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Leptin replacement therapy for the 
treatment of non-HAART associated 
lipodystrophy syndromes: a meta-
analysis into the effects of leptin on 
metabolic and hepatic endpoints
Terapia de reposição de leptina para o tratamento de síndromes 
lipodistróficas não associadas ao uso de antirretrovirais: uma metanálise 
dos efeitos da leptina em parâmetros metabólicos e hepáticos

Alexander J. Rodríguez1, Teresa Neeman2, Aaron G. Giles1, 
Claudio A. Mastronardi1, Gilberto Paz-Filho1

ABSTRACT
The clinical manifestations of lipodystrophy syndromes (LS) are hypoleptinemia, hyperglyce-
mia, insulin resistance, dyslipidemia and hepatic steatosis. Leptin replacement therapy (LRT) is 
effective at improving these pathologies. Currently, there are no data compiling the evidence 
from the literature, and demonstrating the effect of LRT in LS patients. A systematic review of 
the MEDLINE and Cochrane Library databases was conducted to identify studies assessing the 
effect of LRT on metabolic and hepatic endpoints in patients with LS not associated with highly 
active antiretroviral therapy (HAART) use. Standardized mean differences (SMD) and 95% con-
fidence intervals of pooled results were calculated for overall changes in glucose homeostasis, 
lipid profile, and hepatic physiology, using an inverse-variance random-effects model. After 
screening, 12 studies were included for review. Meta-analysis of results from 226 patients sho-
wed that LRT decreased fasting glucose [0.75 SMD units (range 0.36-1.13), p = 0.0001], HbA1c 
[0.49 (0.17-0.81), p = 0.003], triglycerides [1.00 (0.69-1.31), p < 0.00001], total cholesterol [0.62 
(0.21-1.02), p = 0.003], liver volume [1.06 (0.51-1.61), p = 0.0002] and AST [0.41 (0.10-0.73) p = 
0.01]. In patients with non-HAART LS, LRT improves the outcome of several metabolic and 
hepatic parameters. Studies were limited by small populations and therefore large prospective 
trials are needed to validate these findings. Arq Bras Endocrinol Metab. 2014;58(8):783-97

Keywords
Leptin; lipodystrophy; meta-analysis; metreleptin; nonalcoholic fatty liver disease

RESUMO
As manifestações clínicas das síndromes lipodistróficas (SL) incluem hipoleptinemia, hipergli-
cemia, resistência insulínica, dislipidemia e esteatose hepática. A terapia de reposição de lepti-
na (TRL) melhora tais parâmetros, mas atualmente não há dados compilados demonstrando tal 
efeito. Uma revisão sistemática dos bancos de dados MEDLINE e Cochrane Library identificou 
estudos avaliando os efeitos da TRL sobre parâmetros metabólicos e hepáticos em pacientes 
com SL não associadas ao uso de antirretrovirais. Diferenças médias padronizadas (DMP) e 
intervalos de confiança de 95% foram calculados a partir dos resultados, para os efeitos da TRL 
sobre a homeostase da glicose, perfil lipídico, e morfologia/função hepática, usando um mode-
lo de variação inversa e efeitos randômicos. Após a triagem, 12 estudos foram incluídos para 
revisão. A metanálise dos resultados de 226 pacientes mostrou que a TRL reduziu a glicemia de 
jejum [0,75 DMP (amplitude 0,36-1,13), p = 0,0001], HbA1c [0,49 (0,17-0,81), p = 0,003], triglicerí-
deos [1,00 (0,69-1,31), p < 0,00001], colesterol total [0,62 (0,21-1,02), p = 0,003], volume hepático 
[1,06 (0,51-1,61), p = 0,0002] e AST [0,41 (0,10-0,73), p = 0,001]. Em pacientes com SL não asso-
ciada ao uso de antirretrovirais, a TRL melhora vários parâmetros metabólicos e hepáticos. Os 
estudos avaliados foram limitados pelo pequeno número de pacientes. Maiores estudos clíni-
cos prospectivos são necessários para validar tais achados. Arq Bras Endocrinol Metab. 2014;58(8):783-97
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INTRODUCTION

L ipodystrophy syndromes (LS) are congenital and 
acquired disorders characterized by the generali-

zed or partial absence of subcutaneous adipose tissue. 
Cases of lipodystrophy not associated with the use of 
highly active antiretroviral therapy (HAART) are rare 
conditions, and most determined by molecular defects 
in genes that regulate adipocyte differentiation, lipid 
metabolism, and lipid droplet morphology (1). As the 
adipose tissue is an important endocrine organ that syn-
thesizes hormones with cytokine-like actions (known as 
adipokines) (2,3), its absence determines several meta-
bolic defects, such as insulin resistance, diabetes, and 
hypertriglyceridemia, which can lead to the develop-
ment of atherosclerosis, acute pancreatitis, and nonal-
coholic fatty liver disease (NAFLD) (4).

Leptin is one of the most abundant adipokines. It 
is an important metabolic regulator responsible for not 
only controlling food intake and energy expenditure, 
but also for maintaining glucose, insulin and lipid ho-
meostasis (5,6). Impaired leptin action, due to leptin 
resistance or leptin deficiency, results in several metabo-
lic abnormalities such as insulin resistance, hyperinsu-
linemia, diabetes, and hypertriglyceridemia, which are 
similar to those that are observed in LS. In fact, LS and 
leptin deficiency have similar metabolic manifestations, 
with low leptin levels (7-9). 

Leptin replacement therapy is the treatment of choi-
ce for LS. Numerous animal models have shown that 
exogenous supplementation of leptin, in order to achie-
ve physiological levels of the hormone, is effective in 
restoring normal glycemic control, normal serum lipid 
profile and liver function (10,11). In humans, leptin 
replacement therapy (LRT) with recombinant methio-
nyl human leptin (r-metHuLeptin, metreleptin) has 
been evaluated by several clinical trials (12), and has 
been recently approved by the FDA for the treatment 
of patients with generalized lipodystrophy (13). Admi-
nistered as a subcutaneous injection once or twice daily, 
metreleptin reverses the metabolic abnormalities that 
are seen in LS, leading to significant improvements in 
overall health (14-16). 

Currently, there is no data that comprehensively 
and succinctly demonstrate the effect of LRT on me-
tabolic and hepatic parameters in LS patients. Therefo-
re, this meta-analysis sought to survey the literature in 
this area, and quantitatively assess the effect of LRT in 
patients with all forms of LS (generalized and partial, 

congenital and acquired; excluding HAART-related 
LS) on various clinical endpoints. We sought data from 
clinical trials and case series on blood concentrations of 
glucose, insulin and glycated hemoglobin (Hb1Ac) as 
markers of glycemic control; triglycerides (TG), total 
cholesterol (TC), high-density lipoprotein (HDL) cho-
lesterol and low-density lipoprotein (LDL) cholesterol 
as markers of lipid control; and alanine aminotransfera-
se (ALT), aspartate aminotransferase (AST) and albu-
min as markers of liver function. Also, total liver volu-
me and liver fat were assessed as radiological findings of 
liver health in response to LRT.

MATERIALS AND METHODS

Literature search

We conducted a literature review of published work in 
accordance with the PRISMA guidelines (17). Rele-
vant studies were retrieved on 9/26/2013 from the 
MEDLINE (January 1966 to September 2013) and 
Cochrane Library of Clinical Trials (January 1980 to 
September 2013) databases. In order to identify stu-
dies assessing the outcomes of LRT for the treatment 
of all forms of LS not related to HAART, we applied 
as search terms the following title/abstract phrases: 
[“leptin” AND (“lipodystrophy” OR “lipoatrophy”)] 
with no language restriction. Titles and abstracts of 
identified searches were screened. In addition, refer-
ence lists of all articles were manually scanned and the 
‘related article tool’ provided following a term search 
was used to identify other potentially relevant studies. 
We termed these the “grey literature”. The full texts 
were assessed to determine eligibility for inclusion. 
Studies were eligible if they assessed the outcomes of 
systemically administered leptin as a treatment for LS. 
Specific exclusion criteria were: i) study population 
consisting of participants whose LS were a result of 
HAART for the treatment of HIV; ii) studies that did 
not report specific data on the outcome of glycemic, 
lipid or hepatic measures following leptin treatment; 
iii) studies evaluating an agent other than leptin or a 
derivative of leptin (e.g. r-metHu-leptin/metreleptin); 
iv) case-reports of a single individual patient; v) studies 
published in languages other than English. 

Data abstraction 

The primary outcome of this review was to quantita-
tively assess and compare the impact of LRT on the 

Leptin for lipodystrophy meta-analysis
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blood concentrations of glucose, insulin, HbA1c, TG, 
TC, HDL, LDL, ALT, AST and albumin, and on liver 
fat and volume. Data capture was performed inde-
pendently by two examiners (AJR, AGG). Data relat-
ing to the study design (including population, patient 
sampling, follow-up time and leptin replacement dos-
age), and baseline characteristics of study participants 
(including age, body mass index, LS etiology and 
other risk factors) were extracted. Further, we evalu-
ated laboratory methods used to determine levels of 
systemic markers of leptin replacement outcomes. Ad-
ditionally the quality of each study was assessed using 
a quality assessment questionnaire, which was modi-
fied from the previously validated QUADAS 2 tool as 
there is currently no accepted quality assessment tool 
for studies examining leptin to treat LS (18). Our ques-
tionnaire contained eight points relating to study de-
sign, outcome measurement and analysis. Each point 
was marked as ‘yes’, ‘no’ or ‘unclear’, and the quality 
percentage score was based on the percentage of ‘yes’ 
responses that was obtained by each study. Sample co-
pies of the data extraction form and quality assessment 
questionnaire are available upon request. Any questions 
or inconsistencies regarding these data were resolved 
through iteration and consensus. We included patients 
with acquired, congenital, partial and generalized forms 
of LS, and evaluated the effects of LRT collectively and 
separately by LS subtype.

Statistical methods

To mitigate against differences in the way marker con-
centrations were measured and reported, the absolute 
levels of the aforementioned markers were converted 
into a common unit by calculating a standardized mean 
difference (SMD). Standardized mean differences were 
derived from the reported p-values, by calculating the 
t-statistic and dividing by the square root of the popula-
tion size. Standard errors were estimated as the inverse 
of the square root of the population size. We did not 
include data where significance tests were not performed 
(i.e. where p-values were not reported). Heterogeneity 
was determined by the I2 index, which provides an indi-
cation into the inconsistencies between the studies (19). 
Results were presented as mean ± standard deviation 
(SD) or median and interquartile range (IQR). Meta-
analysis was performed using an inverse-variance random 
effects model with RevMan v5.1 software (The Nordic 
Cochrane Centre, The Cochrane Collaboration, 2012). 

This software allows for the automated output of forest 
plots, I2 index, test for overall effect, effect significance 
and a funnel plot as an indication into publication bias.

RESULTS

Included literature

The initial database search yielded 270 abstracts, of 
which 261 unique abstracts were reviewed for eligibility. 
Following abstract screening, 223 were excluded because 
they did not fit the inclusion criteria; mainly because they 
evaluated only HAART-associated LS (n = 65), or did 
not include primary original data (n = 56). Thirty-eight 
articles were eligible for full-text review. Of those, 26 
were excluded mainly due to not being population-based 
data (case reports) or review articles and two of these stu-
dies were excluded as they represented data sets based on 
duplicated results from previous studies (20,21). Overall, 
12 studies were included for data analysis (14,16,22-31). 
Figure 1 illustrates the flow diagram outlining literature 
search strategy and study selection. 

Leptin for lipodystrophy meta-analysis

270 eligible studies identi�ed
 255 via MEDLINE
 15 via Cochrane Library

223 excluded
 65 LS was a consequence of HAART for HIV
 56 not primary data (review and meta-analyses)
 41 animal studies
 26 did not relate LRT to LS outcome
 12 no abstract available
 23 other
  12 case reports
  11 study did not involve LS patients 

26 excluded
 7 case reports
 5 did not relate LRT to LS outcome
 4 not primary data (review and meta-analyses)
 3 non-LS cohort
 2 no follow-up data/incomplete data
 2 data was duplicated from previous study
 (patient overlap)
 1 non-English full text
 1 no abstract available
 1 did not assess any outcomes of interest

9 duplicates removed

261 articles for abstract review

38 articles for full text review

12 full text included

LRT: leptin replacement therapy; LS: lipodystrophy syndromes.

Figure 1. Flow diagram outlining literature search strategy and study 
selection.
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Table 1. Studies characteristics

Study details LS etiology
Outcome 

assessment
Quality 

score (%)Author (reference) n Design Follow-up 
(months) AGL (n) CGL (n) Partial (n) Other (n)

Beltrand and cols. (22) 7 Prospective 4 n/a 7 n/a n/a MWU test 50

Beltrand and cols. (23) 7 Prospective 28 n/a 7 n/a n/a MWU test 75

Chan and cols. (14) 55 Prospective 36 13 23 19 n/a t-test 50

Chong and cols. (24)  48 Prospective 100 12 31 n/a 4 t-test 62.5

Ebihara and cols. (25) 7 Prospective 36 2 5 n/a n/a ANOVA 37.5

Javor and cols. (26) 15 Prospective 12 4 11 n/a n/a t-test, ANOVA 50

Moran and cols. (27)  14 Prospective 12 5 7 n/a 2 t-test, ANOVA 62.5

Oral and cols. (28) 9 Prospective 12 3 5 1 n/a t-test, ANOVA 62.5

Park and cols. (29) 4 Prospective 48 n/a n/a 4 n/a t-test 62.5

Petersen and cols. (30)* 9 Case-control 3 1 2 n/a n/a t-test 25

Safar Zadeh and cols. (31) 27 Prospective 26 5 10 12 n/a t-test 62.5

Simha and cols. (16) 24 (SH) Prospective 6 n/a n/a 24 n/a ANOVA 75

24 (MH) Prospective 6 n/a n/a 24 n/a ANOVA 75

AGL: acquired generalized lipodystophy; CGL: congenital generalized lipodystrophy; MWU: Mann-Whitney U test; ANOVA: analysis of variance; n/a: not applicable.
Simha and cols. (16) divided analysis into patient with severe (SH) and mild (MH) hypoleptinemia. 
* The etiology of all cases was not completely reported.

Table 2. Patients’ characteristics

Reference Age (y) Male (%) BMI (kg/m2) Fat (%) Leptin (ng/mL) DM (n)

Beltrand and cols. (22) 10 ± 4 86 NR 2.0 ± 0.8 0.7 ± 0.4 0

Beltrand and cols. (23) 12 ± 4 71 NR 4.5 ± 0.4 1.85 ± 1.0 0

Chan and cols. (14) 25 (7-68) 20 22.2 ± 3.4 NR 2.8 ± 2.8 0

Chong and cols. (24)  18 (8-68) 19 NR 11.7 ± 1.0 2.53 ± 0.4 0

Ebihara and cols. (25) 21 ± 3 28 17.6 ± 1.1 NR 1.09 ± 0.08 0

Javor and cols. (26) 23 ± 3 13 21.5 ± 0.9 7.9 ± 0.5 1.6 ± 0.2 0

Moran and cols. (27)  30 ± 3 21 21.7 ± 0.8 9.5 ± 1.6 1.7 ± 0.3 0

Oral and cols. (28) 26 ± 10 0 NR 15.2 ± 6.0 1.21 ± 1 8

Park and cols. (29) 46 ± 4 0 23.3 ± 0.8 21.6 ± 1.9 3.8 ± 0.3 0

Petersen and cols. (30) 27 ± 9 0 19.2 ± 2.0 7.1 ± 2.1 0.6 ± 0.1 1

Safar Zadeh and cols. (31) 29 ± 3 22 NR NR 2.72 ± 0.5 0

Simha and cols. (16) (SH) 41 ± 13 6 NR 17.2 ± 3.4 NR 0

Simha and cols. (16) (MH) 36 ± 17 6 NR 18.8 ± 2.9 NR 0

Average ± SD 26.5 ± 10 22.4 ± 25.7 20.9 ± 1.9 11.6 ± 6.1 1.86 ± 0.95 n/a

BMI: body mass index; DM: diabetes mellitus; NR: not reported; SH: severe hypoleptinemia; MH: mild hypoleptinemia; n/a: not applicable.

Leptin for lipodystrophy meta-analysis

Quality assessment

Quality percentage scores based on a modified 
QUADAS 2 tool ranged from 25% (30) to 75% (16,23), 
and the overall mean score was 56.3 ± 14.6% (Table 1).

Study participants

Pooled together, the evaluated studies represented a 
composite population of 226 participants (45 males, 
181 females). Studies had samples sizes ranging from 
4 to 55, where the mean number of participants was 
19.8 ± 16.8. Follow-up times ranged from 3 to 100 
months, where the mean time was 26.9 ± 27.2 months. 

Table 1 summarizes the characteristics of the selected 
studies. The average age of the participants was 26.5 ± 
10.0 years. As shown in table 2, the average percentage 
of male participants was 22.4 ± 25.7%, and four studies 
did not include males in the study population (27-30). 
Where reported, the mean baseline BMI (body mass in-
dex) of study participants was 20.9 ± 1.9 kg/m2, mean 
baseline body fat percentage was 11.6 ± 6.14%, and 
mean baseline fasting leptin concentration was 1.87 ± 
0.95 ng/mL. The number of diabetic patients was re-
ported in only two studies (28,30) (n = 8/9 and 1/9 
participants, respectively) (Table 2). 
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LRT details

All twelve studies included for review used r-metHu-
Leptin as the form of leptin supplementation. Adminis-
tration method was uniform, as all patients received  
r-metHuLeptin via subcutaneous injections. Most studies 
(n = 10) performed r-metHuLeptin administration twice 
daily (Table 3). Dosage of r-metHuLeptin ranged from 
0.02 to 0.24 mg/kg/d for males and 0.04 to 0.24 mg/
kg/d for females. For studies that did not stratify leptin 
dose according to gender, dosages ranged from 0.03 to 
0.24 mg/kg/d (16,22,23,28,31). Instead of reporting 
daily leptin dosages per body weight, Chan and cols. re-
ported the mean total dose received by patients, which 
was 2.75 ± 0.43 mg for males and 5.55 ± 0.33 mg for fe-
males (14). One study did not provide sufficient data on 
leptin administration dosages (30). These data are sum-
marized in table 3.

Comparative data analysis

Glycemic control

Seven studies reported significant reductions in blood 
glucose (24-26,28-31). The largest reduction was 
seen in the study by Petersen and cols. (30), where 
patients with LS had an initial mean baseline fasting 
glucose concentration of 234 ± 14 mg/dL. Following 
the three-month intervention, this declined to 122 ± 
21 mg/dL. 

Three studies reported a reduction in fasting insulin 
following LRT but did not report whether this was sig-
nificant (16,22,30). Four studies reported a significant 
reduction in HbA1c values at follow-up (24,26,28,31), 
with the highest reduction being equal to 1.90% (28). 
One study reported an increase of 1.77% from baseli-
ne mean HbA1c, but did not report whether this was 
significant (23). Supplementary table 1 illustrates the 
changes in fasting plasma glucose, insulin and HbA1c.

Hepatic outcomes

Three studies reported significant reductions in mean 
liver volume following leptin therapy (22,26,27). 
Liver fat was only reported in a single study and after 
stratifying results according to the participants’ degree 
of hypoleptinemia, either severely or mildly hypolep-
tinemic, both groups of patients exhibited significant 
decreases in mean liver fat percentage (16) (Supple-
mentary Table 2). 

Serum albumin concentrations were evaluated by 
a single study, which reported no significant changes 
after LRT (27). Two studies reported significant decre-
ases in ALT and AST (22,31). In the study by Simha 
and cols., neither cohort of participants showed signi-
ficant reductions in ALT, but severely hypoleptinemic 
patients showed a significant reduction in AST levels 
(16). Supplementary table 3 shows the changes in al-
bumin and liver enzymes levels.

Table 3. Leptin administration and liver assessment details

Reference Leptin dosage (mg/kg/d) Frequency Liver assessment

Beltrand and cols. (22) 0.03 Once daily CT

Beltrand and cols. (23) 0.06-0.12 Once daily CT

Chan and cols. (14) 2.75 ± 0.43* (m); 5.55 ± 0.33* (f) 1-2x daily n/a

Chong and cols. (24)  (1) 0.06; (2) 0.08-0.12; (3) 0.24 Twice daily n/a

Ebihara and cols. (25) 0.02 (m); 0.03 (y); 0.04 (f) Twice daily CT/MRI

Javor and cols. (26) 0.06-0.08 (f); 0.04 (m) Twice daily MRI

Moran and cols. (27)  0.03 (y); 0.04 (f); 0.02 (m) Twice daily MRI

Oral and cols. (28) 0.03 (y); 0.04 (f) Twice daily n/a

Park and cols. (29) 0.08 Twice daily MRI

Petersen and cols. (30) Unclear Twice daily n/a

Safar Zadeh and cols. (31) 0.06-0.24 1-2x daily Biopsy

Simha and cols. (16) (SH) 0.08 Twice daily MRI

Simha and cols. (16) (MH) 0.08 Twice daily MRI

m: male data; f: female data; y: youth data; SH: severe hypoleptinemia; MH: mild hypoleptinemia; n/a: not available. “1”, “2” and “3” refer to subgroups of the study. CT: computed tomography,  
MRI: magnetic resonance imaging. 
* Dose shown as mg/day.

Leptin for lipodystrophy meta-analysis
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Supplementary Table 1. Comparison of fasting plasma glucose, insulin and HbA1c at baseline and follow-up

Reference
Fasting plasma glucose (mg/dL) Fasting insulin (pmol/L) HbA1c (%)

B F P B F P B F P

Beltrand and cols. (22) 80 ± 7 80 ± 5 NS 135 ± 84 91 ± 78 NS NR NR NR

Beltrand and cols. (23) NR NR NR 212 ± 92 601 ± 1055 NR 5.4 ± 1.0 7.2 ± 4.0 NR

Chan and cols. (14) 184 ± 91 124 ± 13 NR NR NR NR 8.5 ± 2.1 6.3 ± 0.3 NR

Chong and cols. (24)  164 ± 13 129 ± 12 0.014 NR NR NR 8.4 ± 2.0 6.9 ± 1.7 < 0.001

Ebihara and cols. (25) 172 ± 2 113 ± 9 < 0.01 NR NR NR 9.3 ± 0.4 NR NR

Javor and cols. (26) 205 ± 19 126 ± 11 < 0.001 NR NR NR 9.0 ± 0.4 7.1 ± 0.5 < 0.001

Moran and cols. (27)  NR NR NR NR NR NR 9.1 7.1 NR

Oral and cols. (28) 230 ± 74 132 ± 47 < 0.001 NR NR NR 9.1 ± 0.5 7.2 ± 0.5 0.001

Park and cols. (29) 190 ± 26 151 ± 15 0.006 NR NR NR 8.4 ± 0.6 8.0 ± 0.4 NS

Petersen and cols. (30) 234 ± 14 122 ± 21 < 0.05 181 ± 28 160 ± 28 NS 8.5 ± 1.0 8.2 ± 1.3 NS

Safar Zadeh and cols. (31) 178 ± 15 117 ± 9 0.004 NR NR NR 7.9 ± 0.4 6.3 ± 0.2 0.0009

Simha and cols. (16) (SH) 111 ± 39 106 ± 32 NS 276 ± 223 209 ± 166 NS 6.7 ± 1.7 6.3 ± 1.5 NS

Simha and cols. (16) (MH) 111 ± 4 97 ± 24 NS 432 ± 315 298 ± 366 NS 6.4 ± 1.8 6.7 ± 2.6 NS

B: baseline; F: follow-up; P: P-value; NS: not significant; NR: not reported; SH: severe hypoleptinemia; MH: mild hypoleptinemia.

Supplementary Table 2. Comparison of liver volume and fat liver percentage at baseline and follow-up

Reference
Liver volume (L) Liver fat (%)

B F P B F P

Beltrand and cols. (22)* 4.5 ± 1.4 3.2 ± 0.9 0.002 NR NR NR

Ebihara and cols. (25) 1.9 ± 0.1 1.5 ± 0.1 NR NR NR NR

Javor and cols. (26) 3.7 ± 0.3 2.2 ± 0.1 < 0.001 NR NR NR

Moran and cols. (27) 3.0 ± 0.3 2.2 ± 0.2 < 0.001 NR NR NR

Park and cols. (29) 2.1 ± 0.2 2.0 ± 0.3 NS NR NR NR

Simha and cols. (16) (SH) NR NR NR 8.8 (5.2-11.9) 4.9 (1.6-11.6) < 0.001

Simha and cols. (16) (MH) NR NR NR 23.7 (10.2-34.2) 9.2 (7.3-35.5) < 0.01

B: baseline; F: follow-up; P: P-value; NS: not significant; NR: not reported; SH: severe hypoleptinemia; MH: mild hypoleptinemia.
* Result provided as z-score.

Supplementary Table 3. Comparison of liver enzymes and albumin at baseline and follow-up

Reference
ALT (U/L) AST (U/L) Albumin (g/L)

B F P B F P B F P

Beltrand and cols. (22) 105 ± 99 35 ± 17 0.02 47 ± 41 25 ± 7 0.04 NR NR NR

Beltrand and cols. (23) 67 ± 43 51 ± 23 NR 35.1 ± 15 40.4 ± 17 NR NR NR NR

Chan and cols. (14) 100 ± 120 29 ± 4 NR 71 ± 77 24 ± 1 NR NR NR NR

Ebihara and cols. (25)  81 ± 24 32 ± 5 NR 42 ± 11 22 ± 4 NR 18 ± 11 NR NR

Moran and cols. (27) NR NR NR NR NR NR 40 ± 1 37 ± 2 NS

Safar Zadeh and cols. (31) 99 ± 19 53 ± 12 0.002 66 ± 11 35 ± 5 0.002 NR NR NR

Simha and cols. (16) (SH) 25 ± 11 21 ± 8 NS 24 ± 9 20 ± 8 < 0.05 NR NR NR

Simha and cols. (16) (MH) 34 ± 17 35 ± 29 NS 26 ± 8 245 ± 14 NS NR NR NR

AST: aspartate aminotransferase; ALT: alanine aminotransferase; B: baseline; F: follow-up; P: P-value; NS: not significant; NR: not reported; SH: severe hypoleptinemia; MH: mild hypoleptinemia.

Leptin for lipodystrophy meta-analysis
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Lipid profile

Seven studies reported significant reductions in se-
rum TG (22,25,26,28-31). The largest reduction was 
shown by Petersen and cols., where patients had a mean 
baseline TG level of 5,851 ± 5,079 mg/dL, decreas-
ing to 1,134 ± 523 mg/dL following three months of 
LRT (30). When stratified by hypoleptinemic status, 
significant reductions in TG concentration were ob-
served in participants with mild and severe hypolepti-
nemia (16). Two studies showed significant reductions 
in TC concentrations (24,29), and one study reported 
a significant increase in TC levels following LRT (22). 
Six studies recorded changes in HDL following LRT 
(7,22,24,26,28,30), but none of them reported signifi-
cant changes. One study reported a significant decrease 
in LDL from a mean of 139 ± 16 mg/dL at baseline 
and 85 ± 7 mg/dL following 12 months of leptin re-
placement (26). Supplementary table 4 illustrates all 
the changes in blood lipids following LRT.

Sub-analysis of LRT on LS subtype

In order to assess whether the effects of LRT varied ac-
cording to the type of LS, we compiled all available indi-
vidual patient data from the included studies for each of 
the endpoints assessed. However, besides not being lar-
ge enough, results from this data set were very heteroge-
neous within groups, not allowing meaningful compa-
rative analyses. For example, liver fat data were available 
for 8 patients with generalized LS and for zero patients 
with partial LS. Briefly, in endpoints with available data, 

median changes in glycemic parameters were larger in 
patients with generalized LS (n = 30), compared to pa-
tients with partial LS (n = 7): fasting glucose decreased 
by a median 47.50 mg/dL in patients with generalized 
LS, and by 28.00 mg/dL in patients with partial LS; 
HbA1c was reduced by 1.85% in patients with genera-
lized LS, compared to a reduction of 0.90% in patients 
with partial LS. However median reductions in TG were 
greater in patients with partial LS (332.5 mg/dL) com-
pared to patients with generalized LS (306.3 mg/dL). 
When stratifying by acquired or congenital forms, where 
data is available, patients with acquired LS (n = 5) sho-
wed greater median decreases in glucose (100.0 mg/dL 
vs. 57.0 mg/dL), HbA1c (1.30% vs. 0.90%), and TG 
(822.0 mg/dL vs. 238.0 mg/dL) relative to patients 
with congenital LS (n = 24). 

Meta-analysis

Leptin replacement therapy produced a reduction in 
fasting plasma glucose in patients with LS. The stan-
dardized mean difference was 0.75, with a 95% confi-
dence interval ranging from 0.36 to 1.13, representing 
an overall significant decrease (p = 0.0001). Heteroge-
neity for this test was high (I2 = 84%) (Supplementary 
Figure 1A). No study reported a significant alteration in 
fasting insulin following LRT, and this was reflected in a 
change in SMD of 0.00 (-0.41, 0.41; p = 1.00) (Supple-
mentary Figure 1B). As this analysis showed a heteroge-
neity of 0%, meta-analysis was performed using a fixed-
effects model. Patients on LRT experienced an overall 

Supplementary Table 4. Comparison of blood lipids at baseline and follow-up

Reference
Triglycerides (mg/dL) Total cholesterol (mg/dL) HDLc (mg/dL) LDLc (mg/dL)

B F P B F P B F P B F P

Beltrand and cols. (22) 6.8 ± 3.2* 2.5 ± 1.0* 0.017 0.5 ± 2.1* 0.9 ± 0.2* 0.009 NR NR NR NR NR NR

Beltrand and cols. (23) NR NR NR 151 ± 41 188 ± 73 NR 32 ± 5 33 ± 8 NR NR NR NR

Chan and cols. (14) 479 ± 80 164 ± 26 NR 244 ± 148 142 ± 9 NR 32 ± 9 34 ± 2 NR 118 ± 48 75 ± 10 NR

Chong and cols. (24)  NR NR NR 253 ± 20 164 ± 8 < 0.001 32 ± 2 31 ± 2 NS 110 ± 12 267 ± 66 NS

Ebihara and cols. (25) 700± 272 178 ± 58 < 0.01 233 ± 18 NR NR NR NR NR NR NR NR

Javor and cols. (26)  1380 ± 500 516 ± 236 < 0.001 NR NR NR 31 ± 3 29 ± 2 NS 139 ± 16 85 ± 7 0.01

Oral and cols. (28) 1405 ± 2926 563 ± 338 < 0.001 NR NR NR NR NR NR NR NR NR

Park and cols. (29) 749 ± 331 510 ± 269 0.026 280 ± 49 231 ± 41 0.012 40 ± 3 36 ± 5 NS 135 ± 4 118 ± 8 NS

Petersen and cols. (30) 5851 ± 5079 1134 ± 523 < 0.003 360 ± 130 161 ± 12 NS 44 ± 24 20 ± 2 NS NR 65 ± 13 NR

Safar Zadeh and cols. (31) 952 ± 291 303 ± 65 0.0002 NR NR NR NR NR NR NR NR NR

Simha and cols. (16) (SH) 228 (180-506) 183 (116-220) < 0.05 185 ± 46 169 ± 28 NS 34 ± 8 35 ± 9 NS NR NR NR

Simha and cols. (16) (MH) 423 (295-813) 339 (275-359) < 0.05 237 ± 66 242 ± 134 NS 33 ± 7 33 ± 5 NS NR NR NR

NS: not significant; NR: not reported; * Reported as z score.

Leptin for lipodystrophy meta-analysis
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decrease in HbA1c, with a SMD of 0.49 (0.17-0.81). 
This effect was significant (p = 0.003) and heterogeneity 
was high (I2 = 75%) (Supplementary Figure 1C). 

Liver volume of LS patients significantly decrea-
sed following LRT. Three studies had significant re-

ductions, and the overall SMD was 1.06 (0.51, 1.61), 
where p = 0.0002. Heterogeneity was 64% (Supple-
mentary Figure 2A). Liver transaminases were signifi-
cantly decreased when comparing mean data in cases 
and controls; however only AST showed a significant 

Supplementary Figure 1. Forest plot analyzing the effects of leptin replacement therapy on fasting plasma glucose (A), insulin (B) and HbA1c (C).

A. Glucose

Study SMD SE Weight (%) SMD, 95% CI, I-V  
Random effects

Simha (MH) 2012 (n = 24) 0.0 0.2 11.3 0.00 [-0.39, 0.39]

Simha (SH) 2012 (n = 24) 0.0 0.2 11.3 0.00 [-0.39, 0.39]

Beltrand 2007 (n = 7) 0.0 0.38 8.7 0.00 [-0.74, 0.74]

Chong 2010 (n = 48) 0.37 0.14 12.1 0.37 [0.10, 0.64]

Safar Zadeh 2013 (n = 27) 0.61 0.19 11.5 0.61 [0.24, 0.98]

Peterson 2002 (n = 9) 0.75 0.33 9.4 0.75 [0.10, 1.40]

Javor 2005 (n = 15) 1.05 0.26 10.5 1.05 [0.54, 1.56]

Ebihara 2007 (n = 7) 1.32 0.38 8.7 1.32 [0.58, 2.06]

Oral 2002 (n = 9) 1.59 0.33 9.4 1.59 [0.94, 2.24]

Park 2007 (n = 4) 2.66 0.5 7.0 2.66 [1.68, 3.64]

Total (95% CI) 100.0 0.75 [0.36, 1.13]

Heterogeneity: Tau² = 0.30; Chi² = 54.67, df = 9 (P < 0.00001); I² = 84%
Test for overall effect: Z = 3.79 (P = 0.0001).

B. Insulin

Study SMD SE Weight (%) SMD, 95% CI, I-V  
Random effects

Beltrand 2010 (n = 7) 0.0 0.38 30.1 0.00 [-0.74, 0.74]

Peterson 2002 (n = 9) 0.0 0.33 39.9 0.00 [-0.65, 0.65]

Beltrand 2007 (n = 7) 0.0 0.38 30.1 0.00 [-0.74, 0.74]

Total (95% CI) 100.0 0.00 [-0.41, 0.41]

Heterogeneity: Chi² = 0.00, df = 2 (P = 1.00); I² = 0%
Test for overall effect: Z = 0.00 (P = 1.00).

C. HbA1c

Study SMD SE Weight (%) SMD, 95% CI, I-V  
Random effects

Park 2007 (n = 4) 0.0 0.5 6.5 0.00 [-0.98, 0.98]

Peterson 2002 (n = 9) 0.0 0.33 9.8 0.00 [-0.65, 0.65]

Simha (SH) 2012 (n = 24) 0.0 0.2 13.0 0.00 [-0.39, 0.39]

Simha (MH) 2012 (n = 24) 0.0 0.2 13.0 0.00 [-0.39, 0.39]

Beltrand 2010 (n = 7) 0.5 0.38 8.7 0.50 [-0.24, 1.24]

Chong 2010 (n = 48) 0.51 0.14 14.4 0.51 [0.24, 0.78]

Safar Zadeh 2013 (n = 27) 0.72 0.19 13.3 0.72 [0.35, 1.09]

Javor 2005 (n = 15) 1.05 0.26 11.5 1.05 [0.54, 1.56]

Oral 2002 (n = 9) 1.59 0.33 9.8 1.59 [0.94, 2.24]

Total (95% CI) 100.0 0.49 [0.17, 0.81]

Heterogeneity: Tau² = 0.17; Chi² = 32.26, df = 8 (P < 0.0001); I² = 75%
Test for overall effect: Z = 2.96 (P = 0.003).
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reduction in meta-analysis 0.41 (0.10, 0.73) where p 
= 0.01 and heterogeneity was 52%. For ALT, the SMD 
was a non-significant 0.36 (-0.03, 0.75), p = 0.07 and 
heterogeneity was 69% (Supplementary Figure 2E). 
Meta-analysis was not performed from results of liver 
fat or albumin as these data sets were based on data 
from single studies only. 

Triglycerides and total cholesterol were significan-
tly reduced. The SMD for TG was 1.00 (0.69, 1.31), 
where the heterogeneity was high (I2 = 64%) and p < 

0.00001 (Supplementary Figure 3A). The effect on 
TC was 0.62 (0.21, 1.02), where p = 0.003 and I2 = 
80% (Supplementary Figure 3B). There was no signi-
ficant overall effect on HDL and LDL levels. The ove-
rall SMD for HDL was a non-significant 0.00 (-0.16, 
0.17) (Supplementary Figure 3C). Similarly, a single 
study reported a standardized mean reduction in LDL 
(25). However, the overall effect of leptin on LDL 
levels was not significant [0.21 units (-0.20, 0.62)]  
(Supplementary Figure 3D). 

Leptin for lipodystrophy meta-analysis

Supplementary Figure 2. Forest plot analyzing the effect of leptin replacement therapy on liver volume (A), ALT (B) and AST (C).

A. Liver volume

Study SMD SE Weight (%) SMD, 95% CI, I-V Random 
effects

Park 2007 (n = 4) 0 0.5 17.7 0.00 [-0.98, 0.98]

Javor 2005 (n = 15) 1.05 0.26 29.9 1.05 [0.54, 1.56]

Moran 2004 (n = 14) 1.11 0.27 29.3 1.11 [0.58, 1.64]

Beltrand 2007 (n = 7) 1.81 0.38 23.1 1.81 [1.07, 2.55]

Total (95% CI) 100.0 1.06 [0.51, 1.61]

Heterogeneity: Tau² = 0.20; Chi² = 8.37, df = 3 (P = 0.04); I² = 64%.
Test for overall effect: Z = 3.77 (P = 0.0002).

B. ALT

Study SMD SE Weight (%) SMD, 95% CI, I-V Random 
effects

Simha (SH) 2012 (n = 24) 0.0 0.2 23.5 0.00 [-0.39, 0.39]

Simha (MH) 2012 (n = 24) 0.0 0.2 23.5 0.00 [-0.39, 0.39]

Beltrand 2010 (n = 7) 0.28 0.38 14.5 0.28 [-0.46, 1.02]

Safar Zadeh 2013 (n = 27) 0.66 0.19 24.0 0.66 [0.29, 1.03]

Beltrand 2007 (n = 7) 1.13 0.38 14.5 1.13 [0.39, 1.87]

Total (95% CI) 100.0 0.36 [-0.03, 0.75]

Heterogeneity: Tau² = 0.13; Chi² = 12.86, df = 4 (P = 0.01); I² = 69%.
Test for overall effect: Z = 1.82 (P = 0.07).

