related causes (51). 

As previously cited, one of the main limitations re-
ported by most islet transplantation centers is a scar-
city of BD donors (8). In Brazil, a report issued by the 
Brazilian Organ Transplant Association noted that only 
6.3% (n = 80) of the total number of pancreases donat-
ed (n = 1273) were used in the first semester of 2013 
(58). The remaining organs could have been used for 
islet isolation purposes, indicating an adequate supply 
of organs for islet transplantation in Brazil. In Brazil, 
there are two laboratories involved in islet isolation 
research, which, in the past, had also carried out islet 
transplants: the NUCEL (Nucleus of Cell and Molecu-
lar Therapy) in São Paulo, which is associated with the 
University of São Paulo (USP) and performed its first 
transplant in 2002 (59); and a laboratory in Curitiba 
(Paraná), associated with the PUC-Paraná University 
and the Pro-Kidney Foundation, which conducted one 
transplant in 2005 (60). 

Nevertheless, the high costs involved in islet iso-
lation still place a burden on this process. In 2004, a 
French study evaluated the cost of islet transplanta-
tion from the time of organ removal until the trans-
plant itself and its follow-up. The study found that islet 
isolation was the most expensive phase of the process, 

accounting for 30% of total transplant costs (36). A 
similar situation has been reported in Brazil, where the 
reliance on imported isolation reagents may lead costs 
to rise even further (61). 

In light of these facts, a number of islet transplanta-
tion centers have focused on the development of differ-
ent methods for islet isolation and, when possible, for 
the selection of organs that might be more adequate 
for transplantation and are more likely to produce posi-
tive results in terms of the quantity and quality of iso-
lated islets and insulin independence in the long term 
(37,57,60). 

BRAZILIAN LEGISLATION

In the USA, the islet isolation process must follow the 
drug and biological product regulations issued by the 
FDA and the Public Health Service Act (62). In Bra-
zil, there is still no specific legislation to regulate islet 
transplantation. However, both the construction of 
the isolation laboratories as well as the islet isolation 
process must follow RDC Resolutions Numbers 210 
(“Good Practice in Drug Manufacturing”, August 4th, 
2003) and 9 (“Guidelines for the functioning of Cell 
Technology Centers involved in clinical research and 
treatment”, March 14th, 2011) issued by the Agência 
Nacional de Vigilância Sanitária (Anvisa) (63,64). RDC 
resolution number 9 divides cell therapy methods into 
two categories according to their purpose: autologous 
use and allogeneic cell manipulation. Islet transplan-
tation procedures would be classified into the latter 
group. 

ISLET TRANSPLANTATION IN PATIENTS WITH 
“BRITTLE T1DM”

Islet transplantation is generally recommended as a treat-
ment option for patients with “brittle T1DM”, which 
is defined by the presence of significant daily variations 
in capillary glycemia, typically higher than 200 mg/dL, 
which might lead to significant impairment in quality 
of life and/or the occurrence of severe hypoglycemia 
without adrenergic symptoms (6,65). In these patients, 
allogeneic islet transplantation tend to be performed in 
one of three ways depending on patient characteristics: 
1) islet transplantation in non-uremic patients; 2) islet 
transplantation following kidney transplants in patients 
with end-stage kidney disease; and 3) simultaneous islet 
and kidney transplantations (66). 

Human pancreatic islet transplantation
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To date, patients included in islet transplantation 
protocols have had the following characteristics: age be-
tween 18 and 65 years, T1DM for over 5 years with un-
detectable C-peptide concentrations, occurrence of se-
vere recurrent hypoglycemia and progression of chronic 
complications associated with diabetes (30). In the Im-
mune Tolerance Network study (22), the presence of 
untreated arterial disease, BMI > 26 kg/m2, the need 
for insulin doses > 0.7 UI/kg, HbA1c > 12%, creatinine 
> 1.5 mg/dL and/or albuminuria > 300 mg/24h, as 
well as the presence of infections or psychiatric diseases 
were considered exclusion criteria for transplantations. 

In islet transplantations, as in pancreas transplants, 
the persistence or reappearance of anti-islet antibo dies 
has been found to be correlated with worse clinical out-
comes and may be a key contributing factor to graft 
failure (67). However, patient characteristics may also 
influence transplant outcome. Younger patients with 
higher HbA1c levels, clinical profiles suggestive of in-
sulin resistance and higher lipid serum levels in the pre-
transplant period are at greater risk of early graft loss 
(68,69). 

It is also important to note that the site of islet 
infusion used by most studies in the literature is the 
portal vein, which is not the most adequate place for 
cell infusion (70). It is estimated that 50-70% of islets 
are destroyed in the period immediately following the 
transplant, given the unique characteristics of the liver 
and the damaging effect of immunosuppressive drugs 
on insulin secretion and islet viability (71). Currently, 
other infusion sites and methods have been studied in 
an attempt to develop techniques that ensure a better 
engraftment of the islets. One example is the encapsu-
lation, which allows for revascularization while sparing 
the islets from environmental damage (70).

DEVELOPMENT OF A HUMAN ISLET ISOLATION 
LABORATORY IN THE HCPA

In 2010, a new laboratory for human islet isolation was 
established at the Endocrine Division of HCPA with 
the goal of isolating islets for: 1) developing experi-
mental studies to assess ways of increasing the quality 
and quantity of isolated islets; 2) studying functional β 
cells in patients with different physiological and patho-
logical features; and 3) performing islet transplanta-
tion in patients with “brittle T1DM”. This center has 
conducted 28 human islet isolations and, in the near 
future, will begin a study of human islet transplantation 

in T1DM patients who had already undergone kidney 
transplantation.

This islet isolation laboratory takes up an area of 
63.6 m2 in the Endocrine Division (Figure 3). The lab-
oratory was built between 2008 and 2010, and its con-
struction process followed the guidelines established 
in RDC regulations (numbers 134 and 210) issued by 
Anvisa (63), as well as recommendations provided by 
the islet transplantation team at the Diabetes Research 
Institute, University of Miami (EUA). 

Positive internal pressure, use of air-conditioning 
with high efficiency particulated air (HEPA) filters, and 
restricted access policies in effect at the islet isolation 
laboratory are the same as those recommended for sur-
gery rooms. The dressing room is kept at cleanliness 
Class 100.000 (up to 100.000 particles with a size of 
0.5 microns or greater per m3 of air), while the remain-
der of the lab is kept at Class 10.000. The laboratory 
contains a dressing room for changing into sterile gar-
ments, a hand-rubbing area, a separate internal loca-
tion for islet isolation and culture, a reagent storage 
room, a cold chamber and a laboratory exit chamber. 
All furniture in the laboratory is made of stainless steel 
to facilitate cleaning and prevent contamination. The 
laboratory is surrounded by a Cell and Molecular Bi-
ology Laboratory, a glassware sterilization room, and 
the QC center for the isolated islets, which contains a 
fluorescent microscope and an ELISA (enzyme-linked 
immunosorbent assay) micro-plate reader. 

The core of the islet isolation team consists of a ne-
phrologist and a biologist, both of whom are HCPA em-
ployees who received training in international re ference 
centers. The nephrologist held her training in isolation 
of human, pig and mouse islets as well as in human islet 
transplantation at the Schulze Diabetes Institute (Uni-
versity of Minnesota, Minneapolis, EUA) for two years, 
while the biologist was trained in rat islet isolation and 
β cell functionality at the Laboratory of Experimental 
Medicine of the Free University of Brussels (Brussels, 
Belgium) for one year. The team also includes an en-
docrinologist, who was trained in human islet isolation 
as well as monitoring and treatment of transplanted pa-
tients at the Diabetes Research Institute of the Universi-
ty of Miami (Florida, EUA) for a period of one year. The 
islet isolation team is assisted by undergraduate students, 
masters’ and PhD students, a technical support assistant 
and a post-doctoral fellow, all of whom received scholar-
ships from national research support agencies. A research 
project entitled “Establishment of a Human Pancreatic 

Human pancreatic islet transplantation
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Islet Isolation Laboratory at the HCPA” was developed 
specifically for the purpose of constructing the laborato-
ry and organizing an organ donation system. This proj-
ect was approved by the Research Ethics Committee of 
HCPA (project number 08-131) and by the Transplant 
Center of the state of Rio Grande do Sul, Brazil. Any 
donated organs which are not used for whole-pancreas 

transplants or kidney-pancreas transplantation are used 
for islet isolation purposes once the donor’s family signs 
an informed consent form provided by the Laboratory 
of Human Pancreatic Islet Biology. The surgical team re-
sponsible for organ removal is associated with the OPOS 
(Organ Procurement Organizations) of the Department 
of Health – Rio Grande do Sul. 

Figure 3. Floorplan of the Laboratory of Human Pancreatic Islet Biology – Endocrine Division – Hospital de Clínicas de Porto Alegre. 1 = Biological safety 
cabinets; 2 = Incubators; 3 = Freezer -86°C; 4 = Refrigerator; 5 = Freezer -20°C; 6 = Water bath; 7 = Microscope; 8 = COBE 2991; 9 = Door with 
glass window; 10 = Window for exiting of materials; 11 = Window for entering of materials.

Antechamber

9

7

2

2

1

4

5

10

9

9 6

3

1

11

8

1

98
 x

 1
10

 x
 1

00

12
0 

x 
21

0

80
 x

 2
10 Store room

80 x 110 x 100

80
 x

 2
10

80 x 210

Changing 
room

Rubbing 
room

Main area

90 x 210

Cold room

80
 x

 2
10

Human pancreatic islet transplantation



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

169Arch Endocrinol Metab. 2015;59/2

CONCLUSIONS 

Pancreatic islet transplantation should be considered 
a useful treatment option for decreasing the occur-
rence of severe hypoglycemic episodes and improving 
glycemic control in patients with “brittle T1DM”. In 
many countries, islet transplantation is already used as 
treatment for T1DM. However, in countries such as 
Brazil, this procedure is still carried out only as part 
of experimental research initiatives. Therefore, efforts 
must be made toward increasing the effectiveness of 
islet isolation and transplantation techniques, as well 
as post-transplant follow-up procedures, to ensure that 
islet transplantation will be eventually implemented as 
part of routine clinical practice.

The establishment of islet isolation laboratories is a 
slow and complex process, which requires significant 
financial investment. The Laboratory of Human Pan-
creatic Islet Biology at the Endocrine Division of the 
HCPA aims to provide human islets for research pur-
poses and, in the near future, become a reference center 
for islet transplantation and β cell research in Brazil.
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Reassessing lipid metabolism 
and its potentialities in the 
prediction of cardiovascular risk 

Isis Tande da Silva1, Bianca de Almeida-Pititto2, Sandra Roberta G. Ferreira1

ABSTRACT 
There are numerous particles, enzymes, and mechanisms in the lipid metabolism that are involved 
in the genesis of cardiovascular disease (CVD). Given its prevalence in populations and its impact 
on mortality, it is relevant to review the lipid metabolism as it may potentially provide subsidies to 
better prediction. This article reviews the importance of traditional cardiovascular risk factors and 
comments on the potential of novel lipid biomarkers involved in the physiopathology of CVD. The 
Framingham cohorts proved the role of traditional risk factors (physical inactivity, smoking, blood 
pressure, total cholesterol, LDL-C, HDL-C, plasma glucose) in the prediction of cardiovascular events. 
However, a significant number of individuals that suffer from a cardiovascular event has few or none 
of these factors. Such finding indicates the need for new biomarkers able to identify plaques that are 
more susceptible to rupture. Some of bloodstream biomarkers related to lipid metabolism are modi-
fied LDL particles, apolipoprotein AI (apo AI), apolipoprotein B, lipoprotein (a) [Lp (a)], cholesteryl 
ester transfer protein (CETP), subtypes of LDL and HDL particles, and lipoprotein-associated phos-
pholipase A2 (Lp-PLA2). These factors participate in the atherosclerotic process, and are abnormal in 
individuals at high risk, or in those who suffered from a cardiovascular event. Lp (a) determination 
is already employed in clinical practice and should be included as a reference parameter for CVD 
monitoring. Furthermore, there are expectations for wider use of apo B, non-HDL cholesterol and 
total cholesterol / HDL-C determination to improve cardiovascular risk assessment. Arch Endocrinol Metab. 
2015;59(2):171-80
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INTRODUCTION 

Current epidemiological scenario

T he understanding of lipid metabolism has been 
of constant clinical and academic interest. The 

abundance of terms in the study of the issue due the 
countless particles, mechanisms and enzymes involved, 
do not limit the interest of professionals in the impor-
tance of dyslipidemias in the genesis of chronic, non-
communicable diseases (CNCDs). These diseases are 
responsible for the most important mortality rates in 
populations all over the world, and death rate projec-
tions due to this cause are alarming (1). The preva-
lence of CNCDs in emerging countries like Brazil (2) 
tends to worsen socioeconomic problems, making the 
use of healthcare resources difficult. To a great extent, 
this scenario is a result of population aging, associated 
with changes in their nutritional status. Excess weight 
caused by inadequate dietary habits and physical inac-

tivity, increases the risks of CNCDs, specially athero-
sclerosis. Thus, preventive measures should focus on 
fighting obesity, as well as understanding the mecha-
nisms by which body fat generates cardiovascular risk. 

