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Elevated irisin and alanine 
aminotransferase levels 
in hypothyroidism: role 
of oxidative stress?

Bruno Halpern1

I n this issue of Archives of Endocrinology and Metabolism, two articles help to in-
crease our knowledge about the connections between thyroid status and energy 

metabolism. Although the relation between thyroid disease with obesity and meta-
bolic dysfunction has been well established for many decades, some of their linking 
mechanisms are surprisingly still poorly understood. 

In the first paper, a cross-sectional observational study, Ates and cols. (1) measured 
irisin levels of 37 patients with newly diagnosed hypothyroidism (and a mean TSH of 
13.1 mIU/L) and 37 healthy volunteers. 

Irisin is a recently identified proliferator-activated receptor-gamma coactivator-1α 
(PGC-1α)-dependent myokine that drives browning of white fat via elevation of un-
coupling protein-1 (UCP-1), leading to thermogenesis and metabolic improvement 
(2). It was demonstrated to be a cleavage product of the extracellular portion of type 
I membrane protein fibronectin type III domain containing 5 (FNDC5), that is re-
leased after physical activity. The isolation of irisin in 2012 led to a great rush in un-
derstanding its function and metabolic relevance, as it was initially considered one of 
the main drivers of the beneficial effects of exercise (2,3). However, its impact was 
weakened by further studies that questioned the metabolic relevance of irisin in hu-
mans since there is a substantial controversy whether humans are able to cleave the 
protein FNDC5 (4,5). This would happen due to humans have a truncated form of 
FNDC5 gene, and as a result, irisin levels be insignificant, and its detection in serum 
would be due to analytical interferences. Even though this theory is up to this time a 
matter of debate, many publications about irisin have arisen in the last years, both in 
animals and humans. 

Another disappointment about the potential role of irisin in metabolic improve-
ment (and maybe as a potential therapeutic agent) was the observation that obese 
individuals and patients with metabolic syndrome have higher levels of irisin and that 
weight loss (regardless of whether through caloric restriction or bariatric surgery) 
leads to a decrease in irisin levels (6-8). Could this phenomenon be due to an “irisin 
resistance” analogous to insulin or leptin resistance or it could be due to a defen-
se against metabolic impairment? These are questions still unanswered, and the first 
study in this journal issue points in the same controversial direction, demonstrating 
higher levels of irisin in hypothyroid patients (1). In the study, the mean BMI was 
not statistically different between groups (27.77 vs 26.11 kg/m2, in hypothyroid and 
control groups, respectively) and the main parameters associated with irisin levels were 
age, TSH and free T4 levels. On one hand, these results are in agreement with a study 
in a murine model of thyroid dysfunction, in which an upregulation of irisin levels in 
both hyper and hypothyroid rats, as well as a positive correlation between irisin and 
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creatine kinase (CK) levels were observed. The authors 
concluded that the muscle oxidative stress present in 
both conditions could possibly be responsible for these 
results (9), which were corroborated by increased irisin 
levels in statin-treated patients (10). Acute exercise ele-
vated irisin levels in all groups of thyroid dysfunction 
rats, although chronic training exercise did not, which 
provides consistency to the notion that irisin might 
possibly be secreted as a result of muscle acute stress, 
decreasing the likelihood of being a major factor of the 
eumetabolic status of physically active patients (11). 
On the other hand, a cross-sectional human study with 
newly diagnosed hyper or hypothyroid patients found 
a negative relation between irisin and TSH levels, as 
well as between irisin and CK levels, with higher irisin 
levels in the hyperthyroid group. However, in contrast 
to the first article in this issue, there was not a control 
group of subjects with normal thyroid function (12). 
Since hyperthyroidism is also associated with muscle 
stress, these results can be in agreement with a rise in 
irisin levels due to muscle damage. Clearly, the field has 
yet many gaps, but these data gives us insight of irisin 
being more an oxidative stress marker than a metabolic 
protective hormone. 

In the second manuscript in this AE&M issue, also 
a transversal analysis data study, Silva and cols. evalu-
ate the relationship of slightly increased alanine ami-
notransferase (ALT) levels (above the upper tertile) 
with thyroid diseases (13), mainly chronic lymphocytic 
thyroiditis. Although nearly 90% of the included pa-
tients took oral doses of levothyroxine, 52% presented 
TSH above 3.0 mIU/L, and of these subjects, more 
than 65% had ALT levels in the upper tertile (compa-
red to 44.6% in individuals with normal TSH, statisti-
cally significant in bivariate and multivariate analysis). 
A positive correlation was also found between higher 
ALT and both systemic arterial hypertension and abdo-
minal circumference. Although a relationship of overt 
hyperthyroidism with ALT levels and liver function is 
well documented, studies showing association with hy-
pothyroidism are infrequent and, in this case, the link 
between higher ALT and TSH levels most probably re-
flects non-alcoholic fatty liver disease or non-alcoholic 
steatohepatitis (NAFLD/NASH), as suggested by the 
presence of metabolic syndrome components (systemic 
arterial hypertension and increased abdominal circu-
mference). Even though ALT level is often considered 
an easily accessible surrogate marker for evaluating un-
derlying liver disease activity and severity of liver injury 

controversies remains about the prognostic value of 
ALT levels in determine NAFLD progression to NASH 
(since patients with normal ALT levels can reveal in the 
liver biopsy an advanced liver disease) (14,15). Never-
theless, there is indeed evidence of ALT as a prognostic 
factor to the development of type 2 diabetes and car-
diovascular disease (16). Silva and cols. results are in 
concordance with several other studies that evaluated 
the relationship of both hypothyroidism and NAFLD/
NASH. A linear relationship between TSH levels and 
NAFLD (diagnosed both by abnormal liver tests and 
ultrasonography) was reported by Chung and cols. even 
in upper normal TSH levels and independently of any 
other known risk factor (17). In this study, there were a 
40% increased risk of NAFLD in individuals with TSH 
between 2.5-4.5 mIU/L compared to individuals with 
TSH lower than 2.5 mIU/L, which still yield more 
controversy regarding the never-ending discussion of 
whether to treat or not subclinical hypothyroidism. A 
systematic review found a 15.2% to 36.3% prevalence of 
hypothyroidism in patients with NAFLD/NASH and 
concluded that hypothyroidism should be added to risk 
factors of NAFLD/NASH (18). What remains to be 
known is if hypothyroidism predicts or not the severity 
of fatty liver disease, since different studies yielded con-
troversial results (17-20). Interestingly, however, is the 
possible role of oxidative stress and mitochondrial dys-
function in the pathogenesis of NASH. In parallel with 
what occurs in muscle, hypothyroidism could also have 
a role in hepatic oxidative stress. For example, several 
markers of oxidative stress as serum malonildialdehyde, 
a lipid peroxidation marker, as well as reactive oxygen 
species and nitric oxide have been shown to be elevated 
in hypothyroidism (21,22). 

In conclusion, the possible role of oxidative stress 
could be a point of contact between both studies in 
this journal issue. Hypothyroidism, wrongly considered 
to be a major cause of weight gain due to decreased 
energy expenditure by the general public, apparently 
has a more subtle effect on metabolic impairment at 
the intracellular level, and although there may be a lot 
of causes, since thyroid hormones are ubiquitous in the 
body, oxidative damage should not be discarded as a 
possible explanation for higher irisin and ALT levels 
observed in these studies. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Biomarkers in diabetic kidney 
disease: good use and pitfalls

Silvia Titan1

I n this issue of Archives of Endocrinology and Metabolism (AE&M), two manuscripts 
address the important issue of the search for new and reliable biomarkers of kid-

ney function and chronic kidney disease (CKD) risk in diabetes. Domingueti and 
cols. (1) evaluate the performance of several formulas of GFR estimation in regard 
to albuminuria classification (normo-, micro- and macroalbuminuria). In their analy-
ses, cystatin C-based formulas showed the best performance, followed closely by the 
new CKD-EPI creatinine-based equation. Their findings highlight the crave for more 
precise measures of GFR estimation and waiving of less efficient methods such as 
Cockcroft-Gault formula. When compared to MDRD equation the new CKD-EPI 
equation is more accurate and reduces the known effect of MDRD on sub-estimating 
GFR in normal and near-normal values (2). However, the CKD-EPI equation based 
on creatinine also requires a race definition, which is always problematic, particularly 
in highly admixture populations. This formula has not been largely validated outside 
US, Europe and Australia and this should be done in populations ethnically different 
from the population in whom the equation was derived and revalidated, such as Brazil. 
Small Brazilian studies yielded results suggesting that this equation may be applied in 
our population (3-5), but larger studies are still necessary. On the other hand, cystatin 
C seems to improve accuracy in comparison to creatinine, but is still not largely avail-
able and its cost is still high. These problems could be minimized with a broader use 
of this marker, but to the present cystatin C use is still very much restricted to the 
research field.

In the other manuscript, Polat and cols. (6) have analyzed several endothelial dys-
function biomarkers in 73 patients with diabetes and either normoalbuminuria and 
microalbuminuria in comparison to healthy controls. The authors showed that al-
though differences can be detected among the diabetic and non-diabetic groups, most 
biomarkers cannot discriminate those with and without albuminuria. Only sVCAM-1 
showed a better performance in identifying those with microalbuminuria.

Reflections raised by the two papers come in accordance with a very actual discus-
sion on diabetic kidney disease. One of the most fearest complications of long-term 
poor glycemic control, CKD in diabetes still faces old problems regarding two very 
basic problems: diagnosis and classification. Diagnosis has always been supported by 
the recognition of long term hyperglycemia, increasing albuminuria occurring along 
to GFR loss (represented by the hyperfiltration, microalbuminuric and macroalbu-
minuric phases), the presence of other microvascular injury, especially diabetic reti-
nopathy, and absence of signs of other kidney diseases. However, it has been recently 
recognized that the classical description of the hyperfiltration, micro- and macroal-
buminuric phases is limited, since a significant number of diabetic patients with CKD 
(and losing GFR over time) may in fact present normoalbuminuria and or micro-
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albuminuria throughout years and never progress to 
the macroalbuminuric phase (7). Normoalbuminuric 
and microalbuminuric patients which GFR reduction 
tend to present a slower decline of GFR and better 
glycemic control history than those who present ma-
croalbuminuria (7), but even so represent a significant 
proportion of both type 1 and type 2 CKD patients 
(7-10). The concept of a progressive renal decline has 
also been contested (11,12), at least in type 1 diabe-
tes. In addition, recent trials have questioned the use 
of albuminuria as a surrogate marker of CKD by sho-
wing that GFR loss and albuminuria increase may be 
uncoupled in diabetic and non-diabetic CKD (13,14). 
By replacing renal function assessment for albuminuria 
outcomes so extensively in the last 20 years we have 
generated some misleading results. Emphasis has been 
made in the need of using again “hard renal outcomes” 
(such as renal replacement therapy need and doubling 
of creatinine) ins tead of surrogate markers, particular-
ly in clinical trials. It has been proposed that the term 
diabetic nephropathy should be replaced by the term 
diabetic kidney disease or diabetes-related kidney dise-
ases, although societies throughout the world have not 
reached a consensus. This new term should include a 
more broad comprehension of renal injury occurring in 
diabetes, contemplating different clinical, laboratorial, 
pathological and prognostic conditions. In the same 
way, the use of albuminuria as a continuous marker of 
risk seems to add more information than the simple and 
rigid classification of albuminuria in normo-, micro- 
and macroalbuminuria (15).

By using albuminuria as the main outcome mea-
sure, the two papers in this issue of AE&M stumble 
into this problematic. Ideally, performance of different 
ways of estimating GFR should be validated by a gold-
-standard, such as inulin clearance or radioisotope de-
cay curves, exams which are extremely laborious and 
time-consuming. Performance should also be evaluated 
regarding prediction of renal and cardiovascular hard 
clinical events, requiring long term costly studies with 
large sample size. Therefore, surrogate markers are still 
needed and will continue being used, particularly in ex-
perimental and small clinical studies. Albuminuria has 
been extensively demonstrated to be an independent 
predictor of CKD progression in all etiologies of al-
buminuric kidney diseases and is clearly the best CKD 
surrogate marker we have so far. Data generated from 
studies using surrogate markers yield a great amount 
of information to our understanding of diabetes-re-

lated complications. However, when it comes to the 
establishment of more definite therapeutic and epide-
miological strategies, we have to consider the whole 
spectrum of diabetic kidney disease, and “hard clinical 
events” should be prioritized as outcomes.

The search for new biomarkers in CKD is intense in 
the literature. The performance of several tubular ma-
rkers, urinary and serum inflammatory cytokines, endo-
thelial and podocyte biomarkers, metabolites analyzed 
by metabolomics, and genetic polymorphism’s panels 
are currently being evaluated for the prediction of CKD 
risk. More accurate identification of those at risk along 
with a better understanding of the pathophysiology of 
CKD progression are two fundamental steps for gene-
rating new therapeutic tools and for improving health 
care in CKD and in diabetic kidney disease.