C. AST

Study SMD SE Weight (%) SMD, 95% CI, Random 
effects

Simha (SH) 2012 (n = 24) 0.0 0.2 24.8 0.00 [-0.39, 0.39]

Beltrand 2010 (n = 7) 0.17 0.38 12.3 0.17 [-0.57, 0.91]

Simha (MH) 2012 (n = 24) 0.42 0.2 24.8 0.42 [0.03, 0.81]

Safar Zadeh 2013 (n = 27) 0.66 0.19 25.8 0.66 [0.29, 1.03]

Beltrand 2007 (n = 7) 0.95 0.38 12.3 0.95 [0.21, 1.69]

Total (95% CI) 100.0 0.41 [0.10, 0.73]

Heterogeneity: Tau² = 0.06; Chi² = 8.34, df = 4 (P = 0.08); I² = 52%.
Test for overall effect: Z = 2.57 (P = 0.01).
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IV: inverse-variance model; CI: confidence interval.



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

792 Arq Bras Endocrinol Metab. 2014;58/8

A. Triglycerides

Study SMD SE Weight (%) SMD, 95% CI, I-V  
Random effects

Simha (SH) 2012 (n = 24) 0.42 0.2 14.3 0.42 [0.03, 0.81]

Simha (MH) 2012 (n = 24) 0.42 0.2 14.3 0.42 [0.03, 0.81]

Safar Zadeh 2013 (n = 27) 0.83 0.19 14.6 0.83 [0.46, 1.20]

Javor 2005 (n = 15) 1.05 0.26 12.3 1.05 [0.54, 1.56]

Beltrand 2007 (n = 7) 1.18 0.38 8.9 1.18 [0.44, 1.92]

Ebihara 2007 (n = 7) 1.32 0.38 8.9 1.32 [0.58, 2.06]

Peterson 2002 (n = 9) 1.34 0.33 10.2 1.34 [0.69, 1.99]

Oral 2002 (n = 9) 1.59 0.33 10.2 1.59 [0.94, 2.24]

Park 2007 (n = 4) 1.73 0.5 6.4 1.73 [0.75, 2.71]

Total (95% CI) 100.0 1.00 [0.69, 1.31]

Heterogeneity: Tau² = 0.13; Chi² = 22.45, df = 8 (P = 0.004); I² = 64%.

Test for overall effect: Z = 6.39 (P < 0.00001).

B. Total cholesterol

Study SMD SE Weight (%) SMD, 95% CI, I-V  
Random effects

Peterson 2002 (n = 9) 0.0 0.33 11.8 0.00 [-0.65, 0.65]

Simha (SH) 2012 (n = 24) 0.0 0.2 14.6 0.00 [-0.39, 0.39]

Simha (MH) 2012 (n = 24) 0.0 0.2 14.6 0.00 [-0.39, 0.39]

Chong 2010 (n = 48) 0.51 0.14 15.7 0.51 [0.24, 0.78]

Beltrand 2010 (n = 7) 0.64 0.38 10.7 0.64 [-0.10, 1.38]

Javor 2005 (n = 15) 1.05 0.26 13.3 1.05 [0.54, 1.56]

Beltrand 2007 (n = 7) 1.35 0.38 10.7 1.35 [0.61, 2.09]

Park 2007 (n = 4) 2.18 0.5 8.5 2.18 [1.20, 3.16]

Total (95% CI) 100.0 0.62 [0.21, 1.02]

Heterogeneity: Tau² = 0.25; Chi² = 35.32, df = 7 (P < 0.00001); I² = 80%.

Test for overall effect: Z = 3.00 (P = 0.003).

C. HDL cholesterol

Study SMD SE Weight (%) SMD, 95% CI, I-V  
Random effects

Simha (MH) 2012 (n = 24) 0.0 0.2 18.4 0.00 [-0.39, 0.39]

Simha (SH) 2012 (n = 24) 0.0 0.2 18.4 0.00 [-0.39, 0.39]

Park 2007 (n = 4) 0.0 0.5 2.9 0.00 [-0.98, 0.98]

Javor 2005 (n = 15) 0.0 0.26 10.9 0.00 [-0.51, 0.51]

Chong 2010 (n = 48) 0.0 0.14 37.5 0.00 [-0.27, 0.27]

Peterson 2002 (n = 9) 0.0 0.33 6.8 0.00 [-0.65, 0.65]

Beltrand 2010 (n = 7) 0.08 0.38 5.1 0.08 [-0.66, 0.82]

Total (95% CI) 100.0 0.00 [-0.16, 0.17]

Heterogeneity: Chi² = 0.04, df = 6 (P = 1.00); I² = 0%.
Test for overall effect: Z = 0.05 (P = 0.96).

D. LDL cholesterol

Study SMD SE Weight (%) SMD, 95% CI, I-V  
Random effects

Chong 2010 (n = 48) 0.0 0.14 38.6 0.00 [-0.27, 0.27]

Peterson 2002 (n = 9) 0.0 0.33 21.6 0.00 [-0.65, 0.65]

Park 2007 (n = 4) 0.0 0.5 12.7 0.00 [-0.98, 0.98]

Javor 2005 (n = 15) 0.76 0.26 27.1 0.76 [0.25, 1.27]

Total (95% CI) 100.0 0.21 [-0.20, 0.62]

Heterogeneity: Tau² = 0.09; Chi² = 6.94, df = 3 (P = 0.07); I² = 57%.
Test for overall effect: Z = 0.98 (P = 0.32).

Supplementary Figure 3. Forest plot analyzing the effect of leptin replacement therapy on triglycerides (A), total cholesterol (B), HDL cholesterol (C), and 
LDL cholesterol (D).
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DISCUSSION

Lipodystrophy syndromes that are not associated with 
the use of HAART are rare conditions, and present 
several metabolic and hepatic abnormalities, caused by 
changes in circulating adipokines levels. The decrease 
of plasma leptin levels plays a key role in the patho-
physiology of those abnormalities. Leptin replacement 
therapy is currently the therapy of choice for those 
conditions, and it was recently approved by the FDA 
for the treatment of patients with generalized lipodys-
trophy (13). Although several studies have investigated 
the safety and efficacy of LRT in patients with LS, no 
systematic meta-analysis of those results has been per-
formed so far. This meta-analysis reports that LRT in 
non-HAART LS patients improves fasting plasma glu-
cose and HbA1c values, reduces serum TG and TC lev-
els, and reduces liver volume, and transaminases. Taken 
together, the results of this meta-analysis suggest that 
leptin is effective at ameliorating clinical and biochemi-
cal endpoints of undistinguished non-HAART LS pa-
tients, and at improving overall health in these patients. 

Leptin is an adipokine with key roles in regulating 
food intake, energy balance and body weight. Leptin 
also plays important roles on lipid and glucose meta-
bolism, the gonadal, adrenal, somatotropic and thyroid 
axes, sympathetic tone, biomarkers of cardiovascular di-
sease, immunity, inflammation, and brain structure and 
function (5,6,32-34). In humans, leptin deficiency is 
observed in cases of hypothalamic amenorrhea, anore-
xia nervosa, genetic deficiency due to mutations in the 
leptin gene, and LS. The metabolic abnormalities are 
similar in all cases of leptin deficiency: increased insu-
lin resistance, hyperinsulinemia, altered fasting glucose 
or diabetes, hypertriglyceridemia, and hepatic steatosis 
(35). Leptin replacement therapy has been evaluated 
in those conditions, showing significant metabolic im-
provements. In humans with genetic leptin deficiency 
due to mutations in the leptin gene, our group has sho-
wn that LRT improves the glucose-insulin homeosta-
sis, decreases serum triglycerides, reduces lipogenesis, 
and increases lipolysis (34). In another patient, it has 
also been shown that LRT reduces circulating levels of 
transaminases, total cholesterol, LDL, insulin resistan-
ce, and liver fat content (36). Similarly, our previous 
research has shown that white adipose tissue transplan-
tation from wild-type mice into genetically obese and 
leptin deficient ob/ob mice leads to the improvement 

of several metabolic parameters, and to the reversal of 
nonalcoholic fatty liver disease, due to the correction of 
the leptin-deficient state (37). 

The combined results of the studies included in this 
meta-analysis suggest that leptin administration is res-
ponsible for similar improvements. Analogous to the re-
sults in our mouse and human models of genetic leptin 
deficiency, the data presented here indicate that leptin 
influences the outcome of glucose and lipid metabolism 
in humans with LS. Fasting glucose and glycated he-
moglobin, two important markers of glycemic control 
were decreased following intervention (p = 0.0001 and 
p = 0.003 respectively) (Supplementary Figure 1). Lep-
tin therapy resulted in significant reductions in blood 
triglycerides (p < 0.00001) and total cholesterol (p = 
0.003) (Supplementary Figure 3), which are predictive 
markers of cardiovascular disease. Moreover, liver volu-
me and AST were significantly decreased (p = 0.0002 
and p = 0.01) (Supplementary Figure 2), suggesting 
that LRT is effective in the improvement of hepatic pa-
thology associated with LS. Liver fat was reduced in 
response to leptin therapy but meta-analysis was not 
possible as this data was based on results from a single 
study that reported the outcome of liver fat. However, 
recent studies do suggest that leptin therapy is effective 
at reducing hepatic steatosis associated with lipodystro-
phy (38). 

Recently, the US Food and Drug Administration 
approved the use of metreleptin (the synthetic human 
leptin analogue used as the leptin supplement in all 
the trials presented here) to treat patients with only 
the generalized form of lipodystrophy, where the adi-
pose tissue loss is systemic and usually subcutaneous. 
The FDA Endocrinologic and Metabolic Drugs Ad-
visory Committee reviewed data from two NIH stu-
dies with a combined cohort of 72 participants: NIH 
Study 991265 (completed) and NIH Study 20010769 
(ongoing), and from another study with a cohort 
of 28 participants, FHA101 Study (ongoing) (39). 
Similar to the parameters assessed here, these studies 
evaluated the effects of metreleptin on HbA1c, fasting 
plasma glucose, TG and liver function. Combining 
data from these studies, after a 12 month trial period, 
the following parameters were reduced: HbA1c [-1.4 
± 0.2% (-0.9, -1.8)], glucose [-42 ± 12 mg/dL (-18, 
-65)], TG [-673 ± 223 mg/dL or -32 ± 8% (-17, -47)], 
liver volume (-1001 mL); ALT (-31.4 U/L) and AST 
(-23.7 U/L). These reductions were more pronounced 

Leptin for lipodystrophy meta-analysis
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in patients with elevated baseline levels of these end-
points. For example, in patients with the generalized 
form with a baseline HbA1c ≥ 6%, a mean reduction of 
2.3% was achieved following the 12-month trial period. 
However, in patients with a baseline HbA1c ≥ 8%, this 
reduction was even greater, at 2.7%. Similarly, in pa-
tients with partial lipodystrophy with baseline HbA1c 
≥ 7%, the mean reduction in HbA1c was 0.8%, whereas 
mean HbA1c reduction of 1.4% was observed in pa-
tients with partial LS and baseline HbA1c ≥ 8%. Similar 
patterns were observed in all assessed parameters, which 
lead the investigators to suggest that in recovering a he-
althy phenotype, the effect of metreleptin is more pro-
nounced in those patients with more severe underlying 
metabolic abnormalities. Furthermore, the investiga-
tors noted that the clinical efficacy of metreleptin was 
more related to the severity of the underlying metabolic 
abnormalities, rather than to the form of lipodystrophy 
(generalized or partial). To assess this claim, a further 
sub-analysis was performed by stratifying data for the 
two main outcomes (HbA1c and TG), according to 
lipodystrophy subtype (39). This sub-analysis showed 
that more pronounced effects were seen in patients 
with the generalized form, with mean reductions in se-
rum HbA1c and TG equal to 1.4% (SE = 0.2) and 121 
mg/dL (SE = not reported) respectively. Interestingly, 
similar results were seen across patients with congeni-
tal or acquired variants of each lipodystrophy subtype 
(39). Our analysis showed a similar pattern of results 
where patients with generalized LS showed greater 
improvements in the endpoints of glucose and HbA1c 
relative to patients with partial LS. Similarly relative to 
patients with congenital LS, patients with acquired LS 
had greater reductions in blood glucose, HbA1c and 
TG. However, the small size and high heterogeneity 
of our data set makes statistical comparisons between 
subtypes of LS underpowered and not significant. 

Our analysis suggests that, overall, metreleptin is 
more effective in ameliorating the condition of pa-
tients with the generalized forms of lipodystrophy, even  
though it has been suggested that the drug might be 
useful in partial lipodystrophy, who present a more he-
terogeneous disease profile. Overall, improvements with 
metreleptin have been related to the severity of the ba-
seline metabolic abnormalities of the patient, and not 
necessarily dependent on severity of leptin deficiency or 
the type of LS. Although, the use of metreleptin to treat 
partial lipodystrophy was not entirely discouraged, but 

a thorough physical exam was advised by the authors of 
the NIH sponsored trials in determining further treat-
ment (39). 

The results of this meta-analysis were influenced by 
several factors. Importantly, the sample sizes of each 
study varied significantly, from n = 4 to n = 55 (Ta-
ble 1). Smaller studies represent important exploratory 
trials, providing data on clinical efficacy and safety, 
which are useful to direct regulatory bodies in develo-
ping guidelines for metreleptin use. However, from a 
statistical perspective, small trials may be prone to lar-
ge variances in results, as individual differences have a 
significant impact in final data. To overcome this, we 
employed the standard error (SE) of the standardized 
mean difference (SMD) to be inversely proportional 
to the study population size. In this way, the smallest 
trials had the largest SE, which reflected into a lower 
weighting of those small trials in the final analysis. In 
the meta-analysis, heterogeneity was generally high, 
ranging from I2 = 84% for the outcome of glucose to 
0% for HDL cholesterol and insulin (employed a fixed 
effects model in these instances). This means that a low 
percentage of all variability in effect size estimates was 
caused by sampling errors within the studies. In other 
words, most of the variability was caused by true hete-
rogeneity between studies (19). In considering a con-
sistent pattern of results seen in several parameters, lar-
ge heterogeneity may be seen as strength, in that leptin 
improves these endpoints in several settings. 

The dosage of r-metHu-leptin was uniform amon-
gst the included trials. However, as only mean leptin 
dose was reported, it was not possible to determine if 
increases in leptin dosage may elicit greater changes. 
Interestingly Beltrand and cols. reported that some pa-
tients began not to respond to leptin treatment and de-
veloped resistance. This may represent some of the pro-
blems that clinicians will encounter in the future (23).  

Variation in effects may also be attributed to the di-
ffering follow-up times employed by the trials included 
in this meta-analysis. Some studies (16,22,30) involved 
follow-up times less than 12 months. However, longer 
trials, such as the one conducted by Chong and cols., 
arrived at similar conclusions, suggesting that leptin has 
similar immediate and long-term effects (24). Baseline 
mean levels of leptin varied significantly amongst the stu-
dies (range 0.7-3.8 ng/mL). This may create an impact 
when comparing the effects of different r-metHu-leptin 
dosages in reaching target and physiological levels of lep-

Leptin for lipodystrophy meta-analysis
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tin. However, a similar pattern of results is seen across 
all the studies, which would suggest that r-metHu-leptin 
is effective in patients with differing states of leptin-de-
ficiency, paralleling the findings of the NIH-sponsored 
trials. Therefore, it would be reasonable to assume that 
leptin may be applicable for clinical use in other non-
-lipodystrophy leptin-deficient conditions. Indeed, leptin 
has previously been investigated in hypothalamic ame-
norrhea with positive results (40,41). Finally, age- and 
sex-specific effects cannot be discounted as possible sour-
ces of variation and error, and future clinical trials should 
investigate these aspects, as some studies assessed here in-
cluded only children, and others only women (Table 2). 

This meta-analysis has some limitations. Most im-
portantly, this analysis was restricted to clinical data 
from studies using leptin to treat forms of lipodystrophy 
that did not arise out of complications from HAART 
for HIV infection. This form of LS was excluded be-
cause it has a unique pathophysiological basis, and the-
refore may introduce an important confounding factor 
to the meta-analysis. As such, we have excluded a sig-
nificant amount of data relating to the effect of leptin 
replacement in the treatment of lipodystrophy. Inde-
ed, 65 articles were excluded, from the 261 abstracts 
eligible for inclusion from initial database searching 
(Figure 1). Secondly, in order to perform the meta-
-analysis, we pooled together data from prospective co-
hort studies and clinical case series that were conducted 
in a similar fashion. The exclusion of case reports [e.g. 
(21,22,24,27-30)] may not reflect adequately the rea-
lity of the management of lipodystrophy, but this ap-
proach was necessary in order to increase the statistical 
quality and power of the analyzed data, as case reports 
are less powerful forms of clinical experimentation and 
observation, and are subject to increased bias compared 
to larger prospective studies. Thirdly, this review obtai-
ned data from publicly available literature, and as such, 
we did not have access to primary data. This hindered 
the completion of some observations and proper com-
parison of baseline and follow-up results. The outcome 
of the meta-analysis could be strengthened by including 
those missing data, including the significance levels of 
baseline and follow-up data. For example, Beltrand and 
cols. (21) reported an increase in HbA1c, but did not 
provide a significance test, and therefore we could not 
include this as part of our data analysis. Those missing 
data also extend to other qualitative data such as repor-
ting the use of other medications by the patients. The 

use of medications to treat the clinical manifestation of 
lipodystrophy, in particular glucose and lipid lowering 
drugs can significantly impact on interpreting the true 
effects of leptin on these endpoints. Finally, our quality 
assessment suggests that the studies included for meta-
-analysis can be improved in several aspects (range of 
quality scores 25-75%), and that future studies would 
need to address the limitations outlined here and by the 
authors of the studies themselves.

To our knowledge, this paper represents the first 
comprehensive meta-analysis into the effects of leptin 
in patients with non-HAART associated LS, focusing 
on several metabolic parameters as well as classic liver 
parameters. In patients with undistinguished forms of 
LS (congenital/acquired, partial/generalized), leptin 
replacement therapy was effective in improving para-
meters of glucose-insulin and liver homeostasis, and 
blood lipids. Although data suggest that metreleptin 
may be clinically effective for patients with partial for-
ms of lipodystrophy, a meta-analysis into this type of 
LS was not possible due to the small sample size and 
its heterogeneity. Our findings may guide future cli-
nical research for expansion of the use of metreleptin 
for partial forms of LS, and for the development of 
leptin-based therapies for conditions such as metabo-
lic syndrome, nonalcoholic fatty liver disease and other 
conditions where patients display similar metabolic ab-
normalities.
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Evaluation of urinary N-acetyl-beta-
D-glucosaminidase as a marker 
of early renal damage in patients 
with type 2 diabetes mellitus
Avaliação da N-acetil-beta-D-glucosaminidase urinária como marcador 
de dano renal precoce em pacientes com diabetes melito tipo 2

Beatriz R. Bouvet1, Cecilia V. Paparella1, Sandra M. M. Arriaga1, 
Adriana L. Monje2, Ana M. Amarilla1, Adriana M. Almará1

ABSTRACT 
Objective: To evaluate the clinical usefulness of urinary N-acetyl-beta-D-glucosaminidase 
(NAG) excretion for the detection of early tubular damage in type 2 diabetes mellitus (T2DM). 
Subjects and methods: Thirty six patients with T2DM were divided into two groups based on 
urinary albumin to creatinine ratio (ACR): normoalbuminuria (ACR < 30 mg/g; n = 19) and mi-
croalbuminuria (ACR = 30-300 mg/g; n = 17). The following parameters were determined in both 
groups: urinary NAG and albumin, serum and urine creatinine, fasting plasma glucose and gly-
cated hemoglobin (HbA1c). Results: Urinary NAG levels [Units/g creatinine; median (range)] were 
significantly increased in microalbuminuria group [17.0 (5.9 - 23.3)] compared to normoalbumin-
uria group [4.4 (1.5 - 9.2)] (P < 0.001). No differences between groups were observed in fasting 
glucose, HbA1c, serum creatinine levels and estimated glomerular filtration rates (eGFR). Urinary 
NAG positively correlated with ACR (r = 0.628; p < 0.0001), while no significant association was 
observed between NAG and glycemia, HbA1c, serum creatinine and eGFR. Conclusions: The in-
crease of urinary NAG at the microalbuminuria stage of diabetic nephropathy (DN) suggests that 
tubular dysfunction is already present in this period. The significant positive association between 
urinary NAG excretion and ACR indicates the possible clinical application of urinary NAG as a 
complementary marker for early detection of DN in T2DM. Arq Bras Endocrinol Metab. 2014;58(8):798-801

Keywords
Diabetic nephropathy; type 2 diabetes mellitus; tubular dysfunction; N-acetyl-beta-D-glucosaminidase; microalbuminuria

RESUMO
Objetivo: Avaliar a utilidade clínica da excreção urinária da N-acetil-beta-D-glucosaminidase 
(NAG) para a detecção de dano tubular precoce no diabetes melito tipo 2 (DM2). Sujeitos e méto-
dos: Foram estudados trinta e seis pacientes com DM2 que se dividiram em dois grupos com base 
na excreção urinária de albumina (EUA): normoalbuminúrico (EUA < 30 mg/g de creatinina; n = 19) 
e microalbuminúrico (EUA = 30-300 mg/g de creatinina; n = 17). Em ambos os grupos foram deter-
minados os seguintes parâmetros: NAG e albumina urinária, creatinina sérica e urinária, glicemia 
de jejum e hemoglobina glicada (HbA1c). Resultados: Os níveis de NAG urinária [unidades/g de 
creatinina; mediana (intervalo interquartílico)] foram significativamente maiores no grupo micro-
albuminúrico [17,0 (5,9 - 23,3)] em comparação com o grupo normoalbuminúrico [4,4 (1,5 - 9,2)]  
(p < 0,001). Não se observaram diferenças significativas entre os dois grupos nos níveis de gli-
cemia de jejum, HbA1c, creatinina sérica e taxa de filtração glomerular estimada (TFGe). A NAG 
urinária se correlacionou positivamente com o EUA (r = 0,628, p < 0,0001), não sendo observada 
associação significativa da NAG com glicemia, HbA1c, creatinina sérica e TFGe. Conclusões: O 
aumento da NAG urinária na fase de microalbuminúria da nefropatia diabética (ND) sugere que 
a disfunção tubular já está presente nesse período. A associação positiva significativa entre a ex-
creção urinária da NAG e EUA indica a possível aplicação clínica da NAG urinária como marcador 
complementar para a detecção precoce da ND no DM2. Arq Bras Endocrinol Metab. 2014;58(8):798-801
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INTRODUCTION

D iabetic nephropathy (DN) is a major microvascu-
lar complication of diabetes mellitus (DM) beco-

ming the main cause of end-stage renal disease world-
wide. It is assumed that a urinary albumin excretion 
within the range of microalbuminuria constitutes the 
first clinical evidence of DN and is the most impor-
tant non-invasive marker of glomerular alteration and 
disease progression risk. Indeed, in diabetic patients, 
microalbuminuria commonly precedes both clinical al-
buminuria and the decline of renal function (1). On the 
other hand, tubular injury may also be involved in the 
pathogenesis and progression of DN. A wide variety of 
causes related with the pathophysiological alterations 
that develop in the setting of diabetes are contributing 
factors. Examples are hyperglycemia, alterations in va-
soactive hormones, formation of glycation advanced 
end products, hemodynamic changes, protein kinase C 
activation, increased oxidative stress and polyol produc-
tion (2). Furthermore, persistent albuminuria secon-
dary to glomerular lesions may be directly harmful to 
renal tubular cells, leading to tubular inflammation and 
tubulointerstitial fibrosis (3,4). One widely used tubu-
lar injury marker is N-acetyl-beta-D-glucosaminidase 
(NAG) whose presence in the urine invariably signifies 
tubular damage since, due to its high molecular wei-
ght, it is not able to filter by the glomerulus, but it is 
released in the tubular lumen as a consequence of pro-
ximal tubular damage (5). Studies aimed at evaluating 
the utilization of urinary NAG as a marker of tubular 
dysfunction in type 2 DM (T2DM) have not been con-
clusive. While some authors demonstrated that urinary 
NAG is elevated in type 2 diabetic patients with normo-
albuminuria compared to non-diabetic controls (6-8), 
as well as in type 2 diabetic patients with microalbumi-
nuria compared to those with normoalbuminuria (8-
10), others disagree with these findings (11). 

The aim of this study was to evaluate the clinical 
utility of urinary NAG excretion for the detection of 
early tubular dysfunction, particularly referred to the 
possible degree of association with urinary albumin ex-
cretion in type 2 diabetic patients. 

SUBJECTS AND METHODS

We studied 36 patients with T2DM of more than 5 five 
years of evolution who were referred from the Medical 
Clinic Service to the Nephrology Service of the Hospi-

tal Provincial del Centenario of Rosario. The exclusion 
criteria were body mass index (BMI) ≥ 30 kg/m2, his-
tory of other endocrinopathies, hypertension (median 
of blood pressure > 130/80 mmHg determined as trip-
licates, recorded in 2 different opportunities), urinary 
tract infection, renal lithiasis (discarded by kidney ultra-
sonography), proteinuria, abnormal urinary sediment 
(presence of hematuria, pyuria and/or casts) or renal 
failure [estimated glomerular filtration rate (eGFR)  
< 60 mL/min per 1.73 m2] (12). Normoalbuminuria 
was defined as urinary albumin to creatinine ratio (ACR) 
< 30 mg/g and microalbuminuria as ACR = 30-300 
mg/g (12,13). Diabetic patients were categorized into 
two groups based on their ACR: normoalbuminuria  
(n = 19) and microalbuminuria (n = 17). In the normo-
albuminuria group, 5 patients were under diet therapy, 
10 patients received metformin combined with sulfo-
nylureas and 4 patients were in treatment with insulin. 
In the microalbuminuria group, the number of patients 
under diet, metformin combined with sulfonylureas or 
insulin were 3, 8 and 6, respectively. Ethical approval 
was obtained from the Ethics Committee of the Faculty 
of Biochemical and Pharmaceutical Sciences of Rosario.

After 12 hours of overnight fasting, venous blood 
samples were obtained and first morning urine samples 
were collected from each individual. Aliquots of urine 
were then immediately frozen at -80 °C until further 
analysis for no longer than 1 month. Urinary excre-
tion of NAG was measured by colorimetric assay fol-
lowing manufacturer’s instructions (Roche Diagnostics 
GmbH) and results were expressed as Units/g creati-
nine (9). The tests were run in duplicates. Intra-assay 
variation coefficient was < 5%. Urinary concentration 
of albumin was assessed by an immunoturbidimetric 
method (Roche Diagnostics GmbH) and ACR was ex-
pressed as mg/g creatinine (12,13). Microalbuminuria 
was established when two out of three ACR determina-
tions were found to be within the range 30-300 mg/g 
in a six-month period. Creatinine concentration in urine 
and serum was measured by a kinetic method based on 
Jaffe reaction. Serum creatinine values were used to cal-
culate an eGFR, by means of the abbreviated Modifica-
tion of Diet in Renal Disease formula (8,13). Glycemic 
control was evaluated by assessing fasting plasma glu-
cose and glycated hemoglobin (HbA1c). Glucose was 
determined by an enzymatic method in a plasma sample 
obtained with EDTA/fluoride. HbA1c was measured by 
ion-exchange cromatography (Biosystem S. A.) in a 
whole blood sample obtained with EDTA. 

Urinary NAG in type 2 diabetes mellitus
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Normally distributed values were expressed as means 
± SD and compared using the independent-samples 
t test, whereas non-normally distributed values were 
given as median (range) and compared by the Mann-
Whitney U test. After non-normally distributed values 
were log-transformed to better approximate normal 
distributions, correlations were calculated by Pearson’s 
correlation analysis. Categorical data were compared by 
chi-square test. P values of less than 0.05 were consi-
dered statistically significant.

RESULTS

Clinical characteristics of type 2 diabetic patients are 
summarized in table 1. Microalbuminuria group 
showed higher levels of ACR (by design) and urinary 
NAG compared to normoalbuminuria group (P < 
0.001). We found no statistically significant differences 
between both groups in the time of evolution of DM, 
nor in blood pressure, BMI, fasting glucose, HbA1c, se-
rum creatinine levels or eGFR.

Urinary NAG levels were positively correlated with 
ACR levels in all diabetic patients (r = 0.628; P < 0.0001) 
(Figure 1), while no correlation was found between uri-
nary NAG and age, blood pressure, BMI, parameters of 
glycemic control, serum creatinine and eGFR (Table 2). 

Table 1. Clinical characteristics of patients with type 2 diabetes mellitus

Normoalbuminuria Microalbuminuria

n 19 17

Age (years) 68 ± 8 64 ± 13

Gender (M/F) 13/6 8/9

Duration of diabetes (years) 13 ± 8 14 ± 7

Systolic blood pressure (mmHg) 115.0 (110.0 - 120.0) 120.0 (112.5 - 122.0)

Diastolic blood pressure (mmHg) 78.0 (75.0 - 80.0) 80.0 (75.0 - 80.0)

BMI (kg/m2) 27.5 ± 0.2 26.9 ± 0.2

Fasting plasma glucose (mg/dL) 165 ± 33 161 ± 47

HbA
1c

 (%) 10.1 ± 2.0 9.6 ± 1.9

Serum creatinine (mg/dL) 0.90 ± 0.08 0.93 ± 0.16

eGFR Modification of Diet in Renal

Disease (mL/min/1.73 m2)

81 ± 13 74 ± 11 

ACR (mg/g creatinine) 14.0 (10.0 - 18.0) 69.0 (48.0 - 84.5)

Urinary NAG (Units/g creatinine) 4.4 (1.5 - 9.2) 17.0 (5.9 - 23.3)a

Data are presented as means ± SD or median (range). BMI: body mass index. HbA
1c

: glycated 
hemoglobin. eGFR: estimated glomerular filtration rate. ACR: urinary albumin to creatinine ratio. 
NAG: N-acetyl-beta-D-glucosaminidase. Normoalbuminuria: ACR < 30 mg/g creatinine; 
Microabuminuria: ACR = 30-300 mg/g creatinine. P values of microalbuminuria vs. 
normoalbuminuria groups were calculated using the independent-samples t test for normal 
distributed variables and the Mann-Whitney U test for non-normal distributed variables. 
a P < 0.001 vs. normoalbuminuria.

Figure 1. Correlation between urinary N-acetyl-beta-D-glucosaminidase 
(NAG) and urinary albumin levels in type 2 diabetic patients (n = 36). 
Logarithm-transformed urinary NAG levels positively correlate with 
logarithm-transformed urinary albumin to creatinine ratio (ACR) levels (r = 
0.628; P < 0.0001).

Table 2. Correlation (Pearson coefficients) of urinary NAG with age, blood 
pressure, BMI, glycemic control parameters, serum creatinine and eGFR 
in patients with type 2 diabetes mellitus

Variable
NAG

r P

Age -0.259 0.160

Systolic blood pressure 0.134 0.436

Diastolic blood pressure 0.144 0.403

BMI -0.217 0.203

Fasting glycemia -0.201 0.239

HbA
1c

-0.277 0.102

Serum creatinine -0.122 0.480

eGFR -0.0622 0.719

BMI: body mass index. HbA
1c

: glycated hemoglobin. eGFR: estimated glomerular filtration rate. 

DISCUSSION

Although glomerular injury has classically been conside-
red as the cause of early DN, studies in the last two de-
cades have focused on the role of a concomitant or per-
haps earlier occurrence of tubular injury in DN (2,3). 
In the present study we measured urinary NAG excre-
tion, as a marker of tubular damage, in type 2 diabetic 
patients with normo- and microalbuminuria. We found 
that urinary NAG levels were significantly increased 
in patients with microalbuminuria compared to those 
with normoalbuminuria, thus corroborating previous 
studies performed in type 2 diabetic patients (8-10). 
We also observed a significant positive correlation be-
tween urinary NAG excretion and ACR which is consis-
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tent with the data reported by other studies in patients 
with T2DM (14) as well as in type 1 diabetic patients 
(15). These findings suggest that tubular dysfunction, 
evidenced by an increase in urinary NAG excretion, is 
already present in the microalbuminuria stage of DN in 
T2DM and that it becomes exacerbated with the degree 
of albuminuria. The association between the regression 
of microalbuminuria and the decrease in urinary NAG 
observed by Vaidya and cols. (16) in a prospective anal-
ysis performed in type 1 diabetic patients would support 
our hypothesis. 

The lack of correlation between urinary NAG ex-
cretion and glycemic state are consistent with those 
results reported by other authors in type 2 diabetic 
patients (9,14). However, data from the literature re-
ferred to T2DM are controversial (10,17), while in 
type 1 diabetic patients such a relation is more clearly 
evidenced (15).

Despite the relatively small size of the sample and the 
cross sectional design of this study, we are able to state 
that urinary NAG levels are elevated in type 2 diabetic 
patients with microalbuminuria and that these levels cor-
relate with ACR. These findings would suggest a possible 
clinical application of urinary NAG as a complementary 
marker for the detection of early renal disease in T2DM. 
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Sitting-height measures are related 
to body mass index and blood 
pressure levels in children
Correlações entre altura sentada, índice de massa 
corpórea e pressão arterial em crianças

Daniele Gasparini Marcato1, Jéssica Dutra Sampaio1, Eduardo Roberty 
Badiani Alves1, Julyanna Silva Araujo de Jesus1, Jeanne Teixeira Bessa 
Fuly2, Nayara Paula Bermudes Giovaninni2, Everlayny Fiorot Costalonga3

ABSTRACT
Objective: Sitting height (SH) is an important parameter in the evaluation of children with 
grow th and pubertal disorders. Besides this, it has been viewed as a biomarker of cardiovas-
cular risk, which is increased in adults with relatively short legs. So, the aim of this study was 
to evaluate the relationship between body proportions and cardiovascular risk markers in chil-
dren. Subjects and methods: Eight hundred and seventeen children aged 6-13 years were eva-
luated. Weight, height, sitting-height (SH), sitting-height/height (SH/H), body mass index (BMI) 
and blood pressure (BP) were assessed and converted to standard deviation scores (SDS) for 
age and sex. Statistical analyses were performed. Results: There was a positive association of 
BMI SDS with SH and SH/H SDS (p < 0.001). Overweight children showed SH 0.8 SDS superior 
to eutrophic children (p < 0.001). SH SDS was also directly related to BP SDS, but this associa-
tion was not independent of the association between obesity and BP when assessed by multiple 
regression analyzes. Conclusion: Measures of SH are strongly associated with BMI and BP in 
children, although the association between SH and BP is probably dependent on the associa-
tion of both those variables with BMI. This is (an) important information for correct interpreta-
tion of SH values in children. Arq Bras Endocrinol Metab. 2014;58(8):802-6

Keywords
Sitting height; obesity; hypertension; children 

RESUMO
Objetivo: A altura sentada (sitting height, SH) é um importante parâmetro na avaliação de crian-
ças com distúrbios do crescimento e da puberdade. Além disso, tem sido vista como um marca-
dor de risco cardiovascular, aumentado em adultos com pernas relativamente curtas. O objetivo 
deste estudo foi avaliar a relação entre proporções corporais e marcadores de risco cardiovas-
cular em crianças. Sujeitos e métodos: Oitocentas e dezessete crianças de 6 a 13 anos foram 
avaliadas. Peso, altura, altura sentada (SH), altura sentada/total (SH/H), índice de massa corpó-
rea (IMC) e pressão arterial (PA) foram avaliados e convertidos em Z escores ajustados para sexo 
e idade. Análises estatísticas apropriadas foram desenvolvidas. Resultados: Houve associação 
positiva do Z-IMC com o SH e o SH/H (p < 0,001). Crianças com excesso de peso demonstraram 
Z-SH 0,8 superior ao de crianças eutróficas (p < 0,001). O Z-SH também apresentou correlação 
direta com o Z-PA, mas essa associação não foi independente da relação entre IMC e PA quando 
analisada por meio de regressão linear múltipla. Conclusão: Medidas de SH são fortemente 
associadas ao IMC e PA em crianças, embora a associação entre SH e PA seja provavelmente 
dependente da associação de ambas as variáveis com o IMC. Essa é uma importante informação 
para a correta interpretação dos valores de SH em crianças. Arq Bras Endocrinol Metab. 2014;58(8):802-6
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INTRODUCTION

T he decomposition of statural growth in terms of 
proportions between upper and lower segments 

is one of the most common ways of analysis of growth 
proportions. It has been used as an important auxologi-
cal parameter, essential in the clinical evaluation of chil-
dren with growth and/or pubertal disturbances (1-4).

The most frequently used method to represent 
growth proportions is the ratio between sitting height 
(SH) and total height (H), named sitting height/
height (SH/H). It reflects the proportion of someone’s 
height which is attributed to the head and the trunk, in 
relation to members. Thus, individuals with relatively 
long members have lower sitting height/height, while 
individuals with relatively short members have higher 
sitting height/height measures (1,2).    

In clinical practice, the assessment of growth pro-
portions is a valuable tool to detect diseases which af-
fect growth of trunk and members in a disproportional 
manner, such as achondroplasias, Turner syndrome, hy-
pothyroidism and Leri-Weill discondrosteosis. In some 
children with idiopathic short stature, for instance, the 
presence of high sitting height/height ratios can be the 
only sign of clinical suspicions of SHOX gene haploin-
sufficiency, a diagnosis which influences their progno-
sis, treatment and genetic counseling (2-6). Therefore, 
the accurate interpretation of values of SH and SH/H 
are fundamental in the management of those children. 

In adults, relatively long members have been associ-
ated with increased risk of cancer (2), while relatively 
short members have been associated to higher rates of 
diabetes, dyslipidemia (8,9), hypertension (9,10) and 
adverse cardiovascular outcomes (3,11). In children, 
few studies were directed to those associations. 

In 2007, a study involving exclusively female chil-
dren and adolescents between 9 and 16-years-old sug-
gested that short legs were associated to increased 
blood pressure levels (12). To date, no studies have in-
vestigated that hypothesis in Brazilian children.

Thus, the aims of the study were to evaluate growth 
proportions, represented by sitting height/height, in 
Brazilian children of both genders, analyzing its associ-
ations with cardiovascular risk factors, such as excess of 
weight, waist circumference and blood pressure levels.

SUBJECTS AND METHODS

Male and female children between 6 and 13 years old, 
from public primary schools located in Vila Velha, ES, 

were assessed. The study was approved by the Ethics 
Committee of the Institution and the authors com-
plied with the World Medical Association Declaration 
of Helsinki concerning the ethical conduct of research 
involving human subjects. Only children whose par-
ents or tutors agreed with their participation through 
written informed consent were included. Total height, 
sitting height, weight, waist circumference and blood 
pressure levels were evaluated according to the follow-
ing described protocols.