Atherosclerotic cardiovascular disease (CVD) is res-
ponsible for 30% of the deaths worldwide (1); in 2009, 
a similar number was reported in Brazil (2). Although 
a drop in mortality rates due to cardiovascular events 
was recorded – which was attributed to dyslipidemia 
and hypertension treatment and to the fight against 
smoking – lack of control of obesity and diabetes melli-
tus (DM) prevents more expressive reductions. 

Dyslipidemias involved in the physiopathology of 
atherosclerotic disease are characterized by isolated in-
crease in low density lipoprotein (LDL-C ≥ 130 mg/dL), 
triglycerides (TG ≥ 150 mg/dL), both LDL-C and 
TG, or by the reduction in high density lipoprotein 
(HDL-C < 40 mg/dL) (3). In an American study on 
health and nutrition from 2003-2006, dyslipidemias 
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Potentialities of the lipid metabolism

affected 53% of the adults (4). Based on data from ei-
ght countries, the World Health Organization (WHO) 
reported mean prevalence of dyslipidemia as 33%, ran-
ging from 19.2 to 61.6%. The proportion of undiag-
nosed individuals ranged from 16% in the USA to 78% 
in Thailand. Among diagnosed individuals, 9% in Thai-
land and 53% in Japan were not in treatment. Among 
treated individuals, 4% of the Germans and 58% of the 
Mexicans showed controlled lipid profile (5). 

In Brazil, a study conducted in Campinas invol-
ving 227,359 individuals showed the prevalence of 
hypercholesterolemia ranging from 36% to 44% (6). 
These researchers found a seasonal variation in dysli-
pidemia frequency. Hypertriglyceridemia ranged from 
37% (in the summer) to 32% (in the winter), and low 
HDL-C from 21% (in the winter) to 30% (in the sum-
mer). In Ribeirão Preto, prevalence of dyslipidemia 
was even greater, 61.9% (7). These rates call attention 
to the need for intervention related to this important 
cardiovascular risk. In fact, the Cholesterol Treatment 
Trialists estimated that every 18 mg/dL reduction in 
LDL-C decreases the risk of cardiovascular events in 
21% (8). 

Several prospective studies that employed inhibitors 
of HMG-CoA reductase (statins) proved that reduction 
in LDL-C and increase in HDL-C are associated with 
fewer non-fatal and fatal cardiovascular events (9,10). 
In spite of the efficacy of this drug class, some indivi-
duals do not reach the lipid control target with mono-
therapy, whereas others present adverse effects that li-
mit the use of this therapy. Drug associations have been 
recommend, but their number is limited. The comple-
xity of lipid metabolism opens a window of opportunity 
for new alternatives in the treatment of dyslipidemias. 
Morbidity and mortality due to CVD show that much 
has to be done to improve prediction and prevention 
of possible events. In this context, understanding the 
lipid metabolism and potential intervention targets are 
highly relevant to the current epidemiological scenario. 

RELEVANT PHYSIOLOGICAL ASPECTS OF THE 
LIPID METABOLISM 

Lipids are transported in the bloodstream inside li-
poproteins, which are essentially made up by proteins 
(apolipoproteins), cholesteryl esters, cholesterol, TG, 
and phospholipids. An important aspect related to the 
knowledge on the composition of lipid particles is esti-
mating cardiovascular risk by determining apolipopro-

teins that make up LDL and HDL. Some apolipopro-
teins, either alone or in combination, may become part 
of scientific guidelines very soon (11). The difference 
between the five most important lipoproteins is their 
composition: a) chylomicrons (CM): Rich in TG, made 
up of apolipoprotein C-I (apo C-I), C-II (apo C-II), 
C-III (apo C-III), B-48 (apo B-48), and E (apo E); 
b) very low density lipoprotein (VLDL): Rich in TG, 
made up of apolipoprotein B-100 (apo B-100), apo E, 
apo C-I, apo C-II, and apo C-III; c) intermediate den-
sity lipoprotein (IDL): Rich in TG, made up of apo 
B-100; d) low density lipoprotein (LDL): Rich in TG, 
made up of apo B-100, apo C-I, and apo E; e) high 
density lipoprotein (HDL): Rich in cholesterol, made 
up of apolipoprotein A-I (apo A-I), A-II (apo A-II), 
apo C-I, apo C-II, apo C-III, and apo E.

Lipids that are absorbed in the intestines go from 
the lymphatic vessels to the bloodstream. In the en-
terocyte, lipids bind to lipoproteins, specifically apo 
B-48, A-I, A-II, and A-IV, which are synthetized the-
re. This resulting particle, called CM, is full of TG and 
food cholesterol and interacts with HDL, which dona-
tes apo C-II and apo E, and receives apo A-I and apo 
A-IV. Besides apolipoproteins, there is an exchange in 
lipid contents; HDL donates cholesterol to CM, which 
donates TG in its turn. The contribution of apo C-II 
is essential, as this apolipoprotein activates lipoprotein 
lipase (LPL), which hydrolyzes TG found in CM. Free 
fatty acids are deposited in adipocytes. After this pro-
cess, CM particle becomes smaller, and is called remai-
ning CM. It is then captured by hepatocytes, broken 
down, and shed in the bile together with biliary acids. 

TG and cholesterol are also endogenously produ-
ced. Lipid particles synthesized by the liver and rele-
ased in the bloodstream are called VLDL. Similar to 
CM, VLDL interacts with HDL and receives apo C-II 
and apo E. Apo C-II activates LPL, which hydrolyses 
its TG. Gradually, this particle increases its choleste-
rol portion, reaching an intermediate density, that is, 
becoming IDL, which may follow one of two paths: 
it may be either captured by hepatocytes and shed in 
the bile, or continue to lose TG by the action of LPL 
and hepatic lipase (HL), transferring apo C-II and E 
to HDL and becoming LDL, with about 50% choles-
terol. Besides this apolipoprotein exchange, lipid con-
tents are exchanged between HDL and particles rich in 
TG (VLDL, IDL and LDL): HDL donates cholesterol, 
and the other particles donate TG. This exchange is 
catalyzed by cholesteryl ester transfer proteins (CETP). 
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LDLs, via specific receptors, are captured either by pe-
ripheral tissues for hormone and cell membrane pro-
duction, or by the liver. 

HDL production begins with the synthesis of apo 
A-I in the liver and, in a smaller proportion, in the in-
testines. In these sites, apo A-I is associated with cho-
lesterol and phospholipids, and reach the bloodstream. 
HDL has an essential enzyme in this process, lecithin-
-cholesterol acyltransferase (LCAT), which is respon-
sible for the esterification of the cholesterol that was 
captured, and enables the ripening of HDL particles, 
which become spherical and larger. Cholesterol capture 
by HDL is called reverse cholesterol transport. Cho-
lesterol assimilated by HDL reaches the liver, also by 
the transfer to TG-rich lipoproteins (VLDL, IDL, and 
LDL) mediated by CETP. In this organ, cholesterol 
may be reused or eliminated in the bile. 

This is a dynamic process that is influenced by se-
veral factors, such as dietary ingestion of cholesterol, 
saturated fats, and carbohydrates, and mainly by the 
insulin resistance of the individual. In this sense, body 
fat is widely recognized as an important determinant of 
sensitivity to insulin, which is influenced by low-grade 
chronic inflammatory status (12,13).

ROLE OF LIPIDS IN THE PHYSIOPATHOLOGY OF 
ATHEROSCLEROTIC CARDIOVASCULAR DISEASE

Atherosclerotic CVD has an inflammatory character, 
involving multiple determining factors. Among them, 
excess body fat, abnormal blood pressure, and glycoli-
pid metabolism. Atherosclerosis begins with endothelial 
dysfunction, which may be observed by the increase in 
the expression of endothelial adhesion molecules (14). 
The adhesion molecules favor the subendothelial pene-
tration of LDL, specially its dense and small fractions, 
which are more easily oxidized, stimulating inflamma-
tory cytokines. Among these cytokines, tumor necrosis 
factor α (TNF-α), interleukin 6 (IL-6), interleukin 2 
(IL-2), and interferon gamma (INF-γ) are molecules 
responsible for a low-grade, chronic inflammatory sta-
tus that negatively affects insulin signaling and glucose 
capture by cells (insulin resistance). In parallel to these 
actions, mononuclear cells enter the tunica intima, po-
tentializing the pro-inflammatory state. Macrophages 
are strongly activated, and phagocytize oxidized LDL 
particles (LDLox) by means of scavenger receptors, 
becoming full of lipids (foam cells). Their activation, 
besides increasing the production of pro-inflammato-

ry cytokines, stimulates muscle cells migration to the 
endothelium. These muscle cells also become full of 
lipids, which determine their apoptosis. The atheroma 
is formed by gradual deposition of fat on the arterial 
wall. Muscle cells produce collagen, elastin and elastase, 
which stabilize the atheromatous plaque (15,16), and 
its rupture leads to thromboembolic events. 

Frequently, dyslipidemic individuals also show arte-
rial hypertension and DM, aspects that make up the 
metabolic syndrome, which is associated with high 
cardiovascular risk. DM favors atherosclerosis by sev-
eral mechanisms. Hyperglycemia induces endothelial 
dysfunction, expression of adhesion molecules, greater 
vascular permeability, and oxidative stress; besides, it fa-
vors the modification of LDL particles (17). These dis-
orders, frequently found together with visceral obesity, 
show insulin resistance as a common feature. Hypertro-
phic fatty tissue produces MCP-1, which stimulates the 
infiltration of M1 macrophages. These cells, together 
with adipocytes, produce inflammatory cytokines that 
compromise insulin signaling, such as TNF-α, IL-6, 
IL-2 and INF-γ, whereas the production of anti-in-
flammatory compounds (IL-4 and IL-10) is reduced, 
determining a metabolic condition that is adequate for 
atherosclerosis development. 

There is clear evidence that circulating lipids are 
essential for the atherosclerotic process to develop. If 
these classic and new lipid biomarkers are investigated, 
the predictive ability for cardiovascular events may be 
improved. Knowledge on the mechanisms may provide 
support not only for risk prediction, but also for the 
development of new therapeutic strategies. 

TRADITIONAL CARDIOVASCULAR RISK FACTORS

Major, classic or traditional risk factors are those de-
fined from the Framingham studies, which are proven 
to predict the occurrence of cardiovascular events, spe-
cially coronary and cerebral ones. More recently, new 
risk biomarkers have been proposed, part of them lipids 
that are also involved in the physiopathology of athero-
sclerotic disease. 

The Framingham cohorts began in 1948, and are 
relevant milestones in the identification of cardiovascu-
lar factors. These cohorts identified the role of age; sex; 
total cholesterol, LDL-C and HDL-C levels; systolic 
pressure; smoking; high blood glucose; body weight; 
certain dietary habits; and physical inactivity. Based on 
these findings, cardiovascular risk scales were develo-
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ped in order to evaluate the risk of an event in a ten-
-year period. The Framingham cardiovascular risk score 
is widely used, but there are other proposals, such as 
the HEARTSCORE (18), the Adult Treatment Panel 
III (3), and the Prospective Cardiovascular Munster 
(PROCAM, which predicts only the risk of myocar-
dial infarction) (19). Each of them was determined in 
a specific population, and none of them include all the 
known risk factors. The Framingham score, for exam-
ple, does not include weight, physical activity, and diet. 
Based on the recommendation of the international 
scientific society, all proposals use a group of variables 
to better estimate cardiovascular risk. 

To a large extent, the need for the identification of 
additional risk markers is due to the observation that a 
considerable proportion of the individuals that suffer 
from cardiovascular events show either few or none of 
the traditional risk factors (20,21). 