Disclosure: Advisory Board para Novartis 2014. 
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Circulating levels of irisin is 
elevated in hypothyroidism, 
a case-control study 

İhsan Ateş1, Mustafa Altay1, Canan Topçuoğlu2, Fatma Meriç Yılmaz2

ABSTRACT
Objective: Our objective in this study was to determine the relationship between irisin hormone, 
which has a similar effect with thyroid hormones on adipose tissue and the metabolism, and the 
thyroid functions and the obesity secondary to thyroid disease. Subjects and methods: Seventy-
-four patients were included in the study, of the patients, 37 were newly diagnosed with Hashimoto’s 
thyroiditis related hypothyroidism but not started on a treatment yet, and the remaining 37 were 
healthy volunteers without a known disease. Serum thyroid stimulating hormone (TSH), free thyroxin 
(fT4), anti-thyroglobulin and anti-thyroid peroxidase were measured and thyroid ultrasonography 
was performed in both groups. Serum irisin levels were measured using the commercially available 
ELISA kit. Results: The hypothyroidism group had higher levels of irisin compared to the control 
group (2.77 ng/mL vs. 2.15 ng/mL respectively; p = 0.017). The hypothyroidism group had higher me-
dian levels of irisin in the obese patients than those in the control group (3.10 ng/mL vs. 2.10 ng/mL 
respectively; p = 0.013). Irisin level was negatively correlated with age in the whole population and 
patients with hypothyroidism (r = -0.255, p = 0.028; r = -0.346, p = 0.036 respectively). Irisin level was 
positively correlated with TSH (r = 0.247, p = 0.034) but negatively correlated with the fT4 (r = -0.316, p 
= 0.006) in the whole population. Obesity, fT4 and irisin levels were identified to be independent pre-
dictors in the diagnosis of hypothyroidism in the multivariable logistic regression analysis. Conclu-
sion: To the best of our knowledge, this study is the first in literature to identify that obesity, irisin le-
vel and fT4 level are independent risk factors for hypothyroidism. Arch Endocrinol Metab. 2016;60(2):95-100

Keywords
FNDC5; Hashimoto’s thyroiditis; hypothyroidism; PPARγ; thyroid

INTRODUCTION

H ashimoto’s thyroiditis (HT) is characterized by 
the destruction of thyroid follicular cells at dif-

ferent levels that results in the formation of thyroid au-
toantibodies and development of hypothyroidism. HT 
is the most common cause of the overt and subclinical 
hypothyroidism in clinics (1). In the overt hypothyroi-
dism phase, many metabolic processes in the body, such 
as differentiation in the adipose tissue, are affected as 
a result of inadequate synthesis of thyroid hormones. 
Increased thyroid stimulating hormone (TSH) causes 
adipogenesis by stimulating preadiposite differentiation 
directly through the receptors in the adipose tissue (2). 
Fatty tissue is increased by adipocyte hypertrophy, whi-
ch is a result of previous adipogenesis, and newly for-
med adipocyte hypertrophy (3), which results in clinical 
obesity. This mechanism is not the only explanation for 
the relationship between thyroid hormones and obesity. 

Hormones synthesized in other endocrine organs are 
also known to have effects on the adipose tissue (4).

Recently, the relationship of irisin hormone, disco-
vered by Boström and cols. in 2012 (5), with obesity 
and other hormones has often been a subject of study 
(6,7). Irisin is secreted as a product of fibronectin type 
III domain containing 5 (FNDC5) in the human and 
mice skeletal muscle. FNDC5 is secreted by peroxisome 
proliferator-activated receptor γ (PPARγ) coactivator 
1α (PGC1-α) after an exercise (8). Irisin can be synthe-
sized in many tissues other than skeletal muscle (9) and 
replaces the white fatty tissue with brown fatty tissue, 
resulting in thermogenesis and energy consumption. 
FNDC5, which is the precursor of irisin was shown to 
be present in many tissues, including the thyroid tissue 
(10). Although its relationship with many diseases, such 
as type 2 diabetes mellitus, metabolic syndrome, insulin 
resistance, chronic renal disease, and anorexia nervosa 
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has been investigated, its association with the thyroid 
functions tests (TFT) in HT patients with hypothyroi-
dism remains unknown.

Our objective in this study was to determine the re-
lationship between irisin hormone, which has a similar 
effect with thyroid hormones on adipose tissue and the 
metabolism, and the thyroid functions and the obesity 
secondary to thyroid disease.

SUBJECTS AND METHODS 

This study was conducted at Internal Medicine Clinic 
of Ankara Numune Training and Research Hospital be-
tween February 2014 and June 2014. The study was in 
compliance with the Declaration of Helsinki and was 
approved by the Local Ethics Research Committee. All 
subjects provided their written informed consent prior 
to participating in the study.

A total of seventy-four patients were included in the 
study, who were over the age of 18 years. Of the patien-
ts, 37 were newly diagnosed with HT dependent hypo-
thyroidism but not started on a treatment yet, and the 
remaining 37 were healthy volunteers without a known 
disease. The exclusion criteria included hypertension, 
dyslipidemia (low density lipoprotein (LDL) cholesterol 
> 130 mg/dL, triglycerides (TG) > 150 g/dL), diabetes 
mellitus, acute-chronic renal disease, nephritic-range 
proteinuria, coronary heart disease, heart failure, peri-
pheral artery disease, cerebrovascular event, malignan-
cy, liver diseases, rheumatic diseases, alcohol intake, and 
smoking. 

Hashimoto’s thyroiditis was diagnosed by high levels 
of anti-thyroglobulin (anti-TG) and/or anti-thyroid 
peroxidase (anti-TPO) in serum and/or the presence of 
heterogeneous echogenicity in the thyroid parenchyma 
shown by thyroid ultrasonography (USG). Hypothyroi-
dism was diagnosed by high levels of TSH (normal ran-
ge: 0.5-4 µIU/mL) and low levels of free thyroxin (fT4) 
(normal range: 0.9-1.7 ng/dL). Serum TSH, fT4, anti-
TG, and anti-TPO levels of those in the control group 
were measured and HT was excluded by thyroid USG. 

Two blood pressure measurements were done 5 mi-
nutes apart after 5 minutes of rest for each participant 
during outpatient clinic visits. Blood pressure was de-
termined by calculating the average of 2 mesaurements. 
Omron M3 (Omron Healthcare Co. Ltd. Japan) digital 
automatic blood pressure monitor calibrated according 
to European Society of Hypertension International 
Protocol 2002 ve 2010 was used for the measurements.

Following an 8-hour fasting, blood samples were 
obtained in the morning for biochemical parameters. 
Samples were quickly centrifuged at 4000 rpm for 10 
minutes to separate the plasma and serum, and the 
serum samples were kept at -80° C. Following this, all 
parameters were studied in the same serum sample. 

Thyroid function tests were analyzed at the hor-
mone laboratory using Electro-chemiluminescence 
immunoassay. Total cholesterol and TG levels were 
measured through enzymatic colorimetric method; and 
the high density lipoprotein cholesterol (HDL-C) was 
measured by homogenous enzymatic colorimetric me-
thod using Hitachi Modular P800 (Roche Diagnostics 
Corp. Indiana, USA) auto-analyzer. Low density lipo-
protein cholesterol (LDL-C) was calculated using the 
Friedewald method (11).

Serum irisin levels were measured using the com-
mercially available ELISA kit (EASTBIOPHARM, 
Hangzhou Eastbiopharm Co. Ltd. China, REF: CK-
E90905, LOT: 201402). The measurement range was 
0.5-30 ng/mL.

Statistical analyses

Statistical Package for Social Sciences (SPSS) for Win-
dows 20 (IBM SPSS Inc., Chicago, IL) program was 
used for the statistical analysis. Kolmogorov-Smirnov 
test was used to determine data with normal distribu-
tion. Numeric variables with normal distribution were 
expressed in mean ± standard deviation, and numeric 
variables without normal distribution were expressed in 
median. Categorical variables were presented in figu-
res and percentage. Spearman correlation analysis was 
performed for the correlation between the numeric 
parameters. T test (for numeric variables with normal 
distribution) and Mann Whitney U Test (for numeric 
variables without normal distribution) were used to 
identify the risk factors, which differed in two groups, 
in independent samples. Chi- Squara Test and Fisher’s 
Final Chi-Square Test were used to compare the catego-
rical data. Multivariable logistic regression analysis was 
used to identify the independent predictors that have 
an effect on the presence of hypothyroidism. p < 0.05 
value was considered significant in statistical analyses.

RESULTS
A total of 74 patients were included in the study, 37 pa-
tients with hypothyroidism (4 males, 33 females, mean 
age: 32.27 ± 8.7 years) and 37 volunteers (1 male, 36 
females, mean age: 34.76 ± 11.9 years) for the healthy 
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control group. Both groups had similar demographical 
characteristics such as age, gender, and BMI (Table 1). 
Systolic blood pressure (127.38 ± 9.7 mmHg vs. 120.22 
± 11.2 mmHg, respectively, p = 0.004), diastolic blood 
pressure (65.97 ± 8.5 mmHg vs. 60.0 ± 9.7 mmHg, 
respectively; p = 0.006), and the proportion of obese 
patients (40.5% vs. 16.2% respectively; p = 0.038) were 
found to be significantly higher in the patient group 
compared to the control group as shown in table 1.

Hypothyroidism group had higher levels of iri-
sin compared to the control group (2.77 ng/mL vs. 
2.15 ng/mL respectively; p = 0.017). Hypothyroidism 
group had higher median levels of irisin in obese pa-
tients than those in the control group (3.10 ng/mL 
vs. 2.10 ng/mL relatively; p = 0.013) (Figure 1). In 
addition, male patients had higher median levels of iri-
sin compared to females (5.84 ng/mL vs. 2.46 ng/mL;  
p = 0.008).

Table 1. Demographical characteristics and laboratory findings of the study groups 

Variables
Hypothyroidism Control

P
(n = 37) (n = 37)

Sex (male), n(%) 4 (10.8) 1 (2.7) 0.358

Age (years) 32.27 ± 8.7 34.76 ± 11.9 0.310

Systolic BP (mmHg) 127.38 ± 9.7 120.22 ± 11.2 0.004*

Diastolic BP (mmHg) 65.97 ± 8.5 60.0 ± 9.7 0.006*

BMI (kg/m2) 27.77 ± 5.4 26.11 ± 4.3 0.148

Obesity, n(%)

Irisin (ng/mL)

15 (40.5)

3.10 (1.95 - 20.2)

6 (16.2)

2.10 (1.64 - 2.67)

0.038*

0.013*

Irisin (ng/mL) 2.77 (1.74 - 20.19) 2.15 (1.64 - 9.33) 0.017*

TSH (µIU/mL) 13.1 (4.68 - 100) 1.74 (0.5 - 3.6) < 0.001*

fT 4 (ng/dL) 0.68 ± 0.2 1.14 ± 0.1 < 0.001*

Anti-TG (IU/mL) 335.8 (25 - 4000) 10.8 (4 - 95.2) < 0.001*

Anti-TPO (IU/mL) 238.8 (9.12 - 1000) 7.0 (2 - 17.24) < 0.001*

Total cholesterol (mg/dL) 185.08 ± 35.8 176.54 ± 22.1 0.356

Triglyceride (mg/dL) 114 (49 - 346) 91 (41 - 268) 0.072

LDL (mg/dL) 105.86 ± 30.6 100.65 ± 23.2 0.500

HDL (mg/dL) 51.84 ± 17.6 53.95 ± 11.9 0.550

Continuous variables are expressed as mean ± SD or median (min-max). Categorical variables are expressed as N (%). * p < 0.05.
BP: blood pressure; BMI: body mass index; TSH: thyroid stimulating hormone; fT4: free thyroxin; anti-TG: anti-thyroglobulin; anti-TPO: anti-thyroid peroxidase; LDL: low density lipoprotein; HDL: high 
density lipoprotein.

Figure 1. Serum irisin concentration in the all population and obesity population.
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Table 2. Parameters associated with irisin levels

Variables
Whole population Control Hypothyroidism

r P r P r p

Age (years) -0,255 0,028* -0,143 0,399 -0,346 0,036*

Systolic BP (mmHg) 0,041 0,732 -0,015 0,928 -0,072 0,672

Diastolic BP (mmHg) 0.139 0.237 0.183 0.278 -0.068 0.688

BMI (kg/m2) 0.028 0.811 -0.009 0.959 0.058 0.732

TSH (µIU/mL) 0.247 0.034* -0.143 0.397 0.161 0.341

fT 4 (ng/dL) -0.316 0.006* -0.177 0.295 -0.144 0.395

Anti-TG (IU/mL) 0.193 0.100 -0.052 0.760 -0.093 0.583

Anti-TPO (IU/mL) 0.220 0.060 0.138 0.416 -0.188 0.264

Total cholesterol (mg/dL) 0.164 0.163 0.057 0.736 0.253 0.131

Triglyceride (mg/dL) 0.090 0.447 0.004 0.980 0.141 0.406

LDL (mg/dL) 0.207 0.077 0.090 0.595 0.297 0.074

HDL (mg/dL) 0.013 0.913 0.040 0.816 0.104 0.539

r: Spearman’s rank correlation coefficient. 
* p < 0.05 
BP: blood pressure; BMI: body mass index; TSH: thyroid stimulating hormone; fT4: free thyroxin; anti-TG: anti-thyroglobulin; anti-TPO: anti-thyroid peroxidase; LDL: low density lipoprotein; HDL: high 
density lipoprotein.