Height measurements were made through a sta-
diometer graduated from 20 to 200 cm, with preci-
sion scales of 0.1 cm. The average of three consecu-
tive measurements was considered. The children were 
evaluated in ortostasis, without shoes, with hip and 
shoulders perpendicular to the central axis of the 
body, firmly supported heels, close and extended 
knees, relaxed arms and their heads in the Frankfurt 
plane. The sitting height was obtained adapting a re-
movable box (60 cm) to the stadiometer, where the 
child was sat with the trunk erect and the head in the 
Frankfurt plane.

The weight was measured on a digital scale with a 
capacity of 150 kg and precision of 50 g. The body 
mass index (BMI), defined as weight in kilograms di-
vided by height in meters squared, was calculated and 
converted to BMI standard deviation scores (SDS), 
adjusted by age and sex. It was used to evaluate the 
children’s nutritional status, according to distribution 
of percentiles and cutoffs proposed by the Center of 
Disease Control (CDC), which considers overweight a 
BMI ≥ the 85th percentile and < the 95th percentile and 
as obesity, a BMI ≥ the 95th percentile (7).

The waist circumference was measured with the 
child standing, at the end of the expiration, at midpoint 
between the last costal arch and the anterosuperior iliac 
crest, using an inelastic measuring tape in the horizon-
tal position, as recommended by the World Health Or-
ganization (WHO).

The blood pressure (BP) assessment was per-
formed by auscultation, using a stethoscope, a previ-
ously calibrated aneroid sphygmomanometer, and the 
adequate cuff selected according to the arm circum-
ference. The midpoint of the compressive part of the 
cuff was placed on the brachial artery and the systolic 
blood pressure (SBP), as well as the diastolic blood 
pressure (DBP) were measured. The procedure was 
repeated two more times, with at least three minute 
intervals between them. The mean value of the three 

Sitting height and obesity in children
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measurements was compared to the reference values 
from The Fourth Report on the Diagnosis, Evaluation 
and Treatment of High Blood Pressure in Children and 
Adolescents of the National High Blood Pressure Educa-
tion Program (NHBPEP). Children with blood pres-
sure levels in the range of hypertension (SBP or DBP 
≥ the 95th percentile for sex, age and height) or pre-hy-
pertension (SBP or DBP ≥ the 90th percentile for sex, 
age and height), as defined by the NHBPEP report, 
were considered to have high blood pressure levels. 
The mean value of three blood pressure measurements 
was also converted in SDS in order to permit some of 
the statistical analysis (13). 

The data were entered in an Excel spreadsheet. The 
Growth Analyser 3.5 software was used to convert the 
values of height, weight, BMI, waist circumference, sit-
ting height and sitting height into standard deviation 
scores adjusted for sex and age. The SigmaStat for Win-
dows (3.5, SPSS, Inc., San Rafael, CA) software was 
used for statistical calculations. The level of significance 
was set at 0.05 for all statistical tests. 

RESULTS

A total of 817 children were evaluated, 51% (n = 417) 
boys and 49% (n = 400) girls, with, on average, 8.8 ± 
1.6 years. Obesity was observed in 11%, overweight 
in 13% and underweight in 4%, while 72% of them 
presented adequate body mass index for sex and age. 
Blood pressure levels were elevated in 7% of children, 
with 4% of children showing levels in the range of hy-
pertension, and 3% in the range of pre-hypertension. 
Only 2% of children had sitting/height below -2,0 
SDS, and all of them showed adequate BMI SDS. No 
one child reached sitting height/height values above 
+2 SDS. 

A direct relationship between growth proportions 
and nutritional class was observed. Children with ex-
cess of weight (obesity or overweight) had higher sit-
ting height (SH) measures than children without excess 
of weight, with SH SDS, on average, 0.8 superior (p < 
0.001; Table 1). Regression analysis showed that the 
BMI SDS had a direct and linear influence on both SH 
SDS (p < 0.001, R2 = 0.22) and SH/H SDS (p < 0.001, 
R2 = 0.02) (Table 1; Figure 1). Waist circumference was 
also directly related to SH SDS (p < 0.001) and SH/H 
SDS (p = 0.05).

The association was also direct and linear for SH 
SDS and BP levels SDS, both systolic (SBP) (p < 0.001) 

and diastolic (DBP) (p < 0.001). However, when ad-
justed for total height, by SH/H SDS, that association 
was not statistically significant. Furthermore, multiple 
linear regression analysis demonstrated that the influ-
ence of SH SDS on the BP SDS was not independent 
of BMI SDS (p = 0.7). Those analyses showed that the 
BMI SDS was the main predictor of BP levels, both 
systolic (p < 0.001; R2 = 0.06) and diastolic (p < 0.001; 
R2 = 0.04) (Table 2; Figure 2) in those children. 

Table 1. Comparison between children with and without excess of weight, 
regarding body proportions 

With excess of 
weight

Without excess 
of weight P

Sitting Height SDS* - 0.1 ± 0.8 - 0.9 ± 0.8 < 0.001

Sitting Height / Height SDS* - 0.1 ± 0.8 - 0.3 ± 0.8 0.03

* Mean ± standard deviation.

Figure 1. Linear regression between body mass index (BMI) standard 
deviation scores (SDS) and sitting height (SH) (A) or sitting height SDS (B).
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DISCUSSION

This is the first study analyzing the association between 
growth proportions and cardio-metabolic risk markers 
(obesity and hypertension) in Brazilian children. 

Until recently, the risk of high blood pressure in 
children was neglected in pediatric clinical practice. 
Currently, growing evidence shows that hypertension 
in adults has antecedents in childhood (8), and that risk 

detection in that period can impact the occurrence of 
adverse events in young adults (9-12). The first high-
light of this study is the prevalence of 7% of children 
with high blood pressure levels, showing that hyperten-
sion is not rare in that age. 

Although one previous study has suggested a direct 
association between growth proportions and blood 
pressure levels in children, in this sample, the associa-
tion between SH and BP was not independent of the 
degree of excess of weight, which influenced both, 
sitting height and blood pressure. This possible con-
founding bias was not evaluated in that previous study, 
which was also restricted to females and based on a sin-
gle blood pressure measurement, without adjustment 
to age and height (7).

It is important to note the strong association ob-
served between excess of weight and sitting height, as 
demonstrated by direct and linear association between 
BMI, SDS and SH SDS. That relationship was also evi-
dent when SH was adjusted to height (SH/H), showing 
that it is not solely due to the fact that obese children 
are taller. In addition, the possibility of a bias caused by 
the accumulation of fat in the hip region was low, owing 
to the fact that the association was independent of hip 
circumference on multiple regression analyses. 

We consider that the correlation between relatively 
long trunk and the presence of excess of weight could 
explain, at least in part, the previously described as-
sociations between cardiovascular risk and relatively 
short legs. However, we cannot exclude the possibility 
that both associations are linked to a common patho-
physiological mechanism, such as the insulin resistance, 
which has been related to hasty closing of long bones 
epiphyses. Regardless of the mechanisms involved in 
that association, it is important for health profession-
als to be aware of that. They need to be alert to the 
fact that children who are overweight or obese tend to 
have relatively long trunk when compared to members, 
which may interfere in the interpretation of SH and 
SH/H values. The exact cause of that association and 
the possible relationship with other cardiovascular and 
metabolic risk factors need to be further evaluated. 
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Table 2. Systolic and diastolic blood pressure (BP) SDS in children with 
and without excess of weight

Systolic BP SDS Diastolic BP SDS

WITH escess of weight* - 0.1 ± 0.8 0.4 ± 0.7

WITHOUT excess of weight* - 0.5 ± 0.8 0.1 ± 0.7

P < 0.001 < 0.001

* Mean ± standard deviation.

Figure 2. Linear regression between body mass index (BMI) standard 
deviation scores (SDS) and systolic (A) or diastolic (B) blood pressure SDS.
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Screening for acromegaly in adult 
patients not reporting enlargement 
of the extremities, but with arterial 
hypertension associated with 
another comorbidity of the disease
Rastreamento de acromegalia em pacientes adultos não 
relatando crescimento de extremidades, mas com hipertensão 
arterial associada a outra comorbidade da doença

Pedro Weslley Rosario1,2, Maria Regina Calsolari2

ABSTRACT
Objective: To determine the value of acromegaly screening in adult patients not reporting en-
largement of the extremities, but who present arterial hypertension associated with at least 
one other comorbidity of the disease. Subjects and methods: Patients seen by general prac-
titioners at primary health care units were evaluated. Among the patients without extremity 
enlargement, those with recently diagnosed arterial hypertension associated with at least one 
other comorbidity were selected. Results: A total of 1,209 patients were submitted to labora-
tory investigation. Elevated IGF-1 was observed in 22 patients. Eighteen patients had adequate 
suppression of growth hormone (GH). No GH suppression was observed in four women with 
confirmed elevated IGF-1. In the latter, IGF-1 and nadir GH were only slightly elevated, magnetic 
resonance showed a normal pituitary, and chest and abdominal computed tomography revea-
led no tumor, and no intervention was performed. Conclusion: In patients with arterial hyper-
tension without known pituitary disease, acromegaly is unlikely in the absence of enlargement 
of the extremities. Arq Bras Endocrinol Metab. 2014;58(8):807-11

Keywords
Acromegaly; screening; arterial hypertension; enlargement of the extremities

RESUMO
Objetivo: Determinar o valor do rastreamento de acromegalia em pacientes adultos sem au-
mento de extremidades, mas com hipertensão arterial associada a pelo menos uma outra co-
morbidade da doença. Sujeitos e métodos: Pacientes vistos por clínicos em unidades primá-
rias de saúde foram avaliados. Entre pacientes sem aumento de extremidades, aqueles com 
hipertensão arterial diagnosticada recentemente e associada a pelo menos uma outra comor-
bidade foram selecionados. Resultados: Um total de 1.209 pacientes foi submetido à investiga-
ção laboratorial. IGF-1 foi elevado em 22 pacientes. Dezoito pacientes apresentavam supressão 
adequada do hormônio do crescimento (GH). Ausência de supressão do GH foi vista em quatro 
mulheres com IGF-1 repetidamente elevado. Nestas, IGF-1 e nadir do GH foram apenas discre-
tamente aumentados, ressonância magnética revelou hipófise normal, tomografia computa-
dorizada de tórax e abdome não revelaram tumor, e nenhuma intervenção foi realizada. Con-
clusão: Em pacientes com hipertensão arterial sem doença hipofisária conhecida, acromegalia 
é improvável na ausência de aumento de extremidades. Arq Bras Endocrinol Metab. 2014;58(8):807-11
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INTRODUCTION

A cromegaly generally has an insidious onset and its 
prevalence may be underestimated (1-3). If un-

treated, the hypersecretion of growth hormone (GH) 
is associated with clinical complications and increased 
mortality (4,5). In contrast, when acromegaly is diag-
nosed and treated adequately; tumor control, control 
of hormone secretion, prevention of the onset of com-
plications, and improvement of existing comorbidities 
are possible in most patients (4-7). The importance of 
an early diagnosis is therefore unquestionable.

However, since acromegaly is a rare disease, the es-
tablishment of strategies designed to increase the di-
agnosis and to permit early detection in a rational and 
cost-effective manner is a challenge (3). Agreement re-
garding the need to investigate hypersecretion of GH 
exists for patients with a typical phenotype or imaging 
results compatible with pituitary adenoma (8). Except 
for these cases, there are no objective recommenda-
tions as to which patients should be evaluated for ac-
romegaly (9-17), and the “clinical suspicion” is subject 
to the personal impression of each physician, which is 
influenced by academic background, degree of suspi-
cion, experience with the disease, and motivation to 
diagnose it. In an attempt to encourage early detection, 
some authors and guidelines recommend acromegaly 
to be investigated in subjects with two or more comor-
bidities associated with the disease (18,19). Consider-
ing its high prevalence in the general population, ar-
terial hypertension is one of these comorbidities that 
would be interesting to study.

The objective of this study was to determine the 
value of acromegaly screening by serum IGF-1 mea-
surement in adult patients without known pituitary dis-
ease and not reporting enlargement of the extremities, 
but who present arterial hypertension associated with 
at least one other comorbidity of the disease (18,19).

SUBJECTS AND METHODS

The study and its respective protocol were approved by 
the Ethics Committee of our institution and informed 
consent was obtained from all subjects. The study was 
prospective.

Among the patients seen by general practitioners 
between July and December 2010 at the 9 primary 
health care units of the city of Belo Horizonte (one 
per Sanitary District), subjects of both genders ranging 
in age from 18 to 70 years without known pituitary 

disease, and excluding pregnant women, were initially 
evaluated (n = 17,000). The medical records of these 
patients were analyzed and personal interviews were 
conducted, including the application of a questionnaire 
for the detection of extremity enlargement (3). The 
items of the questionnaire were: Has your shoe size in-
creased over the last 5 years? Did you have to change 
your wedding ring or ring over the last 5 years because 
it became tight? The interviews were conducted and 
the questionnaires were applied by nursing students en-
rolled in the School of Nursing (3).

One hundred seventy nine patients responded posi-
tively to at least one of the items of the questionnaire 
and the results of these patients have been published 
previously (3). Among the 16,821 patients who re-
sponded negatively to two items of the questionnaire, 
1,806 subjects with recently diagnosed (< 5 years) ar-
terial hypertension requiring antihypertensive medica-
tion, associated with at least one other comorbidity of 
acromegaly, were subsequently selected for this study. 
These comorbidities were (18,19): (i) nonspecific 
chronic headache (for example, migraine and hyper-
tensive headache were not considered); (ii) generalized 
and persistent excessive sweating; (iii) diffuse arthral-
gias associated with some radiologic alteration (20) 
in the absence of known rheumatological disease (re-
ported by the patient, suspected, or confirmed in the 
medical record); (iv) chronic fatigue not explained by 
any other underlying disease (among the diagnoses re-
ported by the patient or present in the medical record); 
(v) bilateral paresthesias (Carpal tunnel syndrome); 
(vi) recently diagnosed diabetes mellitus.

Because of the possibility of interference with 
laboratory assessment, patients with known kidney or 
liver disease, patients with anorexia nervosa, patients 
presenting weight loss > 5% in the last 3 months and 
BMI < 18.5 kg/m2, or women receiving oral estro-
gens were excluded. The remaining 1,209 patients 
comprised the final sample (Figure 1).

Serum IGF-1 was measured in all patients included 
in study. Acromegaly was ruled out if serum IGF-1 
was normal for sex and age. When IGF-1 levels were 
elevated, a new measurement was obtained and com-
bined with the measurement of GH during an oral 
glucose tolerance test (OGTT) (GH before and 30, 
60, 90 and 120 min after the oral administration of 
75 g anhydrous glucose). Patients with persistently 
elevated IGF-1 associated with nadir GH ≥ 0.4 µg/L 
(4,5,9,10,12,15,16,19,21) were submitted to magnetic 
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resonance imaging (MRI) of the pituitary using gado-
linium as contrast agent. The samples were collected 
in the morning after an approximately 10-h fast, with 
the subject resting for 20 min before and during the 
OGTT.

GH was measured with a chemiluminescence assay 
(Immulite, Diagnostic Products Corporation, Los An-
geles, CA) with an analytical sensitivity ≤ 0.05 µg/L. 
The standard provided by the kit was calibrated against 
the World Health Organization (WHO) 2nd Interna-
tional Standard (IS) 98/574. The results are expressed 
as µg/L. IGF-1 was also measured with a chemilumi-
nescent assay (Immulite 2000, Diagnostic Products 
Corporation, Los Angeles, CA) with an analytical sensi-
tivity of 25 μg/L using standards calibrated against the 
WHO IS 87/518 preparation, and previously estab-
lished reference values stratified by sex and age based 
on a sample of 1,000 subjects rigorously selected in the 
same town where the study was conducted (22).

RESULTS

Among the 1,209 patients submitted to laboratory in-
vestigation of acromegaly, 613 were women and 606 
were men. Patient age ranged from 20 to 70 years (me-

dian 51 years). In addition to arterial hypertension (in-
clusion criterion), the comorbidities (18,19) detected 
in the patients are shown in table 1. Elevated serum 
IGF-1 levels for sex and age were observed in 22 pa-
tients. When the measurement was repeated, three pa-
tients presented normal IGF-1 and adequate suppres-
sion of GH in the OGTT. Fifteen of the 19 patients 
with persistently elevated IGF-1 had adequate suppres-

Figure 1. Selection of patients included in the study.

17,000 patientsa

Extremity enlargement
(n = 179)

Compromised laboratory
investigation (n = 597)c

1,209 patients
included

Measurement of
serum IGF-1

No extremity enlargement
(n = 16,821)

Selection criteriab

(n = 1,806)

a Patients seen by general practitioners at primary health care units, ranging in age from 
18 to 70 years, without known pituitary disease and excluding pregnant women.
b Patients with recently diagnosed (< 5 years) arterial hypertension requiring 
antihypertensive medication, associated with at least one other comorbidity (18,19).
c Patients with known kidney or liver disease, patients with anorexia nervosa, patients 
with weight loss > 5% in the last 3 months and BMI < 18.5 kg/m2, or women receiving 
oral estrogens.

Table 1. Comorbidities (18,19), in addition to arterial hypertension 
(inclusion criterion), detected in the 1,209 patients included in the study

Comorbidity Number of patients

Chronic headache 675 (55.8%)

Diabetes mellitus 331 (27.3%)

Chronic fatigue 278 (23%)

Diffuse arthralgias 274 (22.6%)

Paresthesias (Carpal tunnel syndrome) 263 (21.7%)

Excessive sweating 150 (12.4%)

Number of comorbidities

1 615 (50.8%)

2 480 (39.7%)

≥ 3 124 (10.2%)

Table 2. Results of the 19 patients with persistently elevated IGF-1

Patient Sex Age  
(years)

IGF-1  
(x ULN)

Nadir 
GH 

(µg/L)

Number of 
comorbidities
(in addition to 

arterial 
hypertension)

1 Male 65 1.2 0.1 1

2 Male 61 1.15 0.1 1

3 Male 44 1.22 0.15 2

4 Male 39 1.08 0.18 2

5 Male 37 1.1 0.2 1

6 Male 53 1.05 0.22 1

7 Male 65 1.2 0.2 2

8 Male 48 1.05 0.2 1

9 Male 35 1.1 0.16 2

10 Female 61 1.08 0.18 1

11 Female 52 1.15 0.2 2

12 Female 50 1.08 0.2 1

13 Female 45 1.21 0.24 2

14 Female 36 1.05 0.28 1

15 Female 60 1.1 0.3 1

16 Female 42 1.07 0.5 2

17 Female 58 1.12 0.56 3

18 Female 35 1.28 0.68 2

19 Female 38 1.15 0.85 1

ULN: upper limit of normal.

Screening for acromegaly
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sion of GH in the OGTT (patients 1-15 in Table 2). 
No GH suppression in the OGTT was observed in four 
women with confirmed elevated IGF-1 (patients 16-19 
in Table 2). Since serum IGF-1 and nadir GH were 
only slightly elevated, MRI showed a normal pituitary 
and chest and abdominal contrast-enhanced computed 
tomography revealed no tumor, no intervention was 
performed. These four patients continue under follow-
up (clinical assessment and measurement of IGF-1 at 
intervals of 6 months), with the absence of symptom 
progression and observation of stable IGF-1 levels in 
three and subsequent spontaneous and persistent nor-
malization of IGF-1 in one patient (patient 16 in Table 2). 
The time of follow-up until now is 3 years.

DISCUSSION

The currently available therapies (surgery, somatostatin 
analogs, GH antagonists, dopamine agonists, radiother-
apy) permit the control and occasional cure of tumors 
and hormone hypersecretion, as well as the improve-
ment and even reversal of comorbidities, in most patients 
with acromegaly (4-7). This chance is even higher when 
the disease is detected early. The fact that acromegaly is 
underdiagnosed (1-3) or diagnosed late (23) continues 
to be the problem. Most patients report that they have 
sought medical care due to manifestations of the disea-
se before the diagnosis was finally suspected (23,24). 
Therefore, the problem does not seem to be the lack of 
seeking medical care on the part of patients, but rather 
the lack of familiarity of health professionals with the 
manifestations of acromegaly, who do not remember 
this hypothesis when treating patients with suspicious 
signs and/or symptoms (3). This fact is supported by 
the observation that, even in screening studies, the cases 
detected already exhibit an exuberant phenotype, but 
the disease had not been suspected by the physicians (1-3), 
probably due to the rarity of the condition.

Objective recommendations as to which subjects 
should be investigated for acromegaly may improve de-
tection of the disease. This is the case of patients with 
imaging findings compatible with pituitary adenoma 
(8). Subjects with a “suspicious phenotype” are also 
recommended for investigation, but there is no objec-
tive definition of this phenotype (9-17), which is left to 
the personal impression of each physician.

Enlargement of the extremities is an early and al-
most universal manifestation of acromegaly (23-29). In 
fact, a previous study suggested that the presence of this 

finding evaluated by two simple questions is an objec-
tive, simple and cost-effective method to define a “sus-
picious phenotype” (3). The present study determined 
whether this manifestation would be sufficiently sensi-
tive to detect acromegaly in patients without a known 
pituitary tumor which, if confirmed, would support the 
validity of this parameter (growth of the extremities) as 
a criterion to indicate investigation for acromegaly. At 
the same time, this criterion was compared to the rec-
ommendation proposed by other authors, i.e., the in-
vestigation of subjects with two or more comorbidities 
(18,19). In view of its high prevalence in the general 
population, arterial hypertension is one comorbidity 
that would be interesting to study.

We observed no case of acromegaly among 1,209 
adult patients without a known pituitary tumor who did 
not report growth of the extremities, although they pre-
sented two or more comorbidities [arterial hypertension 
associated with at least one other comorbidity] as pro-
posed by some authors (18,19). It should be noted that 
additional criteria were adopted to increase the speci-
ficity of these manifestations. This result highlights the 
importance of growth of the extremities while, at the 
same time, weakens the cost-effectiveness of investigat-
ing acromegaly in subjects without a known pituitary 
tumor in the absence of that manifestation.

We cannot rule out acromegaly in patients with ele-
vated serum IGF-1 based on adequate normative values 
(22) in two measurements, in the absence of pregnan-
cy, hyperthyroidism and puberty, and accompanied by 
the lack of GH suppression in the OGTT. However, we 
believe that the disease is unlikely in the four patients 
of our series with this finding considering the presence 
of only slightly elevated serum IGF-1 and nadir GH 
and the absence of a tumor on MRI. In fact, cases of 
acromegaly with GH suppression in the OGTT exhib-
ited apparent adenoma on MRI (27-32). Furthermore, 
ectopic production of GHRH is unlikely in the pres-
ence of the biochemical findings cited, normal MRI 
(no hyperplasia), and absence of a tumor on chest and 
abdominal CT scans (33). Corroborating the absence 
of disease, the four patients continue without symptom 
progression and with stable IGF-1 levels (no interven-
tion). Cases of patients with unexplainable elevated 
IGF-1 and without acromegaly have been reported by 
other authors (32,34).

The results of this study indicate that acromegaly is 
unlikely in patients with arterial hypertension and with-
out known pituitary disease in the absence of growth 
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of the extremities and that this finding can be used to 
select patients who should be submitted to investiga-
tion for GH hypersecretion (3).

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Should a family history of papillary 
thyroid carcinoma indicate 
more aggressive therapy in 
patients with this tumor?
História familiar de carcinoma papilífero de tireoide deve indicar 
terapia mais agressiva em pacientes com este tumor?

Pedro Weslley Rosario1,2, Maria Regina Calsolari2

ABSTRACT
Objective: To determine whether the currently recommended therapy for papillary thyroid car-
cinoma (PTC) that show no classical factors indicating a poor prognosis is also effective in cases 
with a family history of this tumor. Subjects and methods: Forty-two patients were studied; 10 
were submitted to lobectomy and 32 to total thyroidectomy, including 23 without lymph node 
dissection and 9 with lymph node dissection. None of the patients received radioiodine or was 
maintained under TSH suppression. Results: No case of recurrence was detected by imaging 
methods and there was no increase in thyroglobulin or antithyroglobulin antibodies during 
follow-up (24 to 72 months). Conclusion: The treatment usually recommended for patients with 
PTC does not need to be modified in the presence of a family history of this tumor if no factors 
indicating a poor prognosis are present (tumor ≤ 2 cm, non-aggressive histology, no extensive 
extrathyroid invasion or important lymph node involvement, complete tumor resection, no evi-
dence of persistent disease after surgery). Arq Bras Endocrinol Metab. 2014;58(8):812-6

Keywords
Papillary thyroid carcinoma; familial history; radioiodine; TSH supression; elective lymph node dissection

RESUMO
Objetivo: Avaliar se a terapia atualmente recomendada para o carcinoma papilífero de tireoide 
(CPT) sem fatores clássicos de pior prognóstico é efetiva também nos casos em que existe 
história familiar deste tumor. Sujeitos e métodos: Foram avaliados 42 pacientes; dez foram 
tratados com lobectomia e 32 com tireoidectomia total, sendo 23 sem dissecção de linfono-
dos e 9 com dissecção linfonodal. Nenhum paciente recebeu radioiodo ou foi mantido com 
TSH suprimido. Resultados: Nenhuma recidiva nos métodos de imagem foi observada, nem 
incremento da tireoglobulina ou anticorpos antitireoglobulina durante o seguimento (24 a 72 
meses). Conclusão: Em pacientes com CPT, sem fatores de pior prognóstico (tumor ≤ 2 cm, 
histologia não agressiva, sem invasão extratireoidiana extensa ou acometimento linfonodal 
importante, ressecção tumoral completa, sem indícios de doença persistente após a cirurgia), 
o tratamento usualmente recomendado não precisa ser modificado quando há história fami-
liar desse tumor. Arq Bras Endocrinol Metab. 2014;58(8):812-6
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INTRODUCTION

Traditionally, the definition of recurrence risk in pa-
tients with papillary thyroid carcinoma (PTC) is 

based on histological data (size, number of foci and sub-
type of the tumor; extrathyroid and vascular invasion; 
metastases) and tumor resection (1-4). Some studies 
suggested the diagnosis of PTC in a relative(s) to be a 
risk factor for recurrence (5-10). Since this information 
has not been included in risk stratification (1-4) and one 
of the main objectives of this stratification is to guide 
therapy, it is important to know whether the diagnosis 
of PTC in a first-degree relative would influence (or mo-
dify) the current therapeutic recommendations.

With respect to treatment of PTC, there is agree-
ment that total thyroidectomy is the most adequate 
initial procedure (1-4). In the presence of clinically ap-
parent metastases (cN1), therapeutic lymph node dis-
section is also consensus (1-4). Similarly, treatment or 
adjuvant therapy with 131I and TSH suppression have 
been recommended for patients with incomplete tu-
mor resection, persistent disease, or high risk for re-
currence (1-4). Obviously, a family history does not 
modify these managements. Therefore, the controversy 
regarding the possible importance of family history for 
therapy lies in subjects who are at low risk of recurrence 
and for whom elective cervical lymph node dissection, 
ablation with 131I or TSH suppression have not been 
recommended (1-4).

The objective of this prospective study was to de-
termine whether the currently recommended therapy 
for patients with PTC who show no classical factors in-
dicating a poor prognosis (no cervical lymph node dis-
section, ablation with 131I or TSH suppression) is also 
effective when they have a family history of this tumor.

SUBJECTS AND METHODS

First, 723 siblings of 447 patients with PTC (a single 
case in the family until that time) were screened by ul-
trasonography (US) (11). This screening resulted in the 
diagnosis of PTC in one additional relative in 21 families 
and in two additional relatives in 11 families (11). These 
43 cases detected by US screening were included in this 
prospective study. Family syndromes associated with 
PTC such as familial adenomatous polyposis, Gardner’s 
syndrome, Cowden disease, Werner’s syndrome, and 
Carney’s complex were excluded in all patients.

The extent of surgery was defined according to the 
criteria shown in table 1. Ten patients were submit-

ted to lobectomy, 23 to total thyroidectomy without 
lymph node dissection, and 10 to total thyroidectomy 
and lymph node dissection.

Table 1. Criteria for definition of the extent of surgery

Cytology Nodular 
disease

Preoperative 
US and 

perioperative
evaluation

Extent of surgery

Suspicious or

malignant

Uni- or 
bilateral

Negative Total thyroidectomy

Suspicious lymph 
nodes

Total thyroidectomy and 
therapeutic lymph node 

dissection

Indeterminate or 
nondiagnostic

Unilateral Negative Lobectomy

Bilateral Negative Total thyroidectomy

Uni- or 
bilateral

Suspicious lymph 
nodes

Total thyroidectomy and 
therapeutic lymph node 

dissection

In patients undergoing lobectomy, measurement 
of serum thyroglobulin (Tg) and anti-Tg antibodies 
(TgAb) during therapy with levothyroxine (L-T4) and 
neck US were performed 6 months after surgery and 
then annually.

In patients treated with total thyroidectomy, abla-
tion with 131I was indicated according to the algorithm 
shown in figure 1. Only one patient received radioio-
dine due to the presence of 5 metastatic lymph nodes. 
This patient was excluded from the study. One year 
after total thyroidectomy, the patients were evaluated 
according to the algorithm shown in figure 2. After, 
the patients were followed up by serum measurement 
of basal Tg and TgAb and annual US.

LN: lymph nodes; Tg/T4: thyroglobulin measured during levothyroxine therapy;  

TgAb: anti-thyroglobulin antibodies; US: ultrasonography.

Figure 1. Criteria for indication of 131I after total thyroidectomy.

Tumor size > 4 cm, extensive
extrathyroid invasion, aggressive

histology, ≥ 5 lymph nodes affected
or metastases > 3 cm, incomplete

tumor resection

Yes

No 131I

131I

No

Tg/T4, TgAb, US 3 and 6
months after surgery

Increase in Tg or TgAb
or positive US

Tg and TgAb stable or
declining and negative US

Family history of thyroid carcinoma
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The time of follow-up ranged from 24 to 72 months 
(median 50 months). The imaging methods did not 
detect apparent metastases in any of the patients during 
follow-up after surgery. The behavior of tumor markers 
(Tg and TgAb) during follow-up are shown in table 3.

Tg/T4: thyroglobulin measured during levothyroxine therapy; TgAb: anti-thyroglobulin 
antibodies; rhTSH: recombinant human TSH; US: ultrasonography; CT: computed 
tomography.

Figure 2. Assessment 1 year after total thyroidectomy.

Tg/rh TSH

< 1 ng/mL > 1 ng/mL

Tg/T4, TgAb 
and US

Tg ≤ 0.2 ng/mL,
negative TgAb and US

Tg between 0.2 and 
1 ng/mL, negative US

Chest CT if Tg > 2 ng/mL,
FDG-PET/CT if Tg > 5 ng/mL,

Chest CT and FDG-PET/CT if positive TgAb

Tg > 
1 ng/mL

Chest CT and FDG-PET/CTAnnual Tg/T4, TgAb and US

All patients were maintained on an L-T4 dose suf-
ficient to obtain TSH levels of 0.3 to 2 mIU/L.

The study was approved by the Research Ethics 
Committee of our Institution.

Tg was measured by a chemiluminescent assay (Ac-
cess Thyroglobulin Assay, Beckman Coulter, Fullerton, 
CA) with a functional sensitivity of 0.1 ng/mL. TgAb 
was measured by a chemiluminescent assay [Immulite 
2000, Diagnostic Products Corporation, Los Ange-
les, CA (reference value of up to 40 IU/mL) or AR-
CHITET Anti-Tg, Abbott Laboratories, IL (reference 
value of up to 4.11 IU/mL)].

US was performed with a linear multifrequency 14 
MHz transducer for morphological analysis and for po-
wer Doppler evaluation. US was defined as negative 
when no suspicious lesions were detected (12,13) or, in 
the presence of these lesions, when cytology and Tg mea-
surement in the needle washout fluid obtained by US-
guided fine-needle aspiration were negative. Chest and 
mediastinal computed tomography (CT) was performed 
on 5-mm sequential sections. FDG-PET/CT was carried 
out after stimulation with recombinant human TSH.

RESULTS

Thirty of the 42 patients included were women and 12 
were men. Patient age ranged from 14 to 67 years (mean 
35 years). TNM stage and risk stratification are shown in 
table 2. With respect to tumor size > 1 cm, multicentric-
ity, extrathyroid invasion and clinically apparent lymph 
node metastases (cN1), 30 patients presented at least 
one finding and 14 had at least two of these findings. 

Table 2. TNM stage and risk stratification

TNM stage T1aNxM0 (n = 20)

T1aN0M0 (n = 1)

T1bNxM0 (n = 6)

T3NxM0 (n = 6)

T1aN1a (n = 4)

T1bN1a (n = 2)

T3N1a (n = 3)

American Thyroid Association (1) Low risk (n = 27)

Intermediate risk (n = 15)

Brazilian Society of Endocrinology and 
Metabolism (4)

Low risk (n = 38)

Intermediate risk (n = 4)

Latin American Thyroid Society (2) Low risk (n = 27)

Intermediate risk (n = 15)

European Society for Medical 
Oncology (3)

Low risk (n = 21)

Intermediate risk (n = 12)

High risk (n = 9)

Table 3. Behavior of tumor markers (Tg and TgAb) during follow-up

Inicial surgery Results of last 
assessment

Behavior of tumor 
markers

Lobectomy (n = 10)

Negative TgAb and 
basal Tg > 1 ng/mL  
(n = 8)

Tg reduction > 30% 
compared to Tg 6 months 
after surgery

Positive TgAb and 
undetectable basal  
Tg (n = 2)

TgAb reduction > 50% 
compared to the titers found 
6 months after surgery

Total thyroidectomy 
with or without 
lymph node 
dissection (n = 32)

Negative TgAb and 
basal Tg < 0.2 ng/mL  
(n = 18)

Initial stimulated Tg ≤ 1 ng/mL 
(n = 8) → basal Tg < 0.5 
ng/mL and stable or 
declining compared to Tg 1 
year after surgery

Negative TgAb and 
basal Tg > 0.2 ng/mL  
(n = 11)

Initial stimulated Tg > 2 ng/mL 
(n = 3) → Tg declining 
compared to Tg obtained 1 
year after surgery. Last 
stimulated Tg was < 2 ng/mL 
in 2 patients and 3.1 ng/mL 
in the othera

Positive TgAb and 
undetectable basal Tg  
(n = 3)

TgAb reduction > 50% (n = 
2) or stable TgAb (n = 1b) 
compared to the titers found 
1 year after surgery

a US, CT and FDG-PET/CT, repeated in the last assessment, did not reveal disease.

b US and CT repeated at the end of the study were negative for metastases.

Family history of thyroid carcinoma
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DISCUSSION

Some studies have shown a higher risk of recurrence 
in the case of family aggregation of PTC compared to 
sporadic PTC (5-10), but this observation is not con-
firmed in all studies (14-20). There is even greater con-
troversy to know whether the possible increased risk 
is due to the more aggressive initial presentation or 
whether a family history itself is an independent risk 
factor for recurrence (14). This information is impor-
tant to define whether patients with a family history of 
PTC require more aggressive treatment than the one 
usually recommended, as proposed by some authors 
(6,21,22). More aggressive therapy (including 131I and 
TSH suppression) is already recommended for patients 
with incomplete tumor resection, persistent disease im-
mediately after surgery or high risk of recurrence, irre-
spective of family history (1-4). Therefore, the contro-
versy is restricted to cases that show no classical factors 
indicating a poor prognosis, which was the objective 
of this prospective study. The present results suggest 
that the common recommendation of total thyroidec-
tomy without elective lymph node dissection, ablation 
with 131I or TSH suppression seems to be sufficient in 
these patients, even in the presence of a family history 
of PTC (1-4). Based on the characteristics of the pa-
tients included in the study, this conclusion only applies 
to those presenting the criteria shown in table 4, which 
were observed in all of them.

the first 5 years of follow-up (23). In addition, the re-
sults found [US persistently showing no anomalies as-
sociated with basal Tg ≤ 0.2 ng/mL (24) or stimulated 
Tg < 1-2 ng/mL (24); stable or declining Tg (25-27), 
or TgAb reduction > 50% (28)] make the occurrence 
of long-term recurrence rates that would modify the 
conclusion of the study unlikely. On the other hand, 
strengths of the study are its prospective design using 
pre-defined and uniform initial therapy and follow-up; 
inclusion of exactly the group of patients for which 
controversy exists; the therapy performed (no elective 
lymph node dissection, ablation with 131I or TSH sup-
pression); and even the surprising result (absence of 
apparent recurrence). Specifically in this subgroup of 
patients (PTC ≤ 2 cm and no unfavorable risk factors), 
there is low risk of structural disease recurrence after 
less extensive surgery and without radioiodine (29). In 
fact, we reviewed the data of 58 patients seen at our 
institution, who were similar to the present patients 
(nonaggressive PTC ≤ 2 cm) and were submitted to 
the same therapy and follow-up, but who had sporadic 
tumors (30,31). None case of recurrence was also de-
tected in this group (30,31).