A biomarker (any molecular, cellular, or blood me-
asurement or image of physiological, pathological or 
therapeutic response) should be accurate to identify 
individuals at risk, have reproducible and stable results 
and, when used early, should have a preventive/the-
rapeutic impact. Considering these characteristics, the 
quantification of coronary calcium by computer tomo-
graphy may be an imaging biomarker (22). New soluble 
cardiovascular biomarkers in the bloodstream do not 
have, in general, an established role in CVD prediction 
(22). Among inflammatory biomarkers, ultrasensitive 
C-reactive protein has shown to be able to improve the 
predictive ability of LDL (23) for cardiovascular events. 

The use of a new cardiovascular risk biomarkers 
should be based in improved discrimination and cali-
bration of existing risk models (22). It is estimated that 
about 10 to 20% of the individuals that suffer from an 
event do not present traditional risk factors, and that 
60% of them present two or less factors (22). These 
findings emphasize the importance of searching for 
evidence that emerging biomarkers may better identify 
plaques that are more vulnerable to rupture. 

Biomarkers related to lipid metabolism are highli-
ghted in this review due to their important role in the 
physiopathology of atherosclerosis (Table 1). It is ex-
pected that longitudinal studies may, in the medium 
range, provide subsides to their usefulness in clinical 
practice. Besides, cost-benefit studies will also be neces-
sary to support their use.  

EMERGING CARDIOVASCULAR RISK MARKERS 
ASSOCIATED TO LIPID METABOLISM

LDL modified particles

After the role of hypercholesterolemia was recognized 
as a risk factor and as the main prognostic measure of 
coronary events, knowledge on the consequences of 
modified LDL (oxidized LDL, electronegative LDL 
and glycosylated LDL) was deepened. These mole-
cule are pro-inflammatory and highly atherogenic 
(24). Their structural modifications are recognized 
by mononuclear cells that produce inflammatory cy-
tokines, maintaining a low-grade, chronic inflamma-
tory status characteristic of atherosclerosis. Oxidative 
modifications are highlighted, whose final product is 
oxidized LDL, a result of the action of countless oxi-
dizing substances, such as the superoxide anion, hydro-
gen peroxide, and enzymes such as lipoxygenases and 
myeloperoxidases. 

Another target of this investigation has been the 
electronegative LDL (LDL(-) or minimally modified 
LDL), produced by oxidation and other processes, 
such as non-enzymatic glycosylation, hyperactivity of 
lipoprotein-associated phospholipase A2 (Lp-PLA2), 
enrichment by non-esterified fatty acids, cross-binding 
with hemoglobin and apo B-100, and increase in apo 
C-III and apo E content (17,25). Modified LDL parti-
cles have lower affinity by B/E receptors, which affects 
liver catabolism, increases the content of cholesteryl 
esters in macrophages, and alters endothelial function 
(26). 

In the bloodstream, the presence of modified li-
poproteins stimulates the immunological system fa-
voring chronic diseases, such as atherosclerosis. This 
stimulation may be detected by the increased number 
of mononuclear cells, as well as other markers, such as 
antibodies targeting modified lipoproteins, MCP-1, in-
terleukins, IFN-γ, TNF-α, and platelet-derived growth 
factor (25). 

In the chronic inflammatory process related to athe-
rosclerosis, the adherence of monocytes to the endo-
thelium is a key event for plaque development, and the 
accumulation of modified LDL is an important trigger 
to the initial damage to the artery. The association of 
these particles with cardiovascular risk has been repor-
ted, frequently in relation to the severity of the disease 
(27,28). A study conducted in a high risk local popu-
lation found an association between CVD and native 

Potentialities of the lipid metabolism
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antibodies anti-LDL and anti-LDL(-) (29). Controver-
sial findings make it uncertain if antibodies are directly 
expressed in a deleterious environment, or if they are a 
protective response of the organisms against the athe-
rogenic particles. Some studies indicate an association 
between high levels of antibodies anti-LDL(-) or anti-
-LDLox, and CVD (30,31), whereas other found an 
opposite relationship (32,33). Part of the controversy 
has been explained by the formation of immunocom-
plexes and/or other factors that interfere in the labora-
tory measurement of the antibodies (34).    

Laboratory analysis of modified LDL or antibodies 
requires careful work, besides being expensive. There-
fore, it is not recommended in clinical practice, for it 
still requires standardization and determination of re-
ference values. 

Lipoprotein-associated phospholipase A2 – Lp-PLA2

Among the pro-inflammatory substances stimulated 
by the presence of oxidized LDL in the bloodstream is 
lipoprotein-associated phospholipase A2 (Lp-PLA2), an 
enzyme that is responsible for the hydrolysis of the sn-2 
bond of oxidized lipids found in LDL particles. The 
production of Lp-PLA2 is stimulated by oxidized LDL 
(35). This action in initially considered to be protective, 
because it minimizes oxidative components associated 
with the particle (36). However, as a result of this reac-

tion, lisophopholipids are formed (such as lisophospha-
tidilcholine), which drastically stimulate inflammation 
and take part in several stages of the formation of the 
atherosclerotic plaque. Therefore, it may be observed 
that Lp-PLA2 activity favors the inflammatory process 
and the evolution of atherosclerosis (37). 

The activity of Lp-PLA2 in the plasma is mainly asso-
ciated with its presence in LDL (83%); a small amount 
of this enzyme is found in HDL (11%) (38). Because 
of this, some researcher raised a hypothesis that when 
linked to LDL, Lp-PLA2 would be pro-atherogenic, 
whereas its action in the HDL particle would be anti-
-atherogenic (39). Other researchers observed that the 
greater the LDL/Lp-PLA2 and HDL/Lp-PLA2 ratio, 
the greater the levels of LDL-C, TG, glucose, insu-
lin, and lower the levels of HDL-C in individuals with 
polycystic ovary syndrome (40). Rallidis and cols. (41) 
observed that the concentration and activity of Lp-
-PLA2 in a longitudinal study were predictive of death 
by CVD. The mass and activity of the enzyme associa-
ted with the HDL particle are linked to lower risk of 
death by CVD, even after adjustment for the traditional 
risk factors. 

 Several cohorts showed that the blood level and 
activity of Lp-PLA2 are associated with cardiovascular 
events, independent of other risk factors (42). Packard 
and cols. (42) found greater risk of coronary events 

Potentialities of the lipid metabolism

Table 1. Emerging cardiovascular risk markers and their respective physiopathological effect

Lipid marker Physiopathological effect References

LDL modified particles (oxidized LDL, electronegative LDL, and 
glycosylated LDL)

Stimulation of the immunological system (increased number of 
mononuclear cells and antibodies)

29-32

Lipoprotein-associated phospholipase A
2

Hydrolysis of oxidized phospholipids minimizing oxidative 
components associated with the LDL particle, but with the generation 
of pro-inflammatory lisophospholipids

42,43

Apolipoprotein AI HDL component, reflecting the number of anti-atherogenic particles 
found in the bloodstream

53-55

Apolipoprotein B Component of atherogenic lipoproteins (VLDL, IDL and LDL), 
reflecting the number of atherogenic particles found in the 
bloodstream

53-55

Lipoprotein(a) Atherogenic and thrombogenic potential due to the biding of Apo (a) 
to Apo B 

59-61

Cholesteryl ester transfer protein Transfer of cholesteryl esters from HDL to lipoproteins containing Apo 
B (VLDL, IDL, LDL), which, in their turn, transfer TG to HDL

64,66

LDL size and density Small and dense LDL (phenotype B): greater susceptibility to 
oxidation and lower affinity to B/E receptor

Larger and less dense LDL (phenotype A): opposite characteristics 

63

HDL size and density Small and dense fractions; probable greater atheroprotective 
properties (antioxidant, anti-inflammatory, cholesterol efflux, 
antithrombotic capacity) compared with the larger and less dense 
fraction 

68,69
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among individuals in the higher quintiles of Lp-PLA2 
throughout a seven-year period. The Malmö Diet and 
Cancer Study, which followed individuals in a cardio-
vascular program between 1991 and 1994, observed 
that individuals in the higher tercile of Lp-PLA2, com-
pared individuals in the lower tercile, showed higher re-
lative risk for cardiovascular events (43). In a follow-up 
carried out for 6 months in 142 patients with acute co-
ronary syndrome, it was observed that those with high 
Lp-PLA2 presented greater risk for important adverse 
cardiac events (44).

Based on this evidence, the authors proposed the 
use of Lp-PLA2 as a cardiovascular risk marker (45). 
However, the standardization of reference values, the 
reduction in the cost of the analyses, and the greater 
understanding of its effect when associated with the 
different particles are some questions that need to be 
answered before the practical use of this determination 
is suggested. 

Apolipoproteins 

The evaluation of the plasma apolipoprotein profile is 
not part of the local monitoring of cardiovascular risk 
factors. As the concentration of apo B100 is high in athe-
rogenic lipoproteins (VLDL, IDL and LDL), whereas 
apo A-I is basically part of HDL, laboratory analysis of 
these lipoproteins may complement the analysis of this 
dyslipidemia. More commonly, the apo B/apo A-I ra-
tio, which shows the balance between the atherogenic 
(apo B) and anti-atherogenic cholesterol particles (apo 
A), has been employed in the evaluation of cardiovascu-
lar risk. In fact, several investigators confirmed its use-
fulness in the prediction of cardiovascular events (46). 

Apo A and B are easy to be measured and showed 
to be useful in the prediction of cardiovascular events 
in some studies (45-48). The meta-analysis carried out 
with 23 studies showed that the greatest concentrations 
of apo B determined a relative risk of 1.99 for events, 
whereas the lowest levels of apo A-I raised the risk in 
62% (47). The apo B/apo A-I ratio was also predictive, 
with a risk of 1.86. A multicentric study conducted in 
the USA confirmed the association between apo B with 
heart disease and cardiovascular death; similarly the apo 
B/apo A-I ratio, as well as the CT/HDL-C ratio, were 
associated with fatal coronary events. It should be em-
phasized that only the apo B and the apo B/apo A-I 
ratio remained significantly associated after the adjust-
ment for traditional risk factors (46). Similarly, the as-

sociation of the same parameters with the media-intima 
thickness suggest they may be early predictors of athe-
rosclerosis (48). 

In spite of the evidence, apolipoprotein dosage is 
not recommended by scientific societies for the diagno-
sis of dyslipidemia or risk estimation (3,49). However, 
recent studies suggest that the quantification of apo B 
should be added to clinical practice to refine the eva-
luation of plasma lipids in individuals at increased risk 
(50). The indication for apo B determination is expec-
ted to be included in the next NCEP guidelines (ATP 
IV) (11,51). 

Lipoprotein(a)

Lipoprotein(a), Lp(a), is a particle with similar struc-
ture to LDL, containing one apo-B combined with an 
additional apo(a). Its, cholesterol content, density and 
depuration are also very similar to those of the LDL 
particles. The structure of the apo(a) particle is similar 
to plasminogen, including a common gene sequence. 
Therefore, the presence of apo(a) shows prothrombo-
tic potential, and it is able to interfere with the physi-
ological role of plasminogen. Apo(a) inhibits plasmino-
gen activation in plasmin, which is responsible for fibrin 
degradation (52,53). 

Lp(a) concentrations are associated, therefore, with 
the atherogenic characteristics of the particles that con-
tain apo B and the thrombogenic properties determi-
ned by apo(a). There are distinct classes of apo(a); they 
differ by a small number of aminoacids. These classes 
are defined by genetic characteristics that also deter-
mine the rate of apo(a) synthesis. As a function of the 
strong genetic components, the concentration of Lp(a) 
in the bloodstream are weakly influenced by age, sex, 
and environmental factors (52). 

Lp(a) blood levels behave as independent risk fac-
tor for CVD (54). In most individuals, these values 
are lower than 30 mg/dL; those with values above 
100 mg/dL present very high risk, in general related 
with familial hypercholesterolemia and DM2 (55). In 
the Emerging Risk Factors Collaboration, in which 36 
prospective studies involving 126,634 participants were 
analyzed, it was observed that the concentration of 
Lp(a) was associated with increased risk for CVD. Af-
ter adjustment for cholesterol and other stablished risk 
factors, the association were only slightly attenuated, 
reinforcing the hypothesis that this is an independent 
risk factor for coronary disease (54). Similarly, in the 
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European Prospective Investigation of Cancer cohort, 
it was observed that the associations of the Lp(a) con-
centrations with arterial coronary and cerebral disease 
were not modified by adjustment for LDL-C (56).