Table 3. Identification of parameters predicting hypothyroidism risk with logistic regression analysis

Variables
Uni-variable Multivariables

OR (95% CI) p OR (95% CI) p

Systolic BP (mmHg) 1,071 (1,018 - 1,126) 0.008 - -

Diastolic BP (mmHg) 1,075 (1,018 - 1,135) 0.010 - -

Obesity 3,523 (1,181 - 10,510) 0.024 4,420 (1,148 - 27,876) 0.034

TSH 1,252 (1,038 - 1,693) 0.010 - -

FT 4 0,645 (0,469 - 0,887) 0.007 0.619 (0.425 - 0.903) 0.013

Anti-TG 1,075 (1,028 - 1,124) 0.001 - -

Anti-TPO 1,683 (1,147 - 2,469) 0.008 - -

İrisin (ng/mL) 1,138 (1,058 - 1,351) 0.021 1,114 (-1,034 - 1,592) 0.027

Nagelkerke R2 = 0.55, p < 0.05.
BP: blood pressure; TSH: thyroid stimulating hormone; fT4: free thyroxin; anti-TG: anti thyroglobulin; anti-TPO: anti-thyroid peroxidase.

Irisin level was negatively correlated with the age 
in the whole population and in hypothyroidism group 
(r = -0.255, p = 0.028; r = -0.346, p = 0.036 respec-
tively). Irisin level was positively correlated with TSH  
(r = 0.247, p = 0.034) but negatively correlated with 
fT4 (r = -0.316, p = 0.006) in the whole population. 
No correlation was found between other laboratory 
findings and irisin level in the whole population or in 
hypothyroidism group (Table 2). 

Increased systolic and diastolic blood pressures, 
obesity, high level of TSH, low level of fT4, anti-TG, 

anti-TPO, and increased levels of irisin alone were inde-
pendent risk factors for hypothyroidism. Obesity, fT4 
and irisin level were identified to be independent pre-
dictors of hypothyroidism in the model including risk 
factors that were found to be significant in the univaria-
ble logistic regression analysis. 

We observed that obesity increased the risk for 
hypothyroidism by 4.420 times and increased irisin 
levels increased the risk for hypothyroidism by 1.114 
times when the other risk factors were kept constant 
(Table 3).
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DISCUSSION

We found that serum irisin levels were higher in the 
hypothyroidism group compared to control group in 
our study. Similarly, serum irisin levels of obese patients 
in the hypothyroidism group was detected to be higher 
compared to the obese patients in the healthy control 
group. In addition, we observed that serum irisin le-
vel was increased in correlation with increased severity 
of hypothyroidism (with increased TSH and decreased 
fT4). To the best of our knowledge, this study is the first 
to investigate the relationship between the serum irisin 
level and TFT in HT patients with hypothyroidism.

Many recent studies have focused on the relationship 
of obesity to the hormones synthesized in the central 
nervous system or by peripheral endocrine organs (7). 
Some hormones cause an increase in the mass of fatty 
tissue by stimulating adipogenesis with a direct effect 
on adipose tissue while the others act on the central 
nervous system, causing an energy intake higher than 
consumed, and hence obesity (8). 

Irisin is a hormone that was discovered a few years 
ago and known to replace the white adipose tissue with 
brown adipose tissue, showing an anti-obesity effect 
(12,13). It shows its effect in autocrine and paracrine 
manner similarly to other locally synthesized hormo-
nes (14). Another current review has underlined that 
irisin and similar hormones with local effects function 
without losing their contact with central endocrine or-
gans (e.g., pancreas, thyroid) (8).

Irisin level was identified to be high in insulin resis-
tance (15), metabolic syndrome (16), and obesity and 
to be low in anorexia nervosa (6), chronic renal failure 
(17), and type 2 diabetes mellitus (18). 

Two different studies conducted with different ob-
jectives on a study group without any thyroid disease 
investigated the relationship between irisin levels and 
TFT. Stengel and cols. investigated the relationship be-
tween irisin levels and TFT in their study in patients 
with obesity and anorexia nervosa, and the relationship 
between TFT and irisin was not statistically significant in 
either of the groups (6). Gouni-Berthold and cols. also 
examined the relationship between irisin levels and TFT 
on 72 male patients, who used lipid-lowering medicine, 
and found no statistically significant relationship either 
in the groups or in the whole population (19). The re-
sults of their study are in consistence with our results 
since their study was performed with patients without 
euthyroid or another documented thyroid disease.

In our study, patients with hypothyroidism and obese 
hypothyroidism had higher levels of irisin compared to 
the healthy control group. There was a positive correla-
tion between serum irisin levels and TSH while a nega-
tive correlation was found between irisin levels and fT4.

Results of our study can be deemed to be very con-
sistent considering the apparent pathogenic mechanisms. 
TSH level, which is increased in hypothyroidism, cau-
ses the differentiation of preadiposites through the re-
ceptors in the preadipose tissue and induces adipogene-
sis. Previously formed adiposites become hypertrophic 
with adipogenesis and the newly formed adiposities un-
dergo hyperplasy, resulting in increased adipose tissue. 
Hormones such as leptine, ghrelin, NUCB2/nesfatin-
-1and irisin can be synthesized in order to keep the fat 
distribution in balance in the increased white adipose 
tissue (20). In such case, irisin levels can be found to be 
high with increasing TSH levels.

Another perspective can be the fact that FNDC5, 
which is found in the thyroid tissue and a precursor 
of irisin (10), is destructed by chronic inflammation of 
thyroid follicular in HT and goes into the blood stream, 
resulting in increased levels of irisin. 

We also observed in our study that irisin levels of 
males were higher compared to females, and irisin levels 
decreased with aging. This suggests that it might be 
associated with the total skeletal mass. 

To the best of our knowledge, this study is the first 
in literature to identify that obesity, irisin level and fT4 
level are independent risk factors for hypothyroidism.

The limitations of our study include the inadequate 
number of patients, low percentage of male participan-
ts, and unknown irisin levels of hypothyroidism patients 
with high levels of TSH after being treated with levo-
thyroxine.

CONCLUSIONS

As a result, further studies investigating the relationship 
of irisin hormone, which has newly been discovered 
and relationship of which with other hormones remains 
unknown, with the central and peripheral endocrine 
organs are needed. We believe that if the anti-obesity 
effect of irisin can be fully elucidated, it would be a very 
important step for understanding the unknown mecha-
nisms of obesity, the disease of the current age.

Acknowledgement: we would like to thank Dr. Nihal Özkayar for 
critical reading of this manuscript.
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Clinical and laboratory characteristics 
of patients with thyroid diseases with 
and without alanine aminotransferase 
levels above the upper tertile – 
Cross-sectional analytical study
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Simone Aiko Hatanaka1, Maria Heloisa Büsi da Silva Canalli3, 
Leonardo de Lucca Schiavon1, Janaína Luz Narciso-Schiavon1 

ABSTRACT
Objective: Thyroid disease affects 6.6% of the general population. The liver is fundamental in me-
tabolizing thyroid hormones, and hepatocytes are often affected in thyroid disease. We aimed to 
compare clinical and laboratory parameters among thyroid disease patients with alanine amino-
transferase (ALT) levels above vs. below the upper tertile. Subjects and methods: A retrospective 
cross-sectional analytical study was conducted in the endocrinology clinic at Polydoro Ernani de São 
Thiago University Hospital. Patients with thyroid disease between August 2012 and January 2014 
were included in the study. Clinical and laboratory parameters were collected from medical records. 
Results: One hundred patients were included, of which 14.0% were male, with a mean age of 49.1 
± 14.4 years. ALT levels ranged from 9 to 90 U/L, and the ALT upper tertile was defined as 0,64 times 
the upper normal limit (xUNL). Patients with ALT levels above the upper tertile exhibited a higher 
proportion of systemic arterial hypertension (SAH), a higher mean abdominal circumference and a 
higher frequency of elevated TSH levels than did patients with ALT levels below the upper tertile. In 
multivariate analysis, ALT ≥ 0.64 (xUNL) was independently associated with abdominal circumfer-
ence (odds ratio [OR] = 0.087, 95% confidence interval [CI] 0012-0167, P = 0.022). ALT (xUNL) correlated 
positively with total cholesterol (r = 0.213, P = 0.042). Conclusions: In patients with thyroid diseases, 
it was observed that those with ALT above the upper tertile are associated with abdominal circumfer-
ence and ALT levels correlate with total cholesterol. Arch Endocrinol Metab. 2016;60(2):101-7
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INTRODUCTION

T hyroid disease refers to a class of common disor-
ders that are among the most prevalent medical 

afflictions. These disorders affect approximately 6.6% 
of the world population, with females being 5-10 times 
more likely than males to develop some kind of abnor-
mality in the thyroid gland (1,2). The epidemiology 
of thyroid disease varies considerably between differ-
ent subpopulations; living in iodine-deficient regions, 
which includes a third of the world population, is an 
important risk factor for the onset of goiter and hypo-
thyroidism. The prevalence of hyperthyroidism is 0.5-
2% in women and 0.1-0.2% in men, whereas hypothy-
roidism occurs in 0.06-1.2% in women and 0.1-0.4% 
in men (2).

The thyroid gland synthesizes hormones that af-
fect the functioning of all organs, tissues and cells of 
the body. Thyroid hormones modulate oxygen con-
sumption rates, thermogenesis, the expression of the 
low-density lipoprotein (LDL) receptor, the strength 
and frequency of myocardial contraction (3) and bone 
turnover (4). In addition, thyroid hormones have great 
importance in the physiology of the gastrointestinal 
tract: they are necessary for the maturation of its mu-
cous membranes and influence gastrointestinal motil-
ity, glucose and fat uptake, and the composition of bile 
salts (5).

Besides being vulnerable to thyroid afflictions, the 
liver is fundamental in metabolizing thyroid hormones 
and regulates their systemic effects (6,7). The de-iodin-



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

102

Alanine aminotransferase in thyroid diseases

Arch Endocrinol Metab. 2016;60/2

ation and conversion of thyroxin (T4) to triiodothyro-
nin (T3) also occurs in the liver (8,9). The liver syn-
thesizes several plasma proteins that bind to lipophilic 
thyroid hormones, keeping the great majority inactive 
at any given time (10). Therefore, while the thyroid is 
important for maintaining the integrity of liver cells, 
the integrity of hepatocytes is essential for maintaining 
the homeostasis of thyroid hormones’ functions.

Hypothyroidism directly affects the structure and 
function of hepatocytes, and is associated with choles-
tatic jaundice, which is attributed to reduced excretion 
of bilirubin and bile and reduced flow of bile (10). In 
addition, hypothyroidism is associated with obesity and 
dyslipidemia (11), which can induce steatogenesis and 
lead to nonalcoholic steatohepatitis. This association 
occurs because thyroid hormones increase the expres-
sion of LDL receptors in hepatocytes (12) and increase 
the activity of fat-reducing liver enzymes, leading to de-
creased levels of circulating LDL (13). Hypothyroidism 
also leads to decreased intestinal motility that promotes 
increased intestinal absorption of enteric cholesterol 
(14). Indeed, increased serum levels of gamma-glutamyl 
transferase (GGT) and alanine aminotransferase (ALT) 
have been detected even in cases of minimal hypothy-
roidism. Moreover, liver damage can be detected in sub-
clinical thyroid disease cases, with evidence of metabolic 
changes in liver-associated laboratory parameters (15).

An excess of thyroid hormone is also associated 
with liver injury. In thyrotoxicosis, hepatic afflictions 
are common and include hepatocellular injury, elevated 
liver enzymes (aspartate aminotransferase [AST] and 
ALT), cholestasis, and increased levels of alkaline phos-
phatase (ALP), GGT and bilirubin. It is believed that 
hepatitis caused by thyrotoxicosis is due to hypoxia in 
perivenular regions, reflecting an increased oxygen up-
take by hepatocytes without a corresponding increase 
in blood flow (16).

Since serum ALT concentration is the most com-
monly used variable for assessment of liver disease (15) 
and is a is a suitable test to identify subjects with chron-
ic liver disease even in an asymptomatic phase (16), we 
aim to compare clinical and laboratory characteristics 
among individuals with thyroid disease with and with-
out ALT above the upper tertile.