In conclusion, the treatment usually recommended 
for patients with PTC who show no unfavorable risk 
factors (1-4) does not need to be modified in the pres-
ence of a family history of this tumor. Studies involving 
a larger number of patients are needed to confirm this 
conclusion.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Association of leptin levels with 
pathogenetic risk of coronary heart 
disease and stroke: a meta-analysis
Associação entre as concentrações de leptina e o 
risco patogenético de doença arterial coronariana 
e acidente vascular cerebral: uma metanálise 

Rui Zeng1, Chun-Hua Xu2, Yuan-Ning Xu1, Ya-li Wang1, Mian Wang1

ABSTRACT  
Objective: This meta-analysis aimed to investigate the association of leptin levels with patho-
genetic risk of CHD and stroke. Materials and methods: Studies were identified in the PubMed, 
Embase, and Springer link database without language restriction. Odds ratios (ORs) and cor-
responding 95% confidence intervals (95% CIs) were used as effect indexes. The association of 
leptin levels with pathogenetic risk of CHD and stroke, as well as the risk variation of CHD with 
each additional one unit of leptin level were examined via meta-analysis. The publication bias 
was assessed via Egger’s linear regression test. Results: Eight nested case-control studies con-
sisting of 1,980 patients and 11,567 controls were included for current meta-analysis. ORs (95% 
CIs) of association of leptin levels with CHD and stroke was 1.90 (1.06, 3.43), and 2.14 (1.48, 3.08), 
respectively. In addition, significant result was obtained regarding the risk variation of CHD with 
each additional one unit of leptin level (OR = 1.04, 95% CI = 1.00-1.08, P = 0.044). There was no 
significant publication bias as suggested by Egger test outcomes. Conclusion: There was a sig-
nificant association of leptin with pathogenetic risk of CHD and stroke, and raised leptin levels 
could significantly increase the pathogenetic risk of CHD. Arq Bras Endocrinol Metab. 2014;58(8):817-23 

Keywords
Leptin; coronary heart disease; stroke; meta-analysis 

RESUMO   
Objetivo: O objetivo desta metanálise foi investigar a associação entre os níveis de leptina e o risco 
patogenético de doença arterial coronariana e acidente vascular cerebral. Materiais e métodos: 
Foram identificados estudos nas bases de dados PubMed, Embase e Springer Link sem restrição 
quanto à língua. A razão de chances (OR) e os intervalos de confiança de 95% correspondentes 
(95% CI) foram usados como índices de efeitos. A associação entre os níveis de leptina e o risco pa-
togenético de doença arterial coronariana e acidente vascular cerebral com cada unidade adicional 
na concentração de leptina foi analisada por meio de metanálise. O viés da publicação foi avaliado 
por meio do teste de regressão linear de Egger. Resultados: Oito estudos com caso controle ani-
nhado envolvendo 1.980 pacientes e 11.567 controles foram incluídos na metanálise. As ORs (95% 
CIs) da associação entre as concentrações de leptina e a doença arterial coronariana e o acidente 
vascular cerebral foram de 1,90 (1,06; 3,43) e 2,14 (1,48; 3,08), respectivamente. Além disso, foram 
obtidos resultados significativos com a variação de risco para a doença arterial coronariana a cada 
unidade adicional na concentração de leptina (OR = 1,04; 95% CI = 1,00-1,08; P = 0,044). Não houve 
viés de publicação significativo sugerido pelos desfechos no teste de Egger. Conclusão: Há asso-
ciação significativa entre a leptina e o risco patogenético de doença arterial coronariana e acidente 
vascular cerebral, e concentrações aumentadas de leptina podem elevar significativamente o risco 
patogenético de doença arterial coronariana. Arq Bras Endocrinol Metab. 2014;58(8):817-23  

Descritores
Leptina; doença arterial coronariana; acidente vascular cerebral; metanálise  
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INTRODUCTION

C ardiovascular disease (CVD), particularly coro-
nary heart disease (CHD) and stroke remains 

the biggest cause of death worldwide (1). A number 
of proven and putative risk markers contributing to 
CVD have been identified, involving smoking, eleva-
ted glucose, hypertension, hyperlipidaemia, obesity, 
and markers of infection or inflammation and lifestyle 
(poor nutrition and lack of exercise) (2). Among the-
se risk markers, obesity has been shown to be highly 
associated with CVD (3), and the underlying mecha-
nism has been fully depicted (4). Furthermore, insu-
lin resistance was found to be implicated with several 
of the possible mechanisms linking obesity to CVD, 
and the adipocyte-derived hormone leptin has been 
suggested to be associated with insulin resistance and 
thus may play an important role in linking obesity to 
CVD (5,6).

Leptin, peptide product of adipose tissue specific 
obese (ob) gene, was discovered in 1994 (7) with sig-
nificant role in the regulation of energy homeostasis, 
neuroendocrine function, and metabolism. Under-
standably, the finding about its association with insulin 
resistance, metabolic disturbances and cardiovascular 
risk subsequently sparked much interest focused on the 
relationship between the leptin and CVD (8-12).

Regarding this relationship, however, contradic-
tory results were obtained. A large prospective study 
was conducted to examine the association of leptin 
levels with the risk of CHD indicating that leptin 
was a novel, independent risk factor for CHD (13), 
similarly, another investigation concluded that high 
leptin level was significantly associated with myocar-
dial infarction as well as stroke in men and women, 
independently of several cardiovascular risk factors 
and obese status (14). Additionally, significant asso-
ciation of leptin levels with risk of CHD and stroke 
were also demonstrated by other studies focused on 
these relationships (15-18). On the other hand, in 
contrast to those fairly strong associations previously 
reported, a recent prospective study and systematic 
review have found that a moderate association was 
existed between leptin levels and CHD risk, but no 
statistically significant association was observed after 
adjustment for body mass index (BMI) (9) which 
is consistent with another report from population-
based case-cohort study (12). In addition, more re-
cent study focused on these associations revealed that 

leptin was not associated with incident CHD or inci-
dent stroke (19).  

To provide reliable evidence and help clarify matters 
behind this controversy, we conducted current meta-
analysis study to examine the association of leptin levels 
with risk of CHD and stroke, as well as the risk varia-
tion of CHD with each additional one unit of leptin 
level. 

MATERIALS AND METHODS

Search strategy 

Up to 27th December 2013, studies were identi-
fied in the PubMed, Embase, and Springer link da-
tabase without language restriction, using the words 
“adipokines or adipocytokines or leptin” and “coro-
nary heart disease (CHD) or coronary artery disease 
(CAD) or myocardial infarction or stroke”. In addi-
tion, we searched the paper version publications by 
manual retrieval, and any additional studies in the re-
ference lists of related reviews or included literatures 
were also screened to obtain more eligible studies for 
our meta-analysis. 

Inclusion and exclusion criteria

We adopted the following inclusion criteria: (a) a case-
control study or cohort study based on CHD or stroke 
patients as subjects and healthy population as the control 
group; (b) association of leptin with pathogenetic risk of 
CHD or stroke were assessed; (c) odds ratios (ORs) or 
risk ratios (RRs) and their 95% confidence intervals (95% 
CIs) were used as effect evaluation index. On the other 
hand, study was excluded if CHD or stroke patients 
were involved in baseline population; all relevant review, 
report, review literature, letters were also excluded; and 
all studies were excluded except the one offering more 
study information when the study was duplicate publica-
tion or used the data from same population. 

Data extraction and statistical analysis

Two investigators independently extracted the informa-
tion that involved the first author, year of publication, 
geographic area, age and gender of participant, sample 
volume, amount of cases, types of outcomes, ORs/RRs 
and 95% CIs after adjustment, and the correction fac-
tors. Additionally, any disagreements were resolved via 
discussion with the third investigator.

Leptin and incident CHD, stroke
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ORs and 95% CIs were used as effect indexes in 
present study assessing the association of leptin with 
pathogenetic risk of CHD or stroke. The heteroge-
neity among studies was determined by the Χ2-test 
based Q-statistic (20), the random-effects model me-
ta-analysis was applied for heterogeneous outcomes  
(P < 0.05, I2 > 50%), and the fixed-effect model 
meta-analysis was used for homogeneous outcomes  
(P ≥ 0.05, I2 ≤ 50%). The publication bias was assessed 
via Egger test (21). Data analysis was performed with 
the Stata 11.0 Software. 

RESULTS

Eligible studies

Initially, a total of 3,099 preliminary related articles 
were obtained from the electronic database, subse-
quently 1,899 articles were reserved after eliminating 
duplicate documents, and then 1,870 articles were fur-
ther excluded according to the inclusion criteria after 
scanning the titles and abstracts. Moreover, scrutiny of 
the full text led to the exclusion of 21 articles. Addi-
tionally, none articles were obtained from manual re-
trieval, as a result, a total of 8 articles (13-17,22-24) 
were identified for current meta-analysis. The detailed 
process of literature search and study selection is explic-
itly described in figure 1. 

Study characteristics

As shown in table 1, eight nested case-control studies 
consisting of 1,980 patients and 11,567 controls were 
included for current meta-analysis. All participants 
were adults with age from 20 to 89 years. These stu-
dies, published during 1999 to 2010, were conducted 
in three different areas involved five from Europe, two 
from U.S.A., and one from India. The leptin levels 
were treated with logarithmic transformation. Perform-
ing the association analysis of leptin levels with CHD 
or stroke, three studies treated leptin levels as continui-
ty data to assess the risk variation for CHD with each 

Figure 1. Literature search and study selection. 

Literature search in PubMed (1364),
Embase (795), Springer Link (940)

Articles after duplicates removed (1899)

Articles excluded:
Obvious irrelevance (n = 1870)

Articles full-text reviewed (n = 29)

Articles included for meta-analysis (n = 8)

Articles excluded (n = 21):
2 base-line were CHD/stroke
patients; 7 not about leptin &
CHD/stroke; 8 without OR &

95% CI; 4 reviews

Table 1. Characteristics of 8 studies on leptin and risk of CHD/Stroke

Study reference Year Location Age n Type of 
outcome Case OR

Soderberg 1999 Sweden 25-74 186 M&F MI 62 8.97 (1.73,  46.5)

1.14 (1.04, 1.25)

Wallace 2001 Scotland 56* 1,160 M CHD 377 1.70 (1.05, 2.76)

Soderberg 2003 Sweden 72* 112 F

126 M

IS 74 

63

4.10 (1.45, 11.62)

4.89 (1.89, 12.62)

Wallerstedt 2004 Sweden + 
Finland

57 (6.6) 133 F

380 M

MI 45

126

1.02 (1.00, 1.04)

1.01 (1.00, 1.02)

Jose 2005 India 52* 140 F&M MI 94 1.48 (1.19, 1.85)

Lawlor 2007 UK 60-79 500 F CHD 165 1.00 (0.80, 1.26)

Sierra-Johnson 2007 USA 20-89 3,336  F

2,903  M

Stroke

MI

Stroke

MI

78

74

82

154

3.20 (1.04, 10.54)

3.96 (1.29, 12.72)

1.37 (0.48, 3.88)

3.16 (1.40, 7.37)

Liu 2010 USA 21-84 2,928 F

1,643

M

Stroke

CHD 

Stroke

CHD

132

191

93

170

1.97 (1.21, 3.21)

0.96 (0.66, 1.39)

1.70 (0.51, 5.68)

0.72 (0.23, 2.23)

M: male; F: female; MI: myocardial infarction; CHD: coronary heart disease; IS: ischemic stroke. *: mean age.
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additional one unit, while two or three categories of 
leptin levels were used in four studies to evaluate the 
risk differences of CHD or stroke under high and low 
levels, and the mentioned two kinds of results were in-
cluded in the rest one study. 

Correlation analyses between leptin and CHD or 
stroke

According to the characteristics of included studies, the 
mentioned two kinds of assessments were performed 
with quantitative analysis regarding the ORs and their 
95% CIs. Significant association was observed for leptin 
levels with pathogenetic risk of CHD (OR = 1.90, 95% 

CI = 1.06-3.43, P = 0.032), and the random-effects 
model was conducted with corresponding heteroge-
neous outcome (P = 0.004, I2 = 71.5%, Figure 2A); 
similarly, a significant association was also existed be-
tween leptin levels with pathogenetic risk of stroke 
(OR = 2.14, 95% CI = 1.48-3.08, P < 0.001), and the 
fixed-effects model was applied for its homogeneous 
outcome (P = 0.572, I2 = 0.0%, Figure 2B). The result 
regarding the risk variation for CHD with each addi-
tional one unit of leptin level was (OR = 1.04, 95% CI 
= 1.00-1.08, P = 0.044), and the random-effects model 
was conducted with corresponding heterogeneous out-
come (P = 0.001, I2 = 78.4%, Figure 3).

Figure 2. Pooled analyses of risk difference between diverse leptin levels with CHD (A) and with stroke (B).

 

Author Year OR (95% CI) % Weight

Soderberg 1999 8.97 (1.73, 46.50) 8.66

Wallace (M) 2001 1.70 (1.05, 2.76) 22.86

Sierra-Johnson (F) 2007 3.96 (1.29, 12.72) 13.35

Sierra-Johnson (M) 2007 3.16 (1.40, 7.37) 17.55

Liu (F) 2010 0.96 (0.66, 1.39) 24.39

Liu (M) 2010 0.72 (0.23, 2.33) 13.19

Overall (I-squared = 71.5%, p = 0.004) 1.90 (1.06, 3.43) 100.00

Note: Weights are from random effects analysis

Author Year OR (95% CI) % Weight

Soderberg 2003 4.10 (1.45, 11.62) 12.35

Sierra-Johnson (F) 2007 3.20 (1.04, 10.54) 9.98

Sierra-Johnson (M) 2007 1.37 (0.48, 3.88) 12.25

Liu (F) 2010 1.97 (1.21, 3.21) 56.21 

Liu (M) 2010 1.70 (0.51, 5.68) 9.21

Overall (I-squared = 0.0%, p = 0.572) 2.14 (1.48, 3.08) 100.00

Note: Weights are from random effects analysis

.1 .5 1 2 10

.1 .5 1 2 10

Leptin and incident CHD, stroke

A

B



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

821Arq Bras Endocrinol Metab. 2014;58/8

Publication bias

According to the studies depicted in figure 2A, B 
and figure 3, there was no significant publication 
bias as suggested by Egger test outcomes (P = 0.665,  
P = 0.141, P = 0.108, respectively). 

DISCUSSION

A total of 8 nested case-control studies consisting of 
1,980 patients and 11,567 controls were subjected to 
present meta-analysis. A significant association of leptin 
levels with incident CHD and stroke was identified, in 
addition, the CHD risk increased by 4% with each ad-
ditional one unit of leptin level. The results are aligned 
with the earlier studies conducted by Söderberg and his 
group (10,15,16,25,26).

Initially, they demonstrated elevated plasma leptin 
level was an independent predictor of first-ever hem-
orrhagic stroke but not ischemic. In addition, they 
proposed that the possible mechanism regarding this 
association may involve the effect of leptin on sympa-
thetic nervous system activation and BP, lipid levels, as 
well as the fibrinolytic system Whereas, their later larger 
case-referent study (16) showed that leptin was asso-
ciated with both ischemic and hemorrhagic stroke in 
men and women. It is noteworthy that the different 
results of these studies may be owing to the limited 
cases included for the former one. Furthermore, their 
further research (26) indicated that leptin was an in-
dependent predictor of stroke in men, even after ad-
justment for traditional stroke risk factors. This result 

is consistent with a recent report (18) that leptin was 
associated with incident stroke after adjusting for BMI 
and established risk factors for stroke. This report also 
contains a suggestion that direct atherogenic effect of 
leptin on the carotid artery wall may be the pathway 
for develop ment of stroke. The mechanism of this as-
sociation was not well understood currently, and similar 
possible mechanism suggested by these studies mainly 
involved the atherothrombotic process, which is associ-
ated with hyperleptinemia.     

  Regarding the relationship between leptin and in-
cident CHD, mixed results of previous studies seems to 
be difficult to explain. It was reported (27) that leptin 
did not display as a significant predictor for ischemic 
heart disease with the samples matched for potential 
risk markers such as smoking and BMI. However, sub-
sequent nested case-referent study by Söderberg and 
cols. revealed that leptin was an independent risk factor 
for acute myocardial infarction even after adjustment 
of several cardiovascular risk factors, such as high BMI, 
blood pressure and hyperinsulinaemia (15). Mean-
while, a later cross-sectional study also demonstrated 
that serum leptin was a significant determinant of CAD 
in addition to other established cardiovascular risk fac-
tors, such as smoking, age, gender, fasting insulin and 
BMI, and the capacity of leptin activating the sympa-
thetic nervous system was considered as pivotal role 
for the significant association (28). Notably, discrep-
ant results observed from these and subsequent studies 
mainly attributed to different study design, particularly 
the different treatment for various cardiovascular risk 
factors. In current meta-analysis, the confounders such 

Figure 3. Pooled analyses of risk variation for CHD with each additional one unit of leptin level.

Author Year OR (95% CI) % Weight

Soderberg 1999 1.14 (1.04, 1.25) 12.33

Wallerstedt (F) 2004 1.02 (1.00, 1.04) 39.45

Wallerstedt (M) 2004 1.01 (1.00, 1.02) 42.79

Jose 2005 1.48 (1.19, 1.85) 2.79

Lawlor 2007 1.00 (0.80, 1.26) 2.64

Overall (I-squared = 78.4%, p = 0.001) 1.04 (1.00, 1.08) 100.00

Note: Weights are from random effects analysis

.5 1 2
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as age, blood pressure, and BMI have been adjusted in 
all included studies. Nevertheless, the results may be in-
fluenced by some potential confounders, consequently, 
further research should be perform to obtain more po-
tent evidence regarding this relationship with exploring 
the mechanism and effect magnitude. 

To our knowledge, the present study is the first 
meta-analysis focused on the association of leptin levels 
with pathogenetic risk of CHD and stroke as well as the 
risk variation for CHD with each additional one unit of 
leptin level. Although there were some differences to-
wards grouping criteria among these included studies, 
the results were still strengthened by the observation 
that CHD risk was significantly increased with each 
additional one unit of leptin level. Furthermore, there 
was no significant publication bias between studies. On 
the other hand, potential limitations of present study 
merit careful consideration. We only obtained obser-
vational studies for this study. These results may be 
influenced by some potential confounders, which may 
lead to the exaggeration of the positive effect of leptin 
on CHD and stroke, although the confounders such 
as age, blood pressure, and BMI have been adjusted in 
all these 8 studies; on another aspect, eligible studies 
included for this meta-analysis was limited and the sam-
ple sizes particularly the cases amount was inadequate, 
therefore further meta-analysis with larger sample sizes 
and comprehensive study design is warranted to con-
firm the results stability of current study. 

In conclusion, a significant association of leptin lev-
els with incident CHD and stroke was demonstrated, 
and raised leptin levels could significantly increase the 
pathogenetic risk of CHD. However, further meta-
analysis involving larger sample sizes with analysis of 
sub-groups by age or gender is warranted for more de-
tailed evidence.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Thyroid volume in patients with 
glucose metabolism disorders 
Volume da tiroide em pacientes com alterações 
do metabolismo da glicose 

Ayse Ocak Duran1, Cuneyd Anil2, Alptekin Gursoy3, Aslı Nar2, 
Mevlude Inanc1, Oktay Bozkurt1, Neslihan Bascil Tutuncu2

ABSTRACT
Objective: Thyroid volume and the prevalence of thyroid nodules are higher in patients with insu-
lin resistance. A relationship between thyroid volume and glucose metabolism disorders (GMD) 
has not as yet been clarified. The present retrospective study aimed to investigate the association 
between GMD and thyroid volume. Subjects and methods: We investigated the data of 2,630 
patients who were evaluated for thyroid biopsy in our hospital. The study population included 602 
patients with GMD, 554 patients with diabetes mellitus (DM) and 1,474 patients with normal gluco-
se metabolism as a control group. We obtained the levels of serum thyroid stimulating hormone 
(TSH) and the thyroid volumes of those patients retrospectively. Results: The median ages for the 
control group, GMD group and DM group were 55 (15-91) years, 60 (27-97) years, and 65 (27-91) 
years respectively and there was a statistically significant difference between the groups with 
regard to age and gender (p < 0.001). Levels of TSH were similar in all groups. The median total 
thyroid volumes for patients with DM and GMD were significantly higher than that of the control 
group [22.5 (3-202) mL, 20.2 (4-190) mL, and 19.2 (3-168) mL respectively, p ≤ 0.001 for all para-
meters]. Also the median total thyroid volume for patients with DM was significantly higher than 
that of the GMD group (p < 0.001). According to the correlation analysis, thyroid volume was sig-
nificantly correlated with age (r = 0.92, p < 0.001) and TSH (r = 0.435, p < 0.001). Age, gender, TSH 
levels, GMD and DM diagnosis were independently correlated with thyroid volume. Conclusion: 
The thyroid gland is one of the target tissues of metabolic disorders. We reported a positive corre-
lation between GMD/type 2 DM and thyroid volume. Further controlled, prospective, randomized 
studies on this subject are required to gain more information. Arq Bras Endocrinol Metab. 2014;58(8):824-7 

Keywords
Thyroid volume; impaired glucose metabolism; diabetes mellitus

RESUMO 
Objetivo: O volume da tiroide e a prevalência de nódulos tiroidianos são mais altos em pacientes 
com resistência à insulina. A relação entre o volume da tiroide e os transtornos do metabolismo da 
glicose (TMG) ainda não foi elucidada. O objetivo do presente estudo retrospectivo foi investigar a 
associação entre os TMG e o volume da tiroide. Sujeitos e métodos: Analisamos os dados de 2.630 
pacientes que foram avaliados para biópsia de tiroide em nosso hospital. A população estudada 
incluiu 602 pacientes com TMG, 554 pacientes com diabetes melito (DM) e 1.474 pacientes com me-
tabolismo normal da glicose, como grupo controle. As concentrações de hormônio tireoestimulante 
(TSH) e os volumes da tiroide para esses pacientes foram obtidos de forma retrospectiva. Resulta-
dos: As idades medianas para o grupo controle, grupo TMG e grupo DM foram 55 (15-91), 60 (27-97) 
e 65 (27-91) anos, respectivamente, e houve diferença estatisticamente significativa entre os grupos 
com relação à idade e ao gênero (p < 0,001). Os níveis de TSH foram similares em todos os grupos. 
A mediana do volume total da tiroide para pacientes com DM e TMG foi significativamente maior do 
que para os pacientes do grupo controle [22,5 (3-202) mL, 20,2 (4-190) mL, e 19,2 (3-168) mL, respecti-
vamente, p ≤ 0,001 para todos os parâmetros]. Além disso, a mediana do volume total da tiroide para 
pacientes com DM foi significativamente maior do que no grupo TMG (p < 0,001). De acordo com 
a análise de correlação, o volume da tiroide foi significativamente correlacionado com a idade (r = 
0,92; p < 0,001) e TSH (r = 0,435; p < 0,001). A idade, o gênero, a concentração de TSH e o diagnóstico 
de TMG e DM se correlacionaram com o volume da tiroide de forma independente. Conclusão: A 
tiroide é um dos tecidos-alvo para doenças metabólicas. Relatamos uma correlação positiva entre 
TMG/DM tipo 2 e o volume da tiroide. São necessários mais estudos prospectivos, randomizados e 
controlados sobre o assunto para se obterem mais informações. Arq Bras Endocrinol Metab. 2014;58(8):824-7   
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INTRODUCTION

T hyroid volume has been associated with multiple 
factors such as iodine deficiency and supply, body 

surface area (BSA), body mass index (BMI), age, gen-
der, smoking and genetic factors (1,2). Impaired fasting 
glucose (IFG), impaired glucose tolerance (IGT), and 
diabetes mellitus (DM) can be mentioned among the 
principal disorders of the glucose metabolism in which 
insulin resistance (IR) acts as a significant factor. The 
morphological and pathological changes in the thyroid 
gland induced by glucose metabolism disorders (GMD) 
have already been reported (3,4). Increased thyroid vo-
lumes were reported in patients with IR (3,4). Insulin 
resistance is associated with GMD and it is well known 
that, in the pathogenesis of DM, insulin resistance and 
compensatory hyperinsulinemia plays a pivotal role (5). 

Although a few studies showed an association be-
tween thyroid volume and GMD, especially type 1 
DM, data about the relationship between GMD and 
thyroid gland volume are rare (6,7). As thyroid volume 
is associated with IR, the relationship between thyroid 
volume and GMD should be investigated. We hypoth-
esized that increased in thyroid volume was associated 
with GMD (IFG, IGT and DM). 

SUBJECTS AND METHODS 

The study design is cross-sectional with retrospective 
data. We examined the files of 4,500 patients who were 
admitted or referred by other policlinics to the endocri-
nology policlinic for thyroid examination between June 
2003 – January 2009 and 2,630 patients aged between 
15-97 years were included after considering the exclu-
sion and inclusion criteria. The age, gender, and blood 
glucose characteristics of the patients were noted. Thy-
roid function was evaluated by measuring thyroid stim-
ulating hormone (TSH) using immunochemilumines-
cent assays by an automated analyzer (Immulite 2000; 
Diagnostic Products, Los Angeles, CA, USA). Serum 
glucose was measured by the glucose oxidase technique 
(Roche Diagnostics, Mannheim, Germany). The refer-
ences ranges for serum TSH were 0,35-4,94 (mIU/L). 

Glucose metabolism disorders were evaluated ac-
cording to the American Diabetes Association (ADA) 
2009 criteria (5). The categories of fasting plasma glu-
cose (FPG) values are as follows: FPG < 100 mg/dL 
normal fasting glucose; FPG 100-125 mg/dL IFG and 
FPG ≥ 126 mg/dL provisional diagnosis of diabetes. 
The corresponding categories when the oral glucose 

tolerance test (OGTT) is used are the following: 2-h 
postload glucose < 140 mg/dL normal glucose tol-
erance; 2-h postload glucose 140-199 mg/dL IGT 0 
and 2-h postload glucose ≥ 200 mg/dL provisional 
diagnosis of diabetes. The patients were classifed into 
groups as follows: patients with normal fasting glucose, 
patients with GMD (IFG and IGT) and patients with 
DM according to the fasting blood glucose and OGTT.   

Thyroid size was estimated by ultrasonography us-
ing a 10-MHz linear probe (Logiq 5 Pro, GE).

Medical Systems, WI, USA). The volumes of the 
thyroid glands and nodules were calculated according 
to the ellipsoid formula: volume (mL) = depth (cm) × 
width (cm) × length (cm) × π/6. Nodules were defined 
as solitary lesions distorting the uniform shape or echo 
pattern of the thyroid gland with a diameter of at least 
1 cm. The volume of nodules was not considered to-
gether with thyroid volumes.

Exclusion criteria were as follows: a history of neck 
irradiation, operation or fine-needle aspiration biopsy 
(FNAB), a history of thyroid disease, overt or subclini-
cal hypothyroidism and previous-thyroxine suppression 
therapy at any time. 

Statistical analysis of the acquired data was carried out 
with the SPSS 16.0 (SSPS Inc, Chicago, USA) for Win-
dows package program. As descriptive statistics, numeri-
cal values and percentiles were used for numeric data. 
The compliance of numerical values to normal distribu-
tion was evaluated with the One-Sample Kolmogorov-
Smirnov test. Since numerical values did not have a 
normal distribution, median and minimum-maximum 
values were employed and non-parametric tests were 
used. Spearman correlation analysis was used to verify 
the correlation between numerical variables. Intergroup 
comparisons for categorical values were performed with 
the Chi-Square test. Comparisons of non-parametric 
values among groups were performed by Kruskal Wal-
lis test and the Bonferroni adjustment Mann-Whitney  
U-test (for non-parametric variables) was used as a post 
hoc test for multiple comparisons between the groups. 
In all evaluations, results with p < 0.05 within a confi-
dence interval of 95% were deemed as statistically signifi-
cant. Multiple linear regression analysis was used for the 
assessment of independent predictors of thyroid volume. 

RESULTS

The study population included a total of 2,630 pa-
tients, 602 patients with GMD, 554 patients with DM 

Glucose metabolism and thyroid volume
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and 1,474 patients with normal glucose metabolism 
as a control group. Two thousand and seventy-six 
(78.9%) patients were female and 554 (21.1%) patients 
were male. The number of male patients in the control 
group, GMD group and DM group were 261 (17.7%), 
129 (21.4%) and 164 (29.6%) respectively. There was 
a significant difference between all groups according 
to gender (Table 1). The median ages for the control 
group, GMD group and DM group were 55 (15-91) 
years, 60 (27-97) years, and 65 (27-91) years respec-
tively and there was a statistically significant difference 
between the groups with regard to age and gender  
(p < 0.001, Table 1). TSH levels were similar in all 
groups [for control patients: 0.9 (0.1-28) (mIU/L), 
for GMD group: 1 (0.1-15) (mIU/L) and for DM 
group: 0.9 (0.1-28) (mIU/L) (p > 0.05, Table 1)]. 
The median total thyroid volumes for the patients with 
DM and GMD were significantly higher than that of 
the control group [22.5 (3-202) mL, 20.2 (4-190) 
mL, and 19.2 (3-168) mL respectively, p ≤ 0.001 for 
all parameters]. Also the median total thyroid volumes 
for patients with DM was significantly higher than that 
of the GMD group (p < 0.001, Table 1). According to 
the correlation analysis, thyroid volume was correlated 
with age (r = 0.92, p < 0.001) and TSH (r = 0.435,  
p < 0.001). The maximum nodule diameters of patients 
with DM and GMd were significantly higher than that 
of the control group (p < 0.001, Table 1). The maxi-
mum nodule diameter was similar in the patients with 
GMD and DM. Age, gender, TSH levels and GMD 
and DM diagnosis were independently correlated with 
thyroid volume (Table 2). 

Table 1. Clinical, laboratory and thyroid ultrasonography properties of 
patients

Controls  
(n = 1474)

GMD  
(n = 602)

DM  
(n = 554)

p

Male 261 (17.7%) 129 (21.4%) 164 (29.6%) < 0.001a,b,c

Age (year) 55 (15-91) 60 (27-97) 65 (27-91) < 0.001a,b,c

TSH (mIU/L) 0.9 (0.1-28) 1 (0.1-15) 0.9 (0.1-28) 0.511

Thyroid volume 
(mL)

19.2 (3-168) 20.2 (4-190) 22.5 (3-202) < 0.001a,b,c

Max nodule 
diameter (mm)

1.6 (0.2-6.9) 1.6 (0.3-8.3) 1.6 (0.4-7.5) 0.001a,b

(Data are given as median and minimum-maximum levels as appropriate). GMD: glucose 
metabolism disorders; DM: type 2 diabetes mellitus; TSH: thyroid stimulating hormone.  
a: significant difference between controls and patients with GMD, b: significant difference 
between controls and patients with type 2 DM, c: significant difference between patients with 
GMD and type 2 DM (One-Way ANOVA and Bonferroni test for comparision of non parametric 
variables and Chi-Square test for comparisons of categorical values).

Table 2. Multiple linear regression analysis for the assessment of 
independent predictors of thyroid volume

Thyroid volume

Beta t p

Age (year) 0.07 2.8 0.005

Gender (male) 0.232 9.1 < 0.001

TSH (mIU/L) 0.19 7.9 < 0.001

GMD vs. control 0.03 2.2 0.027

DM vs. control 0.05 2.8 0.004

TSH: thyroid stimulating hormone; GMD: glucose metabolism disorders; DM: type 2 diabetes 
mellitus.

DISCUSSION

The main result of our study was total thyroid volumes 
for patients with DM and GMD were significantly 
higher than that of the control group. GMD and thy-
roid disorders occur in the common endocrine diseases 
of the adult population. It is well known that, in the 
pathogenesis of DM, insulin resistance and compensa-
tory hyperinsulinemia play a pivotal role (5,8). 

Until now, only a few studies have investigated an 
association between thyroid volume and GMD. Rez-
zonico and cols. showed a positive association between 
IR and thyroid volume (4). Junik and cols. reported 
that the median thyroid volumes in patients with type 
1 and type 2 DM (in only 30 and 98 patients respec-
tively) were significantly higher than the control group 
(6). They also reported that TSH levels did not dif-
fer between type 2 DM and control cases; they were 
significantly lower than the controls in type 1 DM pa-
tients. Anil and cols. showed that patients with pre-di-
abetes and type 2 DM had larger thyroid volumes and 
higher risk for formation of thyroid nodules than the 
control group (9). They also reported that the serum 
TSH level was higher in patients with type 2 DM than 
in patients with pre-diabetes and in controls. In anoth-
er study, the authors demonstated that type 1 DM pa-
tients (65 type 1 patients and 65 control patients) had 
larger thyroid volumes compared with healthy controls 
with similar anthropometry (10). In these studies, the 
investigators speculated that thyroid autoimmunity 
and lower iodine ingestion have an important effect 
on the thyroid volume. 

In the current retrospective study, we determined a 
significant correlation between GMD/type 2 DM and 
elevated thyroid volume among patients who were re-
ferred for thyroid biopsy. Our study population con-
sisted of 602 patients with GMD and 554 patients with 

Glucose metabolism and thyroid volume
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DM, which is relatively large according to the studies 
mentioned above. Unlike those studies we did not find a 
relationship between serum TSH levels and the presence 
of GMD/type 2 DM (Table 1). Serum TSH levels were 
correlated with thyroid volume (r = 0.435, p < 0.001).

Progression of the thyroid cell cycle is dependent on 
joint activity of TSH and insulin/insulin-like growth fac-
tor-1 (IGF-1), all of which function as co-mitogenic fac-
tors (11). The main regulator of growth and differentia-
tion of thyroid cells is TSH (12). Therefore, serum TSH 
levels should be evaluated in the initial evaluation of a 
patient with a high thyroid volume. We found a signifi-
cant association between serum TSH levels and thyroid 
volume which is in accordance with studies done so far.

The most important effects of GMD leading to el-
evated risk are hyperinsulinemia, IR, and hyperglyce-
mia that can exist for years before and after diagnosis. 
Elevated insulin levels due to IR lead to an increase in 
IGF-1 levels (which is an important hypertrophic and 
progression factor for a series of cell types including 
thyroid cells). Experimental evidence showed that both 
insulin and IGF-1 modulated the regulation of thyroid 
gene expression and elevated insulin and/or glucose 
levels may lead to proliferation of thyroid cells by af-
fecting cellular energy metabolism (13,14).

Insulin also raises the mitogenic activity of growth fac-
tors (11). Although the proliferative properties of insulin 
and IGF-1 are known, the impact of these parameters on 
the total thyroid volume is unclear. We hypothesized that 
higher circulating levels of glucose, insulin and IGF-1 in 
the case of abnormal glucose metabolism may cause in-
creased thyroid proliferation and thyroid volume.

The most important limitation of our study was its ret-
rospective design. Several risk factors are influential both 
in diabetes and thyroid volume such as TSH, body weight, 
physical activity, alcohol use, nutrition style, and BMI. Be-
cause of the design of our study, we could not evaluate all 
these parameters. Our study was based on data acquired 
from a single center. 

In conclusion, we reported a positive correlation be-
tween GMD/type 2 DM and thyroid volume. Further 
controlled, prospective, randomized studies on this sub-
ject are required to gain more information. In a recently 
published systematic review, the authors reported that in-
dividuals with diabetes showed a borderline statistically 
significant increased risk of thyroid cancer compared with 

those without diabetes (15). According to our results, high 
thyroid volumes in patients with GMD and DM may be 
related with increased risk of malignancy in these patients. 

Disclosure: all the authors (Ayse Ocak Duran, Cuneyd Anil, Alp-
tekin Gursoy, Aslı Nar, MD, Mevlude Inanc, Oktay Bozkurt, Nes-
lihan Bascil Tutuncu) declare the absence of any conflict of interest 
and that each contributed to the preparation of the manuscript 
submitted. All the authors accepted responsibility for the article. 
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Mutation screening of the sodium 
iodide symporter gene in a 
cohort of 105 China patients with 
congenital hypothyroidism
Análise de mutações no gene simportador sódio/iodeto em coorte 
de 105 pacientes chineses com hipotireoidismo congênito

Chunyun Fu1, Shaoke Chen1, Rongyu Chen1,  
Xin Fan1, Jingsi Luo1, Chuan Li1, Jiale Qian1

ABSTRACT
Objective: Dyshormonogenetic congenital hypothyroidism (CH) was reported to be associated 
with a mutation in the sodium iodide symporter (NIS) gene. The present study was undertaken 
in the Guangxi Zhuang Autonomous Region of China, to determine the nature and frequency 
of NIS gene mutations among patients with CH due to dyshormonogenesis. Subjects and me-
thods: Blood samples were collected from 105 dyshormonogenetic CH patients in Guangxi 
Zhuang Autonomous Region, China, and genomic DNA was extracted from peripheral blood 
leukocytes. All exons of the NIS gene together with their exon-intron boundaries were screened 
by next-generation sequencing. Results: Two silent variations (T221T and T557T) and one mis-
sense variation (M435L), as well as two polymorphisms (rs200587561 and rs117626343) were 
found. Conclusions: Our results indicate that the NIS mutation rate is very low in the Guangxi 
Zhuang Autonomous Region, China, and it is necessary to study mutations of other genes that 
have major effects on thyroid dyshormonogenesis and have not as yet been studied in this 
population. Arq Bras Endocrinol Metab. 2014;58(8):828-32

Keywords
Congenital hypothyroidism; sodium iodide symporter gene; gene mutations; China; next-generation sequencing

RESUMO 
Objetivo: O hipotireoidismo congênito disormonogenético (CH) foi relatado como associado a 
uma mutação no gene simportador sódio/iodeto (NIS). O presente estudo foi feito na região au-
tônoma de Guangxi Zhuang na China para se determinar a natureza e a frequência das mutações 
no gene NIS entre pacientes com CH causado por disormonogênese. Sujeitos e métodos: Amos-
tras de sangue foram coletadas de 105 pacientes com CH disormonogenéticos e o DNA genômi-
co foi extraído de leucócitos do sangue periférico. Todos os éxons do gene NIS, junto com seus 
limites éxon-íntron, foram analisados por sequenciamento de nova geração. Resultados: Foram 
encontradas duas variações silenciosas (T221T e T557T) e uma variação missense (M435L), assim 
como dois polimorfismos (rs200587561 e rs117626343). Conclusões: Nossos resultados indicam 
que a taxa de mutação em NIS é muito baixa na região de Guangxi Zhuang. É necessário estudar 
mutações de outros genes que tenham efeitos maiores na disormonogênese da tiroide e que 
ainda não tenham sido estudados nesta população. Arq Bras Endocrinol Metab. 2014;58(8):828-32
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INTRODUCTION

C ongenital hypothyroidism (CH) is a common 
endocrine disorder in newborns, with prevalence 

ranging from 1:2000 to 1:4000 (1,2). The etiology of 
congenital hypothyroidism is heterogeneous. Eighty to 
eighty-five percent of cases are caused by disorders of 
thyroid gland development (3), which has been linked 
to mutations in TSHR, PAX8, NKX2.1, NKX2.5 and 
FOXE1 genes (3); the remaining 15-20% of cases are 
due to the abnormalities in thyroid hormone synthesis 
(dyshormonogenesis) (4).

Defects in the human NIS gene are reported to be 
one of the causes of CH due to dyshormonogenesis (5). 
NIS is a specialized plasma membrane glycoprotein that 
has an important role in active trapping of iodine from 
the bloodstream into thyrocytes, the key step in the bio-
synthesis of the iodine-containing thyroid hormones T3 
and T4 (6). NIS gene mutations can cause iodide trans-
port defects (ITD) (7-9), a disorder that if not diag-
nosed and treated during the early infancy period would 
result in CH due to dyshormonogenesis. Up to now, the 
mutational spectrum of the NIS and the genotype-phe-
notype relationships has not yet been fully established, 
and there is also no report of human NIS mutations in 
the Chinese population. Here, we report an investiga-
tion on the prevalence of inactivating NIS mutations in 
the Guangxi Zhuang Autonomous Region, China. The 
primary objective was to screen for the presence of muta-
tions in NIS gene among patients with dyshormonoge-
netic CH in the Guangxi Zhuang Autonomous Region.