The third report of the National Cholesterol Educa-
tion Program for the Detection, Evaluation and Treat-
ment of Hypercholesterolemia in Adults (NCEP-ATP 
III) stated that, in spite of the measurement limitations, 
Lp(a) dosage is an useful parameter. Its high concen-
tration aids the identification of those indivi duals with 
even higher cardiovascular risk. It is suggested that 
Lp(a) should be used as a second risk factor to sup-
port lower LDL cholesterol targets (3). The Ameri-
can College of Cardiology and the American Heart 
Association, in a recent publication on the treatment 
of dyslipidemias in adults, understand that the future 
recommendations for the control of blood cholesterol 
will include Lp(a) as a marker of therapeutic effects and 
as a form of monitoring CVD evolution (51). 

CETP and its lipoprotein subclasses

CETP activity (an enzyme mainly found in HDL par-
ticles) results in the transfer of a cholesteryl ester from 
HDL to the lipoproteins that contain apo B (VLDL, 
IDL, LDL), which in their turn, transfer TG to HDL 
(57). This CETP action is, therefore, responsible for 
important changes in lipoproteins, transforming LDL 
in small and more dense particles (phenotype B), and 
generating smaller HDL particles (HDL2 in HDL3). 

CETP concentrations are increased in obesity, dysli-
pidemia and atherosclerosis, and are directly associated 
with inflammatory markers (57). However, their use as 
a risk biomarker is still controversial. Some researchers 
(58,59) observed, in high risk individuals, associations 
of CETP with cholesterol efflux capacity, which is in 
agreement with the protective role of the enzyme in 
atherosclerosis. In a longitudinal study with 6,780 in-
dividuals, variation in the concentrations of CETP did 
not affect the importance of the effect of apo B/apo 
A-I and CT/HDL-C ratios for the occurrence in the 
first cardiovascular event (60). Schierer and cols. (61), 
similar to other authors (58,59), proposed that low 
CETP is associated with higher cardiovascular risk.

In spite of the recognition that CETP action is di-
rectly related to its size and density of the LDL-C e 
HDL-C fractions, it is not clear how its effect, mainly 
on HDL-C, affects cardiovascular risk. The meta-analy-
sis suggests that CETP activity is inversely associated 

with the concentration of HDL-C, which would favor 
atherosclerosis (62). 

LDL subclasses may be identified by means of ultra-
centrifugation or electrophoresis, enabling the defini-
tion of dyslipidemic individuals according to different 
phenotypes. In relation to the proportion of LDL sub-
classes, individuals with greater concentrations of small 
and dense particles are carriers of phenotype B, which is 
associated with higher risk of atherosclerosis. Small and 
dense LDL contains greater proportions of cholesterol, 
being more susceptible to oxidation, presenting lower 
affinity with the B/E receptor, and passing more easily 
through the intima layer. Larger and less dense LDL 
particles (phenotype A) present opposite characteristics 
and, thus, lower cardiovascular risk (63). 

Increased proportions of small and dense LDL have 
been consistently associated with cardiovascular risk 
(64), and some special groups of individual, such as 
DM (65) or metabolic syndrome (66) carriers, show 
this phenotype more frequently. Several researchers 
consider that more specific dosage of LDL particles is 
a promising technique to refine the prediction of car-
diovascular risk (64,67). However, this measurement 
still needs to become easier to be more widely used in 
clinical practice. 

 As for HDL, existing data gathered with different 
methodologies demonstrate that the subclasses present 
heterogeneous biological activities. Small and dense 
fractions seem to exhibit atheroprotective properties. 
This effect is probably due to the greater antioxidant, 
anti-inflammatory, anti-cholesterol and cholesterol 
efflux capacity compared with the larger and less dense 
fraction (68,69). However, its protective ability is at-
tenuated in atherogenic dyslipidemia, probably due to 
the lipid and protein changes caused by this condition 
(69). There are few studies in the literature that de-
finitely clarify the role of HDL subfractions, specially 
changes in composition and structure of the atheros-
clerotic process. 

CONCLUSION

Based on this analysis of the lipid metabolism, its im-
portance in the prediction of cardiovascular risk is reite-
rated. Classic measurements, such as LDL-C, HDL-C 
and triglycerides are established in clinical practice as 
important tools in risk prediction and therapy follow-
up (3). Besides them, it is important to find other 
markers, due to the considerable number of individuals 
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that suffer cardiovascular events with few or none of the 
risk factors (20,70). 

Lipid metabolism has several elements with a poten-
tial role in the risk prediction and monitoring that are 
targets for the development of new therapeutic strate-
gies for CVD, as many of these makers take part in the 
physiopathology of atherosclerosis. Among them, pro-
mising ones are measurements of changes in LDL par-
ticles, Lp-PLA2, apolipoprotein (apo B and apo A-I), 
Lp(a), CETP, and LDL and HDL subclasses for a more 
rigorous evaluation of risk in specific strata of the po-
pulation. Among thee markers, Lp(a) dosage is already 
contemplated in NCEP (5) as a second risk factor to 
justify more strict lipid targets. The next guidelines of 
ATP IV are being determined, and possibly Lp(a) will 
be included as a reference measure for the treatment 
and monitoring of CVD. There are great expectations 
for apo B, non-HDL cholesterol, and total cholesterol/
HDL-C ratio as aids in the evaluation of cardiovascular 
risk (11,51). It may be concluded that the fast evolu-
tion of knowledge on the subject may justify periodic 
reassessment of lipid metabolism. 
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X-linked adrenal hypoplasia 
congenita: clinical and  
follow-up findings of two kindreds, 
one with a novel NR0B1 mutation 

Bernardo Dias Pereira1, Iris Pereira2, Jorge Ralha Portugal1,  
João Gonçalves2, Luísa Raimundo1

SUMMARY
X-linked adrenal hypoplasia congenita typically manifests as primary adrenal insufficiency in the 
newborn age and hypogonadotropic hypogonadism in males, being caused by mutations in NR0B1 
gene. We present the clinical and follow-up findings of two kindreds with NR0B1 mutations. The 
proband of kindred A had a diagnosis of primary adrenal insufficiency when he was a newborn. 
Family history was relevant for a maternal uncle death at the newborn age. Beyond 2 year-old ster-
oid measurements rendered undetectable and delayed bone age was noticed. Molecular analysis of 
NR0B1 gene revealed a previously unreported mutation (c.1084A>T), leading to a premature stop 
codon, p.Lys362*, in exon 1. His mother and sister were asymptomatic carriers. At 14 year-old he had  
3 mL of testicular volume and biochemical surveys (LH < 0.1 UI/L, total testosterone < 10 ng/dL) con-
cordant with hypogonadotrophic hypogonadism. Kindred B had two males diagnosed with adrenal 
insufficiency at the newborn age. By 3 year-old both siblings had undetectable androgen levels and 
delayed bone age. NR0B1 molecular analysis identified a nonsense mutation in both cases, c.243C>G; 
p.Tyr81*, in exon 1. Their mother and sister were asymptomatic carriers. At 14 year-old (Tanner stage 
1) hypothalamic-pituitary-gonadal axis evaluation in both males (LH < 0.1UI/L, total testosterone < 10 
ng/dL) confirmed hypogonadotropic hypogonadism. In conclusion, biochemical profiles, bone age 
and an X-linked inheritance led to suspicion of NR0B1 mutations. Two nonsense mutations were 
detected in both kindreds, one previously unreported (c.1084A>T; p.Lys362*). Mutation identification 
allowed the timely institution of testosterone in patients at puberty and an appropriate genetic coun-
selling for relatives. Arch Endocrinol Metab. 2015;59(2):181-5
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INTRODUCTION

X -linked adrenal hypoplasia congenita (AHC; 
OMIM: 300200) is a rare disorder characterized 

by the lack of the permanent adrenal cortical zone (1), 

representing 0,97% of all causes of primary adrenal 
insufficiency (PAI) under age 18 (2). It usually mani-
fests as severe PAI in a bimodal fashion (5-60 days and 
2-13 years) (3) and hypogonadotropic hypogonadism 
(HH) in males at the expected time of puberty (4). It 
is caused by mutations in NR0B1 (Nuclear Receptor 
subfamily 0, group B, member 1; also know as Dos-
age-sensitive sex reversal, adrenal hypoplasia congenita, 
critical region on chromosome X, gene 1, DAX-1), a 
gene encoding an orphan nuclear receptor expressed in 
hypothalamus, pituitary, adrenal gland and gonads, as 
well as in other tissues (5). 

Herein we present two kindreds with NR0B1 muta-
tions, one previously unreported, and a brief review of 
the literature regarding X-linked AHC. 

CLINICAL CASES

Kindred A. A newborn male presented to the Emer-
gency Department (ED) at 18 days of life with vomits, 
anorexia and generalized hypotony. He was born at 41 
weeks of an uneventful pregnancy. Family history was 
remarkable for a premature death of an uncle (4 days of 
life, unknown cause). Physical examination revealed de-
hidratation and hyperpigmentation of axilae, areola and 
scrotum. Biochemical findings of hypoglycaemia (63 
mg/dL) and altered electrolytes (Na+: 117 mEq/L; K+: 
7.9 mEq/L) prompted empirical treatment with gluco-
corticoids due to suspected PAI. Hormonal assays re-
vealed elevated ACTH and androstenedione (Table 1), 
and the patient was referred to our department with 
a diagnosis of congenital adrenal hyperplasia (CAH) 
based on non age-adjusted levels of 11-deoxycortisol 
(adult reference: < 1 ng/mL). However, follow-up ap-
pointments revealed a gradual and atypical decrease of 
androgen levels to below the analytic sensitivity of the 
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assays with mean doses of hydrocortisone of 19.5 mg/m2 
(Figure 1A). Delayed bone age (2 yo; chronologic age: 
2.9 yo) was also documented. Linking together, these 
surveys led to the hypothesis of a misdiagnosis of CAH. 
A short Synacthen® test also failed to rise 11-deoxycor-
tisol or 17-OHP levels (Table 2), excluding CAH and 
raising the suspicion for X-linked AHC. After approval 
by the local ethics committee and informed consent 
had been obtained from parents, molecular analysis 
of the NR0B1 gene was carried out, which revealed a 
c.1084A>T mutation leading to a premature stop co-

don (p.Lys362*) in exon 1 (Figure 2A). His mother 
and sister were asymptomatic carriers, whereas his ma-
ternal aunt had the wild type allele. This mutation, not 
previously described, gives rise to a premature stop co-
don, probably leading to a non-functional truncated 
protein.

From 6.8 to 13.9 yo his height curve crossed from 
-0.03SD to -1.79SD and testicular volume (3 mL) at 14 
yo confirmed the clinical diagnosis of delayed puberty. 
Gonadotropins (LH < 0.1 UI/L) and total testoste-
rone (TT) levels (< 10 ng/dL) were also prepubertal. 
Testosterone replacement therapy (100 mg/month, 
IM) was started and at 17.6 yo the patient achieved a 
height (167.3 cm, -1.35SD) close to his target height 
(173.5 cm). 

Two kindreds with X-linked AHC

Table 1. Probands of kindreds A and B: basal endocrinological surveys†

Kindred A B 

Age of the proband 19 days 6 months

Parameters Value [reference (6)]

17-OHP (ng/mL) 3.3 [1.6-9.6] 5 [0.2-3]

11-deoxycortisol (ng/mL) 28.9 [21.1-93.2] 3.9 [1.37-11]

Androstenedione (ng/mL) 7.2 [0.05-2.6] 1.45 [0.1-3]

Cortisol (mcg/dL) 8 [1.5-30.4] 23 [1.2-35.9]

Plasma renin activity (ug/L/h) * 59.9 [2.4-37]

ACTH (pg/mL) 156.8 [< 50] 878.2 [< 50]

† Glucocorticoid withdrawal therapy period: proband of kindred A – 0.5 days; proband of kindred 
B – 1.5 days.
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Figure 1. Serial basal measurements of steroids and ACTH: proband of kindred A over 24 months (A) and proband of kindred B over 48 months (B).

Table 2. Cosyntropin stimulation test† in probands of kindreds A and B

Parameters 11-deoxycortisol 
(ng/mL)

17-OHP  
(ng/mL)

Cortisol 
(mcg/dL)

Kindred (proband) A B A B A B

Basal < 1.5 0.4 < 0.1 4.9 < 1 23

30´ < 1.5 0.25 < 0.1 3.9 < 1 23

60´ < 1.5 0.4 < 0.1 2.2 < 1 22.3

† Glucocorticoid withdrawal therapy period: 1 day.
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Figure 2. NR0B1 sequencing results of the two probands and their 
mother’s.