SUBJECTS AND METHODS

This cross-sectional analytical study was comprised of 
adults with thyroid diseases treated at outpatient clinics 

of the endocrinology unit of the University Hospital of 
Federal University of Santa Catarina. On routine visits, 
patients were invited to take part in the study and sign 
the informed consent form in duplicate. Clinical and 
laboratory data were collected from the patients’ medi-
cal records. Individuals with thyroid disease treated be-
tween August 2012 and January 2014 were eligible for 
inclusion in the study. Patients who didn’t take tests to 
assess liver (ALT and AST) or thyroid (thyroid-stimu-
lating hormone [TSH] and T4 free) function or who 
had insufficient information in their medical record 
were excluded from the study.

Patients were analyzed for the following clinical and 
epidemiological parameters: age, gender, co-morbi-
dities (diabetes mellitus, systemic arterial hypertension, 
hypercholesterolemia hypertriglyceridemia), ethnicity, 
weight, body mass index, waist circumference, thy-
roid disease type, thyroid hormone metabolism-related 
medication use, prior ablation of the thyroid with ra-
dioactive iodine (I131) and prior surgical thyroidecto-
my. Patients were considered to have diabetes mellitus 
if they displayed symptoms of polyuria, polydipsia and 
unexplained weight loss plus fasting glucose > 126 mg/dL 
and/or plasma glucose > 200 mg/dL after 2 hours of 
75 mg of glucose administration (17). Patients were 
considered hypertensive if their blood pressure was ≥ 
140/90 mmHg (18). Patients were considered to have 
dyslipidemia if they displayed isolated hypercholester-
olemia (defined as total serum cholesterol ≥ 200 mg/
dL, LDL cholesterol ≥ 160 mg/dL) and/or low le-
vels of high density lipoprotein (HDL) (< 50 mg/dL 
for women and < 40 mg/dL for men) and/or isolated 
hypertriglyceridemia (defined as serum triglycerides ≥ 
150 mg/dL) (19). Laboratory parameters analyzed 
were: fasting glucose, fasting insulin, total cholesterol, 
HDL, LDL, triglycerides, AST, ALT, free T4, TSH, 
surface antigen of the hepatitis B virus and antibodies 
to hepatitis C virus. Laboratory tests were expressed in 
absolute values.

Patients were evaluated in relation to ALT values. 
Bivariate analyses were performed to identify param-
eters associated with ALT values   above the upper ter-
tile. Numerical parameters were expressed as mean ± 
standard deviation and compared using Student’s t test 
for samples with normal distribution or Mann-Whitney 
test for non-normally distributed samples. Qualitative 
parameters were represented by relative frequency (%) 
and analyses performed using chi-squared (q) test or, 
when necessary, Fisher exact test (f). Bivariate and mul-
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tivariate analyses were performed to identify parameters 
independently associated with ALT above the upper 
tertile. The correlation between continuous parameters 
and ALT was assessed using Spearman’s correlation 
coefficient. P-values   less than 0.05 were considered 
statistically significant. All tests were two-tailed and 
performed by the Statistical Package for Social Sciences 
(SPSS) version 17.0 (SPSS, Chicago, Illinois, USA).

This study protocol conforms to the ethics recom-
mendations of the Helsinki Declaration of 1975 and 
was approved by the Ethics and Human Research 
Committee of the university, number 318.763.

RESULTS

Characteristics of the patient population

One hundred and thirteen patients with thyroid disease 
treated at this institution were evaluated for inclusion 
in the study. Thirteen patients were excluded from the 
study for not having conducted tests of ALT, AST, free 
T4 and/or TSH.

The mean age of the 100 patients included in the 
study was 49.1 ± 14.4 years. Fourteen percent of the 
patients were men. The majority of patients (71%) had 
been diagnosed with Hashimoto’s thyroiditis, 11.8% with 

unspecified hypothyroidism, 2.1% with unspecified hy-
perthyroidism, 6.5% after ablation with radioactive iodine 
(I131), 4.3% after surgical thyroidectomy and 4.3% with 
Graves’ disease. On average, patients had 1.2 ± 0.3 ng/dL   
of free T4 and 26.1 ± 8.2 mIU/mL of TSH. When taken, 
the mean dose of levothyroxine was 96.8 ± 42.0 mg.

The mean ALT level was 36.3 ± 11.8 U/l. The up-
per tertile of ALT was 0.64 xUNL; 35 of the 100 pa-
tients had an ALT level greater than this upper tertile. 
On average, patients had ALT values   of 0.6 ± 0.2 (0.6) 
xUNL, a value below the upper tertile of serum con-
centrations of the enzyme. Two patients had hepatitis 
C and none were positive for hepatitis B virus surface 
antigen. Regarding liver biochemistry, individuals stu-
died had a mean ALT of 0.6 ± 0.2 (0.6) xUNL; AST 
of 0.6 ± 0.2 (0.6) xUNL; FA of 0.7 ± 0.2 (0.6) xUNL; 
GGT 0.7 ± 0.6 (0.5) xUNL. Of the studied individuals 
35 (35%) had ALT equal to or above the upper tertile 
(0.64 xUNL).

Comparative analysis of the patients above and 
below the ALT upper tertile

When the 35 patients with ALT levels above the upper 
tertile were compared to the 65 patients with ALT levels 
below the upper tertile (Tables 1 and 2), we observed 
a higher proportion of individuals with systemic arte-

Table 1. Clinical parameters of 100 patients with thyroid disease according to ALT values   above the upper tertile*

Characteristic All (n = 100) ALT ≥ 0.64 (n = 35) ALT < 0.64 (n = 65) p

Age (years)† 49.1 ± 14.4 (50.0) 50.5 ± 11.4 (52.0) 48.3 ± 15.8 (49.0) 0.411t

Male (%) 14.0 5.7 18.5 0.129f

Arterial hypertension (%) 38.4 52.9 30.8 0.031q

Diabetes mellitus (%) 14.0 17.1 12.3 0.553f

Hypercholesterolemia (%) 36.0 40.0 33.8 0.541q

Hypertriglyceridemia (%) 16.0 25.7 10.8 0.052q

Caucasian ethnicity (%) 92.7 93.8 92.2 1.000f

Weight (kg)† 70.5 ± 14.2 (68.9) 71.3 ± 13.3 (70.5) 70.0 ± 14.7 (68.0) 0.661t

BMI (kg/m2)† 27.8 ± 5.2 (27.1) 28.4 ± 5.3 (27.2) 27.5 ± 7.2 (27.1) 0.391m

Waist circumference (cm)† 92.9 ±12.0 (92.0) 101.6 ± 13.8 (104.0) 90.7 ± 10.7 (91.0) 0.013t

Hyperthyroidism (%) 5.0 5.7 4.6 1,000f

Hypothyroidism (%) 93.0 91.4 93.8 0.693f

Thyroid medication (%) 93.9 91.2 95.3 0.415f

Levothyroxine (%) 89.8 88.2 90.6 0.735f

Levothyroxine dose (mcg)† 96.8 ± 42.0 (100.0) 88.8 ± 46.0 (81.5) 101.1 ± 39.5 (100.0) 0.194t

Tiamazol (%) 4.3 3.0 4.9 1,000f

Previous ablation with I131 8.0 2.9 10.8 0.255f

Previous thyroidectomy (%) 4.0 0.0 6.2 0.295f

* ALT ≥ 0.64 times the upper normal limit (xUNL); † mean ± standard deviation (median); BMI = body mass index; I131 = radioactive iodine 131; ALT = alanine transaminase; t = t student test;  
f = Fisher exact test; m = Mann Whitney.
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rial hypertension (52.9% versus 30.8%; P = 0.031) and 
with TSH levels ≥ 3.0 mIU/ml (65.7% versus 44.6%;  
P = 0.044). A higher mean waist circumference was also 
observed among the patients with ALT levels above the 
upper tertile (101.6 ± 13.8 cm versus 90.7 ± 10.7 cm;  
P = 0.013). There were no significant differences be-
tween the two groups in age, weight, glucose, free T4, 
fasting insulin, HDL, LDL or triglycerides. There were 
also no differences in gender, ethnicity, history of dia-
betes, hypercholesterolemia, hyperthyroidism, hypo-
thyroidism, use of thyroid medication, prior ablation 
with I131 or prior surgical thyroidectomy.

Parameters with P values < 0.050 (waist circum-
ference, systemic arterial hypertension frequency and 
e levated TSH frequency) were included in a multivari-
ate analysis. Only waist circumference (OR = 0.087, 
95% CI0.012–0.167, P = 0.022) was associated inde-
pendently with ALT levels.

There was also a positive correlation between ALT 
levels and total cholesterol levels across the entire study 
sample, independent of ALT level strata (r = 0.213,  
P = 0.042) (Figure 1). No such correlation between 
ALT levels and age, waist circumference, weight, body 
mass index, HDL, LDL, triglycerides, fasting insulin, 
fasting glucose, free T4 nor TSH was observed.

DISCUSSION

With respect to the parameters of age (20,21) gender 
(22), and etiology of thyroid disease (23,24), the pres-
ent study sample is consistent with previous studies of 
thyroid disease. The average age reported in indivi duals 

Figure 1. Study patients present a positive correlation between total 
cholesterol levels and ALT levels (r = 0.213; p = 0.042).

Table 2. Laboratory parameters of 100 patients with thyroid disease according to ALT values   above the upper tertile*

Characteristic All  
(n = 100)

ALT ≥ 0.64
(n = 35)

ALT < 0.64
(n = 65) p

Free T
4
 (ng/dL) 1.2 ± 0.3 (1.2) 1.2 ± 0.3 (1.2) 1.2 ± 0.3 (1.2) 0.768m

TSH ≥ 3.0 µUI/mL (%) 52.0 65.7 44.6 0.044q

Glucose (mg/dL)† 103.5 ± 37.6 (93.0) 106.8 ± 33.0 (95.0) 101.9 ± 39.9 (92.0) 0.316m

Fasting insulin (µU/mL)#† 9.7 ± 12.2 (8.6) 7.8 ± 4.4 (7.0) 10.9 ± 15.0 (8.6) 0.431m

Total colesterol (mg/dL)† 202.5 ± 48.3 (195.0) 213.6 ± 48.7 (203.0) 197.0 ± 47.5 (190.5) 0.070m

HDL (mg/dL)† 53.3 ± 13.8 (50.5) 54.4 ± 14.4 (53.0) 52.7 ± 13.6 (50.0) 0.418m

LDL (mg/dL)† 123.2 ± 38.8 (121.0) 131.5 ± 43.3 (124.0) 119.0 ± 35.8 (116.5) 0.112m

Triglycerides (mg/dL)† 112.2 ± 66.0 (93.0) 130.7 ± 80.3 (114.0) 103.1 ± 53.6 (88.0) 0.114m

* ALT ≥ 0.64 times the upper normal limit (xUNL); † mean ± standard deviation (median); # data available for 66 patients; Free T4: free thyroxine; TSH: thyroid-stimulating hormone; HDL: high-density 
lipoprotein; LDL: low-density lipoprotein; m: Mann Whitney; q: Chi-square test. 

with thyroid disease is 41-50 years (20,21), and the 
prevalence of hypothyroidism increases with increas-
ing age of the population studied (25). Among our pa-
tients, 71% had Hashimoto’s thyroiditis as the etiology 
of thyroid disease, which corroborates findings in the 
literature that this thyroiditis ranks as the leading cause 
of hypothyroidism (23,24).

Liver disease is the primary cause of increased ALT 
levels. Several factors other than liver disease must be 
considered when interpreting ALT levels, such as: 45% 
variation during the day; 10-30% variation from one day 
to the next; 15% elevation in African-American men; 
a direct relationship between weight and ALT; and a 
three-fold increase with strenuous exercise (26). Dif-
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ferential diagnosis on aminotransferases elevations may 
reflect liver diseases (alcoholic and nonalcoholic hepatic 
steatosis, liver injury induced by drugs, viral hepatitis, 
autoimmune hepatitis, hemochromatosis, etc.) or be 
caused by pathologies affecting organs other than the 
liver such as thyroid disease, celiac disease, hemolysis, 
muscle disorders, among others (27). Since blood was 
collected in the morning, before breakfast, fasting may 
have controlled some variables that would have influ-
enced the ALT levels. However, as in other studies, it 
was impossible for us to control all of the variables. The 
majority (93%) of the patients in our study were Cau-
casian, and co-morbidities did not statistically influence 
the ALT levels.