SUBJECTS AND METHODS

Subjects

We enrolled 105 patients with dyshormonogenetic 
CH, who were identified through newborn screening 
among 353,000 newborns in the Guangxi Zhuang Au-
tonomous Region, China, from October 2010 to June 
2013. All of the subjects underwent neonatal screening 
using filter paper for CH at 72h after birth when blood 
samples were collected from the heel and TSH levels 
were measured by enzyme-linked immunosorbent as-
say. Subjects with increased TSH (TSH ≥ 10 uU/mL) 
levels observed during neonatal screening were recalled 
for further evaluation. Serum TSH and FT4 were de-
termined by electrochemiluminescence assay. Diagnosis 
of CH is based on elevated TSH levels (normal range 
0.27-4.2 µIU/mL) and decreased FT4 levels (normal 

range 12-22 pmol/L). The etiology of CH was deter-
mined by thyroid scan and/or ultrasound before treat-
ment in the neonatal period or at the age of 3 years 
after confirming the permanency of CH. Patients with 
normal size or enlarged thyroid gland were considered 
to have dyshormonogenesis. The study was approved 
by the local Medical Ethics Committee. Informed con-
sent was obtained from the parents of the patients.

Mutation detection

Peripheral venous blood samples were collected from 
the patients. Genomic DNA was extracted from pe-
ripheral blood leukocytes using QIAamp DNA Blood 
Mini Kit (Qiagen, Germany) according to the manu-
facturer’s protocol. Exons 1 to 15 of NIS with their 
flanking intronic regions were amplified in a 50 µL re-
action using the primers shown in table 1. The 50 µL 
of PCR reaction mixture containing 100-250 ng of ge-
nomic DNA, 1× Taq Buffer with 50 mM of KCl, 2.5 
mM of MgCl, 200 µM of dNTP, 1unit of Taq DNA 
polymerase (Fermentas, USA), and 20 pmol of for-
ward and reverse primers were prepared. Thirty cycles 
of amplification were carried out with a standard PCR 
protocol. PCR products were purified using QIA quick 
PCR purification kit (Qiagen, Germany) following the 
manufacturer’s instructions. The purified PCR pro-
ducts were sequenced using Illumina MiSeq next gen-
eration sequencing instrument (Illumina, America). A 
control group of 600 healthy subjects without thyroid 
disease was also screened for the same mutations. All 
control subjects had normal FT4 (12-22 pmol/L) and 
TSH levels (0.27-4.2 µIU/mL).

Functional prediction of mutation

The potential functional impact of variations were pre-
dicted using both sorting intolerant from tolerant (SIFT) 
and Polymorphism Phenotyping 2 (PolyPhen-2), to pre-
dict the degree of (possible) impact of an amino acid sub-
stitution on the structure and function of a human pro-
tein. The functional impact of the mutation was depicted 
as “tolerated” or “damaging” for SIFT and predicted as 
“benign”, “possibly damaging”, “probably damaging”, 
or “unknown” for PolyPhen.

RESULTS

We identified five variations in the NIS gene in 105 dys-
hormonogenetic CH patients (Table 2). The five varia-

Mutation screening of the sodium iodide symporter gene and CH
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tions include two silent variations (T221T and T557T), 
one missense variation (M435L) and two polymor-
phisms (rs200587561 and rs117626343). The unre-
ported variations in the NIS gene were tested against 
DNA samples from 600 healthy control subjects.

The NIS protein sequences of different species, in-
cluding Homo sapiens, Mus musculus, Rattus norvegi-
cus, Bos taurus, Danio rerio and Sus scrofa were obtained 
from the National Center for Biotechnology Informa-

Figure 1. Multiple sequence alignment of sodium iodide symporter (NIS) genes from Homo sapiens, Mus musculus, Rattus norvegicus, Danio rerio, Sus 
scrofa and Bos taurus. The arrow indicates that the glycine 435 residue is located within a highly conserved region.

Figure 2. Functional prediction of the M435L variation. (A) The functional impact of the variation was depicted as “tolerated” for SIFT. (B) The functional 
impact of the variation was depicted as “benign” for PolyPhen-2.

tion (NCBI) website. Using DNAMAN software, we 
observed multiple sequence alignment of the NIS gene 
family of various species. We found that codon 435 where 
the missense mutation (p.M435L) was identified, was lo-
cated in a highly conserved region of NIS (Figure 1).

The potential functional impact of M435L was pre-
dicted using both SIFT and PolyPhen-2 and the pre-
diction result was depicted as “tolerated” for SIFT and 
“benign” for PolyPhen-2 (Figure 2).

Table 1. List of NIS primers

Exon Forward primer Reverse primer

E1 5’-GGCAGGACAGACAGACAGCAGG-3’ 5’-GGAAACCCAAACAGAGAGGCACG-3’

E2-4 5’-GCCCACCTAGAGAGCAGACCAG-3’ 5’-CAATCTCCACGCACCGCAACC-3’

E5 5’-AGGCATAGAAGGGCATCAGTCC-3’ 5’-GTGCAGTAGTGTGATCTCAGCTTG-3’

E6-7 5’-CAAAACCCACTCCAAATGTCCC-3’ 5’-ATCTCCCTTCATCGCAACCTCC-3’

E8-10 5’-CTCTGAGCCCTGTCCGTCTTG-3’ 5’-GGAGATTGAGGTGGAAGGATG-3’

E11-12 5’-TCAAGCAACCACCCGCCTCAG-3’ 5’-GGAGATTGAGGTGGAAGGATG-3’

E13 5’-GTAATGTGCCCTTTGGCTGT-3’ 5’-GCTCAGGAGTTCAAGGTTGC-3’

E14 5’-TACTGGGCAACTCTAAGCAATC-3’ 5’-ACATCAATACCCTAACAGCACAC-3’

E15 5’-AGCAGAGAAAGGAGGGAGGAAC-3’ 5’-ATTGAGAAAAACGGTAGGCTGG-3’

Table 2. Previously reported and novel variations identified in the present study

Exon NIS gene variants Type Reference

Frequency of minor 
alleles in 

dyshormonogenetic CH 
patients (210 alleles)

Frequency of minor 
alleles in healthy control 
subjects (1200 alleles)

7 C310C SNP rs200587561 0.0048 NA

10 L408L SNP rs117626343 0.0048 NA

5 T221T Silent variation Not reported 0.0048 0.0050

14 T557T Silent variation Not reported 0.0048 0.0058

11 M435L Missense variation Not reported 0.0142 0.00

NA: not analyzed in healthy controls.

Mutation screening of the sodium iodide symporter gene and CH
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DISCUSSION

Human NIS gene was cloned for the first time in 1996. 
It is located on chromosome 19p12-13.2 and consists 
of 15 exons, and encodes a protein of 643 amino aci ds 
with a molecular mass of approximately 70-90 kDa 
(10). The secondary structure of NIS is an intrinsic 
membrane protein with 13 transmembrane segments, 
an extracellular amino-terminus and an intracellular 
carboxyl-terminus (11,12). Up to now, 15 mutations 
in this symporter gene that causes ITD have been iden-
tified: -54C >T, V59E, G93R, R124H, ∆142-323, 
Q267E, C272X, ∆287-288, T354P, G395R, ∆439-
443, frameshift 515X, ∆439-443, Y531X, and G543E 
(13-15). Some of these ITD mutants, including V59E, 
G93R, ∆439-443, R124H, Q267E, T354P, G395R, 
and G543E, have been studied in detail and have pro-
vided key mechanistic information on NIS (15-22). 

Because NIS mutations are inherited in an autoso-
mal recessive manner, heterozygous individuals do not 
present with the phenotype. NIS gene defects can be 
detected only when both alleles are mutated. Further-
more, under the conditions of high iodine intake, when 
full preservation of iodine concentrating function is not 
required to achieve normal thyroid hormone synthesis, 
mutations causing impairments of function may not be 
detected even in the homozygous patients. For these 
reasons, the actual prevalence of NIS gene mutations 
may be much higher than that reported.

To confirm our hypothesis and to investigate 
the frequency of NIS gene mutations in China, we 
screened NIS mutations in a cohort of 105 dyshor-
monogenetic CH patients from the Guangxi Zhuang 
Autonomous Region in China. In all, two silent varia-
tions (T221T and T557T) and one missense variation 
(M435L), as well as two polymorphisms (rs200587561 
and rs117626343) were found. The mutated Met435 
residue lies in the midst of the putative eleventh trans-
membrane segment of the NIS protein, although it is 
conserved among species, in addition, the M435L vari-
ation was not found in 600 control individuals (Table 
2), yet the potential functional impact of the variation 
was predicted to be “benign” both by SIFT and Poly-
Phen-2. 

In the current study, we did not find any inactivating 
mutation of NIS gene among the studied population. 
The following two possibilities could account for the 
obtained results: 1) the NIS mutation rate is very low 
in our CH patients and 2) we studied CH patients with 
thyroid dyshormonogenesis without selection based on 

etiology, as ITD is a rare form of dyshormonogenetic 
CH. The identification criteria for ITD includes low 
or absent radioiodide uptake (RIUT) by the thyroid 
and several extrathyroidal tissues [such as the salivary 
glands, lactating mammary gland and gastric mucosa 
(23-27)], and a low iodide saliva-to-plasma (S/P) ratio 
(28).

Understandably, most of the parents of CH patients 
did not allow the radioiodine uptake test to be under-
taken and the etiology of CH was determined mostly 
by ultrasonography and not by thyroid scintigraphy, 
the radioiodine uptake test was not performed in our 
studied population.

In addition, there was no facility to measure the 
iodide saliva-to-plasma (S/P) ratio in our current set-
tings.

Taken together, by studying a large sample of pa-
tients with accurate determination of the etiology of 
thyroid dyshormonogenesis, mutations in NIS gene 
may be found in the patients.

Interestingly, we also found that some of the pa-
tients had normal sized thyroid gland as determined by 
clinical examination, but goiter could present in them 
later although not in the first years of life. This may be 
due to early diagnosis and treatment of these patients.

In conclusion, our results indicate that mutations 
of NIS gene do not play a major role in the etiology 
of thyroid dyshormonogenesis among patients with 
CH in the Guangxi Zhuang automous region of Chi-
na. Future studies may include mutation detection of 
other genes that have major effects on thyroid dyshor-
monogenesis and have not as yet been studied in our 
population.
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Short-term effects of triiodothyronine 
on thyroid hormone receptor alpha 
by PI3K pathway in adipocytes, 3T3-L1
Efeitos rápidos da triiodotironina no receptor de hormônio 
tireoidiano alfa pela via PI3K em adipócitos, 3T3-L1

Miriane de Oliveira1, Regiane Marques Castro Olimpio1, Maria Teresa De Sibio1,  
Fernanda Cristina Fontes Moretto1,  Renata de Azevedo Mello Luvizotto2,  
Célia Regina Nogueira1

ABSTRACT
Objective: The present study aimed to examine the effects of thyroid hormone (TH), more 
precisely triiodothyronine (T3), on the modulation of TH receptor alpha (TRα) mRNA expression 
and the involvement of the phosphatidyl inositol 3 kinase (PI3K) signaling pathway in adipo-
cytes, 3T3-L1, cell culture. Materials and methods: It was examined the involvement of PI3K 
pathway in mediating T3 effects by treating 3T3-L1 adipocytes with physiological (P = 10nM) or 
supraphysiological (SI = 100 nM) T3 doses during one hour (short time), in the absence or the 
presence of PI3K inhibitor (LY294002). The absence of any treatment was considered the control 
group (C). RT-qPCR was used for mRNA expression analyzes. For data analyzes ANOVA comple-
mented with Tukey’s test was used at 5% significance level. Results: T3 increased TRα mRNA 
expression in P (1.91 ± 0.13, p < 0.001), SI (2.14 ± 0.44, p < 0.001) compared to C group (1 ± 0.08). 
This increase was completely abrogated by LY294002 in P (0.53 ± 0.03, p < 0.001) and SI (0.31 
± 0.03, p < 0.001). To examine whether TRα is directly induced by T3, we used the translation 
inhibitor cycloheximide (CHX). The presence of CHX completely abrogated levels TRα mRNA in 
P (1.15 ± 0.05, p > 0.001) and SI (0.99 ± 0.15, p > 0.001), induced by T3. Conclusion: These results 
demonstrate that the activation of the PI3K signaling pathway has a role in T3-mediated indirect 
TRα gene expression in 3T3-L1 adipocytes. Arq Bras Endocrinol Metab. 2014;58(8):833-7

Keywords
Triiodothyronine; adipocytes; TRα; PI3K

RESUMO
Objetivo: O objetivo do presente estudo foi analisar os efeitos do hormônio tireoidiano (HT), 
triiodotironina (T3), na modulação da expressão de mRNA do receptor alfa (TRα) de HT e o en-
volvimento da via de sinalização da via fosfatidilinositol 3-quinase (PI3K) em adipócitos, 3T3-L1. 
Materiais e métodos: Foi examinado o envolvimento da via PI3K nos efeitos do T3 nos trata-
mentos de adipócitos, 3T3-L1, nas doses fisiológica (P = 10nM) ou suprafisiológica (SI = 100 nM) 
durante uma hora (tempo curto), na ausência ou na presença do inibidor da PI3K (LY294002).  
A ausência de qualquer tratamento foi considerada o grupo controle (C). RT-qPCR foi utilizado 
para analisar a expressão do mRNA. Para as análises dos dados, utilizou-se ANOVA comple-
mentada com o teste de Tukey a 5% de significância. Resultados: O T3 aumentou a expressão 
de mRNA de TRα em P (1,91 ± 0,13, p < 0,001) e SI (2,14 ± 0,44, p < 0,001) em comparação com o 
grupo C (1 ± 0,08). Esse aumento foi completamente abolido por LY294002 em P (0,53 ± 0,03, p < 
0,001) e SI (0,31 ± 0,03, p < 0,001). Para examinar se a expressão de TRα foi diretamente induzida 
pelo T3, utilizou-se o inibidor de tradução, ciclohexamida (CHX). A presença de CHX reduziu os 
níveis de mRNA de TRα em P (1,15 ± 0,05, p > 0,001) e SI (0,99 ± 0,15, p > 0,001), induzidos pelo 
T3. Conclusão: Esses resultados demonstram que a ativação da via de sinalização de PI3K tem 
um papel importante na expressão do gene TRα mediada indiretamente pelo T3, em adipócitos 
3T3-L1. Arq Bras Endocrinol Metab. 2014;58(8):833-7
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INTRODUCTION

T hyroid hormone (TH) influences the metabo-
lism and development of adipose tissue (AT) 

and modulates the proliferation and differentiation 
of adipocytes (1), mainly 3,5,3’-triiodothyronine 
(T3) (2). TH also stimulates lipolysis and lipogenesis 
(3) and is involved in regulation of lipid and carbo-
hydrate metabolism in liver, skeletal muscle and heart 
tissues (4).

TH receptors (THR) are proteins that belong to 
the nuclear hormone receptor superfamily and origi-
nate from TH receptor alpha (TRα) and TH receptor 
beta (TRβ) genes (5,6) located on chromosomes 17 
and 3 in humans, respectively. These nuclear receptors 
act on certain genes according to nucleotide sequences 
called TH responsive elements (TRE) located in the 
promoter sites of target genes (7). Although THR are 
primarily nuclear receptors, approximately 10% are 
located in the cytoplasm (8). All isoforms of THR, 
TRα1, TRα2, and TRβ1, are expressed in white and 
brown adipose tissue, being TRα1 the predominant 
THR isoform (9,10). T3 and other hormones regulate 
the different TR isoforms.

TH may function through other mechanisms than 
THR/TRE (11). Alternative mechanisms may be re-
ferred as a non-classical or non-genomic because initia-
tion sites are located in the plasma membrane, such as 
activation of αvβ3 integrin, or the cytoplasm where TH 
may activate mitogen-activated protein (MAPK) or the 
phosphatidyl inositol 3-kinase (PI3K) pathway. Initia-
tion sites are proteins that are characterized as iodothy-
ronine receptors (12,13). 

As lipid metabolism is closely associated with a 
number of health problems, the regulation of adipo-
cytes represents an area of emerging interest. So far, TR 
has been implicated as a major factor in the regulation 
of the development and function of adipose tissue (14-
16). In this study it was assessed the effects of different 
levels of T3 (physiological and supraphysiological) on 
TRα gene expression in adipocyte cell culture, 3T3-L1, 
by real-time PCR (RT-qPCR), during one-hour expo-
sure. The influence of protein synthesis on regulation 
of TRα transcription by T3 and possible activation of a 
non-classical pathway (PI3K), by T3, to modulate this 
gene was also evaluated. Our observations suggest that 
mRNA TRα levels modulated by T3 depends on acti-
vation of the PI3K pathway.

MATERIALS AND METHODS

Chemicals

Isobutylmethylxanthine (IBMX), dexamethasone, in-
sulin, cycloheximide (CHX), triiodothyronine (T3), 
LY294002 (LY), dimethyl sulfoxide (DMSO), sodium 
hydroxide (NaOH) and Charcoal Stripped fetal bovine 
serum (FBS) were purchased from Sigma (St Louis, 
MO, USA). Dulbecco’s modified Eagle’s medium 
(DMEM), fetal bovine serum and antibiotic-antimy-
cotic 100X solution were purchased from Gibco BRL 
(Grand Island, NY, USA). 

Cell culture and differentiation

The experimental protocol was approved by the Ethi cs 
Committee on Animal Experiments of the Botucatu 
School of Medicine-Unesp (protocol nº 752).

Mouse 3T3-L1 pre-adipocytes were obtained from 
the Cell Bank of Rio de Janeiro (Rio de Janeiro, RJ, 
Brazil) and grow in polystyrene 6-well plates at 37ºC 
in DMEM supplemented with 10% FBS and 1% antibi-
otic-antimycotic 100× solution. Upon cell confluence 
(designated as day 0), differentiation was initiated with 
1 µg/mL insulin, 1 µM DEX, and 0.5 mM IBMX in 
DMEM containing 10% FBS. After a 4-day incubation, 
culture media was replaced by DMEM supplemented 
with 10% FBS and 1 µg/mL insulin, and the cells were 
fed every two days with DMEM containing 10% FBS. 
3T3-L1 cells were fully differentiated by day 8. Af-
ter differentiation, cells were incubated for 24 hours 
in DMEM supplemented with 10% charcoal stripped 
FBS (to deplete T3) and 1 µg/ml insulin. After incuba-
tion, cells were treated with physiological T3 (10 nM; 
P group) or supraphysiological T3 (100 nM; SI) (17-
19) for one hour. A non-treated group, that received 
0.1% NaOH (diluent T3), served as the control (C). 
P and SI groups were also treated with CHX (10 μg/mL) 
(13) and LY (50 μM) (13) for one hour.

LY was used to determine if the non-classical path-
way (PI3K) was involved in T3 action on TRα mRNA 
levels. CHX was used to determine if T3 directly or in-
directly modulates TRα during the one-hour exposure. 

Oil red O staining

3T3-L1 cells were grown on 6-well plates and induced 
to differentiate as previously described. After an 8-day 
incubation (day 8), plates were washed twice with phos-
phate-buffered saline (PBS), fixed with 37% formalde-

Short-term effect of T3 in TRalpha by PI3K
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hyde for 30 minutes at room temperature, and washed 
twice again with PBS. After fixation, cells were stained 
for two hours at room temperature with a filtered oil 
red O solution (0.5 g oil red O (Sigma) in 100 mL 
isopropanol), washed twice with distilled water, and vi-
sualized to confirm differentiation.

Gene expression 

Whole RNA was extracted from 3T3-L1 cells using 
Trizol (Invitrogen) according to the manufacturer’s 
instructions. A high capacity cDNA reverse transcrip-
tion kit for RT-PCR® (Invitrogen, Sao Paulo, Brazil) 
was used to synthesize 20 μL of complementary DNA 
(cDNA) from 1,000 ng of whole RNA. 

TRα (assay Mm00617505_m1 – Applied Bio-
systems) mRNA levels were determined by real-time 
polymerase chain reaction (RT-qPCR). Quantitative 
measurements were determined with the Applied Bio-
systems StepOne Plus detection system using a Taq-
Man qPCR commercial kit (Invitrogen) according 
to the manufacturer’s instructions. Cycling condi-
tions were as follows: enzyme activation at 50°C for 
2 min, denaturation at 95°C for 10 min, cDNA pro-
duct amplification for 40 cycles of denaturation at 95°C 
for 15 s, and annealing/extension at 60°C for 1 min. 
Gene expression was quantified relative to C group val-
ues after normalization by an internal cyclophilin (assay 
Mm00434759_m1- Applied Biosystems) control using 
the 2 −∆∆Ct method as previously described (20).

Statistical analysis

Gene expression was analyzed using analysis of variance 
(ANOVA) followed by Tukey’s test. Data are expressed 
as mean ± standard deviation. The significance level was 
set at 5%.

RESULTS

Different T3 concentrations up-regulation TRα mRNA 
by PI3K pathway

Figure 1 shows the up-regulation of TRα levels in 3T3-
L1 adipocytes, and to verify PI3K pathway involvement 
in mediating the action of T3 on TRα mRNA expres-
sion the P and SI groups were treated with the PI3K 
pathway inhibitor LY. We showed that LY associated 
with T3 led to decreased TRα mRNA levels (Figure 1A 
and B). 

Effect of inhibition of protein synthesis on T3-
induced modulation of TRα mRNA levels

3T3-L1 adipocytes were cultured with T3 at doses that 
influenced TRα mRNA levels to determine the need 
for protein synthesis during one hour exposure. CHX 
was added to the P and SI groups. Complete abroga-
tion of the T3-induced mRNA increase by CHX indi-
cates that the TRα gene is indirectly induced by TH 
and requires prior protein synthesis (Figure 2A and B). 
However, CHX alone had significant influence on TRα 
mRNA levels. 

DISCUSSION

AT is a target of TH and expresses THR that are impor-
tant factors in regulating tissue development and func-

Figure 1. Effects of T3 and LY294002 on modulation of TRα mRNA levels 
in one hour. P = 10 nM T3, SI = 100 nM T3, C = no T3, and LY = 50 µM 
LY294002. (A) T3 influence (10 nM) on TRα gene expression in the 
presence/absence of LY. (B) T3 influence (100 nM) on TRα gene 
expression in the presence/absence of LY. ANOVA with Tukey’s test. n.s. = 
non-significant; n = 3 per treatment. 
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tion (16,21). In this paper we evaluated AT responses 
to different T3 levels based on TRα mRNA expression 
without interference from systemic factors that occur in 
vivo. As an experimental model, we used 3T3-L1 cells 
(embryonic Mus musculus cells) that were differenti-
ated in vitro into adipocytes. TRα mRNA levels were 
quantified using RT-qPCR.

Elements (TRE) (11). These mechanisms can be called 
non-classical or non-genomic because their initiation 
sites may be in the plasma membrane, like the activa-
tion of integrin αvβ3 pathway, or in the cytoplasm, 
where the TH activates the mitogen-activated protein 
kinase (MAPK) or PI3K pathway. The initiation sites 
are proteins that are characterized as iodothyronine re-
ceptors (13,21). 

PI3K participates in a wide variety of cellular pro-
cess, including intracellular trafficking, organization 
of the cytoskeleton, cell growth and transformation, 
and prevention of apoptosis (24,25). PI3K has a role 
in differentiation of several cell lines (26,27), in-
cluding adipocytes. PI3K pathway activation by TH 
originates in the cytoplasm and involves TRα or TRβ, 
resulting in specific gene transcription, including hy-
poxia inducing factor (HIF-1α), glucose transporter 1 
(GLUT1), calcineurin inhibitor (ZAKI4α) and leptin 
(11,13,21,22). In this study, we used the LY294002 
inhibitor to evaluate the need for PI3K pathway ac-
tivation in modulating TRα mRNA by T3 during a 
one hour time period. Within the one hour period, 
the increased on TRα mRNA levels in the P and SI 
groups were suppressed by LY (Figure 1A and B), 
proving that pathway activation is necessary for T3 to 
increase TRα levels. However, the inhibition of PI3K 
decreased basal TRα mRNA expression demonstrat-
ing a need this pathway to TRα mRNA expression in 
normal cell condition. 

In addition, inhibition of protein synthesis with 
CHX completely blocked T3-induced increase in TRα 
mRNA levels (Figure 2A and B), showing that it is a 
gene indirectly up-regulated by T3, depending on the 
synthesis of a yet unknown protein. Moreover, CHX 
group (without T3) compared with control group de-
creases the basal levels of TRα mRNA, indicating the 
existence of certain short-lived proteins essential for the 
expression of this gene in normal conditions. Monden 
and cols. (28) demonstrated that CHX blocks the re-
duction in TRα levels caused by T3 in HTB-185 cells, 
suggesting that down-regulation of TRα by T3 re-
quires synthesis of a new protein.

In summary, during one hour of treatment, in-
creased TRα levels in the P and SI groups were indi-
rectly modulated by T3 and depended on activation of 
the PI3K pathway. This is the first study to demonstrate 
TRα modulation by T3 in a very short time period 
(one hour) and assess PI3K pathway activation by TH 
on this gene in adipocytes, 3T3-L1.

Figure 2. Effects of T3 and CHX on modulation of TRα mRNA levels in one 
hour. P = 10 nM T3, SI = 100 nM T3, C = no T3, and CHX = 10 μg/mL. 
(A) T3 influence (10 nM) on TRα gene expression in the presence/absence 
of CHX. (B) T3 influence (100 nM) on TRα gene expression in the 
presence/absence of CHX. ANOVA with Tukey’s test. n.s. = non-significant; 
n = 3 per treatment.
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3T3-L1 pre-adipocytes represent a well-established 
model for adipogenesis (22). TRα expression is higher 
than TRβ in 3T3-L1 adipocytes (18), which is in accor-
dance with the findings of Jiang and cols. (2004) (23). 
Studies from our group showed that a T3 physiological 
and supraphysiological dose, at different times, increase 
TRα in adipocytes, 3T3-L1 (18).

It is known that TH may act by mechanisms other 
than the classical TR/Thyroid Hormone Responsive 
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Antigos e novos indicadores 
antropométricos como 
preditores de resistência à 
insulina em adolescentes
Old and new anthropometric indices as insulin 
resistance predictors in adolescents

Isabella Barbosa Pereira Carneiro1, Helena Alves de Carvalho 
Sampaio1, Antônio Augusto Ferreira Carioca2, Francisco José 
Maia Pinto1, Nágila Raquel Teixeira Damasceno2

RESUMO
Objetivo: Apesar da importância da resistência à insulina (RI) no desenvolvimento de doenças crô-
nicas, seu diagnóstico envolve demandas invasivas. Assim, faz-se necessário o desenvolvimento de 
métodos alternativos para predizer RI na prática clínica, sendo os indicadores antropométricos uma 
alternativa. Portanto, o objetivo deste estudo é avaliar o comportamento desses indicadores com re-
lação ao HOMA-IR (Homeostasis Model Assessment of Insulin Resistance). Materiais e métodos: Co-
letaram-se peso, altura e circunferência da cintura de 148 adolescentes. A partir destes, calcularam-se 
índice de massa corporal (IMC), índice de massa corporal invertido (IMCi), relação cintura-estatura 
(RCE) e índice de conicidade (IC). Coletaram-se ainda dados de composição corporal (percentual de 
gordura corporal – %GC), por meio de bioimpedância elétrica, e dados bioquímicos (glicemia e insu-
linemia de jejum) empregados no cálculo do HOMA-IR. O ponto de corte para o HOMA-IR adotado foi 
de 2,39 ± 1,93. A análise estatística envolveu a correlação de Spearman, a construção de modelos de 
regressão linear múltiplos e curvas ROC (Receiver Operating Characteristic), com IC de 95%. Utilizou-
-se o pacote estatístico SPSS v.18.0, considerando p < 0,05 como nível de significância. Resultados: 
Todos os indicadores antropométricos estavam estatisticamente correlacionados de forma positiva 
ao HOMA-IR. A curva ROC mostrou que CC, RCE e IC, nesta ordem, apresentaram-se mais eficazes 
em predizer RI. Conclusão: Entre os indicadores estudados, aqueles relacionados ao acúmulo de 
gordura central parecem os mais indicados para predizer RI. Arq Bras Endocrinol Metab. 2014;58(8):838-43

Descritores
Antropometria; resistência à insulina; adolescente; composição corporal

ABSTRACT
Objective: Despite the importance of insulin resistance (IR) on chronic diseases development, 
its diagnosis remains invasive. Thus, it’s necessary to develop alternative methods to predict IR 
on clinical practice, and the anthropometric indices are a good alternative to it. Given that, this 
study’s purpose is to evaluate these indices behavior in relation to HOMA-IR (Homeostasis Model 
Assessment of Insulin Resistance). Materials and methods: We collected weight, height and waist 
circumference from 148 adolescents. Through these indices, we calculated the body mass index 
(BMI), inverted body mass index (iBMI), waist-to-height ratio (WHtR) and conicity index (C index). 
We also collected data from body composition (body fat percentage – %BF), through electric im-
pedance, and biochemical data (fasting glucose and insulin levels) employed on the HOMA-IR 
calculation. The HOMA-IR cutoff adopted was of 2.39 ± 1.93. The statistical analysis involved the 
Spearman correlation analysis, multiple linear regression models and ROC (Receiver Operating 
Characteristic) curves construction, using 95% CI. We used the statistic pack SPSS v.18, considering 
p < 0.05 as the significance level. Results: All anthropometric indices were statistically and positi-
vely correlated to HOMA-IR. The ROC curve showed that WC, WHtR and C index, in this order, were 
the most efficient to predict IR. Conclusion: Among the indicators studied, those related to central 
fat accumulation seem the most suitable for predicting IR. Arq Bras Endocrinol Metab. 2014;58(8):838-43
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Anthropometry; insulin resistance; adolescent; body composition
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IC= CC (m)
0,109 x √Peso(kg)/Altura(cm)

 

INTRODUÇÃO

A resistência à insulina (RI) é considerada um dos 
principais fatores de risco para doenças cardiovas-

culares, pois está associada a condições, como intole-
rância à glicose, diabetes melito tipo 2 (DM2), disli-
pidemias, hipertensão arterial, entre outras alterações 
metabólicas (1). Sua etiologia está relacionada a fatores 
genéticos e ambientais, como o acúmulo de gordura 
visceral (1-3).

Entretanto, apesar de sua importância para saúde 
pública, a RI não possui diagnóstico tão simples assim. 
O método considerado padrão-ouro para a detecção 
dessa alteração é o clamp euglicêmico e hiperinsuli-
nêmico. No entanto, trata-se de uma técnica de alto 
custo, invasiva e que demanda muito tempo, tornan-
do-a inviável para a prática clínica (3). Outro método 
utilizado é o HOMA-IR (Homeostasis Model Assessment 
of Insulin Resistance), que possui boa concordância 
com o teste padrão-ouro. No entanto, o HOMA-IR 
não é largamente empregado, pois valores de glicemia 
e insulinemia de jejum, empregados no seu cálculo, de-
mandam coletas invasivas, o que limita a praticidade do 
método (4).

Desse modo, é crescente a necessidade do desenvol-
vimento de métodos práticos, rápidos, não invasivos, de 
baixo custo e de fácil aplicação que possam predizer a 
resistência à insulina. Indicadores antropométricos ob-
tidos empregando-se instrumentos simples e facilmente 
encontrados na prática profissional, tais como balança, 
estadiômetro e fita métrica, podem ser úteis nesse caso, 
pois alguns deles já possuem associação demonstrada 
com o acúmulo de gordura visceral (5-7).

Alguns desses indicadores, de fácil aferição, baixo 
custo e cálculo simples, como a circunferência da cin-
tura, índice de massa corporal e índice de massa corpo-
ral invertido, têm sido apontados em estudos recentes 
como bons preditores de RI, inclusive com crianças e 
adolescentes (8-11). O destaque para indicadores de 
acúmulo de gordura central foi observado em outros 
estudos como o de Vasques e cols. (9). Nesse estu-
do, os melhores indicadores para predizer RI foram a 
circunferência da cintura (CC), o diâmetro abdominal 
sagital (DAS) e a relação cintura-estatura (RCE), nessa 
ordem.

Assim, o objetivo deste estudo é avaliar o compor-
tamento de indicadores antropométricos com relação 
ao HOMA-IR, bem como investigar quais estão mais 
associados à resistência à insulina.

MATERIAIS E MÉTODOS

Trata-se de um estudo transversal, com abordagem 
descritiva e analítica, realizado com adolescentes estu-
dantes de escolas públicas localizadas na Zona Oeste 
da cidade de São Paulo, SP. Foram elegíveis 148 ado-
lescentes e, para o cálculo amostral, considerando os 
objetivos do presente estudo, utilizaram-se dados de 
Vasques e cols. (9), com beta = 0,10 e alfa = 0,05 (bi-
lateral). Verificou-se que seria necessário um número 
mínimo de 67 adolescentes para comprovar as inferên-
cias propostas. 

Todos os adolescentes e responsáveis assinaram um 
Termo de Consentimento Livre e Esclarecido. Além 
disso, o estudo foi submetido e aprovado pelo Comi-
tê de Ética e Pesquisa da Faculdade de Saúde Pública, 
sob o registro de nº 1886, e pelos diretores das escolas 
participantes.

Os critérios de inclusão adotados foram: idade entre 
10 e 19 anos; estar matriculado em escola pública; ser 
clinicamente saudável; não fumar; não consumir álcool 
frequentemente (com quantidade estabelecida de 30 g 
ou mais de etanol por dia para os homens e 15 g ou mais 
de etanol por dia para mulheres, de acordo com a VI 
Diretriz Brasileira de Hipertensão Arterial (12); não uti-
lizar medicamentos moduladores do metabolismo lipí-
dico, antioxidantes e hormônios há pelo menos 2 meses. 

Os critérios de não inclusão foram: estar desnutrido; 
gravidez ou lactação; estar participando de outros pro-
tocolos de pesquisa; ser portador de doenças crônicas, 
tais como neuropatias, endocrinopatias, nefropatias, 
doenças pulmonares, cardiopatias, doenças reumatoló-
gicas, imunodeficiência, síndrome de Cushing e hipo-
tireoidismo.

Os parâmetros antropométricos coletados foram: 
peso (kg), altura (m), de acordo com o protocolo de 
Lohman e cols. (13) e CC (cm), no ponto médio entre 
a última costela e a crista ilíaca (14). A partir desses 
dados, calcularam-se o índice de massa corporal [IMC 
= Peso (kg)/Altura² (m)] (15), o índice de massa cor-
poral invertido (IMCi = Altura² (m)/Peso (kg)] (16), a 
relação cintura-estatura [(RCE = circunferência da cin-
tura (cm)/Estatura (cm)] (17) e o índice de conicida-
de (IC), de acordo com a fórmula de Valdez, ilustrada 
abaixo (18):

Foram coletados ainda dados referentes à com-
posição corporal (%GC), por meio da bioimpedância 

Antropometria e resistência à insulina
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elétrica tetrapolar – BIA, utilizando-se o aparelho Bio-
dynamics®. Após 12 horas de jejum, foram coletadas 
amostras de sangue para dosagem de glicose e insu-
lina. A concentração de glicose plasmática foi obtida 
por meio do kit comercial enzimático e colorimétrico 
Glicose PAP Liquiform (Labtest, Minas Gerais, Brasil). 
A insulina plasmática foi determinada pela técnica de 
radioimunoensaio (Human Insulin-Specific RIA Kit – 
Linco Reserach, St Charles, MO, USA). A resistência à 
insulina foi mensurada por meio do HOMA-IR, calcu-
lado pela fórmula de Matthews e cols. (19):

Considerou-se como ponto de corte para o 
HOMA-IR o valor de 2,39 ± 1,93, estabelecido em 
estudo com 2.264 brasileiros e específico para a faixa 
etária inferior aos 20 anos de idade (20).

Aplicou-se o teste de Kolmogorov-Smirnov de 
modo a avaliar a normalidade da distribuição das variá-
veis estudadas. Para análise de correlação, foi utilizado 
o teste de Spearman bruto e ajustado (sexo e idade). 
A variável HOMA-IR não apresentou distribuição nor-
mal, sendo transformada na escala logarítmica. Mode-
los de regressão linear múltiplos foram desenvolvidos e 
ajustados por sexo e idade. Foram construídas curvas 
ROC (Receiver Operating Characteristic) e calculadas 
as áreas abaixo das curvas, com intervalo de confiança 
(IC 95%) de 95% (21). Para auxílio nas análises, foi uti-
lizado o pacote estatístico SPSS versão 18.0, conside-
rando p < 0,05 como nível de significância.

RESULTADOS

A amostra do presente estudo não apresentou grande 
variação na proporção do sexo, entretanto a maior parte 
foi constituída pelo sexo feminino (57,4%). A tabela 1  
apresenta a caracterização dos indivíduos quanto a 
idade, perfil antropométrico e composição corporal es-
tratificado por sexo. A média do HOMA-IR no grupo 
foi de 3,8 (2,0).

Com relação ao estado nutricional segundo o IMC, 
dentre os 148 adolescentes avaliados, a maioria, 64,2% 
(n = 95), era eutrófica. Havia 53 (35,8%) adolescentes 
com excesso ponderal, dos quais 27,7% (n = 41) esta-
vam com sobrepeso e 8,1% (n = 12) eram obesos. 

Todos os indicadores antropométricos se mostra-
ram estatisticamente correlacionados aos valores de 

HOMA-IR. Essa correlação apresentou-se positiva em 
todos os casos, ou seja, as medidas antropométricas fo-
ram diretamente proporcionais com os valores de HO-
MA-IR (Tabela 2).

Na tabela 3, observa-se que as medidas relaciona-
das ao acúmulo de gordura central (CC, RCE e IC, 
nesta ordem) apresentaram-se mais eficazes em pre-
dizer RI, pois as análises com tais variáveis resultaram 

Tabela 1. Caracterização dos indivíduos avaliados, segundo idade, perfil 
antropométrico e composição corporal. São Paulo, 2014

Variáveis Sexo
TotalMédia 

(desvio-padrão) Feminino Masculino

Idade (anos) 14,0 (2,1) 14,2 (2,1) 14,1 (2,1)

IMCi (m²/kg) 100,6 (46,3) 96,0 (12,5) 98,6 (36,0)

%GC (%) 25,0 (6,8) 18,8 (8,8) 22,3 (8,3)

IC 1,1 (0,2) 1,2 (0,1) 1,2 (0,1)

IMC (kg/m²) 23,4 (4,8) 24,2 (4,7) 23,7 (4,7)

RCE 0,5 (0,1) 0,5 (0,1) 0,5 (0,1)

CC (cm) 76,2 (16,4) 80,2 (12,0) 77,9 (14,8)

IMCi: índice de massa corporal invertido; %GC: percentual de gordura corporal; IC: índice de 
conicidade; IMC: índice de massa corporal; RCE: relação cintura/estatura; CC: circunferência 
da cintura.