Two kindreds with X-linked AHC

Kindred B. A Caucasian male presented to the ED 
at day 14th of life with failure to thrive (-12.5% of birth 
weight). He was the first of 4 children (3 males, 1 fema-
le) and was born after 38 weeks of a healthy pregnancy. 
No relevant family history was perceived. Hypoglycae-
mia (64 mg/dL), low sodium (121 mEq/L) and high 
potassium (8.8 mEq/L) led to a presumptive diagnosis 
of PAI, which was treated accordingly. At 6 months of 
age the patient was referred to our department with 
a diagnosis of CAH based on an elevated 17-OHP 
(Table 1), but a short Synacthen® test failed to further 
increase 17-OHP levels (Table 2). In addition, the an-
drogen levels in the follow-up appointments rendered 
easily undetectable with mean doses of hydrocortisone 
of 16.5 mg/m2 (Figure 1B). Delayed bone age (2.5 yo; 
chronologic age: 3 yo) was also noticed, reinforcing the 
need to seek for other causes of PAI. 

The third child of this family was a full term male 
who had a clinical diagnosis of PAI at 16 days of life. 
Hormonal surveys revealed elevated 17-OHP (16.8 
ng/mL, reference for age: 1.6-9.6) and a diagnosis of 
CAH was established before reference to our depart-
ment. During childhood, however, several admissions 
to the ED due to intercurrent illnesses revealed a con-
sistently elevated ACTH (1.133 pg/mL) with undetec-
table steroid levels (17-OHP < 0.1 ng/mL; androstene-
dione < 0.2 ng/mL; dehydroepiandrosterone-sulphate 
< 10 ug/dL). At this stage, clinical data of both siblings 
raised the suspicion of a X-linked mutation of NR0B1. 
After obtaining institutional ethics approval and written 
consent from their parents, molecular analysis allowed 
the identification of the nonsense mutation c.243C>G 

(p.Tyr81*) in exon 1 (Figure 2B), present in the two 
affected males. This mutation also gives rise to a pre-
mature stop codon and to a non-functional truncated 
protein. Their mother and sister were asymptomatic 
carriers. 

At the expected time of puberty the 2 affected 
males had growth velocities of 3.8 cm/year (-3.4SD, 
proband at 13.4 yo) and 1.99 cm/year (-4.89 SD, 
affected sibling at 13.6 yo) and testicular volumes of 
2 mL. Both HPG axis evaluations revealed concordant 
low basal LH (< 0.1 UI/L) and TT (< 10 ng/dL). 
After initiation of testosterone replacement therapy, a 
marked raise of growth velocity (proband at 15.3 yo: 
9.1 cm, 1.96SD; affected sibling at 14.6 yo: 8.7 cm, 
1.55SD) was noticed, leading to presently height statu-
res (target height: 170.5 cm) of 167 cm (proband, 18.3 
yo: -1.42SD) and 165.6 cm (affected brother, 15.2 yo: 
0.13SD).

DISCUSSION

Since the first description of NR0B1 mutations as the 
genetic aetiology of X-linked AHC (1), more than 100 
mutations have been reported in the literature. Most of 
them are nonsense or frameshift mutations that generate 
premature stop codons and truncated proteins (7-8). 
The evidence shows that NR0B1 acts mainly through 
a repressive modulation of NR5A1 (Nuclear Receptor 
subfamily 5, group A, member 1; also known as Ste-
roidogenic Factor 1, SF-1), a gene with an essential role 
in the development of both the hypothalamic-pituitary-
adrenocortical (HPA) and hypothalamic-pituitary-go-
nadal (HPG) axis. Although this modulation seems 
paradoxical, current models of adrenal gland develop-
ment suggest that NR5A1 acts on the differentiation of 
deep mature cortex layers (where NR0B1 is underex-
pressed), whereas in the more superficial cortical strata 
NR0B1 expression, along with NR5A1 and other mo-
lecular signals, maintains pluripotency of precursor cells 
and so the continuous external to internal development 
of the adrenal gland. The disruption of this molecular 
coordination would then impair its development (5). 

In HPG axis the mechanism by which NR0B1 gene 
disruption leads to HH is also not well clarified (5). 
To date, the evidence shows that mutations in NR0B1 
have negative effects at both hypothalamic and pituita-
ry levels, as shown in dynamic studies of HPG axis (9). 
At the gonadal level, targeted disruption of NR0B1 in 
mice leads to testis digenesis and to severely compro-
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mised spermatogenesis, showing its importance in the 
development of the gonads (5).

Our cases reflect the classical and most severe form 
of X-linked AHC. At diagnosis, the presentation is in-
distinguishable from the more common CAH, and it is 
frequent to misdiagnose patients as having this disor-
der until evidence of delayed puberty, when X-linked 
AHC is usually considered (5,10). The suspicion of 
an NR0B1 mutation in the kindreds herein reported 
was based on a combination of an apparent X-linked 
pattern of inheritance, decreasing androgen levels over 
the first years of life and delayed bone age. This set of 
clinical data was extremely useful in excluding the diag-
nosis of CAH, as this latter pathologic condition is cha-
racterized by an autosomal recessive pattern of trans-
mission, elevated androgen levels and advanced bone 
age (11). Nevertheless, clinicians should be aware of 
the possible pitfalls during the diagnostic approach of  
X-linked AHC. Firstly, besides the typical presentation 
of this disorder, it is also characterized by a significant 
phenotypic variability. Later childhood presentations 
(e.g., 7-8 yo) or transitorily compensated forms (from 2 
to 12 years) can coexist within the same family with the 
more severe neonatal phenotypes (3,5,10,12). Additio-
nally, late-onset (20-28 yo) PAI (13-15), female pre-
sentations (16-18) or only mineralocorticoid deficiency 
(19) have also been reported. Thus, it is of paramount 
importance to be aware that NR0B1 mutations can 
manifest with these atypical phenotypes, which should 
not preclude the diagnosis. Interestingly, although ge-
notype-phenotype correlations are characteristically ab-
sent in X-linked AHC, mutations in NR0B1 gene that 
maintains a partial repressor activity are usually con-
sistent with more mild phenotypes, as a compensated 
adrenal insufficiency until adulthood (13,15). 

Secondly, as illustrated in our patients, elevated ste-
roid levels at presentation can also lead to a misdiagno-
sis of CAH. Normal to high levels (e.g. 11-deoxicor-
tisol) of androgens and cortisol can be present in the 
first months of life (usually 6 months postnatal) as a 
hallmark of persistent fetocortex activity (5). However, 
as shown in both kindreds, cosyntropin administration 
usually fails to significantly raise steroid precursors or 
cortisol (20) and serial basal measurements over time 
typically reveal a progressive decrease in androgens to 
undetectable levels (4), given the natural involution of 
foetal cortex. Additionally, appropriate assays should 
be selected to avoid falsely elevated hormone levels, as 
cross-reactions with other abundant fetocortical steroi-

ds can occur with some of the available measurement 
methods (4). 

In the differential diagnosis of X-linked AHC, besi-
des CAH, some authors have reported that, when other 
disorders have been excluded in a male infant (metabo-
lic – Zellweger or Wolman – syndromes, adrenal hae-
morrhage) or in an older child (autoimmune disease, 
X-linked adrenoleukodistrophy, Triple A syndrome, 
infection), it can be valuable to test for NR0B1 muta-
tions, where its prevalence can reach to 58% (3). 

Making a diagnosis of a NR0B1 mutation has se-
veral important implications. First, genetic testing for 
NR0B1 mutations can be offered to potential carrier 
mothers and their female offspring before fertile ages, 
as early diagnosis and neonatal institution of salvage 
therapy in affected male newborns can prevent signifi-
cant morbidity or death (12). Second, the clinician can 
suitably inform parents that HH will almost certainly 
arise in their affected child and discuss with them the 
available treatments and the appropriate age at which 
they should be initiated (21-22). Taking our kindreds 
as an example, the early diagnosis of X-linked AHC 
allowed the timely institution of testosterone when de-
layed puberty ensued, leading to improved final hei-
ghts. Third, it also allows clarifying parent’s expecta-
tions related with fertility of their male offspring, which 
in X-linked AHC almost always carries a poor progno-
sis. These patients usually have severe oligospermia and 
disorganized seminiferous structures at histopathology, 
and attempts to achieve fertility have often proved un-
successful (5,14,23). Nevertheless, a previous report 
has shown hopeful results with testicular sperm extrac-
tion and intracytoplasmatic injection treatments (24).

In summary, we reported two kindreds with  
X-linked AHC, one of them with a previously unre-
ported NR0B1 mutation. We also highlighted some 
challenging aspects of its differential diagnosis, as well 
as the importance of establishing a correct diagnosis for 
a suitable genetic counselling and appropriate manage-
ment of affected members.
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was reported.

REFERENCES
1. Zanaria E, Muscatelli F, Bardoni B, Strom TM, Guioli S, Guo W, 

et al. An unusual member of the nuclear hormone receptor su-

Two kindreds with X-linked AHC



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

185Arch Endocrinol Metab. 2015;59/2

perfamily responsible for X-linked adrenal hypoplasia congenita. 
Nature. 1994;372:635-41. 

2. Perry R, Kecha O, Paquette J, Celine H, Van Vliet G, Deal C. Pri-
mary adrenal insufficiency in children: twenty years experience 
at the Sainte-Justine Hospital, Montreal. J Clin Endocrinol Metab. 
2005;90:3243-50. 

3. Lin L, Gu WX, Ozisik G, To WS, Owen CJ, Jameson JL, et al. Analy-
sis of DAX1 (NR0B1) and steroidogenic factor-1 (NR5A1) in chil-
dren and adults with primary adrenal failure: ten years’ experi-
ence. J Clin Endocrinol Metab. 2006;91(8):3048-54. 

4. Peter M, Viemann M, Partsch CJ, Sippell W. Congenital adrenal 
hypoplasia: clinical spectrum, experience with hormonal diagno-
sis, and report on new point mutations of the NR0B1 gene. J Clin 
Endocrinol Metab. 1998;83:2666-74. 

5. Jadhav U, Harris R, Jameson J. Hypogonadotropic hypogo-
nadism in subjects with DAX1 mutations. Mol Cell Endocrinol. 
2011;346(1-2):65-73. 

6. Garagorri JM, Rodriguez G, Lario-Elboj AJ, Olivares JL, Lario-
Munoz A, Orden I. Reference levels for 17-hydroxyprogesterone, 
11-desoxycortisol, cortisol, testosterone, dehydroepiandros-
terone sulfate and androstenedione in infants from birth to six 
months of age. Eur J Pediatr. 2008;167:647-53.

7. Li N, Lui R, Zhang H, Yang J, Sun S, Zhang M, et al. Seven novel 
DAX1 mutations with loss of function identified in Chinese pa-
tients with congenital adrenal hypoplasia. J Clin Endocrinol 
Metab. 2010;95:E104-11.

8. Krone N, Riepe F, Dorr H, Morlot M, Rudorff K, Drop S, et al. Thir-
teen novel mutations in the NR0B1 (DAX1) gene as cause of adre-
nal hipoplasia congenita. Hum Mutat. 2005;25:502-3.

9. Habiby R, Boepple P, Nachtigall L, Sluss P, Crowley W, Jameson 
J. Adrenal hipoplasia congenita with hypogonadotropic hypogo-
nadism: evidence that NR0B1 mutations lead to combined hypo-
thalmic and pituitary defects in gonadotropin production. J Clin 
Invest. 1996;98:1055-62.

10. Reutens A, Achermann J, Ito M, Ito M, Gu W, Habiby R, et al. 
Clinical and functional effects of mutations in the nr0b1 gene in 
patients with adrenal hypoplasia congenita. J Clin Endocrinol 
Metab. 1999;84:504-11.

11. Miller W. The Adrenal Cortex and its Disorders. In: Brook C, Clay-
ton P, Rosalind S, Editors. Brook’s Clinical Pediatric Endocrinol-
ogy. West Sussex: Wiley-Blackwell; 2009. p. 303-5.

12. Ostermann S, Salvi R, Lang-Muritano M, Voirol MJ, Rudolf Put-
tinger R, Gaillard R, et al. Importance of genetic diagnosis of 
NR0B1 deficiency: example from a large, multigenerational fam-
ily. Horm Res. 2006;65:163-8.