The vast majority of individuals analyzed in this study 
presented ALT levels within the normal range. A recent 
study of the general population demonstrated that pa-
tients with normal versus elevated ALT levels may have 
a similar severity of nonalcoholic steatohepatitis, sug-
gesting that ALT levels may sometimes be a misleading 
parameter for guiding clinical management (28). ALT 
levels may also be normal in patients with liver disease, 
so a revision of the normal range for ALT levels may be 
advisable (29). It was observed in bivariate analysis that 
ALT levels above the upper tertile are associated with 
hypertension, TSH levels ≥ 3.0 mIU/ml and increased 
waist circumference. This last parameter was also associ-
ated with ALT levels above the upper tertile in multi-
variate analysis. Furthermore, ALT levels correlated with 
total cholesterol levels independently of ALT level strata.

A higher proportion of patients with arterial hyper-
tension was observed among patients with ALT levels 
above the upper tertile. Hanley and cols. (30), study-
ing 633 individuals without diabetes or metabolic syn-
drome, also observed an increase in ALT levels in per-
sons with SAH compared to those with normal blood 
pressure. Similar data were presented by Hong and cols. 
(31) when analyzing 2,074 women: the incidence of 
arterial hypertension was 37.32% among women with 
ALT levels < 20 U/l, but 57.33% among women with 
ALT levels > 50 U/l (P < 0.01). Like increased ALT 
levels, hypertension is associated with thyroid disorders 
– whether they cause hypothyroidism or hyperthyroid-
ism. When comparing patients with normal thyroids 
against those with hypothyroidism, Saito and cols. (32) 
observed that 5.5% of euthyroid patients had hyperten-
sion, compared to 14.8% in the hypothyroidism group. 
A similar situation was found in patients with hyper-
thyroidism. However, an increase in systolic pressure 

as the sole treatment of hyperthyroidism is capable of 
lowering blood pressure levels (33).

These results are in line with the descriptions in the 
medical literature indicating that both hyperthyroidism 
and hypothyroidism are associated with hepatic afflic-
tions. Kubota and cols. (34), when analyzing patients 
with untreated Graves’ disease or untreated painful thy-
roiditis, observed increases in liver enzyme levels com-
pared with the control group. Mean ALT levels were 
30.8 U/l, 47.2 U/l and 17.4 U/l for the Graves’ dis-
ease, thyroiditis and control groups, respectively.

We observed a significantly greater mean waist cir-
cumference in the group with ALT levels above the up-
per tertile than in the group with lower ALT levels. 
Data in the medical literature show a similar associa-
tion. Individuals with ALT levels < 20 U/l exhibited 
a 34.25% prevalence of central obesity (waist circum-
ference ≥ 90 cm for men and ≥ 80 cm for women), 
whereas individuals with ALT levels > 50 U/l exhibited 
a 67.16% prevalence of central obesity (31). Another 
study showed that patients with central obesity had 
a mean ALT level of 20.51 U/l, whereas individuals 
without an increased waist circumference had a mean 
ALT level of 15.39 U/l (30). Shantha and cols. (35), 
studying the association between metabolic syndrome 
and the prevalence of hypothyroidism, noted that 
among patients in the study group (mean waist cir-
cumference of 100.1 ± 5.72 cm), 21.9% had subclinical 
hypothyroidism and 7.4% had overt hypothyroidism. 
In the control group (mean waist circumference 84.2 
± 6.91 cm), 6.6% had subclinical hypothyroidism and 
2.2% had overt hypothyroidism.

In this study, when we analyzed the relationship 
between serum cholesterol and ALT levels, there was 
a continuous correlation between the two parameters. 
Zhang and cols. (36) studied 1,214 people in China 
and found that those with metabolic syndrome had a 
mean cholesterol level of 197.55 mg/dL and a mean 
ALT level of 37.9 U/l. In contrast, individuals with-
out metabolic syndrome had a mean cholesterol level 
of 173.19 mg/dL and a mean ALT level of 27.7 U/l. 
In a separate study, Kaliaperumal and cols. (21) found 
that patients with untreated hypothyroidism had a mean 
cholesterol level (232.12 ± 5.12 mg/dL) significantly 
higher than the control group (169.65 ± 2.59 mg/dL). 
A third study showed that individuals with TSH levels < 
0.1 mIU/ml had a mean cholesterol level of 181.70 mg/dL, 
whereas individuals with TSH levels > 10 mIU/ml had 
a mean cholesterol level of 209.15 mg/dL (15).
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The present study has some limitations to be men-
tioned. First, the number of patients is not significant 
considering the high prevalence of thyroid disorders in 
the general population. However, the University Hos-
pital is a referral center for thyroid disorders and serves 
individuals throughout the state of Santa Catarina, 
which is one of the smaller states in Brazil. Additionally, 
the study is similar in size to other studies of thyroid 
disease patients. This was not a prospective study in-
volving patients in the first outpatient evaluation. Rather, 
this was a cross-sectional study that included data from 
patients already undergoing medical treatment or even 
surgery. Thus, this study reflects patients in the “real 
world”, with the disease under control or being con-
trolled. The fact that information on alcohol and drug 
use was not available for analysis represents another 
limitation, as alcohol and drug use are well known to 
affect liver function. Nonetheless, other possible causes 
of liver disease and co-morbidities were analyzed and 
showed no influence on ALT levels.

Patients with thyroid disease, when being treated by 
specialist clinicians, are mostly clinically compensated. 
In such individuals, ALT levels correlated with total 
cholesterol levels and abdominal circumference associ-
ated independently with ALT levels above the upper 
tertile. Elevations in ALT level, cholesterol level and 
waist circumference in patients with compensated thy-
roid disease possibly reflect what is observed in the gen-
eral population: the presence of metabolic syndrome as 
a risk factor for nonalcoholic steatohepatitis. It is pos-
sible that the group of patients with ALT above the 
upper tertile may benefit from dietary guidelines and 
weight management, as well as tracking of hepatic ste-
atosis by ultrasound. However, these activities must be 
defined in future studies.
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Evaluation of creatinine-based and 
cystatin C-based equations for 
estimation of glomerular filtration 
rate in type 1 diabetic patients
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ABSTRACT
Objective: Several formulas based in different biomarkers may be used to estimate glomerular fil-
tration rate (GRF). However, all of them have some limitations, and it is very important to evalu-
ate their performances in different groups of patients. Therefore, we compared GFR, as estimated 
by creatinine-based and cystatin C-based equations, according to albuminuria, in type 1 diabetes 
(T1DM), in an observational case-control study. Subjects and methods: T1DM patients were classi-
fied according to albuminuria: normoalbuminuric (n = 63), microalbuminuric (n = 30), macroalbumin-
uric (n = 32). GFR was calculated using creatinine-based and cystatin C-based (aMDRD, CKD-EPIcr, 
CKD-EPIcys, MacIsaac, Tan and CKD-EPIcrcys) equations. Spearman Correlation was used to evaluate 
the correlation of GFR estimated by the formulas with albuminuria. ROC curves were constructed to 
compare AUCs of GFR estimated by equations, in reference to macroalbuminuria. Sensibility, speci-
ficity and accuracy were calculated for a cut-off < 60 mL/min/1.73 m2. Results: GFR estimated by 
creatinine-based and cystatin C-based equations significantly differed among normoalbuminuric, 
microalbuminuric and macroalbuminuric patients. Spearman correlation and AUCs of GFR estimated 
by creatinine-based and cystatin C-based formulas were very similar to each other, though cystatin 
C-based equations presented better correlation with albuminuria and higher AUCs than the creati-
nine-based ones, and the best accuracy to detect macroalbuminuric patients. Conclusion: Although 
GFR estimated by all creatinine-based and cystatin C-based equations permitted the differentiation 
between T1DM patients, according to albuminuria, cystatin C-based equations presented best ac-
curacy to detect macroalbuminuria in T1DM patients and should be considered in the clinical routine 
in order to increase the possibility of early diagnostic of chronic renal disease. Arch Endocrinol Metab. 
2016;60(2):108-16

Keywords
Albuminuria; cystatin C; estimated glomerular filtration rate; diabetic nephropathies; diabetes mellitus, type 1

INTRODUCTION

D iabetic nephropathy is characterized by a progres-
sive increase in urinary albumin excretion (UAE). 

Moreover, it is associated to glomerular filtration de-
cline and, eventually, renal failure (1). It is the most im-
portant cause of end stage renal disease (ESRD), and an 
independent risk factor for cardiovascular disease (2). It 
is estimated that 25 to 40% of type 1 (T1DM) and type 2 
(DM2) diabetic patients develop renal disease 20 to 25 
years after the diagnosis of diabetes (3).

Diabetic nephropathy can be divided into stages, ac-
cording to UAE. The initial stage or incipient nephropa-
thy is characterized by microalbuminuria, while the ad-
vanced stage or clinical nephropathy is characterized by 

macroalbuminuria (4). UAE is the most important bio-
marker of renal parenchyma injury, and is used to diag-
nose and to establish the prognosis of nephropathy (5). 
The evaluation of UAE must be conducted along with 
glomerular filtration rate (GFR) estimation to assess re-
nal function in diabetic patients, since some patients with 
normoalbuminuria present a decline in GFR (4,6).

The most used creatinine-based equations to esti-
mate GFR in clinical practice are Cockcroft-Gault (CG) 
and abbreviated Modification of Diet in Renal Disea-
se (aMDRD) (7,8). However, the CG formula tends 
to overestimate GFR, especially in patients with severe 
renal disease, and aMDRD tends to subestimate GFR 
of persons with normal renal function (9-11). Besides, 
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the CG formula was developed before standardization 
of creatinine assays and cannot be re-expressed for use 
with these assays (12). The Chronic Kidney Disease Epi-
demiology Collaboration (CKD-EPI) research group 
developed a new creatinine-based equation to estimate 
GFR as an attempt to overcome the limitations of the 
other formulas (13). However, this new equation also 
has some limitations, since it has not been extensively 
studied in different populations yet, and there is still no 
ideal equation to estimate GFR (14,15). 

Cystatin C, a new endogenous biomarker of renal 
function, was also proposed to assess GFR (16-18). It 
is a cysteine protease inhibitor with low molecular-wei-
ght (13.3 kDa) that is freely filtered and almost taken 
up and degraded but not secreted by proximal tubular 
cells. Cystatin C is one of the biomarkers that meet the 
conditions necessary for an endogenous substance to 
be marker of the GFR. It is produced by the nucleated 
cells in a constant amount, released into bloodstream 
with a halp-life of 2 hours, and its serum concentration 
does not depend on muscle mass and protein intake, 
which reduces the influence of age, gender, weight 
(19-21). Some authors have suggested that cystatin  
C-based equations are equal or superior to creatinine-
based ones and to creatinine clearance, especially to 
detect early stages of chronic kidney disease (22,23). 
However, they emphasize that further studies are ne-
cessary to evaluate its efficacy in different groups of 
patients and that cystatin C serum levels should be in-
terpreted carefully because there are some factors that 
can affect its levels regardless of the renal function, such 
as thyroid dysfunction, glucocorticoids use and malig-
nancies (16,17,20).

In this study, we compared the estimation of GFR 
by different creatinine-based and cystatin C-based 
equations in T1DM patients classified according to le-
vels of albuminuria.

SUBJECTS AND METHODS

The clinical records of all consecutive 140 T1DM pa-
tients receiving assistance at the Endocrinology Ambu-
latories of University Hospital (Hospital das Clínicas) 
and Santa Casa/Belo Horizonte, Brazil, from Novem-
ber 2011 to September 2012, for quarterly or biannual 
check up, were analyzed and 15 were excluded from the 
study due to presence of at least one of the following 
exclusion criteria: hepatic disease, alcoholism, haemos-
tatic abnormalities, malignant diseases, acute infectious, 

history of kidney transplantation, pregnancy or under-
going hemodialysis. After application of exclusion crite-
ria, 125 patients with clinical and laboratorial diagnosis 
of T1DM (24), 18 to 60 years old, were selected for 
this study.

All procedures performed in this study were in 
accordance with the 2000 Declaration of Helsinki as 
well as the Declaration of Istanbul 2008. The Research 
Ethics Committee of Federal University of Minas Ge-
rais approved this study (CAAE – 0392.0.203.000-11). 
An informed consent was obtained from all individual 
participants included in the study. The research proto-
col did not interfere with any medical recommenda-
tions or prescriptions.

Data regarding age, sex, weight, height, time of 
diagnosis of diabetes, presence of retinopathy and neu-
ropathy, use of antihypertensive, statin and acetylsa-
licylic acid (AAS) were obtained from medical records. 
Fasting glucose, creatinine and urea were determined 
by enzymatic method; albumin was assessed by colo-
rimetric method and HbA1c was determined by im-
munoturbidimetric method; using Johnson & Johnson 
dry chemistry technology kits (Ortho Clinical Diag-
nostics®) and VITROS 4600 analyzer. ELISA (Human 
Cistatin C kit – Biovendor®) was used to measure Cys-
tatin C. UAE was determined in urine samples collected 
after at least 4 hours of urinary retention, and urinary 
albumin was normalized by urinary creatinine. Urinary 
albumin was evaluated by immunoturbidimetric me-
thod and urinary creatinine was assessed by enzymatic 
method, using Johnson & Johnson dry chemistry tech-
nology kits (Ortho Clinical Diagnostics®) and VITROS 
4600 analyzer.