Tabela 2. Correlação entre indicadores antropométricos e HOMA-IR. São 
Paulo, 2014

Variáveis r* p r** p

IMCi (m²/kg) 0,242 0,003 0,083 0,322

%GC (%) 0,318 < 0,001 0,287 < 0,001

IC 0,335 < 0,001 0,171 0,039

IMC (kg/m²) 0,340 < 0,001 0,378 < 0,001

RCE 0,369 < 0,001 0,267 0,001

CC (cm) 0,402 < 0,001 0,335 < 0,001

* Correlação bruta; ** Correlação ajustada por sexo e idade.

IMCi: índice de massa corporal invertido; %GC: percentual de gordura corporal; IC: índice de 
conicidade; IMC: índice de massa corporal; RCE: relação cintura/estatura; CC: circunferência 
da cintura.

Tabela 3. Eficácia dos indicadores antropométricos em predizer 
resistência à insulina. São Paulo, 2014

Variável ASC-ROC Erro-padrão IC 95% p

IMCi (m²/kg) 0,651 0,053 0,611; 0,799 < 0,001

%GC (%) 0,666 0,053 0,573; 0,773 0,002

IMC (kg/m²) 0,673 0,051 0,547; 0,756 0,008

IC 0,696 0,050 0,599; 0,793 0,001

RCE 0,702 0,048 0,608; 0,795 < 0,001

CC (cm) 0,705 0,048 0,562; 0,769 0,004

IMCi: índice de massa corporal invertido; %GC: percentual de gordura corporal; IC: índice de 
conicidade; IMC: índice de massa corporal; RCE: relação cintura/estatura; CC: circunferência 
da cintura; IC 95%: intervalo de confiança de 95%.

Antropometria e resistência à insulina

HOMA− IR =
22,5

 insulina de jejum (µU/mL) x glicemia de jejum (mmol/l)
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em maiores valores absolutos de área sob a curva ROC 
(ASC-ROC), bem como menores valores absolutos de 
erros-padrão.

Todos os indicadores avaliados apresentaram valores 
de áreas superiores a 0,5. Apenas a medida de CC e a 
RCE apresentaram valores superiores a 0,7, reforçando 
a capacidade de tais indicadores em predizer a resistên-
cia à insulina (Figura 1). Após ajuste por sexo e idade, 
IMC e CC foram os que apresentaram maior poder ex-
plicativo do HOMA-IR (Tabela 4).

IMCi) potencialmente relacionados ao HOMA-IR. 
Observou-se que a variável CC apresentou maior des-
vio-padrão em referência às demais variáveis. Os dados 
per si não se explicam, mas algumas hipóteses podem 
ser levantadas: é possível que seja uma característica da 
amostra e da população estudada; pode ser devido à 
maioria do sexo feminino presente na amostra avalia-
da; pode ser ainda a presença de 8,1% de adolescentes 
obesos, podendo deslocar a distribuição nesse sentido. 
Apesar desse desvio-padrão um pouco mais alto, a va-
riável teve distribuição normal e ausência de valores 
outliers.

O presente estudo mostrou que esses parâmetros an-
tropométricos e de composição corporal se correlacio-
naram positivamente com o HOMA-IR. A base comum 
que une essas variáveis é a obesidade que, por sua vez, 
está intimamente ligada à resistência à insulina (22). 

Os indicadores tradicionais foram aqueles que esti-
veram mais bem correlacionados com o HOMA-IR, em 
ordem decrescente de correlação após ajuste por sexo e 
idade: IMC, CC e %GC. Quanto ao poder das variáveis 
em predizer RI, confirmou-se que a CC é o melhor pa-
râmetro, seguido de RCE e IC. Na avaliação do poder 
preditivo para RI, observou-se que a maior AUC-ROC 
(> 0,7) foi dos indicadores CC e RCE. Considera-se, 
assim, que esses obtiveram as melhores performances 
globais para avaliação da resistência à insulina.

O destaque observado nos achados deste estudo, 
para a CC, a qual apresentou melhor valor preditor para 
HOMA-IR, já foi descrito na literatura. Segundo estu-
dos, a CC apresenta importante papel como indicador 
de desenvolvimento de morbidades relacionadas à obe-
sidade, sendo sua relação superior à encontrada com o 
IMC (23-25), além de apresentar correlação com os 
depósitos de tecido adiposo visceral e alterações meta-
bólicas (26).

A RCE, por sua vez, tem sido proposta como uma 
medida mais sensível que a CC para estimar acúmulo 
de gordura central em adolescentes (27). Já o IC é re-
latado como um indicador de risco cardiovascular na 
população geral e um ótimo parâmetro de distribuição 
de gordura (18,28).

Em metanálise recente com dados de mais de 300 
mil pessoas, confirmou-se que as medidas antropomé-
tricas de obesidade central fornecem ferramentas supe-
riores para discriminar a obesidade relacionada a risco 
cardiometabólico em comparação com o IMC (29). 
Além disso, constatou-se que a RCE foi um melhor 
preditor do que CC para DM2, dislipidemia e risco de 

Figura 1. Curva ROC referente aos indicadores antropométricos em 
relação à inadequação do HOMA-IR. São Paulo, 2014

CC: circunferência da cintura; IMC: índice de massa corporal; IMCi: índice 
de massa corporal invertido; IC: índice de conicidade; RCE: relação 
cintura/estatura; %GC: percentual de gordura corporal. 

Tabela 4. Associação entre indicadores antropométricos e HOMA-IR*, 
ajustados por sexo e idade. São Paulo, 2014

Variáveis Beta IC95% R²

CC (cm) 0,005 0,003; 0,007 0,128

IMC (kg/m²) 0,016 0,009; 0,024 0,138

IMCi* (m²/kg) 0,434 -0,040; 0,907 0,049

IC* 1,368 0,396; 2,339 0,077

%CG (%) 0,008 0,003; 0,013 0,097

RCE* 0,983 0,448; 1,518 0,109

* Variável em logaritmo. IMCi: índice de massa corporal invertido; %GC: percentual de gordura 
corporal; IC: índice de conicidade; IMC: índice de massa corporal; RCE: relação cintura/
estatura; CC: circunferência da cintura; IC 95%: intervalo de confiança de 95%.

DISCUSSÃO 

A proposta do presente estudo foi identificar medidas 
antropométricas de fácil aplicação clínica que apresen-
tassem elevado poder preditivo de RI.

Foram testados indicadores antropométricos tra-
dicionais (IMC, CC, %GC) e emergentes (IC, RCE, 
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doenças cardiovasculares em ambos os sexos (29), en-
tretanto essa relação ainda não é consenso (24,30).

Tal importância dada à capacidade desses indicado-
res antropométricos em discriminar a distribuição da 
gordura corporal decorre do fato de que as funções do 
tecido adiposo são fortemente influenciadas pela sua lo-
calização: subcutâneo e visceral. O tecido subcutâneo 
preenche os requisitos clássicos do tecido adiposo, en-
quanto o visceral é metabolicamente mais ativo e exerce 
mais influência sobre o desenvolvimento da RI, síndro-
me metabólica, DM2 e doenças cardiovasculares (31). 

No estudo de Kondaki e cols. (10), apesar de nem 
todos os melhores indicadores serem relacionados à 
obesidade central, entre eles estava a RCE. Os melho-
res indicadores encontrados, em ordem decrescente de 
importância, foram o IMC, a soma das dobras cutâ-
neas e a RCE. No estudo de Moreira e cols. (8), fato 
semelhante foi observado: %GC, IMC e CC foram os 
indicadores que melhor prediziam RI. 

O estudo de Vasques e cols. (9) analisou ainda ou-
tros indicadores antropométricos não avaliados pelo 
presente estudo, como diâmetro abdominal sagital 
(DAS), índice sagital (IS), relação cintura-coxa (RCC). 
No entanto, esse fato não compromete nossos achados, 
pois os indicadores aqui empregados foram capazes de 
detectar alterações também avaliadas por tais indicado-
res. Além disso, os indicadores utilizados no presente 
estudo requereram equipamentos simples (fita métri-
ca, balança e estadiômetro) usualmente encontrados 
com maior frequência na prática clínica. O conjunto 
de medidas sem dúvida favorece o rastreio, entretanto, 
especialmente em populações e centros mais carentes, 
medidas mais práticas são preferidas. 

Entre as limitações do presente estudo, pode ser 
citado o fato de tratar-se de um estudo do tipo trans-
versal, de forma que causa e efeito são medidos simul-
taneamente, limitando as interpretações quanto aos 
desfechos observados. Para melhor avaliar tais relações, 
um estudo de coorte de base populacional seria o mais 
indicado. 

A principal contribuição desse estudo está nos acha-
dos que demonstram a possibilidade de predição de RI 
a partir de indicadores antropométricos em adolescen-
tes, visto que estudos abordando tal temática nesse gru-
po etário ainda são escassos. A crescente incidência de 
obesidade entre os adolescentes e, consequentemente, 
de morbidades comumente associadas a esta, entre elas 
a resistência à insulina, confirma a importância desses 
achados (32). Assim, tais indicadores, simples e de fácil 

aferição, podem facilitar o rastreio e serem úteis como 
ferramentas para intervenções preventivas e terapêuti-
cas em populações de risco, favorecendo o desenvol-
vimento de estratégias efetivas para modificações no 
estilo de vida.

CONCLUSÃO

Os indicadores antropométricos mais eficazes em 
predizer RI foram aqueles relacionados ao acúmulo 
de gordura central. Tais indicadores são baseados em 
metodologias simples e de fácil aplicação que deman-
dam treinamentos simples para seus avaliadores. Assim, 
esses indicadores podem funcionar como um sinal de 
alerta aos profissionais em sua prática clínica, servindo 
como ferramentas na detecção de grupos de risco em 
abordagens preventivas e terapêuticas em populações 
vulneráveis. 

Financiamento: Fundação de Amparo à Pesquisa do Estado de 
São Paulo (Fapesp) (07/51664-5; 07/52123-8).
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Determination of cortisol and 
cortisone in human saliva by a 
liquid chromatography-tandem 
mass spectrometry method 
Determinação de cortisol e cortisona na saliva por método baseado 
em cromatografia líquida e espectrometria de massas em tandem

José Gilberto Henriques Vieira1, Odete Hirata Nakamura1, 
Valdemir Melechko Carvalho1 

ABSTRACT
Objective: Salivary cortisol measurement plays an important role in the evaluation of adrenal func-
tion. Its high correlation with free serum cortisol, the easy of sampling and the limited presence of 
interfering steroids, generated multiple recent studies of its application, in special in the screening 
of adrenal hyperfunction. In this paper we present our experience in the development of a high pres-
sure liquid chromatography tandem mass spectrometry (HPLC-MS/MS) method for salivary cortisol 
and cortisone measurement. Materials and methods: For this study we used 181 saliva samples 
from our routine diagnostic laboratory. The HPLC-MS/MS method was based on a Waters Quattro 
Premier tandem mass spectrometer with an electrospray probe. After derivatization with hydroxyla-
mine transitions monitored included cortisol and cortisone. An in-house radioimmunoassay (RIA) 
was used for salivary cortisol results comparison. Results: Functional sensitivity was 24 ng/dL for 
cortisol and linearity from 24 to 1929 ng/dL. Saliva cortisol values obtained in the 181 samples pre-
sented a median of 52 ng/dL with 5-95% percentile of 24 and 374 ng/dL. With the RIA the results were 
86, 25 and 436 ng/dL, respectively, with values for RIA being significantly higher (P < 0.0001) and 
high correlation (r = 0.8312, P < 0.0001). Cortisone measured in 159 samples showed a median of 278 
ng/dL, with 5-95% percentile of 100 and 1,133 ng/dL. Correlation with cortisol values was significant 
(r = 0.820, P < 0.0001). Conclusion: We conclude that the HPLC-MS/MS method compares favorably 
with the RIA for salivary cortisol measurement, with the additional possibility of concomitant cor-
tisone measurement and the evaluation of 11βHSD2 activity. Arq Bras Endocrinol Metab. 2014;58(8):844-50

Keywords
Salivary cortisol; salivary cortisone; mass spectrometry; radioimmunoassay; hypercortisolism screening

RESUMO
Objetivo: A dosagem de cortisol salivar é uma metodologia que vem tendo crescente aceitação 
no estudo da função adrenocortical. Sua alta correlação com a fração livre sérica, facilidade de 
coleta e presença limitada de interferentes têm originado múltiplas publicações, em especial no 
screening de pacientes suspeitos de hiperfunção. Neste trabalho apresentamos nossa experiên-
cia no desenvolvimento de metodologia baseada em cromatografia líquida e espectrometria de 
massas (HPLC-MS/MS) para a medida de cortisol e cortisona salivares. Materiais e métodos: 
Para este estudo utilizamos 181 amostras de saliva de nossa rotina diagnóstica. A metodologia de 
HPLC-MS/MS baseou-se num espectrômetro de massas Waters Quattro Premier. Após derivatiza-
ção com hidroxilamina, as transições monitoradas incluíram cortisol e cortisona. Um radioimu-
noensaio (RIE) in house foi empregado para comparação. Resultados: A sensibilidade funcional 
para cortisol foi de 24 ng/dL, com linearidade entre 24 e 1,929 ng/dL. Os valores de cortisol obti-
dos nas 181 amostras apresentaram mediana de 52 ng/dL, com percentis 5-95% de 24 e 374 ng/dL. 
Com o RIE, os resultados foram 86, 25 e 436 ng/L, respectivamente, com os valores obtidos no RIE 
significativamente mais elevados (P < 0,0001), e alta correlação (r = 0,8312, P < 0,0001). Cortisona, 
medida em 159 amostras, mostrou mediana de 278 ng/dL, com percentis 5-95% entre 100 e 1.133 
ng/dL. A correlação com os valores de cortisol foi significativa (r = 0,820, P < 0,0001). Conclusão: 
Concluímos que o método baseado em HPLC-MS/MS compara-se favoravelmente com o RIE 
para a medida de cortisol salivar, com a possibilidade adicional da medida concomitante de corti-
sona e avaliação da atividade da enzima 11βHSD2. Arq Bras Endocrinol Metab. 2014;58(8):844-50
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INTRODUCTION 

S erum total cortisol measurement by radioimmuno-
assay (RIA) was one of the first steroid hormone 

assays to be routinely available in diagnostic and research 
laboratories (1,2). Cortisol circulates mostly (90%) 
bound to corticosteroid-binding globulin (CBG), an 
endogenous protein with high affinity and specificity 
(3). Cortisol not bound to CBG is either weakly bound 
to albumin (~6%) or free (~4%) and, consequently, the 
levels of total cortisol in serum or plasma are strongly 
dependent on CBG levels. Several circumstances inter-
fere in CBG levels and affinity, from rare familial CBG 
deficiencies (hypoCBGnemias) (4), to frequent clinical 
conditions like pregnancy and steroid hormone contra-
ceptives use. The need of methods for the evaluation of 
the free fraction, therefore excluding the interference of 
CBG levels, were described with assays mostly based on 
the available RIAs and serum equilibrium dialysis (5). 

Another alternative was to measure cortisol in 
urine, since only the free fraction is filtered (6), and 
results were very promising. Yet another possibility was 
the measurement of cortisol in saliva or parotid fluid, 
since the free fraction is the main component, and 
several methods were successfully adapted (7,8) and 
when compared with free fraction in serum showed 
high correlation (9). Because saliva sample collection 
is easy, can be performed by the patient at home, and 
can be repeated at short intervals, cortisol in saliva is 
being used more and more frequently for the screening 
of adrenal pathologies, in special Cushing’s syndrome 
(10,11). The stress-free sample collection turns salivary 
cortisol in a biomarker for stress assessment. Actually 
it was shown that salivary cortisol can provide impor-
tant information about hypothalamic-pituitary-adrenal 
(HPA) axis activity under normal and stress conditions. 
The introduction of a reference method, comparable 
within laboratories, is highly desirable (12).  

Analytical specificity shows punctual problems for 
routine immunoassays for total serum cortisol, mainly 
with synthetic corticosteroids use (e.g. Prednisone) and 
in patients with adrenal enzymatic defects. This obser-
vation is valid despite the high specificity of the antisera 
produced against cortisol-3-oxime coupled to a high 
molecular weight protein and the low relative concen-
trations of endogenous interfering steroids (1,2). In the 
case in urine, the presence of several endogenous inter-
fering steroids, in special cortisol metabolites, demands 
extraction and chromatography in order to achieve the 
necessary specificity (13-15). The introduction of tech-

niques based in liquid chromatography associated with 
tandem mass spectrometry for the measurement of free 
urinary cortisol were a definitive step forward in the 
improvement of the general characteristics of the assays 
(16,17), and additionally provided the opportunity to 
measure concomitantly free cortisone levels.

In saliva samples, in spite of the absence of the 
majority of the interfering steroids (in special cortisol 
metabolites) present in urine, the high levels of cor-
tisone pose a potential problem for the specificity of 
RIA-based techniques. Salivary epithelium cells express 
11β-hydroxysteroid dehydrogenase type 2 (11β-HSD2) 
that converts cortisol to cortisone, protecting mineralo-
corticoid receptors (MR) from cortisol binding. Con-
sequently, the relative levels of cortisone/cortisol are 
much higher than in serum. The antisera developed 
against cortisol 3-oxime derivatives, even the best ones, 
shown cross-reactivity of 5 to 10% with cortisone (14), 
driving the interest for more specific techniques.

Recent literature concerning the screening for 
Cushing’s syndrome provides strong evidence for the 
convenience and diagnostic specificity of saliva corti-
sol measurements, with emphasis for late night samples 
(10,11,18,19). These publications provided stimulus 
for the potential improvement of saliva cortisol assays 
with the introduction of high-pressure liquid chroma-
tography coupled to tandem mass spectrometry based 
methods (HPLC-MS/MS) (20-23). In this paper we 
present our experience in the development of a HPLC-
MS/MS method for the measurement of salivary corti-
sol and cortisone and the comparison of the new tech-
nique with of a time-validated direct RIA.

MATERIALS AND METHODS

Samples

For this study we used samples from our routine diag-
nostic laboratory. Saliva was collected using Sallivettes 
(Sarstedt, Numbrecht, Germany) and as soon as they ar-
rived at the laboratory were centrifuged and saliva stored  
at 4°C until analysis that took place in 24 up to 48h, oth-
erwise samples were stored at -20°C. Saliva and its con-
tents are stable in these conditions (24). Collection of sa-
liva samples observed three time windows: from 8:00 to 
9:00, from 16:00 to 17:00 and from 23:00 to 24:00; time 
of collection and the number of samples were according 
to the prescription by the attending physician. Conse-
quently, cortisol values were expected to comprise circa-
dian variation as well as include as small number of phar-

Salivary cortisol and cortisone by HPLC-MS/MS
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macological induced variation (post-Dexametasone use), 
and pathological conditions (samples from two known 
Cushing’s disease patients are included). After analysis for 
salivary cortisol using the routine RIA method, samples 
had their cortisol and cortisone contents measured with 
the new HPLC-MS/MS method. A total of 181 samples 
were evaluated using both methods and in 159 of these 
samples, cortisone levels were also measured by HPLC-
MS/MS. Values are expressed in ng/dL for cortisol and 
cortisone. To convert to nmol/L multiply by 0.0276 (e.g. 
100 ng/dL corresponds to 2.76 nmol/L). 

Statistical methods

The statistical methods used for assay comparison were 
non-parametric (Prism 6, GraphPad Inc, San Diego, 
CA, USA) and the program used for extrapolating de-
cision points and method validation was EP Evaluator 
(David Roads Assoc., Kennett Square, PA, USA).

Assay procedures

Radioimmunoassay: the in house RIA method used the 
antiserum described in our original publication, produced 
by immunizing rabbits with a cortisol-3-oxime derivative 
coupled to bovine serum albumin (2), modified for sa-
liva samples (9). The specificity study for the antiserum 
(F9-1) is depicted in table 1. All steroids were purchased 
from Steraloids Inc., Newport, RI, USA. Saliva samples 
(20 µL) were added directly, tritiated cortisol (New Eng-
land Nuclear, Boston, USA) was used as tracer, and dex-
tran-coated charcoal solution to separate bound and un-
bound phases. Functional sensitivity was 25 ng/dL, with 
linearity ranging from 25 to 750 ng/dL, and intra-assay 
and inter-assay precision of 8.7 and 10.7%, respectively.

HPLC-MS/MS
The assay was based on a 2777 Waters autosampler and a 
Waters Quattro Premier tandem mass spectrometer with 
an electrospray probe (Waters/Micromass, Manchester, 
UK). Deuterated cortisol (9, 11, 12, 12-D4, 98%, code 
DLM-2218) and cortisone (2,2,4,6,6,12, 12-D7, 98%, 
code DLM-9142) were used as internal standards, and 
acquired from Cambridge Isotope Laboratories. An ali-
quot of 2 µL of each standard, corresponding to 2 ng 
of each (in water) was added to the saliva samples prior 
processing. Saliva samples (0.5 mL) were first deprotein-
ized with a 0.2 mol/L zinc sulphate/methanol solution 
(20/80, v/v) and the  supernatant extracted in Strata X 
minicolumns (Phenomenex, Torrance, CA, USA). After 

methanol elution, the samples were evaporated (Speed 
Vac) and derivatized with 0.3 mL of a 1.5 mol/L hy-
droxylamine/methanol (50:50, v/v) solution for 90 
min at 70°C. After cooling and centrifugation, 200 µL 
of the solution were injected directly in the HPLC sys-
tem that consists in a Onyx C18 25x4.6 mm column 
eluted with 0.5 mol/L ammonium formate and metha-
nol at 0.3 mL/min. A linear gradient ranging from 2 to 
60% methanol of the mobile phase was applied in 3.25 
minutes. The eluate was directly analysed by the MS/
MS operated in electrospray positive mode. The transi-
tions monitored were m/z 393>136 and 393>91 (corti-
sol), 397>136 and 397>91 (D4-cortisol), 391>167 and 
391>149 (cortisone) and 398>167 and 398>149 (D7-
cortisone). Analysis employed the QuanLynx software.

The validation of the assay included the specificity 
study were solutions of 5,000 ng/dL of each of the 
steroids listed in table 1, were studied, showing no in-

Table 1. Cross-reactivity levels of antibody F79-1, as calculated in 
percentage (%), according to Abraham (24) and the same steroids as 
percentage (%) in terms of area under de curve (AUC) with (limit of 
quantification 24 ng/dL for cortisol and 100 ng/dL for cortisone) as 
reference for the HPLC-MS/MS method 

Steroid
Cross reactivity

RIA (%) HPLC-MS/MS (AUC) 
(%)  

Cortisol 100 100

Cortisone 8.5 100

Corticosterone 1.2 < 0.5

Aldosterone < 0.012 < 0.5

DOC 0.42 < 0.5

5β-tetrahydrocortisone < 0.012 < 0.5

Cortisol-21-glucoronate 0,26 < 0.5

Cortisol-21-sulphate 0.37 < 0.5

21-deoxycortisol 12.2 < 0.5

5α-dihydrocortisol 10.0 < 0.5

5β-dihydrocortisol 2.8 < 0.5

20α-dihydrocortisol 0.09 < 0.5

20β-dihydrocortisol 0.82 < 0.5

6β-hydroxycortisol 2.5 < 0.5 

5α-tetrahydrocortisol 5.0 < 0.5

5β-tetrahydrocortisol 0.03 < 0.5

Betametasone 0.075 < 0.5

Dexametasone < 0.012 < 0.5

Prednisolone 52.0 < 0.5

Prednisone 3.1 < 0.5

6α-metilprednisolone 17.7 < 0.5

Triancinolone < 0.012 < 0.5

Salivary cortisol and cortisone by HPLC-MS/MS
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In figure 2 data are shown as a Bland-Altman plot pre-
senting the differences (ng/dL) obtained between the 
two measurements (HPLC-MS/MS – RIA) against the 
average of the two individual values for each of the 181 
samples. Both figures show clearly that the values ob-
tained with the RIA are higher and that the dispersion 
increased with increasing values of samples. Regression 
analysis of the cortisol values with the two methods re-
sulted in the equation Y = 0.85X-11-4, were Y corre-
sponds to the HPLC-MS/MS result and X to the RIA 
result. Plotting cortisol values against time of sample col-
lection showed the expected circadian rhythm (Figure 3).

terference. All steroid standards were prepared in house 
based on DMSO solutions of 1 mg/mL. The final 
standard solution for assay use was 1% DMSO/water. 
Functional sensitivity, defined as a CV of less than 20% 
in the reading of the area under the curve (AUC), was 
24 ng/dL for cortisol and 100 ng/dL for cortisone.

Linearity, studied by sequential dilution, ranging 
from 24 to 1920 ng/dL for cortisol, 100 to 2,400 ng/dL 
for cortisone; recovery studies varied between 90,4 and 
107.1%, for cortisol and 90.3 to 101.3% for cortisone. 
Intra and inter assay precision for cortisol were 5.6 and 
7.9% for a sample with mean value of 84 ng/dL and 4.7 
and 5.3% for a sample with mean value of 413 ng/dL, 
respectively, and 9.1 and 6.8% for samples with mean 
value of 578 and 1453 ng/dL for cortisone. 

RESULTS

In the 181 samples the RIA method showed a median 
of 86 ng/dL, with the percentile 5% of 25 ng/dL and 
95% of 436 ng/dL; 17/181 were ≤ 24 ng/dL. With the 
HPLC-MS/MS method, the numbers were: median 52 
ng/dL, percentile 5% 24 ng/dL and 95% 374 ng/dL; 
48/181 samples were ≤ 24 ng/dL. Spearman correlation 
provided a high positive value of r = 0.8312 (P < 0.0001). 
The application of the Wilcoxon matched-pairs signed 
rank test showed a P value of < 0.0001, confirming a 
significant difference between results obtained with the 
two methods; values with the RIA method being higher 
than the obtained with HPLC-MS/MS. A graphic pre-
sentation of the paired measures is depicted in figure 1. 

Figure 1. Correlation between salivary cortisol measurements obtained 
with the RIA and with the HPLC-MS/MS methods.
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Figure 2. Bland-Altman presentation of the differences (ng/dL) obtained 
between the two salivary cortisol methods (HPLC-MS/MS – RIA) plotted 
against the average of the two individual values for the 181 samples.

Figure 3. Median, 25, and 75 percentiles of salivary cortisol obtained in 
the three windows of sample collection: 8:00 to 9:00, 16:00 to 17:00 and 
23:00 to 24:00h.

Cortisone values obtained in 159 samples showed 
a median of 278 ng/dL, with 5% percentile of 100 ng/dL 
and 95 percentile of 1,133 ng/dL; 16 samples were  
≤ 100 ng/dL. Cortisone values were significantly higher 
than cortisol values, but presenting a significant Spear-
man correlation of r = 0.820 (P < 0.0001) (Figure 4).

Salivary cortisol and cortisone by HPLC-MS/MS



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

848 Arq Bras Endocrinol Metab. 2014;58/8

DISCUSSION

Steroid measurements in clinical and research labora-
tories are gradually shifting from RIA-based method-
ology to HPLC-MS/MS, as predicted by Schackleton 
more than 20 years ago (26) and reviewed recently by 
Carvalho (27,28). Concerning cortisol measurements, 
one important point is the media where the measure-
ment is being made. For total serum cortisol, the levels 
of potential interfering steroids are low, and the need 
for more analytically specific assays is doubtful. The real 
problem of clinical specificity in serum cortisol mea-
surements are the fluctuations of the binding protein 
(CBG) levels, since up to 90% of cortisol circulates 
bound to CBG (3). The free hormone hypothesis im-
plies that the biologically active hormone is restricted 
to the free fraction (29) and led to the development of 
free serum cortisol methods (5), that, to be truly valid 
imply that certain requirements be met, including the 
need of equilibrium dialysis or ultrafiltration prior to 
the assay, with all the practical and economic limitations 
behind this kind of methodology (30).

Cortisol is present in urine and saliva, media where 
CBG is absent, so that glomerular filtration or saliva 
production, can be viewed as the in vivo equivalent to 
an in vitro dialysis. One problem of free urinary or sali-
vary cortisol measurements is the presence of a higher 
concentration of potentially interfering steroids. This 
is true for traditional RIA methods, even employing 
the best anti-cortisol antibodies, as was patent for free 

urinary cortisol measurement since the first described 
methods (13,14).

The introduction of HPLC-MS/MS methods to 
clinical steroid measurements is a landmark equivalent 
to the introduction of RIA methods more than 40 years 
ago (25). The long maturation of the methodology, 
concerning its routine use, paralleled the development 
of HPLC and MS/MS equipment and technology and, 
nowadays, they may be considered prime for clinical 
laboratory use. Our experience with the introduction 
of free urinary cortisol measurement using HPLC-
MS/MS, substituting traditional chromatography and 
RIA techniques, made clear the specificity advantage of 
the new methodology (16). Higher specificity implies 
lower and more comparable results, assuming the use 
of HPLC-MS/MS comparable technology.

Concerning salivary cortisol measurements, several 
points should be discussed. First, saliva is easy to col-
lect, can be repeated several times in sequence and can 
be performed at home by the patient (11). The need of 
venipuncture for serum cortisol (free or total) sampling 
and the cumbersome 24h urine collection are circum-
vented. Cortisol in saliva is stable and can be stored for 
long periods (24). With the availability of the commer-
cial sampling devices, like the one described in this pa-
per, the only real point is to avoid saliva contamination 
with any oral bleeding. Instructions of oral washing and 
avoiding teeth brushing in the hours before collection 
are essential. 

Another point to be discussed is the peculiarity of 
salivary epithelium of harboring significant quantities 
of the enzyme 11βHSD2. This enzyme acts as a pro-
tector of the specificity of mineralocorticoid receptor 
(MR) by metabolizing cortisol to cortisone that has no 
affinity for the MR (31). 11βHSD2 is present in other 
epithelial tissues, mainly in the kidney, sweat glands and 
intestinal epithelium, tissues responsible for the control 
of sodium excretion (32). The additional possibility of 
measuring concomitantly cortisone in the saliva sam-
ples permits the evaluation of 11βHSD2 activity, with 
potential interest in several circumstances.

Our results are comparable to the ones recently re-
ported in the literature (20-23). Salivary cortisol values 
obtained with the HPLC-MS/MS method were sig-
nificantly lower than the ones obtained with the direct 
RIA technique. That result was expected in function of 
the greater analytical specificity of the HPLC-MS/MS 
methodology. The regression equation generated with 
our data is quite similar to one reported recently by 
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Figure 4. Correlation between salivary cortisol and cortisone values 
obtained by HPLC-MS/MS in 159 samples. Spearman correlation 
calculation provided an r = 0.820 (P < 0.0001).  
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McWhinney and cols. (33), utilizing similar methods. 
Additionally, the lower coefficient of variation obtained 
with HPLC-MS/MS provides more precision for the 
saliva measurement. This open the possibility of easier 
and more realistic assay comparison, provided they are 
based in HPLC-MS/MS methods, and should permit 
the definition of cut-off values with more precision. 
Consequently better performance for screening me-
thods, in special for Cushing’s syndrome with late night 
collected saliva samples, should be expected. 

The salivary cortisone values found in this study, 
higher than the cortisol levels, showed a mean relation 
cortisol/cortisone of 0.19, which is in accordance to 
reported values using similar methods (33). In urine a 
relation of 0.28 was reported (17,33), and both num-
bers are completely different from the one in serum, 
were the relation of cortisol/cortisone is around 5.0. 
These findings can be explained mainly by two observa-
tions. The first one is based on the fact that free frac-
tion of cortisone is higher than free fraction of cortisol 
(3), consequently the filtered proportion of cortisone is 
higher. The second observation concerns the 11βHSD2 
activity in salivary gland acinar cells, with cortisone pro-
duction directly reaching saliva; in urine the enzyme 
is located in tubular cells, with cortisone added as the 
glomerular filtrate flows through the tubules.

From a methodological point of view, RIE tech-
niques for salivary cortisol (mainly when using high 
quality antisera) are simpler, cheaper and wildly avail-
able, when comparing to LC-MS/MS methods. The 
use of alternative labeling techniques (non-radioac-
tive) turns direct salivary cortisol measurement a sim-
ple and affordable method. HPLC-MS/MS me thods 
provide better specificity, allow the concomitant mea-
surement for salivary cortisone, but they are only 
cost-effective in laboratories that already have made 
the important investments in installation, equipment 
and staff training, that a steroid lab based on HPLC-
MS/MS requires.

The analysis of hormones, in special cortisol, in sa-
liva is a methodology that has been in maturation for 
the last decades. The availability of simple collection 
devices, the easiness and out of clinic/hospital sample 
collection by the patient, and now the maturation of 
methods of high precision and specificity, like the one 
described in this paper, should increase the acceptance 
of this methodology by clinicians in general (34).
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Papillary thyroid cancer case 
masked by subacute thyroiditis
Caso de carcinoma papilar de tiroide 
mascarado por tireoidite subaguda

Bekir Ucan1, Tuncay Delibasi1, Erman Cakal1, Muyesser Sayki Arslan1, Nujen 
Colak Bozkurt1, Taner Demirci1, Mustafa Ozbek1, Mustafa Sahin2

SUMMARY
Subacute thyroiditis (SAT) association with thyroid carcinoma has been rarely reported in the 
literature. We present a patient with SAT and papillary thyroid cancer that was suspected by 
ultrasonographic evaluation (US) following SAT treatment. A fifty-four-year old female patient 
referred to our department due to tachycardia, jitteriness and pain in cervical region for the past 
one month. SAT diagnosis was established by physical examination, laboratory and ultrasono-
graphic findings. After treatment, control thyroid US revealed regression of the hypoechogenic 
regions seen in both lobes, and a previously unreported hypoechogenic lesion with microcal-
cification focus that had irregular borders and was not clearly separated from the surrounding 
parenchyma located in the posterior aspect of the lobe (Elasto score: 4, Strain index: 7.08). Fine 
needle aspiration biopsy was taken from this nodule; cytology was assessed to be compatible 
with papillary thyroid carcinoma. Postsurgical pathology evaluation showed a papillary mi-
crocarcinoma. SAT may produce ultrasound changes that obscure the coexistence of papillary 
carcinoma. We recommend that patients with SAT have ultrasonography after they recover. Hy-
poechogenic regions bigger than 1 cm that are present in the follow-up post-therapy US should 
be assessed by biopsy. Arq Bras Endocrinol Metab. 2014;58(8):851-4

SUMÁRIO
A associação da tireoidite subaguda (TSA) com o carcinoma de tiroide foi raramente relatada na 
literatura. Apresentamos uma paciente com TSA e tumor papilar de tiroide suspeito na ultrasso-
nografia (US) após o tratamento para a TSA. Uma mulher de 54 anos de idade foi encaminhada 
ao nosso departamento com taquicardia, agitação e dor na região cervical, com duração de 1 
mês. O diagnóstico de TSA foi estabelecido pelo exame físico, e pelos achados laboratoriais 
e ultrassonográficos. Depois do tratamento, o US para controle da tiroide mostrou regressão 
das regiões hipoecoicas vistas em ambos os lobos e uma lesão hipoecoica anteriormente não 
observada com focos de microcalcificação, bordas irregulares, não claramente separada do 
parênquima circundante e localizada na região posterior do lobo. (Escore elástico: 4, índice de 
deformação: 7,08). Foi feita uma biópsia do nódulo por meio de aspiração por agulha fina. A ci-
tologia mostrou-se compatível com um carcinoma papilar de tiroide. A avaliação pós-cirúrgica 
mostrou um microcarcinoma papilar. A TSA pode produzir alterações ultrassonográficas que 
obscurecem a coexistência de carcinoma papilar. Recomendamos que pacientes com TSA pas-
sem por exame ultrassonográfico após a recuperação. Regiões hipoecoicas maiores que 1 cm 
encontradas no US para acompanhamento pós-tratamento devem ser avaliadas por biópsia. 
Arq Bras Endocrinol Metab. 2014;58(8):851-4 
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INTRODUCTION

S ubacute thyroiditis (SAT) is one of the inflamma-
tory thyroid diseases known as de Quervain’s dise-

ase. This disease affects women three to five times more 
often than men. In addition to that, viral infection is 

the most common cause of this disease (1,2). SAT is 
generally clinically diagnosed after evaluating both the 
clinical and laboratory data (3). This self-limited disea-
se often resolves spontaneously or it may improve with 
anti-inflammatory medications and corticosteroids (4).
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Ultrasonography (US) is a useful tool for diagnosing 
and monitoring thyroid pathology, including subacute 
thyroiditis. Characteristic ultrasonographic features of 
thyroiditis are enlargement of thyroid gland, focal hy-
poechoic zones with indefinite borders or diffuse hypo-
echoecogenicity, and lack or low flow on color Doppler 
in these areas (5). These findings usually accompany 
hard and tender thyroid gland (3). However these ul-
trasonographic findings are not pathognomic for SAT. 

Diffuse hypoechogenity can be seen in Graves’ di-
sease and Hashimoto thyroiditis, whereas benign no-
dules and thyroid carcinomas may present as focal hy-
poechoic regions (4,5). In pathological examinations, 
thyroid gland is seen as engorged and edematous in 
SAT. There is follicular cell destruction and the infiltra-
tion of inflammatory cells. These inflammatory cells are 
neutrophils, lymphocytes, histiocytes and multinuclear 
giant cells and are seen in the hypoechoic regions de-
termined in the biopsy taken under US guidance. With 
the regression of the inflammatory process, there are 
different stages of fibrosis and granuloma formation in 
the thyroid gland (6).

SAT’s association with thyroid carcinoma has been 
rarely reported in the literature. In this case report, we 
presented a 54 years old female patient who was diag-
nosed subacute thyroiditis and papillary thyroid cancer 
by US evaluation following treatment.

CASE REPORT

Fifty-four years old female referred to our department 
due to tachycardia, jitteriness and pain in servical region 
for the past 1 month. The pain in the neck that radiated 
to the ear and jaw and was worsening with swallowing. 
Asthma, gastritis and carpal tunnel syndrome was pres-
ent in her history. There were no thyroid carcinoma in 
her family history. In the physical examination, thyroid 
gland was bilaterally enlarged and hard. Also tender-
ness was found in the thyroid region by palpation. Thy-
roid gland was not fixated to the surrounding tissue. 
No cervical lymph node was apparent.