13. Mantovani G, Ozisik G, Achermann JC, Romoli R, Borretta G, Per-
sani L , et al. Hypogonadotropic hypogonadism as a presenting 
feature of late-onset X-linked adrenal hypoplasia congenita. J 
Clin Endocrinol Metab. 2002;87:44-8. 

14. Tabarin A, Achermann JC, Recan D, Bex V, Bertagna X, Christin-
Maitre S, et al. A novel mutation in DAX1 causes delayed onset 
adrenal insufficiency and incomplete hypogonadotropic hypogo-
nadism. J Clin Invest. 2000;105:321-8. 

15. Ozisik G, Mantovani G, Achermann JC, Persani L, Spada A, Weiss 
J, et al. An alternate translation initiation site circumvents an ami-
no-terminal DAX1 nonsense mutation leading to a mild form of 
X-linked adrenal hipoplasia congenita. J Clin Endocrinol Metab. 
2008;88:417-23.

16. Merke D, Tajima T, Baron J, Cutler G. Hypogonadotropic hypogo-
nadism in a female caused by an X-linked recessive mutation in 
the DAX1 gene. N Engl J Med. 1999;340:1248-52. 

17. Seminara S, Achermann J, Genel M, Jameson J, Crowley W Jr. 
X-linked adrenal hypoplasia congenita: a mutation in DAX1 ex-
pands the phenotypic spectrum in males and females. J Clin En-
docrinol Metab. 1999;84:4501-9.

18. Bernard P, Ludbrook L, Queipo G, Dinulos MB, Kletter GB, Zhang 
YH, et al. A familial missense mutation in the hinge region of 
DAX1 associated with late-onset AHC in a prepubertal female. 
Mol Genet Metab. 2006;88:272-9.

19. Verrijn Stuart AA, Ozisik G, de Vroede MA, Giltay JC, Sinke RJ, 
Peterson TJ, et al. An amino-terminal DAX1 (NROB1) missense 
mutation associated with isolated mineralocorticoid deficiency. 
J Clin Endocrinol Metab. 2007;92(3):755-61.

20. Nakae J, Abe S, Tajima T, Shinohara N, Murashita M, Igarashi Y, 
et al. Three novel mutations and a de novo deletion mutation of 
the DAX-1 gene in patients with X-linked adrenal hypoplasia con-
genita. J Clin Endocrinol Metab. 1997;82:3835-41.  

21. Dattani MT, Tziaferi V, Hindmarsh P. Evaluation of Disordered Puber-
ty. In: Brook C, Clayton P, Rosalind S, Editors. Brook’s Clinical Pedi-
atric Endocrinology. West Sussex: Wiley-Blackwell; 2009. p. 213-38.

22. Loke KY, Larry KS, Lee YS, Peter M, Drop SL. Prepubertal diag-
nosis of X-linked congenital adrenal hypoplasia presenting after 
infancy. Eur J Pediatr. 2000;159(9):671-5.

23. Mantovani G, De Menis E, Borretta G, Radetti G, Bondioni S, Spada 
A, et al. DAX1 and X-linked adrenal hipoplasia congenita: clinical and 
molecular analysis in five patients. Eur J Endocrinol. 2006;154:685-9. 

24. Frapsauce C, Ravel C, Legendre M, Sibony M, Mandelbaum J, 
Donadille B, et al. Birth after TESE-ICSI in a man with hypogonad-
otropic hypogonadism and congenital adrenal hypoplasia linked 
to a DAX-1 (NR0B1) mutation. Hum Reprod. 2011;26(3):724-8. 

Two kindreds with X-linked AHC



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

186

case report

Arch Endocrinol Metab. 2015;59/2

Spinal cord compression 
after radiolabeled 
metaiodobenzylguanidine 
analogue therapy in advanced 
malignant insulinoma 
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José Rocha-Filho3, Melba Moura2, Marcony Queiroz Andrade3, Adelina Sanches4 

SUMMARY
Malignant insulinomas are frequently diagnosed at a late stage. Medical management is necessary 
to slow progression of the disease and control of hypoglycemic symptoms when cure by surgical 
treatment is not possible. Multimodal treatment, in these cases, has been used with variable clinical 
response. We describe a 68-yr-old woman who presented response failure to usual treatment and 
was alternatively treated with radiolabeled metaiodobenzylguanidine ([131I]-MIBG) analogue therapy 
with development of neurologic complications. We also present a review of the current role of [131I]-
MIBG treatment in insulinomas. Arch Endocrinol Metab. 2015;59(2):186-9
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INTRODUCTION

A lthough rare, insulinomas are the most frequent 
pancreatic neuroendocrine tumors with a malig-

nant presentation in 10% of the cases (1). The incidence 
of insulinomas in general population is 4 cases per mil-
lion a year (2) with a malignant presentation even rarer 
– 0.1 cases per million (3). Malignant insulinomas are 
frequently diagnosed at a late stage, with approximately 
50% of patients already presenting metastatic disease at 
the time of the diagnosis (4). When distant metastases 
are present, the median survival time is approximately 
2 years. These tumors are potentially curable if total 
resection is feasible, even when metastatic lesions are 
present. Palliative medical treatment including, chemo-
therapy (5), radiofrequency thermoablation (6), arterial 
chemoembolization (7), somatostatin analogue therapy 
(8,9) and diazoxide (10) are indicated to retard disease 
progression and control hypoglycemic symptoms when 
surgery is not possible. Recently, a new promising agent 
named everolimus, an inhibitor of mammalian target 
of rapamicin (mTOR), presented an improvement of 
progression-free disease in patients with advanced pan-
creatic neuroendocrine tumors, including insulinomas 
(11). Acute tumor growth is a rare complication that 

occurs due to inflammation and edema of irradiated tis-
sue (12,13) and to our knowledge, it has never been 
reported in malignant insulinomas.

We present a case of advanced malignant insulinoma 
in a type 2 diabetic patient with liver, lymph node and 
bone metastasis treated with multimodal therapy, who 
developed spinal cord compression after peptide receptor 
radiotherapy using MIBG. We also present a review of 
the current role of [131I]-MIBG treatment in insulinomas.

CASE PRESENTATION

A 68-year-old female presented with seven months his-
tory of tonic-clonic episodes and intermittent collapses 
with consciousness loss. Fasting laboratory tests re-
vealed a glucose level of 37 mg/dL (2.05 mmol/liter), 
insulin of 123 mU/mL (fasting reference = 3 - 17U/
mL) and C peptide of 7.0 ng/mL (fasting reference = 
0.9 – 4.0 ng/mL). These tests were consistent with en-
dogenous hyperinsulinemic hypoglycemia. Abdominal 
ultrasound and computed tomography (CT) demons-
trated diffuse hepatic metastases and a mass in the head 
of the pancreas. CT guided liver biopsy revealed poorly 
differentiated neuroendocrine carcinoma with diffuse 
chromogranin A and synatophysin staining and ki-67 
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index of < 2%. These findings were consistent with ma-
lignant insulinoma. Of note, her past medical history 
included a 10 year history of hypertension and a two 
year history of type 2 diabetes mellitus controlled with 
dietary changes before initiation of hypoglycemic epi-
sodes misdiagnosed as epilepsy.

The patient was initially treated with subcuta neous 
octreotide and frequent meals with short intervals 
which lead to a reduction of hypoglycemic episodes. 
Subsequently, diazoxide and subcutaneous octreotide 
were added but, despite a good hypoglycemia control-
ling, it had to be stopped because of important side 
effects, including, gallbladder stones and a severe acute 
cholecystitis due to octreotide. The patient kept suf-
fering of frequent severe hypoglycemia episodes and 
increasing hepatic volume due to tumor dissemina-
tion. Transarterial hepatic chemoembolization was per-
formed with good response. The patient became hypo-
glycemia-free for 14 months, requiring subcutaneous 
insulin treatment to control hyperglycemia. In the fol-
lowing six months there was a rapid progression of liver 
lesions with metastasis to lymph nodes, adrenal gland, 
bone metastases to spine and hip and frequent hypogly-
cemia episodes (about 01 per day). MIBG scintigraphy 
confirmed liver, pancreas and bone disease (Figure 1) 
and the patient was subsequently treated with one cycle 
of [131I]MIBG to a total administered activity of 3.7 
GBq with worsening of hypoglycemia episodes starting 
approximately 12 hours after treatment. In an attempt 
to control glycemia four milligrams of intravenous 
dexametasone was started but after three days it had 
to be promptly discontinued because of severe increase 
of blood glucose requiring insulin therapy (Figure 2). 

Bone pain suddenly worsened thirteen days after 
[131I]MIBG treatment followed by numbness and prox-
imal muscular weakness of the leg rapidly progressing 
to paraplegia. A magnetic resonance imaging (MRI) 
(Figure 3) showed a metastatic involvement of the T2 
to T4 levels with pathological fracture of the T2 verte-
bral body and a soft tissue mass invading spinal cord. 
Decompressive palliative laminectomy was performed 
four days after onset of symptoms, but the patient re-
mained paraplegic despite the intensive physiotherapy 
efforts. 

After [131I]MIBG treatment, the patient continued 
to present hypoglycemia episodes, although less fre-
quent and severe. Everolimus was initiated with better 
control of hypoglycemic episodes for 32 months until 
patient’s death due to pulmonary metastatic disease.

DISCUSSION

The presented case combines multiple uncommon as-
pects. A malignant insulinoma with liver, lymph node 
and bone metastases in a previous diabetic patient who 
was treated with multimodal therapy and developed a 
spinal cord compression after a peptide receptor radio-
therapy using MIBG.

Figure 1. [131I]MIBG scan of the patient.

Figure 2. Timeline of treatment interventions (including [131I]MIBG marked 
at day 0, iv glucose, dexametasone, sc insulin) with values for blood 
glucose levels.

600

Regular feeding
Glucose EV 10% 24h
 Dexametasone 4 mg 1-3x/day
 Insulin basal-boluses

550

500

450

400

350

300

250

200

150

100

50

0
0 2 4 6 8 10

Days

12 14 16 18

Gl
uc

os
e 

(m
g/

dL
)

Spinal cord compression in malignant insulinoma



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

188 Arch Endocrinol Metab. 2015;59/2

A [131I]MIBG scintigraphy study was performed in 
our patient and showed multiple liver, bone, pancreas 
and limph node uptake. [131I]MIBG scintigraphy has 
been shown to locate neuroendocrine tumors such as 
pheochromocytomas, neuroblastomas, carcinoid tu-
mors, medullary thyroid carcinoma, paraganglioma 
(14) but rarely insulinomas (Table 1). MIBG is a com-
pound resembling norepinephrine that is taken up by 
adrenergic tissue (15). [131I]MIBG targeted radiothera-
py remains a highly means of management of neuroen-
docrine tumors of neuroectodermal origin with good 
responses. Octreotide and pentreotide scintigraphy are, 
in general, more sensitive in detecting neuroendocrine 
tumors than radiolabeled MIBG (15,16) in case of in-
sulinomas. Our patient demonstrated an intense uptake 
of MIBG radioligand that corresponded with primary 
pancreatic tumor and the known metastases in the liver 
and lymph nodes and treatment with [131I]MIBG ther-
apy was given. 

Approximately 12 hours after [131I]MIBG treat-
ment there were worsening of hypoglycemia episodes 
requiring continuous intravenous high glucose dose, 
which resembled a hormonal crisis. Hormonal crisis 
had been reported in 1% of patients with gastroen-
teropancreatic neuroendocrine tumors and metastatic 
pheochromocytoma after [177]Lu-octreotate therapy 
(17). None of these patients had insulinomas but mas-
sive release of bioactive substances developed after first 
cycle of radiolabeled therapy (17). The worsening of 
hypoglycemias in the presented case could be due to 
destruction-mediated release of insulin. Similar situa-
tion can occur in thyroid after radioiodine [131I] ther-
apy. It gradually induces cell necrosis and 1 to 3% of 
patients may developed an acute radioiodine thyroiditis 
(18,19) that is characterized by a painful inflammation 
of the gland and is frequently associated with exacerba-
tion of thyrotoxicosis because of destruction-mediated 
release of thyroid hormone. We believe that an acute 
cell destruction-mediated release of insulin explained 
what occurred with glycemia concentration in the first 
week of [131I]MIBG therapy, and the gradually increase 
of glycemia in the next days could be resultant of con-
tinued tumor cell destruction. 