Normoalbuminuria was defined as < 30 mg of 
albumin/g of creatinine, microalbuminuria as ≥ 30 and 
< 300 mg of albumin/g of creatinine and macroalbu-
minuria as ≥ 300 mg of albumin/g of creatinine. The 
presence of microalbuminuria or macroalbuminuria 
was confirmed in two out of three occasions, over a 
period between three and six months (6).

The estimated GFR was calculated using two cre-
atinine-based equations: eGFR-aMDRD expressed for 
standardized serum creatinine (25) and eGFR-CKDE-
PIcr (13); three cystatin C-based equations: eGFR-
CKD-EPIcys (16), eGFR-MacIsaac (17), eGFR-Tan 
(18); and one equation based on creatinine and cystatin 
C: CKD-EPIcrcys (16) (Table 1). CG formula was not 
used because it cannot be re-expressed for standardized 
serum creatinine (12).
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Table 1. Creatinine-based and cystatin C-based equations used to 
estimate GFR

aMDRD
eGFR (mL/min/1.73 m2) = 175 x serum creatinine (mg/dL)-1.154 x age 
(years)-0.203 x 0.742 (if female) x 1.212 (if black)

CKD-EPIcr
Male:

Serum creatinine ≤ 0.9 mg/dL: eGFR (mL/min/1.73 m2) = α x (serum 
creatinine in mg/dL/0.9)-0.411 x (0,993)age

Serum creatinine > 0.9 mg/dL: eGFR (mL/min/1.73 m2) = α x (serum 
creatinine in mg/dL/0.9)-1.209 x (0.993)age

Female:

Serum creatinine ≤ 0.7 mg/dL: eGFR (mL/min/1.73 m2) = α x (serum 
creatinine in mg/dL/0.7)-0.329 x (0.993)age

Serum creatinine > 0.7 mg/dL: eGFR (mL/min/1.73 m2) = α x (serum 
creatinine in mg/dL/0.7)-1.209 x (0.993)age

α = 141 for non-black male, 144 for non-black female, 163 for black male, 
166 for black female

CKD-EPIcys
127.7 x serum cystatin C (mg/L)-1.17 x age (years)-0.13 x 0.91 (if female) x 1.06 
(if black)

MacIsaac
(84.6/serum cystatin C in mg/L) – 3.2

Tan
(87.1/serum cystatin C in mg/L) – 6.87

CKD-EPIcrcys
177.6 x serum creatinine (mg/dL)-0.65 x serum cystatin C (mg/L)-0.57 x age 
(years)-0.20 x 0.82 (if female) x 1.11 (if black)

Patients were also classified according to eGFR as-
sessed by creatinine-based and cystatin C-based equa-
tions into three groups: eGFR ≥ 90 mL/min/1.73 m2; 
eGFR ≥ 60 and < 90 mL/min/1.73 m2; eGFR < 60 
mL/min/1.73 m2. 

Statistical comparisons were performed using SPSS 
software (version 20.0, SPSS). It was calculated that at 
least 27 subjects per group would be enough to detect 
differences of 20 mL/min/1.73 m2 in GFR between 
groups, with a standard deviation of 25 and test power 
of 90%. The Shapiro-Wilk test was used to test the nor-
mality of the variables. Data normally distributed were 
expressed as mean ± SD and were compared by ANOVA 
and T test. Data not normally distributed were expres-
sed as median (percentiles 25%-75%) and were compa-
red by Kruskal-Wallis H test and Mann-Whitney U test, 
followed by Bonferroni correction. Categorical varia-
bles were expressed as frequencies and compared using  
chi-square test (c2). Spearman Correlation was applied 
to evaluate the correlation of the GFR estimated by the 
formulas with UAE. eGFR was categorized into three 
groups (≥ 90, ≥ 60 and < 90 and < 60 mL/min/1.73 m2) 
and was compared to normoalbuminuria, microalbumi-
nuria and macroalbuminuria using chi-square test (c2) 

and kappa index was calculated. eGFR was also catego-
rized into two groups (≥ 60 and < 60 mL/min/1.73 m2)  
and was compared to normoalbuminuria or microal-
buminuria and macroalbuminuria using chi-square test 
(c2) and odds ratio was calculated. ROC curves were 
constructed to compare the area under curve (AUC) of 
GFR estimated by different equations, in reference to 
macroalbuminuria. Sensitivity, specificity and accuracy 
were calculated for a cut-off < 60 mL/min/1.73 m2. 
Differences were considered significant when p ≤ 0.05.

RESULTS

Characteristics and clinical variables of the125 T1DM 
patients included in this observational case-control stu-
dy are presented in Table 2.

Patients with macroalbuminuria presented lower 
BMI than patients with micro and normoalbuminuria (p 
= 0.001 and p = 0.006, respectively) and an increased 
frequency of retinopathy, more frequent use of antihy-
pertensive, statin and AAS than patients with normoalbu-
minuria (p < 0.001, p < 0.001, p = 0.001, p = 0.001, re-
spectively). There were no significant differences among 
the groups regarding to age, sex, time of diagnosis and 
frequency of neuropathy. Fasting glucose was lower in 
patients with microalbuminuria as compared to patients 
with normoalbuminuria (p < 0.001). Higher levels of 
HbA1c and reduced serum albumin were observed in pa-
tients with macroalbuminuria, when compared to those 
with normoalbuminuria (p = 0.009 and p = 0.007, re-
spectively). Patients with microalbuminuria presented 
increased levels of urea than patients with normoalbu-
minuria (p = 0.001) and patients with macroalbuminuria 
had higher levels of urea, creatinine and cystatin C than 
the other groups (p < 0.001). eGFR was reduced in pa-
tients with microalbuminuria compared to patients with 
normoalbuminuria, independent of the equation used to 
estimate GFR (eGFR-aMDRD, p = 0.004; eGFR-CKD-
EPIcr, p = 0.001; eGFR-Tan, p = 0.003; eGFR-MacIsaac, 
p = 0.003; eGFR-CKD-EPIcys, p = 0.002; eGFR-CKD-
EPIcrcys, p = 0.006). eGFR was also reduced in patients 
with macroalbuminuria as compared to patients with mi-
cro and normoalbuminuria, independent of the equation 
used to estimate GFR (p < 0.001).

The classification of patients according to GFR  
as estimated by the formulas (eGFR ≥ 90 mL/min/1.73 
m2; eGFR ≥ 60 and < 90 mL/min/1.73 m2; eGFR< 60 
mL/min/1.73 m2) was correlated to the classification 
of patients according to UAE (Table 3). The kappa in-
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Table 2. Clinical and epidemiological characteristics of diabetic patients classified according to albuminuria

 Patients with
normoalbuminuria

Patients with 
microalbuminuria

Patients with 
macroalbuminuria p

Number of Individuals (n) 63 30 32

Age (years) 30 ± 8 37 ± 11 34 ± 10 NA

Sex/male (n, %) 25 (55.6) 6 (13.3) 14 (31.1) NA

BMI (kg/m2) 24.5 ± 3.3 26.1 ± 3.4 21.8 ± 2.6**† 0.001**

0.006†

Time of diagnosis (years) 18 ± 8 17 ± 6 20 ± 5 NA

Retinopathy (n, %) 18 (32.7) 14 (25.5) 23 (41.8)** < 0.001**

Neuropathy (n, %) 11 (55.0) 3 (15.0) 6 (30.0) NA

Use of Antihypertensive (n, %) 31 (38.8) 21 (26.2) 28 (35.0)** < 0.001**

Use of Statin (n, %) 12 (30.0) 12 (30.0) 16 (40.0)** 0.001**

Use of AAS (n, %) 5 (23.8) 4 (19.0) 12 (57.1)** 0.001**

Fasting glucose (mg/dL) 176 ± 76 148 ± 69* 149 ± 68 < 0.001*

HbA1c (%) 8.1 ± 1.3 8.2 ± 1.2 9.8 ± 2.2** 0.009**

Serum creatinine (mg/dL) 0.79 (0.66 – 0.89) 0.91 (0.68 – 1.10) 1.53 (1.03 – 2.16)**† < 0.001**

< 0.001†

Urea (mg/dL) 30 ± 7 35± 9* 48 ± 15**† 0.001*

< 0.001**

< 0.001†

Serum albumin (g/dL) 4.1 ± 0.4 3.9 ± 0.4 3.9 ± 0.4** 0.007**

Serum cystatin C (ng/mL) 734 (651 – 842) 831 (672 – 941) 1834

(1074 – 2558)**†

< 0.001**

< 0.001†

eGFR-aMDRD (mL/min/1.73 m2) 101 (89 – 112) 85 (57 – 105)* 45 (26 – 72)**† 0.004*

< 0.001**

< 0.001†

eGFR-CKD-EPIcr (mL/min/1.73 m2) 114 (104 – 123) 98 (74 – 118)* 49 (28 – 83)**† 0.001*

< 0.001**

< 0.001†

eGFR-Tan (mL/min/1.73 m2) 109 (95 – 119) 90 (71 – 105)* 41 (27 – 74)**† 0.003*

< 0.001**

< 0.001†

eGFR-MacIsaac

(mL/min/1.73 m2)

112 (97 – 121) 92 (73 – 107)* 43 (30 – 77)**† 0.003*

< 0.001**

< 0.001†

eGFR-CKD-EPIcys (mL/min/1.73 m2) 112 (89 – 129) 86 (67 – 106)* 37 (25 – 72)**† 0.002*

< 0.001**

< 0.001†

eGFR-CKD-EPIcrcys (mL/min/1.73 m2) 112 (97 – 125) 88 (68 – 116)* 41 (27 – 79)**† 0.006*

< 0.001**

< 0.001†

UAE (mg/g de creatinine) 7 (4 – 14) 68 (49 – 150)* 926 

(475 – 1535)**†

< 0.001*

< 0.001**

< 0.001†

Normally-distributed data were expressed as mean ± SD and compared by ANOVA and T test. Not normally distributed data were expressed as median (percentiles 25% – 75%) and compared by 
the Kruskal-Wallis H test and Mann-Whitney U test, followed by Bonferroni correction. Categorical variables were expressed as frequencies n (%) and compared using the chi-square test (c2).
* P < 0.05 for patients with microalbuminuria compared to patients with normoalbuminuria.
** P < 0.05 for patients with macroalbuminuria compared to patients with normoalbuminuria.
† P< 0.05 for patients with macroalbuminuria compared to patients with microalbuminuria.
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Table 4. AUC of the GFR estimated by the formulas in reference to macroalbuminuria, sensitivity, specificity and accuracy for GFR < 60 mL/min/1.73 m2

Formula AUC Sensitivity (%) Specificity (%) Accuracy (%)

eGFR-aMDRD 0.832 (0.726 – 0.937) 68.8 87.1 82.4

eGFR-CKD-EPIcr 0.838 (0.734 – 0.942) 59.4 93.5 84.8

eGFR-Tan 0.894 (0.827 – 0.960) 68.8 93.5 87.2

eGFR-MacIsaac 0.894 (0.827 – 0.960) 68.8 93.5 87.2

eGFR-CKD-EPIcys 0.886 (0.819 – 0.953) 68.8 93.5 87.2

eGFR-CKD-EPIcrcys 0.840 (0.739 – 0.940) 59.4 92.5 84.0

Area under curves (AUCs) are presented as median (95% confidence interval). Sensitivity was defined as the percentage of patients with eGFR < 60 mL/min/1.73 m2 among patients with 
macroalbuminuria. Specificity was defined as the percentage of patients with eGFR ≥ 60 mL/min/1.73 m2 among patients with normoalbuminuria or microalbuminuria. Accuracy was defined as the 
percentage of patients with eGFR < 60 mL/min/1.73 m2 and macroalbuminuria and with eGFR ≥ 60 mL/min/1.73 m2 and normoalbuminuria or microalbuminuria among all patients.

Table 3. Comparison among GFR estimated by creatinine-based and cystatin C-based formulas according to albuminuria

Classification of patients Odds Ratio 
(95% Confidence Interval) p Kappa index Spearman correlation

Total (n)

eGFR-aMDRD 14.8 (5.7 – 38.9) < 0.001 0.326 -0.508

eGFR-CKD-EPIcr 21.2 (7.1 – 62.8) < 0.001 0.450 -0.529

eGFR-Tan 31.9 (10.5 – 97.3) < 0.001 0.433 -0.609

eGFR-MacIsaac 31.9 (10.5 – 97.3) < 0.001 0.429 -0.608

eGFR-CKD-EPIcys 31.9 (10.5 – 97.3) < 0.001 0.428 -0.575

eGFR-CKD-EPIcrcys 17.9 (6.3 – 51.0) < 0.001 0.422 -0.558

GFR < 60 mL/min/1.73 m2 estimated by the formulas were compared to macroalbuminuria using the chi-square test (c2) and odds ratio (95% confidence interval) was calculated. 