Her laboratory examinations were as follows; TSH: 
0.2 (0,55-4,78 mIU/L), sT4: 1.09 (0.74-1.52), sT3: 
3 (2.3-4.2 pg/mL), anti-TPO: 10 (10-35 IU/mL), 
anti-tg: 72 (0-40 IU/mL), sedimentation rate: 52 (0-
20 mm/h), C-reactive protein (CRP): 36.8 (0-8 μg/L), 
neutrophils 11 (4-10 103/μL), absolute neutrophil 6.34 
(2,1-6.1 103/μL), haemoglobin: 12.6 (11.4-16.4 g/dL), 
and thrombocyte count was 269.000 (150-372 103/μL). 

In the thyroid ultrasonography, bilaterally enlar-
ged, diffuse and tenderness with contact of the probe 
in the thyroid gland was detected. Moreover, hypoe-
chogenic heterogeneous regions of irregular borders in 
both thyroid lobes. SAT diagnosis was established by 
physical examination, laboratory and ultrasonographic 
findings. Medical therapy was initiated. On the second 
day of the steroid treatment, there were significant re-
gression in the symptoms and signs of the patient. Ste-
roid treatment was continued for a month with gradual 
decreases. The patient’s control levels were as follows; 
sedimentation rate 9 mm/h, CRP:1.441 mg/L, TSH: 
2 (0.55-4.78 mIU/L), sT4: 0.8 (0.74-1.52 pg/mL), 
sT3:2.8 (2.3-4.2 pg/mL), neutrophil: 8.3 (1.69-8.3 
103/μL). Her control thyroid US revealed regression 
of the hypoechogenic regions seen in both lobes and a 
previously unreported hypoechogenic region or nodule 
with microcalcification focus that had irregular borders 
and was not clearly seperated from the surrounding 
parenchyma localized in the posterior aspect of the ri-
ght thyroid lobe (elasto score: 4, strain index: 7,08). 
The fine needle aspiration biopsy taken from this no-
dule revealed a malign cytology and was compatible 
with papillary thyroid carcinoma. Total thyroidectomy 
and central neck lymph node dissection were planned. 
Postsurgical pathology evaluation was reported to be 
papillary microcarcinoma (9 mm). 

DISCUSSION

Subacute granulomatous thyroiditis (SAT) is a self-
limiting, painful, non-infectious inflammatory disease 
of the thyroid gland. Although the etiology of subacute 
thyroiditis is not completely known, it is assumed to be 
related to viral infections and genetic factors. Infectious 
etiology is not clearly proven that no proliferation was 
found in viral cultures, however viral antibodies were 
found to be high (7).

Thyroid carcinoma rarely co-exists with subacute 
thyroiditis. Fatourechi and cols. found no thyroid can-
cer in 160 SAT patients (8). But there are several case 
reports about this co-existence worldwide in the litera-
ture (9-11).

Ultrasonography provides important clues for diag-
nosis of SAT however hypoechogenic regions that are 
typical ultrasonographic findings of subacute thyroiditis 
are not specific to this disease (12). Hypoechogenity, 
nodule shape, tumor magrin, hypoechoic rims are im-
portant factors in evaluating nodule for thyroid carci-

Thyroid cancer and thyroiditis
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noma (13). Also ultrasonographic features such as mi-
crocalcification and blurred borders are very important 
for deciding biopsy even there is no obvious nodule. 
Without any other suspicious clue than diffuse hypo-
echogenic regions, it is very difficult to determine the 
coocurrence of SAT and papillary carcinoma. In our 
case, the presence of microcalcification focus and blur-
red borders accompanying the hypoechogenic regions 
in the ultrasonography was a red flag. 

In the subacute thyroiditis, initial sonographic exa-
mination is important, unlike typical findings on the 
presence of a suspicious lesion should be considered. 
In other words, at the first ultrasonography may be 
missed the suspicious lesion. Because, it was difficult to 
point out the coexistence of papillary carcinoma with 
SAT, based on no clues other than diffuse hypoechoic 
area at initial ultrasonographic examination. Nishihara 
and cols. were also not determined a suspicious lesion 
at the first ultrasound examination in their study (11). 

Thyroid US is useful for the follow-up of patients 
with subacute granulomatous thyroiditis. The follow-
-up US findings of SAT were a reduction of an enlarged 
thyroid volume and a decreased or absent hypoechoic 
areas. A follow-up US exam is recommended rather 
than immediately performing fine needle aspiration 
biopsy (FNAB). However, FNAB is indispensable in 
cases of lesions that are seen as a focal mass mimicking 
thyroid malignancy (11). Also, as in our case, control 
ultrasonography is very important in SAT for undetec-
table suspicious lesions in first ultrasound. 

In a study 15 patients with subacute thyroiditis, 
Tokuda and cols. have reported that sonographic fin-
dings changed during the course of the disease. They 
have reported the presence of hypoechogenic regions 
during the active phase, and their regression and di-

sapperance when the clinical symptoms ameliorated. 
They have shown in 3 patients that hypoechogenic 
regions reoccured with the recurrence of the disease 
(12). In our case, there was also significant decrease in 
hypoechogenic regions following therapy. This enabled 
the detection of the suspicious region. 

Lymphadenopathy (LAP) might accompany to 
thyroid carcinoma and SAT. Nishihara and cols. detec-
ted that two patients had enlarged and rounded cervi-
cal lymph nodes and diffusely hypoechoic areas in their 
thyroid (11). In our case, there was no LAP accom-
panying suspicious lesions. Elastography may assist in 
the diagnosis and monitoring of SAT. Also it may help 
in deciding biopsy requirement in SAT coexistent with 
suspicious lesions or nodules.

It is also uncertain whether a coexisting thyroid 
inflammation might influence the result of elastogra-
phic evaluation of thyroid focal lesions (14). As cases 
of coexistence of SAT with nodular goiter or thyroid 
cancer have been described, it seems best to postpone 
the assessment of the nodule stiffness until a complete 
recovery from SAT (11). 

In our case, we found a previously unreported sus-
picious hypoechogenic lesion in control thyroid US. 
This nodule has an increased elastography score and 
strain index according to uninvolved and other hypoe-
choic regions. US examination made by an experinced 
doctor and elastography findings help us to take biopsy 
decision.

We have reported a case with presentation of diffuse 
hypoechogenic regions in ultrasonography compatible 

Table 1. Laboratory findings of the patient

Before 
treatment

After  
treatment

TSH (0,55-4,78 mIU/L) 0,2 mIU/L 2 mIU/L

fT4 (0,74-1,52 pg/mL) 1,09 pg/mL 0,8 pg/mL

fT3 (2,3-4.2 pg/mL) 3 pg/mL 2.8 pg/mL

Sedimentation  (0-20 mm/sa) 52 9

CRP (0-8 μg/L) 36,8 1,44

Leukocytes (4000-10.000) 11.000 8.300

Absolute neutrophil (2,1-6,1 103/μL) 6,34 3,8

Anti-Tg (0-40 IU/mL) 72 IU/mL -

Anti-TPO (10-35 IU/mL) 10 IU/mL -

Figure 1. Longitudinal thyroid ultrasonography and elastography taken 
when the patient symptoms disappeared with prednisolone treatment, 
showing a heterogeneous thyroid nodule with microcalcifications and 
persistent hypoechoic area.

Thyroid cancer and thyroiditis
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with SAT that masked the papillary carcinoma focus. 
In conclusion, SAT may accompany to the papilla-
ry thyroid carcinoma. Therefore we propose a careful 
thyroid examination due to the the possibility of SAT 
and thyroid carcinoma co-existence. Also patients with 
SAT diagnosis should be followed up by USG after the 
therapy and hypoechogenic regions greater than 1 cm 
should be assessed by biopsy.
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apresentação de caso

Heterogeneidade na apresentação 
clínica de fraturas atípicas após 
uso prolongado de bisfosfonatos 
– Fatores de risco e marcadores 
de remodelação óssea 
Clinical heterogeneity of atypical fractures during prolonged use 
of bisphosphonates – Risk factors and bone turnover markers

Giovana Piazzetta1, Filipe R. Baracho2, Larissa de Oliveira1,  
Gustavo R. Santos1, Carolina A. M. Kulak1,3, Victória Z. C. Borba1,3

SUMÁRIO
Descrevemos quatro casos de fraturas femorais atípicas atendidos no Serviço de Endocrinolo-
gia do Hospital de Clínicas da Universidade Federal do Paraná (SEMPR/UFPR) que, apesar de 
característicos desse tipo de fratura, apresentam peculiaridades clínicas que devem ser consi-
deradas e servir de alerta nesses pacientes, tais como: diagnóstico tardio com manutenção do 
uso de bisfosfonatos; ausência de comorbidades associadas com resolução sem sequelas; fa-
lha na consolidação da fratura; uso de medicação anabólica após a fratura e acompanhamento 
com marcadores de remodelação óssea. Arq Bras Endocrinol Metab. 2014;58(8):855-61

SUMMARY 
We describe four cases of atypical femoral fractures treated at the Department of Endocrinology, 
Hospital de Clínicas, Federal University of Paraná (SEMPR) which, although characteristic of this 
type of fracture, presented clinical peculiarities that should be considered and serve as a warning 
in these patients, such as: late diagnosis with maintenance of bisphosphonates; absence of co-
-morbidities with excellent result; failure of fracture healing; use of anabolic medication after the 
fracture and the use of bone turnover markers at the follow up. Arq Bras Endocrinol Metab. 2014;58(8):855-61
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INTRODUÇÃO

O s bisfosfonatos são os fármacos de primeira linha 
para o tratamento da osteoporose, são potentes 

inibidores da atividade osteoclástica e reduzem a inci-
dência de fraturas vertebrais e não vertebrais (1). Teori-
camente uma supressão prolongada do remodelamento 
ósseo favorece o acúmulo de microfraturas e o surgi-
mento de fraturas atípicas (2).

Fraturas femorais atípicas (FFA) ocorrem na diáfise 
femoral, são transversas ou oblíquas, precedidas por ne-
nhum ou por mínimo trauma, não cominutivas ou mi-
nimamente cominutivas (3). A literatura demonstra uma 
associação entre as FFA e o uso prolongado de bisfosfona-
tos. Estima-se uma incidência de 78 FFA por 100.000 pa-
cientes após 8 anos de tratamento com bisfosfonatos (4).

De acordo com a solicitação da American Society 
for Bone and Mineral Research (ASBMR) de uma for-
ça tarefa para publicação de casos de fraturas subtro-
cantéricas e diafisárias, este trabalho descreve casos que 
ocorreram após uso prolongado de bisfosfonatos, pro-
vavelmente associados com a supressão da remodelação 
óssea.

Descrevemos quatro casos de FFA atendidos no 
Serviço de Endocrinologia do Hospital de Clínicas 
da Universidade Federal do Paraná (SEMPR/UFPR) 
que, apesar de característicos, apresentam peculiarida-
des como diagnóstico tardio com manutenção do uso 
de bisfosfonatos; ausência de comorbidades associadas; 
casos de pseudoartrose com falha na consolidação após 
tratamento com teriparatida.
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RELATOS DE CASOS

Caso 1

M ulher, branca, 74 anos, ex-tabagista de 80 ma-
ços/ano, portadora de hipotireoidismo, em tra-

tamento com levotiroxina e hipertensão, ambos contro-
lados. Relata também osteoporose com antecedente de 
fratura de Colles e insuficiência de vitamina D, em uso 
de alendronato há 7 anos. Menopausa há 38 anos, com 
história prévia de uso de terapia de reposição hormonal 
(TH) não concomitante ao alendronato e história ma-
terna de fratura bilateral de fêmur. Encaminhada devi-
do à dificuldade de consolidação de fratura diafisária do 
fêmur direito, com traço oblíquo e desvio rotacional, 
sem trauma prévio, sem cominuição, com espessamen-
to cortical. Realizou cirurgia para fixação interna com 
haste intramedular bloqueada. A densidade mineral ós-
sea (DMO) demonstrou T score de -3,4DP na coluna 
lombar e -1,7 DP em colo de fêmur. Evoluiu com dor 
no foco da fratura e nas áreas de inserção dos parafusos 
e dificuldade para deambular. Radiograficamente há au-
sência de consolidação completa da fratura (Figura 1).

Caso 2

Mulher, branca, 62 anos, com diagnóstico de osteope-
nia e menopausa há 11 anos, desde então em uso de 
alendronato 70 mg/semana e TH. História de câncer 
de mama tratado cirurgicamente sem tratamento co-
adjuvante e litíase renal desde os 40 anos. Apresentou 
queda de mesmo nível, que resultou em fratura oblíqua 
da diáfise do fêmur esquerdo. Referia dor premonitória 
em coxa esquerda após falseio 10 dias antes da queda. 
À radiografia, havia espessamento cortical diafisário do 

fêmur, com elevação focal no córtice lateral. À DMO, 
T score de -2,5 DP em coluna lombar, -1,5 DP em colo 
do fêmur, e -1,7 DP em fêmur total. A fratura foi mane-
jada cirurgicamente com haste intramedular bloqueada. 
Em 2 meses, observou-se formação de calo ósseo e, em 
4 meses, deambulou sem auxílio de dispositivos. O 
diag nóstico de FFA foi realizado um ano após a fratura, 
quando o alendronato foi suspenso e indicado o uso de 
ranelato de estrôncio e colecalciferol. Naquele momen-
to, os níveis séricos de vitamina D eram normais e os 
marcadores de remodelação óssea (MRO) não estavam 
suprimidos: C-telopeptídeo (CTX) de 0,346 ng/mL 
(0,104-1,008 ng/mL) e osteocalcina de 14 ng/mL  
(9-42 ng/mL).

Caso 3

Mulher, branca, 66 anos, portadora de artrite reuma-
toide, há 20 anos usuária de glicocorticoide. Diagnósti-
co de menopausa e osteoporose há 19 anos, tratada 
com alendronato 70 mg/semana durante 5 anos. Em 
função da piora da DMO, foi substituído por ranelato 
de estrôncio, sem melhora da DMO após 2 anos. Ini-
ciado ácido zoledrônico 5 mg/ano administrado por 
3 anos, com boa resposta. Em novembro de 2010, 13 
meses após a última dose de ácido zoledrônico, ini-
ciou quadro de dor em terço médio da coxa esquerda 
sem melhora com analgésicos. Cintilografia óssea e 
ressonância nuclear magnética (RNM) identificaram 
fratura cortical de fêmur, tratada conservadoramente 
com desaparecimento da dor. Cinco meses após, sofreu 
queda da própria altura e fratura clínica com exposição 
óssea no mesmo local da fratura anterior. Realizada 
fixação com haste intramedular bloqueada e instituí-

Figura 1. Evolução radiográfica da paciente do caso 1. A radiografia inicial (A) realizada em maio de 2009 mostra fratura diafisária do fêmur direito com 
traço oblíquo e desvio rotacional, espessamento cortical e sem cominuição. As radiografias B, C e D mostram a evolução da fratura após a fixação 
cirúrgica sem consolidação.

Relato de casos de fraturas atípicas

A B C D
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da teriparatida 20 mcg/dia, mantida até o momento. 
Evoluiu bem, deambula sem restrições e as radiografias 
mostram formação de calo ósseo e consolidação da fra-
tura (Figura 2). Os MRO prévios à teriparatida estavam no 
limite inferior da normalidade: CTX de 0,147 ng/mL e 
osteocalcina de 9,7 ng/mL; após 1 ano e meio de trata-
mento, CTX aumentou para 0,440 ng/mL e osteocal-
cina para 33,9 ng/mL, correspondendo a um aumento 
de aproximadamente 200% e 250%, respectivamente 
(Gráfico 1).

Caso 4

Mulher, branca, 82 anos, com osteopenia em uso de 
ibandronato 150 mg/mês há 7 anos. Em 2008, à 
DMO: T score -2,2; -1,1 e -1,6 DP em coluna, fêmur 
total e colo de fêmur, respectivamente. Apresenta 
dificuldade de consolidação de fratura femoral diafisária 
à esquerda ocorrida em 2009, após queda da própria 
altura. Tratada inicialmente com colocação de placa 
e posteriormente com haste intramedular bloqueada 
e enxerto ósseo, sem consolidação da fratura, deam-

Figura 2. Evolução radiográfica do caso 3 desde a fratura inicial até a formação de calo ósseo após fixação cirúrgica. Radiografia inicial anteroposterior 
de coxa esquerda (A) demonstrando a fratura subtrocantérica em fêmur esquerdo, com traço transverso e espessamento cortical. Radigrafias sequenciais 
após 3 meses (B); 6 meses (C) e 12 meses (D) da fixação cirúrgica.

Gráfico 1. Evolução dos marcadores de remodelação óssea dos casos 3 e 4 mostrando aumento da remodelação óssea após o tratamento com 
teriparatida. T1: prévio à fratura. T2: 6 meses. T3: 12 meses após o início de teriparatida. Evolução da osteocalcina no caso 3 (A). Evolução do CTX no 
caso 3 (B). Evolução da osteocalcina no caso 4 (C). Evolução do CTX no caso 4 (D).
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bula somente com auxílio (Figura 3). Manteve o uso 
do ibandronato até 2 anos após a fratura, quando foi 
diagnosticada a FFA, sendo retirado o bisfosfonato e 
iniciada teriparatida. Houve melhora da dor, porém 
sem sinais de consolidação da fratura. Decorridos 4 
meses, iniciou quadro doloroso em terço médio de 
coxa contralateral, à RNM identificada fratura trans-
versa incompleta em face lateral de diáfise do fêmur di-
reito associada a espessamento cortical focal (Figura 3).  
Paciente recusou tratamento cirúrgico e foi mantida 
teriparatida. Em 2 meses, houve consolidação da fra-
tura à direita com formação de extenso calo ósseo. Até 
o final de 2012, ainda não havia consolidação da FFA à 
esquerda, sendo rediscutida nova intervenção cirúrgica. 
Os MRO encontravam-se baixos antes de iniciar o uso 
da terapia anabólica e aumentaram significativamente 
após um ano e meio de teriparatida, 456% e 442%, CTX 
e osteocalcina, respectivamente (Gráfico 1).

DISCUSSÃO

Fraturas atípicas são raras em mulheres na pós-meno-
pausa, representando aproximadamente 6% de todas as 
fraturas osteoporóticas (5).

A FFA foi definida pela ASBMR como uma fratura 
localizada em diáfise femoral com pelo menos quatro 

dos seguintes critérios maiores: associação com míni-
mo ou nenhum trauma; linha transversa e iniciada no 
córtex lateral, podendo tornar-se oblíqua: completas, 
estendendo-se a ambos os córtices, ou incompletas en-
volvendo apenas o córtex lateral; não cominutiva ou 
minimamente cominutiva; com espessamento perios-
teal e endosteal no córtex lateral. Os critérios menores 
não são obrigatórios: espessamento na cortical diafisá-
ria, sintomas prodrômicos, fraturas bilaterais, atraso na 
consolidação óssea. Excluem-se as fraturas de colo, in-
tertrocantéricas, patológicas e periprotéticas (3). 

Não são raros problemas com a consolidação óssea 
em pacientes com FFA que usaram bisfosfonato por 
tempo prolongado (6,7). Os quatro casos descritos 
estão em concordância com a definição de FFA, com 
achados radiográficos característicos. Nos casos 1, 2 e 
4, as fraturas são diafisárias, com trauma prévio mínimo 
ou ausente, todas com espessamento cortical. No caso 
3, a fratura é subtrocantérica. O período de dor prévio 
à fratura variou de 10 dias a 6 meses.

O risco atribuível de fraturas atípicas em mulheres 
idosas após exposição ao bisfosfonato por mais de 5 
anos é de 64% (8). Cogita-se que fraturas subtrocan-
téricas sejam parte da história natural das fraturas por 
fragilidade óssea da osteoporose (7). O uso prolonga-
do dos bisfosfonatos levaria à supressão do remodela-

Figura 3. Estudo radiográfico do caso 4. Radiografias de coxa esquerda com incidência anteroposterior (A) e perfil (B) mostrando fratura não consolidada 
ocorrida em 2009. Ressonância nuclear magnética (RNM) de coxa direita em corte coronal (C) mostrando fratura incompleta. Radiografia anteroposterior 
de coxa direita (D) mostrando consolidação da fratura à direita 2 meses após o diagnóstico.
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mento ósseo, comprometendo a composição da matriz 
mineral com mineralizações secundárias, o que impe-
de a dissipação da energia, gerando microfraturas. O 
tecido homogeneamente supermineralizado facilita o 
acúmulo e a propagação dessas microfraturas (2,9,10). 
Recentemente, Zanchetta e cols. (11) encontraram que 
a remodelação óssea pode ser normal, sem alteração da 
microarquitetura, e fatores como a biomecânica e a di-
ferente tolerância do osteoclasto à supressão farmaco-
lógica podem estar envolvidos nas microfraturas (12).

Há poucos estudos que avaliam o custo-benefício 
do uso prolongado de bisfosfonatos. McClung e cols. 
sugerem a retirada ou não dos bisfosfonatos com base 
no risco de fratura, consideram risco moderado quan-
do o T score (DXA) > – 2,5 DP sem fraturas prévias 
de quadril e/ou coluna; alto risco um T score (DXA) 
≤ - 2,5 DP, fratura prévia de quadril e/ou coluna ou 
uso crônico de glicocorticoides. No risco moderado, 
sugerem a retirada do antirreabsortivo após 3 a 5 anos 
de uso e, quando o risco de fratura é alto, conside-
ram o “drug holiday” não justificável (13). Outros au-
tores divergem dessa opinião sugerindo que, no risco 
moderado de fraturas, mantenham-se os bisfosfonatos 
por 5 a 10 anos e que, mesmo quando há alto risco de 
fraturas, o “drug holiday” deva ocorrer após 10 anos 
de uso (6,14). Nos casos descritos, há uso crônico de 
variados bisfosfonatos por 7 a 11 anos e baixos níveis 
dos MRO, o que pode demonstrar uma supressão pro-
longada (12). 

Outros fatores também estão envolvidos na po-
tencialização da supressão do remodelamento ósseo: 
a associação com estrogênios, o uso concomitante de 
glicocorticoides e/ou inibidores da bomba de prótons, 
os valores próximos aos normais de DMO no início da 
terapia com bisfosfonato e os baixos níveis de MRO 
iniciais (13,15,16). Nos dois últimos relatos, os MRO 
encontravam-se no limite inferior da normalidade pre-
viamente à introdução do agente anabólico. As duas 
primeiras pacientes apresentavam uso de TRH e a ter-
ceira apresentava uso crônico de glicocorticoide como 
potencializadores da supressão óssea.

O diagnóstico precoce das FFA pode ser por meio 
de RNM realizada no período de dor em coxa em pa-
cientes em uso de bisfosfonatos, prevenindo fraturas clí-
nicas (17). A RNM pode detectar uma linha de fratura 
cortical associada a edema ósseo e medular, sugerindo 
fratura por estresse. A cintilografia pode detectar, com 
menor especificidade, hipercaptação óssea ou medular 
focal (3). Em três dos casos descritos, o diagnóstico de 

FFA foi tardio, porém no terceiro caso a grande quanti-
dade de fatores de risco aumentou o nível de suspeição 
e a definição de FFA foi precoce com RNM e cintilo-
grafia óssea. 

A conduta em pacientes com suspeita de FFA é sus-
pender o bisfosfonato independentemente do alto risco 
de fraturas futuras e proteger contra sobrepeso. Duran-
te a formação do calo ósseo, os bisfosfonatos retardam 
a fase de remodelamento e atrasam a transformação da 
cartilagem calcificada em osso maduro (15). O risco 
de FFA também reduz de modo substancial e rápido 
com a suspensão do antirreabsortivo (13). É adequado 
ter alto nível de suspeição para fraturas contralaterais, 
como foi observado em um dos casos (6,18). Em to-
dos os relatos, os antirreabsortivos foram retirados, tão 
logo diagnosticadas as FFA.

Os MRO despontam como opções para acompanha-
mento do tratamento da osteoporose (19). Há marca-
dores de formação como a osteocalcina e marcadores 
de reabsorção óssea como o CTX (20). Esses marca-
dores podem ser utilizados como informação dinâmica 
do metabolismo ósseo. Aumentam em pacientes com 
osteoporose (21) e após uma fratura, na formação do 
calo ósseo (22), e reduzem com o uso de antirreabsor-
tivos ósseos, de maneira inversamente proporcional à 
DMO (23).

Ao iniciar o tratamento com teriparatida, um agente 
anabólico que estimula a formação e ativa o remodela-
mento ósseo, há aumento dos MRO já no primeiro mês 
(24). Essa medicação tem efeito positivo na DMO, sem 
perda da qualidade da matriz, aumentando os MRO 
mesmo em pacientes com uso prévio de bisfosfonato, 
independentemente dos níveis basais (23,25), e tam-
bém nos usuários crônicos de glicocorticoide (26). Nos 
casos descritos, tanto o CTX quanto a osteocalcina 
apresentaram aumentos importantes após a introdução 
do teriparatida, incluindo o caso da paciente usuária 
crônica de glicocorticoide. 

Reduções precoces nos MRO com terapias antir-
reabsortivas e aumento com terapias anabólicas estão 
associados com melhora na DMO a longo prazo em 
mulheres na pós-menopausa (23). No entanto, ainda 
faltam estudos que confirmem uma forte associação en-
tre mudança nos biomarcadores e resposta na DMO 
com a terapia com teriparatida ou um valor de corte a 
ser considerado (27).

A administração intermitente de altas doses de teri-
paratida aumenta o volume do calo ósseo após 20 e 40 
dias de uso (28), age aumentando o remodelamento, re-

Relato de casos de fraturas atípicas



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

860 Arq Bras Endocrinol Metab. 2014;58/8

movendo o osso antigo e supermineralizado, substituin-
do-o por uma nova matriz óssea e facilitando a consoli-
dação óssea (9). Hansen e cols. observaram aumento da 
porosidade cortical com uso de teriparatida, no entanto 
esse efeito foi contrabalanceado pelos efeitos benéficos 
na geometria do osso cortical e na massa do osso espon-
joso (29). Assim, a teriparatida é uma droga promissora 
para o tratamento de FFA com baixa evidência de con-
solidação, particularmente após 4 a 6 semanas depois da 
intervenção cirúrgica (15). Sugere-se ainda que a teri-
paratida seja mais eficaz no aumento da DMO em pa-
cientes usuárias crônicas de glicocorticoides (30), o que 
corrobora a conduta no caso 3 de retirada do bisfosfo-
nato e introdução da teriparatida. Soma-se a essas desco-
bertas a sugestão de um efeito analgésico da teriparatida 
em pacientes com osteoporose (4). Nos casos relatados, 
as pacientes tratadas com teriparatida evoluíram com 
consolidação e calo ósseo aparente à radiografia, porém 
observamos a permanência de falha na consolidação em 
uma das fraturas. Ainda não temos informação sobre a 
evolução da paciente que usou ranelato de estrôncio, 
iniciado um ano após a fratura, entretanto alguns casos 
já foram descritos sugerindo que essa medicação pode 
ser uma alternativa ao uso da teriparatida (5,31).

CONCLUSÃO

Descrevemos quatro casos de FFA, bastante heterogê-
neos entre si, entretanto em todos ocorria o tratamento 
prolongado com bisfosfonatos. Na literatura, o número 
de casos de FFA publicados ainda é pequeno e uma 
clara relação causa-efeito entre esses eventos e o uso 
de bisfosfonatos ainda não foi completamente estabe-
lecida (2). Para cada FFA associada ao uso do bisfos-
fonato, 100 fraturas de quadril são prevenidas, além da 
prevenção de outros tipos de fraturas (32). Portanto, o 
aumento do número de FFA é muito pequeno quando 
comparado com a substancial redução de fraturas típi-
cas. Por essa razão, o bisfosfonato permanece como 
primeira escolha no tratamento da osteoporose (6). No 
entanto, deve-se observar que, com um grande número 
de pacientes expostas aos bisfosfonatos, mesmo que o 
risco de FFA seja pequeno, não é uma ocorrência ir-
relevante (16). Logo, é adequada uma avaliação do 
risco de fraturas aproximadamente no quinto ano de 
tratamento com bisfosfonato para que uma suspensão 
temporária da medicação possa ser considerada.

Declaração: os autores declaram não haver conflitos de interesse 
científico neste estudo.
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IgG4-related Hashimoto’s 
thyroiditis – A new variant of 
a well known disease
Tireoidite de Hashimoto associada a IgG4 – Uma 
nova variante de uma doença bem conhecida

Henrique Vara Luiz1, Diogo Gonçalves2, Tiago Nunes da Silva1, Isabel 
Nascimento3, Ana Ribeiro4, Manuela Mafra4, Isabel Manita1, Jorge Portugal1

SUMMARY
Hashimoto’s thyroiditis (HT) has been characterized for many years as a well-defined clinicopatholo-
gic entity, but is now considered a heterogeneous disease. IgG4-related HT is a new subtype charac-
terized by thyroid inflammation rich in IgG4-positive plasma cells and marked fibrosis. It may be part 
of the systemic IgG4-related disease. We report a case of a 56-year-old Portuguese man who presen-
ted with a one-month history of progressive neck swelling and dysphagia. Laboratory testing revea-
led increased inflammatory parameters, subclinical hypothyroidism and very high levels of thyroid 
autoantibodies. Cervical ultrasound (US) demonstrated an enlarged and heterogeneous thyroid 
gland and two hypoechoic nodules. US-guided fine needle aspiration cytology was consistent with 
lymphocytic thyroiditis. The patient was submitted to total thyroidectomy and microscopic exami-
nation identified typical findings of HT, marked fibrosis limited within the thyroid capsule and lym-
phoplasmacytic infiltration, with > 50 IgG4-positive plasma cells per high-power field and an IgG4/
IgG ratio of > 40%. After surgery, serum IgG4 concentration was high-normal. Symptoms relief and 
reduction in laboratory inflammatory parameters were noticed. Thyroid function is controlled with 
levothyroxine. To our knowledge we report the first case of IgG4-related HT in a non-Asian patient. 
We also perform a review of the literature regarding IgG4-related disease and IgG4-related HT. Our 
case highlights this new variant of the well known HT, and helps physicians in recognizing its main 
clinical features, allowing for proper diagnosis and treatment. Arq Bras Endocrinol Metab. 2014;58(8):862-8 

SUMÁRIO
A tireoidite de Hashimoto (TH) foi caracterizada durante muitos anos como uma entidade clinicopa-
tológica bem definida, mas é atualmente considerada uma patologia heterogênea. A TH associada 
a IgG4 apresenta-se como um novo subtipo, sendo caracterizada por inflamação da tireoide com 
numerosos plasmócitos IgG4-positivos e fibrose extensa. É possível que pertença ao espectro da 
doença sistêmica associada a IgG4. Relatamos o caso de um homem português de 56 anos que se 
apresentou com aumento progressivo do volume cervical e disfagia, com um mês de evolução. A 
avaliação laboratorial revelou elevação dos parâmetros inflamatórios, hipotireoidismo subclínico e 
níveis muito elevados de autoanticorpos tireoidianos. Por ultrassonografia cervical demonstrou-se 
tireoide aumentada, heterogênea, com dois nódulos hipoecoicos. Foi realizada citologia aspirativa 
com agulha fina guiada por ultrassom, compatível com tireoidite linfocítica. O doente foi submetido 
à tireoidectomia total e o exame histológico revelou achados típicos de TH, extensa fibrose localiza-
da dentro da cápsula tireoidiana e infiltrado linfoplasmocitário, com > 50 plasmócitos IgG4-positi-
vos por campo de grande ampliação e uma relação IgG4/IgG > 40%. Após cirurgia, a concentração 
sérica de IgG4 encontrava-se no limite superior do normal. Ocorreu melhoria sintomática e redução 
dos parâmetros inflamatórios. A função tireoidiana foi controlada com levotiroxina. Relatamos o 
primeiro caso de TH associada a IgG4 num indivíduo não asiático. Além disso, realizamos uma 
revisão da literatura sobre doença associada a IgG4 e TH associada a IgG4. Este caso destaca uma 
nova variante da TH e permite aos médicos reconhecerem suas principais características clínicas, 
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INTRODUCTION

H ashimoto’s thyroiditis (HT) was first reported in 
1912 by Hakaru Hashimoto, who described four 

patients with a chronic disorder of the thyroid gland 
(1). It is the most common cause of hypothyroidism in 
areas of the world where dietary iodine is sufficient and 
is defined by the presence of goiter and serum thyroid 
autoantibodies (2). Typical histological features of HT 
include lymphoplasmacytic infiltration, lymphoid folli-
cles with germinal center formation and the presence of 
large follicular cells with abundant granular eosinophilic 
cytoplasm (oxyphilic cells). For many years, it has been 
characterized as a well-defined clinicopathologic entity. 
However, HT is now considered a heterogeneous and 
poorly understood disease, with several subtypes, pre-
sentation forms, pathogenesis and outcomes.

IgG4-related HT is a new subtype, first recognized 
by Li and cols. in 2009 (3) and characterized by thyroid 
inflammation rich in IgG4-positive plasma cells and 
marked fibrosis. It may be part of the systemic IgG4-
related disease. There are few articles about this topic, 
all of them from Japan. 

We report, to our knowledge, the first case of IgG4-
related HT in a non-Asian patient, and perform a re-
view of the related literature.

CASE REPORT

A 56-year-old Portuguese man presented to the out-
patient clinic with a one-month history of progressive 
neck swelling and dysphagia. No symptoms of thyroid 
dysfunction were noticed. His past medical history was 
unremarkable. He had Portuguese descent and no rele-

vant family diseases. The patient had good general con-
dition and nutritional status and presented with diffuse 
neck swelling (Figure 1A). Cervical palpation identified 
an enlarged, hard and painless thyroid gland. He had 
no palpable adenopathies. His respiratory and abdomi-
nal exams were normal. No other changes were found 
on physical examination.

Laboratory testing revealed a normal hemoglobin 
level of 15.1 g/dL (normal, 14-18), a normal white 
blood cell count of 10.4 X 103/µL (normal, 4-11) and 
an elevated platelet count of 521 X 103/µL (normal, 
150-450). Increased erythrocyte sedimentation rate 
(ESR) of 81 mm/h (normal, < 31) and C-reactive 
protein of 8.2 mg/dL (normal, < 1) were found, with 
an elevated thyroid-stimulating hormone (TSH) of 19 
mIU/L (normal, 0.1-4) and a normal free thyroxine 
(FT4) of 0.99 ng/dL (normal, 0.93-1.7). Very high 
thyroid peroxidase and thyroglobulin antibodies were 
noticed, with levels of > 600 IU/mL (normal, < 35) 
and > 4000 IU/mL (normal, < 40), respectively.

Cervical ultrasound (US) demonstrated an en-
larged and heterogeneous thyroid gland, both lobes 
with maximal dimension > 10 cm and two hypoechoic 
nodules with 3.2 and 2.2 cm located on the isthmus 
and right lobe, respectively (Figure 1B). Cervical com-
puted tomography (CT) showed a thyroid gland with 
increased dimensions and a substernal component, pro-
ducing a mass effect on the trachea with tracheal shift 
to the right and slightly reducing its caliber, with no 
visible adenopathies (Figure 2). US-guided fine needle 
aspiration cytology was performed and the material re-
moved from both nodules was consistent with lympho-
cytic thyroiditis.

Figure 1. (A) Initial presentation of the patient with diffuse neck swelling. (B) Cervical ultrasound image showing a hypoechoic nodule with 3.2 cm of 
maximal dimension located on the thyroid isthmus.

A B
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The patient was submitted to total thyroidectomy. 
Due to the size of the gland and the presence of fi-
brosis, the surgical procedure was complex and time-
consuming, with difficulties in mobilizing the thyroid 
gland. Surgeons have identified and preserved the 
recurrent  laryngeal  nerve and the parathyroid glands 
and had no other complications. Macroscopic findings 
showed a thyroid gland with a weight of 284 g (right 
lobe 10 x 6 x 4.5 cm and left lobe 12 x 6 x 6 cm) and 
a hard consistency. Microscopic examination identified 
lymphoplasmacytic infiltration, lymphoid follicles with 
germinal centers, oxyphilic cells, focal squamous meta-
plasia, atrophic follicles and marked fibrosis limited 
within the thyroid capsule. Immunostaining for IgG4 
(mouse monoclonal, HP6025, 1:40; GeneTex, Irvine, 
USA) and IgG (rabbit polyclonal, NCL-IgGp, 1:2500; 
Novocastra, Newcastle, UK) was performed on a Ven-
tana BenchMark ULTRA with Ultra DAB Detection 
Kit. Tonsil tissue served as a positive control. Five high-
power field (HPF) were counted and > 50 IgG4-posi-
tive plasma cells per HPF were found (Figure 3). The 
calculated IgG4/IgG ratio was > 40% (Figure 4).

One month after surgery, serum IgG4 concentra-
tion was high-normal, 187 and 165 mg/dL (normal, 
3-201). Symptoms relief and reduction in laboratory 
inflammatory parameters, with an ESR of 20 mm/h, 
were noticed. Thyroid function is controlled with le-
vothyroxine 137 µg/day (TSH 2.9 mIU/L, FT4 1.2 
ng/dL, thyroid peroxidase antibodies > 600 IU/mL 
and thyroglobulin antibodies > 4000 IU/mL) and the 
patient is normocalcemic and has a normal parathyroid 
hormone level. The remaining basal pituitary function 
is unremarkable, including normal levels of follicle-
stimulating hormone, luteinizing hormone, growth 
hormone, insulin-like growth factor 1, prolactin, adre-
nocorticotropic hormone and cortisol.

DISCUSSION

IgG4-related disease was first proposed in relation to 
autoimmune pancreatitis (AIP) by Hamano and cols. 
in 2001 (4). Since then, it has been identified in virtu-
ally every tissue and is now considered a single condi-
tion that comprises multiple manifestations. Most pa-
tients are middle aged and elderly men and the disease 
usually presents subacutely, as a generalized entity or 
involving a single organ. Clinical findings are depen-
dent on the location of involved tissues and often in-
clude forming mass lesions, mimicking malignancies, 

Figure 2. (A, B, C) Cervical computed tomography images showing a 
thyroid gland with increased dimensions and a substernal component, 
producing a mass effect on the trachea.

A

B

C
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infections and other autoimmune-mediated disorders. 
Organ failure may occur. Fever, constitutional symp-

toms and elevation in laboratory inflammatory param-
eters are unusual (5-7).

Figure 3. Postoperative histopathological analysis of the thyroid gland. (A) Macroscopic findings revealing a large thyroid gland with a hard consistency. 
(B) An inflammatory infiltrate is seen, along with lymphoid follicles with germinal centers (black arrow) and marked fibrosis (hematoxylin and eosin, 40X). 
(C) Lymphoplasmacytic infiltration is found and atrophic follicles with oxyphilic cells predominate (hematoxylin and eosin, 200X). (D) Increased number of 
IgG4-positive plasma cells are seen, with > 50 cells per high-power field (IgG4 immunostaining, 400X).