The worsening of bone pain and subsequent spinal 
cord compression was explained by acute expansion of 
the bone lesions. Acute tissue expansion after radiola-
beled therapy had been reported in very large goiter 
treated with radioiodine and expansion caused by in-
flammation and edema of irradiated tissue may be as 
large as 25% (12,13). No reports of this complication 
were found in the literature.

We could not prove the relationship of rapid expan-
sion of spinal metastasis and cord compression with 
radioiodine [131I]MIBG therapy because there was no 
previous spinal MRI to provide comparison and the 
bone uptake was minimal. But the sequence of events: 
worsening of hypoglycemias, development of hypergly-
cemias, worsening of bone pain and subsequent spinal 
cord compression makes the hypothesis of acute cell 
destruction and rapid tumor expansion due to tissue 
inflammation and edema possible. 

Assuming that acute expansion of the tumor could 
occur due to radiation effects, we believe that special 
care have to be taken in advanced malignant insulino-
mas with suspected bone metastases when radiolabeled 
therapy is being considered. It is impossible to predict in 
whom this complication may occur and caution should 
always be taken. In the presented case, spinal cord com-

Figure 3. MRI of cervical and thoracic bone and spinal cord.

Table 1. [131I]MIBG scintigraphy and treatment in insulinomas

Ref.
Total 

number of 
patients

Total 
number of 

insulinomas

MIBG 
uptake in 

insulinomas

Therapy 
with [131I]

MIBG

Von Moll and 
cols., 1987 (20)

57 01 
(malignant)

Negative No

Geatti and cols., 
1989 (21)

01 01 (NR) Positive No

Troncone and 
cols., 1990 (22)

158 01 (NR) Negative No

Zagar and cols., 
1995 (23)

74 02 
(malignant)

Positive No

Kaltsas and 
cols., 2001 (16)

54 12 
(malignant)

1/12 positive No

Feitosa and 
cols., 2015

Our case

01 01 
(malignant)

Positive Yes

NR: not reported.

Spinal cord compression in malignant insulinoma
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pression occurred after radioiodine [131I]MIBG therapy 
and we believe that, similar complication, could happen 
in other neuroendocrine tumors treated with any type of 
radiolabeled therapy. We recommended that a detailed 
study of spine should be done before peptide receptor 
radiotherapy, in malignant insulinomas presenting bone 
pain. If spinal metastases are confirmed external radio-
therapy may be performed before or glucocorticoids 
should be used in order to prevent rapid expansion of 
metastases that could result in acute cord compression. 
Additionally, we think that radioiodine [131I]MIBG 
therapy, despite unusual, can be an effective alternative 
palliative treatment in malignant insulinoma.
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Thyroid nodule: first manifestation 
of chronic lymphocytic leukaemia

Ana Gonçalves1, Sara Vale2, Ema Nobre1, Ana Paula Barbosa1, 
Ema Piloto1, Ana Wessling1, Mário Mascarenhas1 

SUMMARY
The presence of chronic lymphocytic leukaemia (CLL) cells in the thyroid gland is most likely due to 
a secondary involvement by a systemic disease. The reported incidence of CLL involving the thyroid 
is extremely low, representing about 3–4% of all thyroid lymphoproliferative neoplasm. We report a 
rare case of CLL presenting initially in the thyroid gland. Systemic disease was detected as a result 
of thyroid investigation. An 85 years old woman, with multinodular goiter without adenophaties, 
was referred to our department, carrying a fine needle aspiration biopsy (FNAB) report of a private 
institution referring “lymphoid monomorphic proliferation” and suggesting a “Core-needle biopsy” 
for further investigation. She was euthyroid (TSH–0.5 uU/mL (0.4-4.0), thyroid antibodies negative, 
including TRab). The patient denied systemic symptoms and at physical examination there were no 
adenophaties or organomegalies. FNAB analysis was repeated. Although the patient denied consti-
tutional symptoms and there were no relevant findings in physical examination, technetium 99m 
thyroid gamagraphy (GG) and blood count were additionally asked. FNAB analysis concluded lym-
phocytic tiroiditis, but thyroid GG revelled global hypocaptation and blood count showed 173.4 x 109 
leukocyte/L with 94% lymphocyte. An ecoguided FNAB with flow cytometry identified thyroid infiltra-
tion by monotonous population of blasts with phenotype consistent with CLL/malignancy of mature 
B-cells. CLL/malignancy of mature B-cells was also detected in peripheral blood analysis, suggesting 
systemic disease with secondary thyroid involvement. The patient started chemotherapy with ritux-
imab and chlorambucil with good response. Pos-treatment GG revelled “Increased levels of uptake in 
the middle third of the right lower lobe, with low uptake of the remaining parenchyma”. In conclusion, 
good communication with the pathologist can improve diagnostic accuracy and dictate appropriate 
therapy. The use of techniques such as flow cytometry, immunoglobulin gene rearrangements, and 
immunohistochemistry has improved diagnostic accuracy and obviated more invasive procedures, 
such as core needle or open surgery biopsy. Apart from chemotherapy, immunochemotherapy with 
anti-CD20 and anti-CD52 monoclonal antibodies can be used in the treatment of CLL. Arch Endocrinol 
Metab. 2015;59(2):190-4
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INTRODUCTION

C hronic lymphocytic leukaemia (CLL) is a low-
grade indolent neoplasm composed of small B 

lymphocytes in the peripheral blood, bone marrow, 
lymph nodes, and other tissues (1,2). The diagnosis of 
CLL requires the presence of more than 5 x 109 small 
monoclonal lymphocytes per liter in the peripheral 
blood (3). Flow cytometry will demonstrate clonal-
ity, as determined by kappa or lambda light chain re-
striction, and CLL cells are typically positive for CD5, 
CD23, CD19, and CD20 (3).

The presence of CLL cells in the thyroid gland is 
most likely due to a secondary involvement by a syste-
mic disease (2,4).

The reported incidence of CLL involving the 
thyroid is extremely low, representing about 3% to 4% 
of all thyroid lymphoproliferative neoplasm (5-8).

Similarly, primary thyroid lymphoma is a rare dise-
ase. It is defined as a lymphomatous process involving 
the thyroid gland without continuous spread or other 
areas of involvement. The most common presentation 
is a rapidly enlarging thyroid mass that can lead to com-
pressive symptoms.

We report a rare case of CLL presenting itself initial-
ly in the thyroid gland. The presence of systemic disease 
was detected as a result of thyroid investigation.

CASE REPORT
An 85 years old woman, with multinodular goiter wi-
thout adenophaties, was referred to our department, 
carrying a fine needle aspiration biopsy (FNAB) report 
of a private institution referring “lymphoid monomor-
phic proliferation” and suggesting a “Core-needle bio-
psy” for further investigation.
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She was euthyroid (TSH–0.5 uU/mL [0.4-4.0], 
thyroid antibodies negative, including TRab). The pa-
tient denied systemic symptoms and at physical exami-
nation there were no adenophaties or organomegalies.

The case was discussed with the pathological anat-
omy department. Since the slides from the previous 
FNAB were unavailable, the procedure was repeated. 
Although the patient denied constitutional symptoms 
and there were no relevant findings in physical exami-
nation, blood count and technetium 99m thyroid gam-
agraphy (GG) were additionally asked.

FNAB analysis concluded lymphocytic tiroiditis, 
but thyroid GG revelled global hypocaptation (Figure 1) 
and blood count showed 173.4 x 109 leukocyte/L with 
94% lymphocyte. The patient was referred to haema-
tology department. Considering gamagraphyc results 
and negative thyroid autoimmune study, an ecoguid-
ed FNAB with flow cytometry was ordered. Thyroid 
infiltration by monotonous population of blasts was 
identified with phenotype consistent with LLC/ma-
lignancy of mature B-cells (positivity for CD19 (98%), 
CD5, 20, 22, 23, 45, lambda chains) (Figures 2 and 
3). Peripheral blood analysis identified a monoclonal 
B lymphoid population. The immunophenotype was 
identical to the one found in thyroid aspirate, sug-
gesting secondary involvement by a systemic disease 
(Figure 4). Computed tomography (Tc) of the chest, 
abdomen, and pelvis did not reveal any evidence of 
other involvement (Figure 4). The diagnosis was es-
tablished on basis of peripheral blood count and flow 
cytometry. Myelogram was not performed considering 
patient’s advanced age and it´s little diagnostic value in 
this context.

Figure 1. Technetium 99m thyroid gamagraphy: thyroid with global 
hypocaptation.

Figure 2. Ecoguided FNAB was made to dominant nodule in the right lobe 
of the thyroid gland: 24 x 22 mm, solid, hyperecogenic.

Figure 3. Anatomopathological exam of thyroid cytology revelling thyroid 
infiltration by monotonous population of blasts.

Figure 4. Flow cytometry of thyroid aspirated cytology.

Positive for CD 19 and 5 Positive for Lambda 
and negative for 
kappa light chain 
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The patient was classified as stage 0 de Rai-Sawitsky 
system and stage A de Binet classification, corresponding 
to good prognostic disease. The patient was treated with 
rituximab and chlorambucil during 6 months with good 
response. On last evaluation, hemogram revealed 4,000 
x 106 leukocytes/L, and 18.5% lymphocytes. Tc showed 
“thyroid with marked heterogeneity, outlining multiple 
hypodense nodular areas. No evidence of lymphadenop-
athy or other suspicious images” (Figure 5). 

DISCUSSION

Lymphoproliferative neoplasias account for approxi-
mately 2% of all malignancies of the thyroid gland 
(9,10). The most frequent histologic types are primary 
thyroid lymphomas, particularly non-Hodgkin’s type 
with a B-cell phenotype. Diffuse large B-cell lymphoma 
(DLCL) accounts for about 50% of all cases and MALT 
lymphoma (mucosa associated lymphoid tissue) repre-
sents approximately 23% of all cases (10,11).

Eighty percent of primary thyroid lymphoma arises 
in a background of chronic lymphocytic thyroiditis, 
which poses diagnostic difficulties. Likewise, cytologi-
cal diagnosis of MALT lymphomas is very difficult be-
cause they are composed of a heterogeneous infiltrate 
composed of a spectrum of small and large lymphoid 
cells.

The reported incidence of CLL involving the thy-
roid is extremely low, representing about 3–4% of all 
thyroid lymphoproliferative neoplasias (5-8). The pres-
ence of CLL cells in the thyroid gland is most likely due 
to a secondary involvement by a systemic disease (2,4). 

Figure 5. Staging: computed tomography of cervical region, chest, 
abdomen, and pelvis without other organomegalies.

Simultaneously, thyroid function was monitored, 
remaining stable. A GG was ordered and revelled “in-
creased levels of uptake in the middle third of the right 
lower lobe, with low uptake of the remaining paren-
chyma” (Figure 6). 

Figure 6. Technetium 99m thyroid gamagraphy – comparative images: 
(A) Before treatment; (B) After treatment: “Increased levels of uptake in 
the middle third of the right lower lobe, with low uptake of the remaining 
parenchyma” 3 months after treatment.

A

B
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Pathological proliferation of B-cells occurs in patients 
with CLL. These cells accumulate as a result of impaired 
apoptosis, infiltrating bone marrow, lymph nodes, spleen 
and, in very rare cases, other organs ([12,13). This type 
of leukaemia develops in patients between 65 and 70 
years of age, more frequently in males, and it may re-
main asymptomatic for extended time. General symp-
toms, such as excessive sweating, weight loss, fever, and 
recurrent infections, including opportunistic infections, 
may occur, as well as lymphadenopathy and enlargement 
of the spleen and the liver. Peripheral blood cell count is 
characterized by lymphocytosis, thrombocytopenia and 
anaemia. Therapy depends on clinical stage of the dis-
ease and the presence of general symptoms. Apart from 
chemotherapy, immunochemotherapy with anti-CD20 
and anti-CD52 monoclonal antibodies is used in the 
treatment of CLL (14).

The sonographic appearance of thyroid lymphoma 
has most commonly been described as a pseudocystic 
or hypoechoic mass; however, these characteristics are 
not universal (15). Most patients are eutiroid and pres-
ent one or more cold nodules on thyroid scan. Fortu-
nately for our patient, the presence of a well-defined 
thyroid nodule, initiated the workup.

In this case, although the first cytology in our insti-
tution was consistent with autoimmune thyroiditis, the 
patient had negative thyroid anti-antibodies and global 
hypocaptation at the gamagraphic study, which led to 
the performance of an FNAB with flow cytometry and 
enabled the diagnosis. 