Classification of patients according to level of GFR decline (≥ 90 mL/min/1.73 m2; ≥ 60 and < 90 mL/min/1.73 m2 < 60 mL/min/1.73 m2) were compared to classification 
of patients according to albuminuria (normalbuminuria, microalbuminuria and macroalbuminuria) using the chi-square test (c2) and Kappa index was calculated.
Spearman correlation was calculated to compare non-categorized GFR estimated by formulas with non-categorized albuminuria.

dex and Spearman correlation were used to assess the 
quality of the patients’ classification. The classification 
of patients according to GFR estimated by aMDRD 
equation had a regular correlation with the classifi-
cation of patients according UAE (0.20 ≤ k ≤ 0.39), 
while GFR estimated by CKD-EPIcr, CKD-EPIcrcys 
and cystatin C-based equations presented a moderate 
correlation (0.40 ≤ k ≤ 0.59). Spearman correlation has 
shown that GFR estimated by cystatin C-based equa-
tions presented a better correlation with UAE than 
GFR estimated by CKD-EPIcrcys and creatinine-based 
equations.

Patients were also classified into two groups accord-
ing to GFR estimated by the formulas (eGFR ≥ 60 and 
< 60 mL/min/1.73 m2) and GFR was associated to 
presence or absence of macroalbuminuria (Table 3). 
The reduced GFR estimated by all the formulas pre-
sented a significant association with macroalbumin-
uria, as observed by odds ratio analysis [OR of 14.8 
(5.7 – 38.9), 21.2 (7.1 – 62.8), 17.9 (6.3 – 51.0) and 
31.9 (10.5 – 97.3) for aMDRD, CKD-EPIcr, CKD-
EPIcrcys and cystatin C-based equations, respectively]. 

It was also observed that the GFR estimated by cystatin 
C-based equations presented a better association with 
macroalbuminuria than the GFR estimated by CKD-
EPIcrcys and creatinine-based equations.

ROC curves were constructed to compare AUCs of 
GFR estimated by the formulas in reference to presence 
of macroalbuminuria and very similar AUCs were ob-
served (Figure 1). However, it was verified that cystatin 
C-based equations presented higher AUCs than CKD-
EPIcrcys and creatinine-based equations. We also calcu-
lated sensitivity, specificity and accuracy for a cut-off < 
60 mL/min/1.73 m2 and observed that aMDRD and 
cystatin C-based equations presented the same sensitivity 
to detect patients with macroalbuminuria, while CKD-
EPIcr and cystatin C-based equations presented the 
same specificity. However, aMDRD and CKD-EPIcrcys 
formulas presented a worse specificity than cystatin C-
based equations, while CKD-EPIcr and CKD-EPIcrcys 
formulas presented a worse sensitivity. Accuracy was very 
similar among the formulas, however, cystatin C-based 
equations presented higher accuracy than CKD-EPI-
crcys and creatinine-based equations (Table 4).
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Figure 1. ROC curves of GFR estimated by creatinine-based and cystatin C-based formulas in reference to macroalbuminuria.
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DISCUSSION

Nephropathy is a very common complication in T1DM 
patients. Early detection of this complication is a rele-
vant issue, since the majority of patients with nephro-
pathy have hypertension, dyslipidemia and an increa-
sed risk of cardiovascular disease and renal failure (4). 
Several biomarkers and formulas based in these bio-
markers may be used to estimate GFR and to evaluate 
renal function. However, all of them have limitations 
and there is still no ideal biomarker. Moreover, very 
few studies have compared their performance in T1DM 
patients. Here, we have compared two important bio-
markers, creatinine and cystatin C, and their most used 
derived formulas to estimate GFR. Furthermore, we 
evaluated the correlation of these formulas with the le-
vels of UAE, a recognized biomarker of renal injury, in 
T1DM patients. 

As expected, clinical findings differed in diabetic pa-
tients according to UAE. Increased frequencies of use 
of antihypertensive, statin and AAS were observed in 
patients with macroalbuminuria, as expected (4,26). 
An increased frequency of retinopathy was also detec-
ted, which can be explained by the fact that retinopathy 
and nephropathy are both microvascular complications 
of diabetes and may have similar pathological mecha-
nisms (26). The frequency of neuropathy was not asso-
ciated with UAE. Since neuropathy is an early compli-
cation of diabetes, neuropatic involvement usually takes 
place before renal commitment. Therefore, neuropathy 
is usually present in both patients with and without 
nephropathy (24). Patients with macroalbuminuria 
also presented increased levels of HbA1c, indicating a 
poor glycemic control, which is indeed a risk factor for 
diabetic nephropathy, and decreased BMI, since mal-
nutrition is common conditions in patients with renal 
disease (4,26).

In this study, patients with normoalbuminuria, mi-
croalbuminuria and macroalbuminuria could be pro-
perly distinguished, regardless the creatinine-based 
equation used to estimate GFR, although serum cre-
atinine was not discriminatory enough to differentiate 
patients with normoalbuminuria and microalbuminu-
ria. This result is due to the fact that serum creatinine 
is affected by several other factors besides GFR and it 
is less sensitive to detect mild renal dysfunction. It has 
been demonstrated that GFR declines to approxima-
tely half the normal level before serum creatinine rises 
above the upper limit of normality (27). GFR as esti-

mated by all cystatin C-based equations also differed 
according to the levels of UAE, while plasma cystatin 
C did not distinguish patients with normoalbuminu-
ria and microalbuminuria in this study. It has been 
demonstrated that cystatin C is a better biomarker to 
detect early renal dysfunction in diabetic patients with 
normoalbuminuria (21). Therefore, its levels could al-
ready be elevated in patients with normoalbuminuria 
that present mild decline of GFR. In agreement, some 
studies have shown that serial measurements of plasma 
cystatin C can be useful to detect early renal dysfunc-
tion in T1DM patients (28,29).

Some patients with normoalbuminuria presen-
ted reduced GFR, independent of the equation used 
to estimate GFR. Decline in GFR has been detected 
in T1DM and DM2 patients with normoalbuminuria 
(30,31). While this finding may suggest the presence 
of renal dysfunction in the absence of albuminuria, the 
decline of GFR might also be due to underestimation 
of GFR by the equations used. We have observed that 
when aMDRD equation was used to estimate GFR, an 
increased number of patients with normoalbuminu-
ria presented reduced GFR. This is in agreement with 
other studies, which have demonstrated that this for-
mula tends to underestimate GFR in patients with nor-
mal renal function (9,29).

Regardless of the equation used to estimate GFR, 
some patients with macroalbuminuria presented nor-
mal GFR or just a mild decline in GFR. This result su-
ggests that simultaneous assessment of UAE and GFR 
are complementary for diagnosis of T1DM patients 
with nephropathy. Many patients with microalbuminu-
ria also presented normal GFR, regardless of the equa-
tion used to estimate GFR, which can be explained by 
the fact that microalbuminuria is an earlier biomarker 
of renal injury and a risk factor for progression of ne-
phropathy (6,32).

The classification of patients according to GFR as 
estimated by aMDRD equation presented the worst 
correlation with the UAE classification of patients, whi-
le CKD-EPIcr formula presented the best correlation, 
according to Kappa index evaluation. Among creatini-
ne-based equations, aMDRD formula also presented a 
worse accuracy to detect patients with macroalbumi-
nuria, as compared to CKD-EPIcr formula. Besides, 
CKD-EPIcr formula has shown better association with 
UAE than aMDRD equation, by applying Spearman 
Correlation. This result is in agreement with other 
studies, which have demonstrated that CKD-EPIcr 
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equation is more accurate than aMDRD formula to 
evaluate renal function (12,33-35). Indeed, National 
Kidney Foundation has recently recommended the use 
of CKD-EPIcr formula to evaluate GFR (35).

The odds ratio analysis has demonstrated that the 
GFR < 60 mL/min/1.73 m2 estimated by cystatin C-
based and creatinine-based equations presented similar 
associations with macroalbuminuria, indicating that a 
reduced GFR estimated by any of these formulas is sig-
nificantly associated with renal injury. However, cystatin 
C-based equations presented a slightly increased asso-
ciation with macroalbuminuria than CKD-EPIcrcys and 
creatinine-based equations. Spearman Correlation and 
ROC curves comparing AUCs for creatinine-based and 
cystatin C-based formulas were also very similar to each 
other. However, cystatin C-based equations presented a 
slightly better correlation with UAE and higher AUCs 
to detect patients with macroalbuminuria than CKD-
EPIcrcys and creatinine-based equations. Although 
cystatin C-based equations have presented the same 
sensitivity of aMDRD formula and the same specificity 
of CKD-EPIcr formula to detect patients with macro-
albuminuria, they have showed a better specificity than 
aMDRD and CKD-EPIcrcys formulas, a better sensitiv-
ity than CKD-EPIcr and CKD-EPIcrcys formulas and a 
higher accuracy than these formulas. These data suggest 
a better association between cystatin C-based formulas 
with the presence of renal injury. In agreement, Yoo and 
cols. (36) have demonstrated that the annual change in 
GFR estimated by cystatin C-based formula reflected the 
progression of albuminuria more accurately than GFR 
estimated by aMDRD formula in DM2 patients.

Nonetheless, the superiority of cystatin C-based 
equations to evaluate the presence of renal dysfunction 
in diabetic patients is still controversial. Thus, some 
authors have suggested that cystatin C-based formulas 
and serum cystatin C improve the assessment of renal 
function of these patients compared to creatinine-based 
formulas (18,28,29,37,38) while others suggest that 
they have the same efficacy to evaluate renal function 
of diabetic patients (39,40). Therefore, further studies 
are still necessary to elucidate this issue and to assess 
whether cystatin C-based equations really improve the 
assessment of GFR or not. Furthermore, it is extremely 
important to evaluate the performance of creatinine-
based and cystatin C-based formulas to estimate GFR 
in patients with different stages of UAE, since the eva-
luation of GFR and UAE are complementary to early 
detection of renal disease.

The transversal design of this study is a limitation, 
since longitudinal determinations of the GFR are more 
relevant for monitoring renal function than a unique 
measure. Indeed, it has been demonstrated that serial 
measurements of cystatin C may be more useful for eva-
luation of early renal function decline than GFR estima-
ted by creatinine-based equations (29). Nevertheless, 
further longitudinal studies with larger sample size may 
be still necessary. The lack of a gold standard biomarker 
of GFR, such as inulin clearance, may be raised as ano-
ther limitation of this study. However, measurement of 
inulin clearance requires patient hospitalization, which 
delays the diagnosis and reduces their feasibility in the 
routine management of patients with renal dysfunction. 
Given to their simplicity and accessibility, evaluation of 
renal function is more frequently performed through 
albuminuria and creatinine-based and cystatin C-based 
formulas. Therefore, comparisons of creatinine-based 
and cystatin C-based formulas with albuminuria are still 
relevant, helping clinicians to evaluate their utility and 
limitations for early detection of renal injury in T1DM 
patients.