Figure 4. Immunohistochemistry of IgG and IgG4. (A) Numerous IgG-positive plasma cells are found (IgG immunostaining, 400X). (B) An increased 
proportion of these cells are IgG4-positive, with an IgG4/IgG ratio of > 40% (IgG4 immunostaining, 400X).

A

A

B

B
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This condition is reported in the literature by dif-
ferent names: IgG4-related disease, IgG4-associated 
disease, IgG4-related systemic disease, IgG4-related 
sclerosing disease, IgG4-related systemic sclerosing 
disease, IgG4-related autoimmune disease, hyper-IgG4 
disease, IgG4-positive multiorgan lymphoproliferative 
syndrome, systemic IgG4-related plasmacytic syndrome 
and IgG4 syndrome. Some groups reached a consensus 
to refer it as IgG4-related disease (5,8).  

Diagnostic criteria have been proposed by some au-
thors (5,9), but are not universally established. They in-
clude, independently of the affected organ, histological 
features such as a dense lymphoplasmacytic infiltrate, 
storiform-type fibrosis and obliterative phlebitis, along 
with the demonstration of an increased population of 
IgG4-positive plasma cells. Cheuk and Chan consid-
ered that the diagnosis requires an increase in the ab-
solute number of IgG4-positive cells of > 50 per HPF 
and a raised IgG4-positive/IgG-positive ratio of > 40% 
(10). At least three HPFs should be used to calculate 
the average results. Deshpande and cols. stated that 
histological data are the mainstay for diagnosis, since 
both elevated numbers of IgG4-positive plasma cells 
and IgG4/IgG ratios have been described in other in-
flammatory conditions and malignancies (11). A high 
serum IgG4 concentration is often present but approxi-
mately 20-30% of patients with classic histopathological 
and immunochemical findings of the disease have nor-
mal serum levels (12). Therefore, it is not mandatory 
for the diagnosis of IgG4-related conditions. 

A preoperative suspicion is of greater significance 
because these patients can be treated with glucocor-
ticoids with the avoidance of surgery. Although they 
usually respond well to steroids, relapse can occur fol-
lowing therapy reduction or withdrawal. Some groups 
suggested therapeutic regimens (13). A major determi-
nant of treatment effectiveness is the degree of fibrosis 
and patients in whom fibrosis is well established are less 
likely to respond to glucocorticoids (7).

Our patient seems to have a single involvement 
of the thyroid gland and he presented with the clas-
sic diagnostic features of IgG4-related disease, namely: 
lymphoplasmacytic infiltrate, fibrosis and an increased 
number of IgG4-positive plasma cells.

Despite striking histopathological similarities among 
involved organ, subtle tissue variations are noticed (8). 
Organ-specific diagnostic criteria have been suggested 
for some of the IgG4-related conditions, but little is 
known about the thyroid gland. 

Patients with IgG4-related disease that included 
AIP have hypothyroidism in 27% of cases (14) and that 
finding led investigators to search for a relationship be-
tween HT and that systemic disease.

In 2009, Li and cols. first described a unique sub-
type of HT, known as IgG4-related HT, which was 
referred by those authors as IgG4 thyroiditis. They 
classified HT cases in two groups, IgG4 thyroiditis and 
non-IgG4 thyroiditis, based on IgG4 immunohisto-
chemistry, using the cut-off > 20 cells per HPF and 
> 30% IgG4/IgG ratio. The IgG4 thyroiditis group 
presented with severe lymphoplasmacytic infiltration, 
dense fibrosis, marked follicular cell degeneration, oxy-
philic change and lymphoid follicle formation, resem-
bling IgG4-related disease, and a relationship with this 
systemic entity was proposed (3). The same group in 
2010 demonstrated that the IgG4 thyroiditis group was 
associated with male gender, rapid progress requiring 
surgery, more subclinical hypothyroidism, higher levels 
of thyroid autoantibodies and more diffuse low echo-
genicity on US, when compared with the non-IgG4 
thyroiditis group (15). In 2012 these authors studied 
105 patients with HT and, using the same cut-off, 28 
cases (27%) were classified as IgG4 thyroiditis (16).

Our patient shows all the typical characteristics of 
IgG4-related HT. The presentation form, with neck 
swelling of rapid growing in a male patient, subclinical 
hypothyroidism, high levels of thyroid autoantibodies 
and low echogenicity on US, suggested the diagnosis, 
which was confirmed based on histological data and 
immunohistochemistry of IgG and IgG4. Since this 
condition seems to be more common than previously 
thought, we suggest performing the immunostaining 
in a case presenting with these typical clinical features 
and with lymphoplasmacytic infiltration and marked fi-
brosis.

When a preoperative suspicion of IgG4-related HT 
is present, glucocorticoid therapy may improve local 
symptoms and clinical outcomes. If the initial com-
plaints recur despite steroid therapy, surgical treat-
ment is required (17). However, as these patients usu-
ally present with a rapidly progressing neck swelling, 
surgery is often the first choice for treatment. Before 
surgical intervention serum IgG4 is often elevated but, 
after total thyroidectomy, levels usually exhibit a sig-
nificant reduction and return to normal, indicating that 
the major origin of IgG4 is the thyroid gland (16). In 
our case, serum IgG4 was not performed preoperative-
ly but a normal level one month after total thyroidec-

IgG4-related Hashimoto’s thyroiditis
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tomy may suggest that it is decreasing and no other 
organ is involved besides the thyroid gland. The patient 
is asymptomatic, has normal laboratory inflammatory 
parameters and his thyroid function is controlled with 
levothyroxine.

IgG4-related HT also shares some features with the 
fibrous variant of HT, which accounts for 10-13% of 
HT cases. Its diagnostic criteria were defined by Katz 
and Vickery in 1974 and included a marked fibrous re-
placement of more than one-third of the thyroid pa-
renchyma and changes typical of HT in the remaining 
tissue (18). However, these conditions do not overlap 
completely. Li and cols. identified 14% of patients in 
the IgG4 thyroiditis group as having only mild fibrosis 
in the stroma, whereas 38% in the non-IgG4 thyroiditis 
group were found to meet the diagnostic criteria for 
the fibrous variant of HT. Some authors found that the 
IgG4 thyroiditis group was significantly associated with 
the presence of a predominant interfollicular pattern of 
fibrosis, while the fibrosis in the non-IgG4 thyroiditis 
group was mainly interlobular (19). 

In addition to IgG4-related HT, IgG4-related dis-
ease of the thyroid gland may include Riedel’s thyroid-
itis (RT), but this is still to be confirmed (15,20). RT 
is a rare condition, first recognized in 1896 by Bern-
hard Riedel (21). At the Mayo Clinic, 37 cases of RT 
were diagnosed in a series of 56,700 thyroidectomies 
performed between 1920 and 1984, giving an inci-
dence of 0.06% (22). The diagnostic criteria of this 
entity were established by Woolner and cols. in 1957, 
based on histological data (23). They have been modi-
fied and include: a fibroinflammatory process involving 
all or a portion of the thyroid gland, the presence of 
fibrous extension beyond the thyroid capsule into ad-
jacent anatomic structures, infiltration of inflammatory 
cells without giant cells, lymphoid follicles, oncocytes 
or granulomas, evidence of occlusive phlebitis and ab-
sence of a neoplasm (24).

Some characteristics can help distinguishing IgG4-
related HT and RT. The absence of extensive fibrosis 
beyond the thyroid capsule is still the most reliable 
evidence to confirm a diagnosis of IgG4-related HT. 
Furthermore, when IgG4-related disease occurs in a 
systemic pattern, the thyroid involvement may present 
as RT, since IgG4-related HT is organ-specific. In fact, 
none of the patients in the IgG4 thyroiditis group re-
ported by Li and cols. showed involvement of other 
organs (19). Therefore, in a patient with confirmed 
IgG4-related HT and no additional signs and symp-

toms, we consider that it is not mandatory to discard 
general IgG4-related disease. In addition, obliterative 
phlebitis is not present in any subtype of HT (16,24). 
Based on these features, our case is better defined as 
IgG4-related HT than as RT.

A relatively rapid growth in size of the thyroid gland 
should also lead to include lymphoma and other types 
of thyroid cancer in the differential diagnosis. Preexist-
ing HT is a risk factor for primary thyroid lymphoma 
(25).

Besides the thyroid gland, other endocrine organs 
can be involved in the spectrum of IgG4-related disease 
including the pituitary gland. More than 20 cases of 
IgG4-related hypophysitis have been described, all but 
one with pituitary insufficiency (26).

In conclusion, we report the first case of IgG4-related 
HT in a non-Asian patient, a Portuguese male present-
ing with a neck swelling of rapid growing and dysphagia, 
subclinical hypothyroidism, high levels of thyroid auto-
antibodies and low echogenicity on US. The presenta-
tion form and the additional histological data with lym-
phoplasmacytic infiltration and marked fibrosis were in 
agreement with the previous articles about IgG4-related 
HT, and led us to perform immunostaining for IgG 
and IgG4. The diagnosis was then confirmed. Our case 
highlights this new variant of the well known HT, and 
helps physicians in recognizing its main clinical features, 
allowing for proper diagnosis and treatment. 
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Breast cancer metastasis 
to the pituitary gland
Metástase de câncer de mama para a hipófise

Julia Fragoso Magalhães1, Renata Prota Bacchin1, Priscila Scatena Costa1, 
Gisele Malavazi Alves1, Fadlo Fraige Filho1, Lenira Cristina Stella1

SUMMARY
Metastatic tumors to the pituitary gland are an unusual complication typically seen in elderly 
patients with diffuse malignant disease. Breast and lung are the commonest sites of the primary 
tumor. Prognosis of patients with breast cancer metastasis is poor and depends on the primary 
neoplastic extension. We report a 54 year-old woman with breast cancer metastasis to the pitui-
tary stalk first diagnosed because of visual disturbance with no other symptoms. Pituitary gland 
stalk metastasis is a very uncommon find and this case report includes a literature review. Arq 

Bras Endocrinol Metab. 2014;58(8):869-72

SUMÁRIO
Os tumores hipofisários malignos são raros e geralmente se constituem de metástases de neo-
plasias disseminadas. Câncer de mama e pulmão são os sítios primários mais frequentes e o 
prognóstico depende do grau de comprometimento da doença. Este é o relato do caso de uma 
mulher de 54 anos que apresentou uma lesão tumoral restrita à haste hipofisária, que se revelou 
como metástase do câncer de mama previamente conhecido. O acometimento da haste hipofi-
sária é muito raro, motivo pelo qual descrevemos o caso com a revisão da literatura específica. 
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INTRODUCTION

Pituitary gland adenomas correspond to 5-20% of cen-
tral nervous system tumors with an incidence of 94 ca-

ses per 100.000 in the adult population (1). Data from au-
topsies suggests a prevalence of approximately 12.6-20%, 
suggesting they are underdiagnosticated (2,3). The majo-
rity of pituitary tumors are benign and primary carcinoma 
are equivalent to 0.1-0.2% of cases (4). Of all the pituitary 
tumor resections, approximately 1% corresponds to metas-
tatic tumors (5,6). The pituitary is not a common site of 
metastasis. In the autopsy series, pituitary metastases were 
found in 1-3.6% of patients with malignant tumors (6,7). 

In this report, we describe a rare case of a metastatic 
breast cancer to the pituitary, with an uncommon charac-
teristic of stalk involvement.

CASE REPORT

A 54-year-old female was admitted in the oncology ser-
vice of our hospital, presenting with blurred vision and 
diminished visual acuity in the last two weeks. 

Her past personal history included invasive ductal 
breast carcinoma diagnosed 10 years before, treated with 
a left mastectomy, axillary dissection and adjuvant che-
motherapy. In the previous year, lung and multiple bone 
metastases were diagnosed and she was treated with zole-
dronic acid, anastrazole and palliative radiotherapy. 

The ophthalmic exam displayed a discreet papille-
dema in the left eye, which motivated a cranial MRI 
scan request. MRI revealed a mass with its epicenter 
in the pituitary stalk, with heterogeneous paramagnetic 
contrast enhancement, predominantly peripheral, de-
limiting the central areas of cystic degeneration mea-
suring 1.6 x 1.0 x 1.1 cm, intimately related to the op-
tic chiasm (Figure 1).

Laboratory investigation was compatible with 
hyperprolactinemia, hypocortisolism and incompati-
ble with postmenopausal gonadotropins status of the 
patient (Table 1). The tumor in the pituitary stalk 
was resected due to loss of visual acuity by compres-
sion of the optic chiasm. After the surgery patient 
developed polyuria, polydipsia and hypernatremia 
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(serum sodium of 148 mg/dL). Synthetic vasopres-
sin analogue (DDAVP – nasal solution 0.1 mg/mL) 
was given at a dose of 10 mcg 2x/day for only one 
day, with normalization of clinical and laboratory 
status.

Anatomopathological exam was consistent with in-
filtrative carcinoma and immunohistochemistry revealed 
the primary site in the breast. Markers as AE1/AE3, CK7, 
estrogen receptor, GCDFP-15, C-erbB-2 (score 3+/3+) 
and Ki67 in 5-10% of cells (Figure 2) were positive.

The patient improved clinically and restore ophthal-
mological disturbance without acuity examination after 
admission. Hospital discharge was accompanied by ra-
diotherapy scheduling because the incomplete tumor 
resection due to technical difficulty and prednisone 
prescription. Outpatient follow-up has been maintai-
ned in the last 5 months and the patient is clinically 

Figure 1. (A-C) Cranial MRI in the preoperative axial, coronal and sagittal, respectively cuts. Expansive lesion epicenter in the pituitary stalk, showing 
heterogeneous and predominantly peripheral uptake of the paramagnetic contrast medium, delimiting the central areas of cystic degeneration measuring 1.6 x 
1.0 x 1.1 cm, intimately related to the optic chiasm. (D-F) Cranial MRI after 1 week of transphenoidal surgery in the axial, coronal and sagittal, respectively cuts.

A

D
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E

C

F

Pituitary metastasis of breast cancer

Table 1. Pituitary function evaluation before surgery

Patient Normal value

ACTH (pg/mL) 8.7 5-46

Cortisol (μg/dL) 2.8 3.5-19.5

GH (ng/mL) 0.5 < 3.6

IGF-1 (ng/mL) 118 67-233

FSH (IU/L) 5.8 25.8-134.8

LH (IU/L) 1.4 13.5-96

TSH (mIU/L) 0.28 0.3-4.5

Free T4 (ng/dL) 1.1 0.9-1.7

Prolactin(ng/mL)* 83.3 3.4-24.1

* Absence of macroprolactin.

well, with levothyroxine replacement that was already 
prescribed due to pre-existing diagnosis of primary 
hypothyroidism.
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DISCUSSION

Pituitary metastases are most prevalent in the sixth and 
seventh decades of life (8). Breast tumors (20-30%) and 
lung tumors (30-50%) (9) are the most common pri-
mary sites, but others are also described, such as the 
gastrointestinal tract, prostate, kidney, thyroid, pancre-
as, lymphomas, leukemias and plasmacytomas.

Generally, pituitary metastases are a part of wides-
pread metastatic disease, associated with 5 or more sites 
of metastases, especially bone (6). Occasionally, breast 
cancer metastasizes to the pituitary, with reported ra-
tes ranging between 6 and 8% of cases (5), majority 
asymptomatic. Hypophysectomy of patients with breast 
cancer found 5.5% to 25% of metastases not previously 
diagnosed (7).

The present patient had multiple metastases from 
the breast carcinoma besides the pituitary stalk one. 
Immunohistochemical profile of pituitary stalk mass 
disclosed the presence of the estrogen receptor, which 
is consistent with the primary site in the breast. The 
presence of estrogen receptors becomes able to hormo-
nal therapy (10). The positivity of c-erbB-2 and Ki67 
are correlated with a worse prognosis. The c-erbB-2 
proto-oncogene occurs in about 20% of all breast can-
cers and Ki67 is a nuclear non-histone protein that re-
fers to a poorly differentiated tumor (10). 

About metastasis location, the posterior lobe of the 
pituitary gland is most common site (69-79%) (11) due 
to its larger area of contact with the adjacent dura-ma-
ter and the lack of blood supply to the anterior lobe 
(5,7,9,12,13).

Mc Cormick and cols., reviewing the location of pi-
tuitary metastases in 201 cases, found the involvement 
of the posterior lobe alone or in combination with ante-
rior lobe in 84.6%, and the involvement of the anterior 
lobe alone in 15.4% (13). However, especially in breast 
cancer, metastases occur preferentially to the anterior 
pituitary gland (6,11). Hematogenous dissemination 
is the most important mechanism of development of 
these metastases, but also occur by contiguity of adja-
cent bone metastasis or meningeal spread through the 
suprasellar cistern (9).

Pituitary metastases are symptomatic in only 2.5 to 
18.2% of cases (5-7) because most occur in patients too 
debilitated by cancer with poor survival rates to beco-
me clinically evident. Still then, the systemic compli-
cations of malignancy, including nonspecific symptoms 
of weakness, vomiting and weight loss as well as the 
involvement of the CNS, may mask the dysfunction 
of the anterior pituitary. So the majority of cases have 
been discovered accidentally during autopsies (6). Ho-
wever, in some patients, symptoms related to pituitary 
metastasis may be the first manifestation of an occult 
malignancy (5).

The most noticeable symptom is diabetes insipi-
dus (DI), reinforcing the predominance of metasta-
ses to the posterior lobe. DI occurred in 45.2% of 
cases among 190 patients with pituitary metastases 
(6) reaching 61% to 70% in other series (13,14). Ac-
cording to Houck and cols. 20% of patients diagno-
sed with DI may present pituitary metastases (15). 
However, the clinical presentation is variable (16), 
and may be associated with ophthalmoplegia, heada-
che, visual field abnormalities and anterior pituitary 
dysfunction (5), and could also present with seizures, 
paralysis of III and IV cranial pairs and hyperprolac-
tinemia.

Among the visual alterations, bilateral hemianopia 
is the most common (6). Given the invasiveness of tu-
mors, visual loss may result from suprasellar extension 
and can result in painful ophthalmoplegia due to infil-
tration of the cavernous sinus (5).

Treatment is essentially palliative and depends on 
the extent of disease and symptoms. Radiotherapy and/
or chemotherapy are recommended as initial treatment, 
especially in patients with disseminated metastases in 
combination with replacement of pituitary hormones 
for relief of symptoms (7,13,15). Surgical exploration 
and decompression alone or in combination with radio-
therapy is essential if the pathological diagnosis would 

Pituitary metastasis of breast cancer

Figure 2. Positive immunohistochemistry to GCDFP-15, a breast 
carcinoma marker.



Co
py

rig
ht

©
 A

BE
&

M
 to

do
s o

s d
ire

ito
s r

es
er

va
do

s.

872 Arq Bras Endocrinol Metab. 2014;58/8

guide the therapy plan or if suprasellar extension is cau-
sing pain or progressive visual deterioration.

There is no consensus on improved rates of survi-
val with surgical resection, but there is improvement 
of symptoms by local decompression of the tumor al-
though it does require the combination of different 
therapeutic modalities (17).

Prognosis is poor, not because of the location it-
self, but due to the aggressiveness of the primary tumor 
(18). Median survival rate was 6-7 months in clinical 
series (7,14,15). Among 72 patients in literature re-
view, Ntyonga Pono and cols. (19) found only 10% of 
survivors one year forward diagnosis, with a maximum 
survival of 3 years. When the pituitary lesion is a single 
metastasis, survival can improve (7,14). Patients with 
more than 65 years of age at presentation, small cell 
lung cancer as the primary site and a short interval (less 
than 1 year) between the initial diagnosis of cancer and 
invasion of pituitary are related to worse prognosis 
(14). Pituitary stalk invasion presentation has a wor-
se prognosis as 2-4 months of survival, approximately 
(5,20).

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

Images in endocrinology: 
multinodular goitre
Imagens em endocrinologia: bócio multinodular

Umberto G. Rossi1, Maurizio Cariati1

A 78-year-old female patient of countryside arrived to general practitioner (GP) 
for medial cervical mass with reported slow growing (about 50 years) and recent 

superficial vein dilatation noted by her daughter. On clinical examination the diagnosis 
of multinodular goitre visible at distance with extrinsically right innominate vein – 
superior vena cava compression and subcutaneous collateral vein formation was done 
(Figure 1). Patient underwent ultrasound scan that demonstrate increase volume of 
thyroid gland with partial substernal extension (incomplete intrathoracic goitre), he-
terogeneous morphology without well-defined nodules, areas of possible hemorrhage 
and focal calcifications (Figure 2). Patient was selected for thyroid surgery.
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Figure 1. Patient’s photo that showing presence of visible multinodular goitre and subcutaneous collateral vein 
dilatation.

Figure 2. Sagittal ultrasound scan showing increase size of thyroid gland with heterogeneous echogenicity with 
intraparenchymal calcifications and a maximum thickness of 9.7 cm.
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Goitre is defined as any enlarged thyroid that is pal-
pable and/or visible (1), and it can present with either 
clinical symptoms of excess or under production of 
the hormone, or with pressure effects on surrounding 
structures (2). The current definition of intrathoracic 
goitre is a thyroid gland that is mostly located into the 
thoracic inlet (3). His definition can be further classi-
fied as an “incomplete” or a “complete” intrathoracic 
goitre. When it is “incomplete” the major portion of 
the gland is visible on the neck, with its lower pole be-
ing substernal, subclavicular or intrathoracic. Conse-
quently, a “complete” intrathoracic goitre is when the 
gland is completely into the mediastinum (4).

Generally, thyroid disease, as all endocrine diseases, 
evolves slowly; in particularly multiple adenomatous 
goitre. So, often it may be missed for years by a per-
son who is seeing the patient regularly, and it will come 
to physician attention when acute changes happened 
(2,4). This lowly growing of the goitre, compress in 
years surrounding tissue as veins, giving time to cre-
ate superficial venous collaterals (5). The treatment of 

clinical complicated goitre is surgery, since the compli-
cations a relatively rare (6).

Author contributions: Umberto G. Rossi (imaging and writing); 
Maurizio Cariati (writing).

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Instruções para autores
Informações Gerais 
Ressaltamos a importância de seguir estas instruções com atenção. O não res-
peito às normas acarretará atrasos ao processo de revisão do  manuscrito (MS). 

O MS deve ser apresentado exclusivamente para os ABE&M, nunca ter sido 
publicado ou estar sob consideração para publicação, em forma substancial, 
em outro periódico, profissional ou leigo. O MS deve ser redigido em Inglês 
ou Português, em conformidade com as especificações descritas abaixo. Aos 
autores que não são fluentes na forma escrita do idioma inglês, recomenda-
-se que seu MS seja revisado   e editado por um expert nesse sentido antes da 
apresentação. Essa iniciativa deve facilitar e acelerar todo o processo de revi-
são e potencial publicação do seu MS. 

Trabalhos que não cumpram esses requisitos serão devolvidos ao autor para 
adequação necessária antes da revisão pelo corpo editorial.  

Todas as submissões são a princípio cuidadosamente avaliadas pelos edito-
res científicos. Os MS que não estejam em conformidade com os critérios 
gerais para publicação serão devolvidos aos autores no período de três a 
cinco dias. Os MS em conformidade são enviados habitualmente para dois 
revisores.  

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

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

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

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

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

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

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

Preparação do Manuscrito 

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

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

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

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

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

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

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

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

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

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

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

figuras e tabelas. 
7.  Tipo do manuscrito. 

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

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

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

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

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

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

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

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

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

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

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

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

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

Pacientes
Para que o MS seja aceito para submissão, todos os procedimentos descritos 
no estudo devem ter sido realizados em conformidade com as diretrizes da 
Declaração de Helsinque e devem ter sido formalmente aprovados pelos co-
mitês de revisão institucionais apropriados, ou seu equivalente. 

As características das populações envolvidas no estudo devem ser detalha-
damente descritas. Os indivíduos participantes devem ser identificados ape-
nas por números ou letras, nunca por iniciais ou nomes. Fotografias de 
rostos de pacientes só devem ser incluídas se forem cientificamente relevan-
tes. Os autores devem obter o termo de consentimento por escrito do pacien-
te para o uso de tais fotografias. Para mais detalhes, consulte as Diretrizes 
Éticas. 

Os pesquisadores devem divulgar aos participantes do estudo potenciais 
conflitos de interesse e devem indicar que houve essa comunicação no MS. 

Animais de Experimentação 
Deve ser incluída uma declaração confirmando que toda a experimentação  
descrita no MS foi realizada de acordo com padrões aceitos de cuidado ani-
mal, como descrito nas Diretrizes Éticas. 

Descrição Genética Molecular 
Usar	terminologia	padrão	para	as	variantes	polimórficas,	fornecendo	os	nú-
meros de rs para todas as variantes relatadas. Detalhes do ensaio, como, por 
exemplo, as sequências de iniciadores de PCR, devem ser descritos resumi-
damente com os números rs. Os heredogramas devem ser elaborados de 
acordo com as normas publicadas em Bennett et al. J Genet Counsel. 
2008.17:424-33. DOI 10.1007/s10897-008-9169-9. 

Nomenclaturas 
Para genes, use a notação genética e símbolos aprovados pelo Comitê de 
Nomenclatura	HUGO	Gene	(HGNC)	–	(http://www.genenames.org/~~V).	

Para mutações, siga as diretrizes de nomenclatura sugeridas pela Sociedade 
Human	Genome	Variation	(http://www.hgvs.org/mutnomen/).	

•	 Fornecer	e	discutir	os	dados	do	equilíbrio	Hardy-Weinberg	dos	polimorfis-
mos	analisados	na	população	estudada.	O	cálculo	do	equilíbrio	de	Hardy-
-Weinberg	pode	ajudar	na	descoberta	de	erros	de	genotipagem	e	do	seu	
impacto nos métodos analíticos.   

•	 Fornecer	as	frequências	originais	dos	genótipos,	dos	alelos	e	dos	haplóti-
pos.

•	 Sempre	 que	 possível,	 o	 nome	 genérico	 das	 drogas	 deve	 ser	 referido.	
Quando um nome comercial de propriedade é usado, ele deve começar 
com letra maiúscula. 

•	 Siglas	devem	ser	usadas			com	moderação	e	totalmente	explicadas	quando	
usadas pela primeira vez. 

TRABALHOS APRESENTADOS EM INGLÊS 
O MS deve ser escrito em inglês claro e conciso. Evite jargões e neologismos. 
A revista não está preparada para realizar grandes correções de linguagem, 
o que é de responsabilidade do autor. Se o inglês não é a primeira língua dos 
autores, o MS deve ser revisado por um especialista em língua inglesa ou um 
nativo. Para os não nativos da língua inglesa e autores internacionais que 
gostariam de assistência com sua escrita antes da apresentação, sugerimos 
o serviço de edição científica do American Journal Experts  (http://www.jour-
nalexperts.com/index.php) ou o PaperCheck (http://www.papercheck.com/). 
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Instructions for authors
General Information
We	emphasize	the	importance	of	following	these	instructions	carefully.	Failu-
re	to	do	so	will	delay	the	processing	of	your	manuscript.
Manuscripts	should	be	submitted	solely	to	ABE&M	and	may	not	have	been	
published,	or	be	under	consideration	for	publication,	in	any	substantial	form	
in	another	periodical	–	rofessional	or	lay.
Manuscripts must be written in idiomatic English or Portuguese and conform 
to the specifications described below. If authors are not fluent in written me-
dical	and	scientific	English,	they	are	strongly	encouraged	to	have	their	ma-
nuscripts	reviewed	and	edited	by	an	expert	English	writer	prior	to	submission.	
This will increase the chances that the paper will be accepted and will speed 
the publication of those manuscripts that are accepted.

Papers that do not meet these requirements will be returned to the author 
for necessary revision before formal review.
All	submissions	are	initially	evaluated	in	depth	by	the	scientific	editors.	Pa-
pers that do not conform to the general criteria for publication will be retur-
ned	to	the	authors	without	detailed	review,	typically	within	three	to	five	days.	
Otherwise,	manuscripts	will	be	sent	to	reviewers	(most	commonly	two).

Manuscript Categories
Reports	of	original	research	may	be	submitted	to	ABE&M as an Original Arti-
cle or Brief Report. Other special categories of manuscripts are described 
below. All manuscripts must adhere to the word count limitations, as speci-
fied	below,	for	text	only;	the	word	count	does	not	include	the	abstract,	refe-
rences, or figure/table legends. The word count must be noted on the title 
page, along with the number of figures and tables. The format is similar for all 
manuscript categories and it is described in detail in “Manuscript Prepara-
tion” section.

Original Articles
Original Article is a scientific report of the results of original research that has 
not been published or submitted for publication elsewhere (either in print or 
electronically).	Represent	a	substantial	body	of	laboratory	or	clinical	work.	In	
general, original paper should not exceed 3,600 words in the main text, inclu-
de no more than six figures and tables and 35 references.

Review Articles
The ABE&M publishes review articles which present a balanced perspective 
on	timely	 issues	within	the	field	of	clinical	endocrinology.	All	 reviews	are	
submitted upon invitation and are subject to peer review. Articles in this 
category	are	requested	by	the	Editors	to	authors	with	proven	experience	in	
the field. Authors considering the submission of uninvited reviews should 
contact	the	editors	in	advance	to	determine	whether	the	topic	that	they	pro-
pose is of current potential interest to the Journal. These manuscripts 
should be no longer than 4,000 words in the main text, include no more 
than four figures and tables and 60 references. The author should mention 
the	source	and/or	request	authorization	for	use	of	previously	published	fi-
gures or tables.

Consensus Statements
Consensus Statements related to the endocrine and metabolic health stan-
dards	and	healthcare	practices	may	be	submitted by professional societies, 
task forces, and other consortia. All such submissions will be subjected to 
peer review, must be modifiable in response to criticisms, and will be publi-
shed	only	if	they	meet	the	Journal’s	usual	editorial	standards.	These	manus-
cripts	should	typically	be	no	longer	than	3,600	words	in	the	main	text,	include	
no more than six figures and tables and 60 references.

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

Case Report
A brief communication presenting collected case reports, or single case re-
ports of clinical or scientific significance. These reports should be concise and 
focused.	They	should	address	observations	of	patients	or	families	that add 
substantially to the knowledge of the etiology, pathogenesis and delineation 
of the natural history or management of the condition described.	Brevity	and	
clarity	are	always	likely	to	enhance	the	chance	of	a	manuscript	being	accep-
ted for publication. These manuscripts should be 2,000 words or less, with no 
more than four figures and tables and 30 references.

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

Manuscript Preparation

General Format
The Journal requires that all manuscripts be submitted in a single-column 
format that follows these guidelines:

•		 The	manuscript	must	be	submitted	in	MS-Word	format.
•		 All	text	should	be	double-spaced	with	2	cm	margins	on	both	sides	using	

11-point	type	in	Times	Roman	or	Arial	font.
•	 All	 lines	should	be	numbered	 throughout	 the	entire	manuscript	and	 the	

entire document should be paginated.
•	 All	tables	and	figures	must	be	placed	after	the	text	and	must	be	labeled.	

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

All submissions must include:
•		 A	cover	letter	requesting	that	the	manuscript	be	evaluated	for	publication	

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

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

pporting the writing of the paper.
7.  Reference list.

Title Page
The title page must contain the following information:

1.		Title	of	the	article	(a	concise	statement	of	the	article’s	major	contents).
2.	Full	names,	departments,	institutions,	city	and	country	of	all	co-authors.
3.  Full name, postal address, e-mail, telephone and fax numbers of the cor-

responding author.
4.  Abbreviated title of not more than 40 characters for page headings.
5.		Up	to	five	keywords	or	phrases	suitable	for	use	in	an	index	(it	is	recom-

mended to use MeSH terms).
6.	 	Word	count	–	excluding	title	page,	abstract,	references,	figures	and	tables.
7.		Article	type.

Structured Abstracts
All Original Articles, Brief Reports, Reviews, Case Reports should be submit-
ted with structured abstracts of no more than 250 words. The abstract must 
be self-contained and clear without reference to the text and should be writ-
ten for a general journal readership. The abstract format should include four 
sections that reflect the section headings in the main text. All information re-
ported in the abstract must appear in themanuscript. Please use complete 
sentences for all sections of the abstract.

Introduction
The	article	should	begin	with	a	brief	 introductory	statement	 that	places	 the	
work to follow in historical perspective and explains its intent and significance.

Materials and Methods
These should be described and referenced in sufficient detail for other inves-
tigators to repeat the work. The source of hormones, unusual chemicals and 
reagents, and special pieces of apparatus should be stated. For modified me-
thods,	only	the	modifications	need	be	described.

Results and Discussion
The	Results	section	should	briefly	present	 the	experimental	data	 in	 text,	
tables, and/or figures. For details on preparation of tables and figures, see 
below. The Discussion should focus on the interpretation and significance 
of the findings with concise objective comments that describe their rela-
tion to other work in that area. The Discussion should not reiterate the Re-
sults.
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Authorship
The ABE&M ascribes to the authorship and contributorship guidelines defi-
ned	by	the	International	Committee	of	Medical	Journal	Editors	(www.ICMJE.
org).	Unrestricted	joint	authorship	is	allowed.	A	maximum	of	two	correspon-
ding authors is allowed. The uniform requirements for manuscripts submit-
ted	to	medical	journals	state	that	authorship	credit	should	be	based	only	on	
substantial contribution to:
1.		conception	and	design,	or	analysis	and	interpretation	of	data.
2.		drafting	the	article	or	revising	it	critically	for	important	intellectual	content.
3.  and final approval of the version to be published.
All these conditions must all be met. The corresponding author is responsible 
for ensuring that all appropriate contributors are listed as authors and that all 
authors	 have	 agreed	 to	 the	 manuscript’s	 content	 and	 its	 submission	 to	
ABE&M.

Conflict of interest
A conflict of interest statement for all authors must be included in the main 
document, following the text, in the Acknowledgments section. If authors 
have no relevant conflict of interest to disclose, it should be indicated in the 
Acknowledgments section.

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

References
References to the literature should be cited in numerical order (in parenthe-
ses) in the text and listed in the same numerical order at the end of the ma-
nuscript on a separate page or pages. The author is responsible for the 
accuracy	of	references.	The	number	of	references	cited	should	be	limited,	as	
indicated	above	for	each	category	of	submission.

Tables
Tables	should	be	submitted	in	the	same	format	as	your	article	(Word)	and	not	
another format. Please note: we cannot accept tables as Excel files within the 
manuscript.	Tables	should	be	self-explanatory	and	the	data	they	contain	must	
not	be	duplicated	in	the	text	or	figures.	Tables	must	be	constructed	as	simply	
as possible and be intelligible without reference to the text. Each table must 
have	a	concise	heading.	A	description	of	experimental	conditions	may	appear	
together	with	footnotes	at	the	foot	of	the	table.	Tables	must	not	simply	dupli-
cate the text or figures.

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

Photographs
The ABE&M	strongly	prefers	to	publish	unmasked	patient	photos.	We	encou-
rage all prospective authors to work with families prior to submission to 
address the issue of permission for review and possible publication of patient 
images.	If	your	submission	contains	ANY	identifiable	patient	images	or	other	
protected	 health	 information,	 you	MUST	 provide	 documented	 permission	
from	 the	patient	 (or	 the	patient’s	parent,	guardian,	or	 legal	 representative)	
before the specific material will be circulated among editors, reviewers and 

staff for the purpose of possible publication in ABE&M.	If	it	is	necessary	to	
identify	an	individual,	use	a	numerical	designation	(e.g.	Patient	1)	rather	than	
using	any	other	identifying	notations	such	as	initials.

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

Standard Abbreviations
All	abbreviations	in	the	text	must	be	defined	immediately	after	the	first	use	of	
the abbreviation.

Experimental Subjects
To be considered, all clinical investigations described in submitted manus-
cripts must have been conducted in accordance with the guidelines in The 
Declaration	of	Helsinki	and	must	have	been	formally	approved	by	the	appro-
priate institutional review committees or its equivalent. 
The	study	populations	should	be	described	in	detail.	Subjects	must	be	identi-
fied	only	by	number	or	 letter,	not	by	 initials	or	names.	Photographs	of	pa-
tients’	faces	should	be	included	only	if	scientifically	relevant.	Authors	must	
obtain written consent from the patient for use of such photographs. For fur-
ther details, see the Ethical Guidelines.
Investigators	must	disclose	potential	conflict	of	interest	to	study	participants	
and	should	indicate	in	the	manuscript	that	they	have	done	so.

Experimental Animals
A statement confirming that all animal experimentation described in the sub-
mitted manuscript was conducted in accord with accepted standards of hu-
mane animal care, as outlined in the Ethical Guidelines, should be included in 
the manuscript.

Molecular Genetic Description
•		 Use	 standard	 terminology	 for	 variants,	providing	 rs	numbers	 for	 all	 va-

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

•		 Pedigrees	should	be	drawn	according	to	published	standards	(See	Bennett	
et al. J Genet Counsel. 2008;17:424-33. DOI 10.1007/s10897-008-9169-9).

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

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

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

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

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

•	 Whenever	possible,	drugs	should	be	given	their	approved	generic	name.	
Where	a	proprietary	(brand)	name	is	used,	it	should	begin	with	a	capital	
letter.

•	 Acronyms	should	be	used	sparingly	and	fully	explained	when	first	used.

FOR PAPERS SUBMITTED IN ENGLISH
Papers must be written in clear, concise English. Avoid jargon and neolo-
gisms. The journal is not prepared to undertake major correction of language, 
which	is	the	responsibility	of	the	author.	Where	English	is	not	the	first	langua-
ge	of	the	authors,	the	paper	must	be	checked	by	a	native	Engligh	speaker.	For	
non-native English speakers and international authors who would like assis-
tance with their writing before submission, we suggest American Journal 
Experts for their scientific editing service (http://www.journalexperts.com/in-
dex.php) or PaperCheck (http://www.papercheck.com/).
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AA, Wright EM. Glucose transport by human renal Na+/D-glucose cotransporters SGLT1 and SGLT2. Am J Physiol Cell Physiol. 2011;300(1):C14-21. 5. Resolução - RE No 2. 234, de 28 de Junho de 2013. Dapagliflozina: registro de 
medicamento novo. Diário Oficial da União 2013;124 (Supl):pp 18. 6. Abdul-Ghani MA, DeFronzo RA. Dapagliflozin for the treatment of type 2 diabetes. Expert Opin Pharmacother. 2013;14(12):1695-1703.

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

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

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

Controle glicêmico com perda de peso1

Administração oral, 1 vez ao dia1

Eficácia no controle glicêmico com 
benefício adicional de perda de peso¹

ELIMINA EM MÉDIA 
70g DE GLICOSE POR DIA1-4
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