Thyroid lymphoma can be very difficult to distin-
guish histologically from Hashimoto’s thyroiditis on 
FNAB (5,7,8). The use of techniques such as flow cy-
tometry, immunoglobulin gene rearrangements, and 
immunohistochemistry has improved diagnostic ac-
curacy and obviated more invasive procedures, in this 
case, core needle biopsy (8,16). 

The technique of FNAC is a valuable method for 
investigation of thyroid tumours. However cytologi-
cal diagnosis of lymphoid lesions, particularly primary 
thyroid lymphomas, is very challenging. The principal 
difficulty is the differentiation of low-grade lymphoma 
of thyroid from autoimmune thyroiditis. Even, conju-
gation of morphologic criteria with immunocytochemi-
cal staining yields 30% of false negative results. False 
negative results seem to be associated to sampling er-
ror, because low-grade B cell MALT lymphoma origi-
nates and coexist with chronic autoimmune tiroiditis. 
Adequate sampling by means of several needle punc-

tures ecoguided and always keep in mind the possibility 
of lymphoma when smears exhibit typical features of 
chronic autoimmune tiroiditis are key to improve di-
agnosis.

Our patient was asymptomatic and presented 
thyroid infiltration, without lymphadenopathy or hepa-
tosplenomegaly, and high-grade leukocytosis and anae-
mia, without thrombocytopenia. In this case, thyroidal 
involvement justified treatment initiation.

In conclusion, thyroid involvement of lympho-
proliferative neoplasm is a rare disease that can pose 
diagnostic difficulty for clinicians. Thyroid lymphopro-
liferative neoplasms can be very difficult to distinguish 
histologically from Hashimoto’s thyroiditis on FNAB. 
Consequently the diagnosis is often delayed or failed, 
involving inappropriate treatment and morbidity for 
the patients. Good communication with the patholo-
gist can enhance diagnostic accuracy and dictate appro-
priate therapy.

We presented a clinical case of one of the most un-
common subtypes of lymphoproliferative neoplasia in-
volving the thyroid. In this patient, CLL was identified 
initially in the thyroid gland, and the presence of syste-
mic involvement was established afterwards. The use of 
flow cytometry has enabled the diagnosis and obviated 
more invasive procedures, as core needle biopsy. Inte-
restingly, the patient was asymptomatic and presented 
thyroid infiltration without other organ involvement. 
The patient was classified as low risk and thyroid invol-
vement was decisive for treatment initiation.

This clinical case also highlights that chemotherapy 
associated to immunochemotherapy with anti-CD20 
and anti-CD52 is effective for CLL treatment.

Fundings: nothing to declare.

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

Current reliability of the Immulite® 
assay for measurement of serum 
IGF-1 in the Brazilian adult population

Pedro W. Rosario1, Mônica R. Gadelha2

DEAR EDITOR,

T he Immulite® assay, the test most commonly used for IGF-1 measurement by 
clinical laboratories in Brazil, recently had supply problems (1) and temporarily 

ceased to be used. Earlier, the assay had been reported to overestimate IGF-1 con-
centrations (1-3). Many laboratories are now returning to use the Immulite® assay for 
IGF-1 measurement. This test will therefore continue to be used in Brazil, at least in 
the short and medium term, although it does not meet the current recommendation 
of calibration against the World Health Organization (WHO) International Standard 
(IS) 02/254 (4). Another assay (Liaison®), calibrated against IS 02/254, is available 
in Brazil. However, IGF-1 reference values obtained with this assay have not been es-
tablished in studies including a sufficient number of individuals and following current 
recommendations (4). With the return of the Immulite® assay, it is necessary to con-
firm that the current lots no longer overestimate IGF-1. This confirmation is necessary 
since the information was only provided by the manufacturer (1), but so far there are 
no published data that prove this. Furthermore, the causes of the problem and the 
respective technical adjustments to solve it were not clarified (1).

The characteristics of the population studied have been published previously (5). 
Briefly, volunteers of both genders (500 women and 500 men) from the metropolitan 
region of Belo Horizonte, ranging in age from 21 to 70 years, with a body mass index 
≥ 18.5 and ≤ 30 kg/m2 were selected. The subjects were apparently healthy and were 
not taking any potentially interfering medications. Ten groups divided according to 
age (5-year intervals) were defined, with 100 subjects (50 men and 50 women) per 
group. The study was approved by the Ethics Committee of the Institution.

The samples were centrifuged immediately after collection, divided into aliquots, 
and stored at -80ºC. The aliquots used in this study remained frozen. In the previous 
study (5), the measurements were made before the period in which overestimated 
IGF-1 values began to be observed (1-3). In the present study, the measurements 
were made in June 2014 using lots that, according to the manufacturer, are in align-
ment with the medians of the reference range data published in the Instructions For 
Use (1).

Comparing the IGF-1 concentrations obtained in this study with those of the pre-
vious study (5), we observed a variation of - 3% to + 7%. The variation in serum IGF-1 
levels was ≤ 7% in all samples and ≤ 5% in 90% of the samples. The correlation coef-
ficient between the first and second measurement of IGF-1 was 0.98 (p < 0.001). In 
view of the high reproducibility of the results, the reference values established previ-
ously (5) and in this study were very similar. There was also complete overlap of the 
median IGF-1 concentrations (in the 10 age groups).
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The results obtained now in 2014 were very simi-
lar to those found in 2009 (5), with complete overlap 
of median values, a finding permitting two conclusions. 
First, the current lots of the Immulite® assay probably 
do no longer overestimate IGF-1, at least so far. Second, 
the previously published reference values (5) can be used 
today by the laboratories that return to measure IGF-1 
with this assay. However, since the cause of the overes-
timated IGF-1 values has not been established (1-3), it 
is not possible to ensure that this and other problems 
do not occur in future lots. Furthermore, we emphasize 
that problems with the assay may occur progressively, 
with small lot-to-lot variation, until the cumulative dif-
ference becomes noticeable (2). Likewise, we highlight 
the importance of physicians for informing the laborato-
ries about unexplainable IGF-1 results or variations and 
results that are incompatible with the clinical history.

The short-term perspective is that the use of assays 
not only calibrated against IS 02/254, but also em-
ploying adequately obtained reference values (6), will 
significantly minimize the problems related to serum 
IGF-1 measurement.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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text, include no more than six figures and tables, and no more than 60 refe-
rences. 

Brief Report 
The Brief Report consists of new data of sufficient importance to warrant im-
mediate publication. It is a succinct description of focused study with impor-
tant, but very straightforward, negative or confirmatory results. Brevity and 
clarity are always likely to enhance the chance of a manuscript being accep-
ted for publication. A maximum of 1,500 words in the main text plus up to 20 
references and normally no more than two illustrations (tables or figures or 
one of each) are acceptable for Brief Reports. 

Case Report 
A Case Report is a brief communication presenting collected  or single case 
reports of clinical or scientific significance. These reports should be concise 
and focused on the issue to be discussed. They should address observations 
of patients or families that add substantially to the knowledge of the etiology, 
pathogenesis, and delineation of the natural history or management of the 

condition described. Case Reports should be 2,000 words or less, with no 
more than four figures and tables, and no more than 30 references. 
We emphasize that only case reports that offer important basic translational 
or clinical contributions, preferentially together with a review of the literature, 
will be considered for publication.

Letters to the Editor 
Letters to the Editor may be submitted in response to manuscript that has 
been published in the Journal. Letters should be short commentaries related 
to specific points of agreement or disagreement with the published manus-
cript. Letters are not intended for the presentation of original data unrelated 
to a published article. Letters should be no longer than 500 words, with no 
more than five complete references, and 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. 

Submitted papers must be complete, including the title page, abstract, fi-
gures, and tables. Papers submitted without all of these components will 
be placed on hold until the manuscript is complete. 

All submissions must include: 
• A cover letter requesting the evaluation of the manuscript for publication 

in AE&M, and any information relevant to the manuscript. Elsewhere on 
the submission form, authors may suggest up to three specific reviewers 
and/or request the exclusion of up to three others. 

The manuscript must be presented in the following order: 
1.  Title page.
2.  Structured abstract (or summary for case reports).
3. Main text.
4.  Tables and figures. They must be cited in the main text in numerical order.
5. Acknowledgments.
6. Funding statement, competing interests and any grants or fellowships su-

pporting the writing of the paper. 
7.  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 cor-

responding 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 submit-
ted with structured abstracts of no more than 250 words. The abstract must 
be self-contained and clear without reference to the text, and should be writ-
ten for general journal readership. The abstract format should include four 
sections that reflect the section headings in the main text. All information re-
ported in the abstract must appear in 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 inves-
tigators to be able to repeat the study. The source of hormones, unusual che-
micals and reagents, and special pieces of apparatus should be stated. For 
modified methods, only the modifications need be described. 
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Results and Discussion 
The Results section should briefly present the experimental data in text, ta-
bles, and/or figures. For details on preparation of tables and figures, see be-
low. The Discussion should focus on the interpretation and significance of the 
findings, with concise 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 sta-
te 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 
ensuring 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 conflict of interest to disclose, this should be indicated in the 
Acknowledgments section. 

Acknowledgments 
The Acknowledgments section should include the names of those people 
who contributed to a study but did not meet the requirements for authorship. 
The corresponding author is responsible for informing each person listed in 
the acknowledgment section that they have been included and providing 
them with a description of their contribution so they know the activity for 
which they are considered responsible. Each person listed in the acknowledg-
ments must give permission – in writing, if possible – for the use of his or her 
name. It is the responsibility of the corresponding author to provide this infor-
mation.

References 
References to the literature should be cited in numerical order (in parenthe-
ses) in the text and listed in the same numerical order at the end of the ma-
nuscript on a separate page or pages. The author is responsible for the 
accuracy of references. The number of references cited is limited for each ca-
tegory 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 manuscript. Tables should be self-explanatory and the data they contain 
must not be duplicated in the text or figures. Tables must be constructed as 
simply as possible and be intelligible without reference to the text. Each table 
must have a concise heading. A description of experimental conditions may 
appear together with footnotes at the foot of the table. Tables must not simply 
duplicate the text or figures. 

Figures and Legends 
All figures must display the figure number. Sizing the figure: the author is 
responsible for providing digital art that has been properly sized, cropped, 
and has adequate space between images. All color figures will be reproduced 
in full color in the online edition of the journal at no cost to the authors. Au-
thors are requested to pay the cost of reproducing color figures in print (the 
publisher will provide price quotes upon acceptance of the manuscript). 

Photographs 
The AE&M strongly prefers to publish unmasked patient photos. We encoura-
ge 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 submission contains ANY identifiable patient images or other 

protected health information, you MUST provide documented permission 
from the patient (or the patient’s parent, guardian, or legal representative) 
before the specific material 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) rather than using any 
other identifying notations, such as initials. 

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

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

Experimental Subjects 
To be considered for publication, all clinical investigations described in sub-
mitted manuscripts must have been conducted in accordance with the guide-
lines 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. 
Photographs of patients’ faces should be included only if scientifically rele-
vant. The authors must obtain written consent from the patient for the use of 
such photographs. 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 ma-
nuscript 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 va-

riants reported. These can be easily derived for novel variants uncovered 
by the study. Where rs numbers are provided, the details of the assay (pri-
mer sequences, PCR conditions, etc.) should be described very concisely.

•  Pedigrees should be drawn according to published standards (See Bennett 
et al. J Genet Counsel (2008) 17:424-433 - DOI 10.1007/s10897-008-9169-9). 

Nomenclatures 
• For genes, use genetic notation and symbols approved by the HUGO Gene 

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

gested by the Human Genome Variation Society (http://www.hgvs.org/mu-
tnomen/) 

• Provide information and a discussion of departures from Hardy-Weinberg 
equilibrium (HWE). The calculation of HWE may help uncover genotyping 
errors and impact on downstream analytical methods that assume HWE. 

• Provide raw genotype frequencies in addition to allele frequencies. It is 
also desirable to provide haplotype frequencies. 

• Whenever possible, drugs should be given their approved generic name. 
Where a proprietary (brand) name is used, it should begin with a capital 
letter. 

• Acronyms should be used sparingly and fully explained when first used.

Papers must be written in clear, concise English. 
Avoid jargon and neologisms. The journal is not prepared to undertake major 
correction of language, which is the responsibility of the author. Where En-
glish 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 
assistance with their writing before submission, we suggest Voxmed Medical 
Communications, American Journal Experts or PaperCheck.
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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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