In agreement, our results suggest that creatinine-
based and cystatin C-based equations were equally able 
to estimate GFR in T1DM patients correlated with 
different levels of UAE. However, cystatin C-based 
equations presented best accuracy to detect macroal-
buminuria in T1DM patients. Although cystatin C is 
not always available in clinical practice, cystatin C-based 
equations should be considered in the clinical routine 
in order to increase the possibility of early diagnostic of 
chronic renal disease. We emphasize that further studies 
aiming to discover new renal biomarkers are extremely 
important, since there is still no ideal biomarker to eval-
uate GFR and to detect early decline of renal function.  
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Evaluation of biochemical and 
clinical markers of endothelial 
dysfunction and their correlation 
with urinary albumin excretion in 
patients with type 1 diabetes mellitus

Sefika Burcak Polat1, Nagihan Ugurlu2, Nabi Aslan3, 
Neslihan Cuhaci1, Reyhan Ersoy1, Bekir Cakir1

ABSTRACT
Objective: Endothelial dysfunction (ED) plays an important role in the pathogenesis of diabetic ne-
phropathy. The purpose of the study was to determine flow mediated endothelial dependent vasodilata-
tion (FMD) measurements and serum soluble (s) endothelin-1 (ET-1), intercellular adhesion molecule-1 
(ICAM-1) and vascular cell adhesion molecule (VCAM-1) levels in patients with type 1 diabetes mellitus 
(T1DM) with or without increased urinary albumin excretion (UAE) and compare them with the healthy 
controls. Subjects and methods: Seventy three patients with T1DM were enrolled. Patients were di-
vided into two subgroups according to microalbumin measurements in 24-hr urine collections. The 
diabetic patients without microalbuminuria (41 patients) were defined as Group I and those with micro-
albuminuria (32 patients) were defined as group II. A hundred age and sex matched healthy subjects 
participated as the control group (Group III). Serum sET-1, sICAM-1, sVCAM-1 levels and FMD measure-
ments were determined in all participants. Results: Median FMD measurement was significantly lower 
in the diabetic groups compared with the control group (6.6, 6.4 and 7.8% in Group I, II and III, respec-
tively) (p < 0.05). FMD was negatively correlated with age (p = 0.042). Median serum sICAM-1 level was 
higher in the patient groups compared to the control group (p < 0.05). Median serum sVCAM-1 level 
was higher in the group of patients with increased albuminuria compared to the normoalbuinuric and 
the control group (p < 0.05). Serum sVCAM-1 level was found to be positively correlated with degree of 
urinary albumin excretion (p < 0.001). Conclusion: We assume that sVCAM-1 may be used as a predic-
tive marker for risk stratification for nephropathy development and progression. Arch Endocrinol Metab. 
2016;60(2):117-24
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INTRODUCTION

Type 1 diabetes mellitus (T1DM) is a chronic meta-
bolic disease characterized with autoimmune pan-

creatic beta cell destruction affecting young adults. Dur-
ing the course of the disease micro- and macrovascular 
complications develop. Diabetic nephropathy (DN) oc-
curs in 30-40% of the patients and is the major cause of 
end stage renal disease (ESRD) and one of the major 
causes of morbidity and mortality in T1DM (1). Once 
ESRD develops, costly therapies such as hemodialysis 
or transplantation are required. Overt nephropathy is 
usually preceded by increased albuminuria which is not 
only associated with the risk of developing renal insuf-
ficiency but also with the development and progression 
of cardiovascular disease (2). Thus, there is considerable 
interest in determining the mechanisms responsible for 

albuminuria and in identifying early markers that may be 
associated with that complication of diabetes.

Well known clinical risk factors for progression of 
nephropathy are increased urinary albumin excretion 
(UAE), hypertension (HT), and hyperglycemia (3). 
Although strict glycemic control and the regulation of 
blood pressure reduce microvascular complications, ne-
phropathy can still progress in some patients suggesting 
presence of other pathophysiologic mechanisms.

Inflammation and endothelial dysfunction (ED) 
were hypothesized to play an active role in the patho-
genesis of DN (4). The term ED refers to an impair-
ment of the ability of the endothelium to properly main-
tain vascular homeostasis (5). Although the term is often 
used in reference to a loss of bioavailable nitric oxide 
(NO), ED also reflects increased production of vaso-
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constrictors and disturbed regulation of inflammation, 
thrombosis, and cell growth in the vascular wall (5,6).

In the early phase of ED, an imbalance between en-
dothelium-derived vasodilator and vasoconstrictor sub-
stances develops (7). Endothelin-1 (ET-1) is not only 
one of the most potent vasoconstrictors but it also has 
pro-inflammatory and profibrotic effects, which may 
contribute to the pathogenesis of nephropathy. In the 
previous studies, it was demonstrated that serum ET1 
level was increased in diabetic patients with microalbu-
minuria, retinopathy or higher glycosylated hemoglo-
bin (HbA1c) (8-10).

In a normal endothelium NO creates an anti-inflam-
matory environment and prevents adhesion molecules 
to bind the inner surface of the vessels. However in 
presence of DM, NO is reduced, expression of vascular 
and intercellular adhesion molecules is increased allow-
ing leucocytes to attach endothelial surface easily and 
progression of inflammation (11). Expression of those 
molecules was shown to be increased in retina, arterial 
walls and glomerulus of the diabetic patients (12). Pre-
vious studies reported a positive correlation between 
those molecules and rate of the complications (13). 
Intercellular adhesion molecule-1 (ICAM-1) and vas-
cular cell adhesion molecule (VCAM-1) were shown to 
increase leucocyte adhesion on retinal vessels beginning 
from the earliest stages of diabetic retinopathy (DR) 
and correlates with presence of gross proteinuria (14). 
In another study, in the rat model of streptozotocin-
induced diabetes, retinal leukostasis increased within 
days of developing diabetes and correlated with the in-
creased expression ICAM-1 and its blockade with a spe-
cific antibody prevented diabetic retinal leukostasis and 
vascular leakage by 48.5% and 85.6%, respectively (15).

Flow mediated endothelial dependent vasodilatation 
(FMD) is one of the most extensively used non-invasive 
technique for assessment of endothelial function. It de-
termines the degree of endothelial dysfunction on the 
basis of NO production capacity of the brachial artery. 
There are reports in the literature showing decreased 
FMD in patients with diabetic nephropathy (16).

The aims of the present study are: 1) to determine 
serum sICAM-1, VCAM-1, ET-1 levels and FMD mea-
surements in T1DM patients with or without increased 
UAE and compare them with the control group;  
2) to search the correlation between the UAE and 
those biochemical markers of ED in diabetic patients; 
3) to  determine the correlation between biochemical 
markers and a clinical marker (FMD) of ED.

SUBJECTS AND METHODS

Study design

Seventy-three patients with T1DM (36 female and 37 
male) who regularly visited the Endocrinology Clinics 
between December 2011 and December 2012 and a 
hundred age and gender matched healthy individuals 
were enrolled in the present study. Each patient accep-
ted and signed informed consent forms. The local ethics 
committee approved the study protocol. 

Patient selection was made by the same endocri-
nologist on the basis of the following inclusion criteria: 
T1DM (as defined by deficient C-peptide secretion and 
autoantibody positivity at the time of diagnosis), dura-
tion of disease longer than 5 years. Patients with smok-
ing history, coronary heart disease, congestive heart 
failure, peripheral artery disease, renal failure or chronic 
liver disease were excluded from the study.

Seventy-three patients with T1DM divided in two 
subgroups. Group I was defined as those with nor-
mal UAE (41 patients), and Group II was defined as 
those with increased UAE (32 patients). Microalbumin 
excretion more than 30 mg/24 hr was defined as in-
creased UAE. A hundred healthy, nondiabetic subjects 
(50 male, 50 female) were recruited from hospital staff 
to serve as the control group (Group III).

After detailed medical history (demographic data, du-
ration of diabetes, date of initial diagnosis, smoking his-
tory, comorbidities, recent medications) was recorded, 
physical examination was performed for each participant. 
Systolic and diastolic blood pressures (SBP)/(DBP) 
were measured twice in the seated position after at least 
15 minutes of resting. HT was defined as SBP ≥ 140 
mmHg, DBP ≥ 90 mmHg or the current use of antihy-
pertensive medications. All subjects underwent detailed 
ophthalmologic examination, including best-corrected 
visual acuity, applanation tonometry, anterior segment 
slit lamp biomicroscopy, and dilated fundus examination 
for presence of retinopathy and the data was recorded.

Laboratory examination

Blood samples were drawn into plain vacutainers from 
the antecubital veins of healthy controls and patients 
after 12 hr fast and 30 min of supine rest between 8 
and 9 a.m. Blood samples were sentrifuged at 4000 
rpm for 10 minutes and serum was transferred in the 
eppendorf tubes. All serum samples were kept in -80°C 
freezer and were run at the same time for biochemical 
evaluation. sET-1, sICAM-1 and sVCAM-1 levels were 
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studied with commercial elisa kits (sET-1; Biomedica 
Gruppe, sICAM-1 and sVCAM1; Bender medical sys-
tems GmbH Viena, Austria). All intra- and interassay 
coefficient of variation (cv) was 4.0/6.0, 4.1/4.7 and 
3.1/5.2 for ET-1, ICAM-1 and VCAM-1, respectively.

Screening for increased urinary albumin excretion 
(> 30 mg/day, Roche Diagnostics, Manheim, Germa-
ny) was performed by measurement of the albumin in 
24-h or timed urine collections.

Glycated hemoglobin (HbA1c) was measured by 
high-performance liquid chromatography (HPLC), 
and the nondiabetic range used was 4.0-6.0% (30-60 
mmol/mol). To measure serum glucose and total cho-
lesterol, triglycerides (TG), high density lipoprotein 
cholesterol (HDL) and low density lipoprotein choles-
terol (LDL) measurements were made by an autoana-
lyzer using enzymatic methods (Roche  Diagnostics®).

FMD measurements

All measurements were taken in the morning, in a 
quiet, air-conditioned room maintained at 23°C. 
The subjects rested quietly in the supine position for 
20 min before and during each FMD measurement. 
Just before the cuff inflation, systolic and diastolic 
blood pressure was measured on the left arm. Brachial 
artery FMD was used as a measure of endothelium 
dependent vasodilation (EDV) using techniques pre-
viously described (17,18). In the supine state, ultra-
sound imaging (7 MHz, Acuson 128 XP, Mountain 
view, CA) of the brachial artery was performed in a 
longitudinal plane at a site 1–3 cm proximal to the 
antecubital fossa of the arm. Baseline images were re-
corded and a blood pressure cuff was placed on the 
forearm and inflated to 50 mmHg above SBP for 5 
min. Arterial diameter was determined during peak 
hyperemia after release of the blood pressure cuff from 
the forearm. To assess dilation, 10 s of images were 
captured 1–3 min after cuff release. Flow velocity was 
recorded at baseline and just after cuff release where 
maximal velocity was observed. FMD was defined as 
the ratio of flow mediated dilation to the basal measu-
rement of the arterial diameter (maximum diameter-
basal diameter/basal diameter x100).

Statistical analysis

All analyses were performed using the SPSS for Win-
dows software package (ver. 11.5, IBM Corp, Armonk, 
NY, USA). The nonparametric Kolmogorov-Smirnov 
test was used to compare samples with the reference 

probability distribution, whereas the homogeneity of 
the variances was assessed using Levene’s test. Descrip-
tive statistics are presented as means ± SD, with me-
dians (minimum–maximum) for continuous variables 
and percentages (%) for categorical variables. The sig-
nificance of the differences between mean values was 
assessed by oneway ANOVA. To assess significance of 
difference between median values, Kruskal-Wallis test 
was used when there were more than two groups to 
compare whereas Mann Whitney U test was used when 
there were only two groups to compare. If significant 
differences were detected after one-way ANOVA or 
Kruskal-Wallis tests, post hoc Tukey’s HSD or Cono-
ver’s nonparametric multivariance comparison tests 
were used to define the effective factors. For categorical 
variables, differences were assessed by chi squared and 
Fisher’s exact tests, as appropriate. A value of p < 0.05 
was considered to indicate statistical significance.

RESULTS

Seventy three patients with T1DM and a hundred 
healthy controls were enrolled in the study. Forty 
one patien ts (56.1%) with T1DM had normal UAE 
(Group I) while thirty two (43.9%) had increased UAE 
(Group II). Demographic data of the patient (Group I 
and II) and control group (Group III) was listed on  
Table 1. Sex distribution and mean age was similar bet-
ween the groups. Median DM duration was 8 (5-40) 
years in Group I and 11.5 (5-35) years in Group II. 
HT was present in 4 patients (9.8%) in Group I, 7 pa-
tients (22.6%) in Group II and 4 patients (4%) in group 
III (control group, n = 100) (p = 0.087) (Table 1). 
Mean serum LDL and median TG were similar bet-
ween groups. The mean HDL was significantly lower 
in Group I compared to Group III (56 vs 47 mg/dL,  
p < 0.01). The median serum HbA1c levels were simi-
lar in the diabetic groups (group I and II) and were in-
creased significantly, compared with the control group, 
as expected (p < 0.001; Table 1).

Fundoscopic examination of the diabetic patients 
revealed that only 9 of 41 patients (28%) in Group 
I had DR (8 patients had non proliferative diabetic 
retinopathy (NPDR) and 1 had proliferative diabetic 
retinopathy (PDR). In Group II fundoscopic exami-
nation of 3 patients (9.4%) was normal, 15 (46.9%) 
had NPDR and 14 (43.8%) had PDR. Prevalence of 
DR was significantly higher in Group II compared to 
Group I (p < 0.05). 
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Table 1. Demographic, clinical and biochemical data of the groups

Variables Group I (n = 41) Group II (n = 32) Group III (n = 100) p-value

Age (years) 33.3 ± 9.0 33.7 ± 10.7 35.7 ± 7.7 0.060†

Female/male 20/21 16/16 50/50 0.992‡

DM duration 8 (5-15) 11.5 (5-25) - 0.059¶

HT 4 (9.8%) 7 (22.6%) 1 (4.0%) 0.087#

LDL mg/dL 99.0 ± 39.2 115.2 ± 37.7 113.3 ± 3.6 0.139†

HDL mg/dL 47 (31-68)a 50 (27-110) 56 (29-88)a 0.016$

TG mg/dL 93 (45-220) 100 (47-333) 109 (46-513) 0.440$

Creatine mg/dL 0.89 (0.50-1.60) 0.80 (0.60-2.10) 0.70 (0.4-1.2) 0.680$

HbA1c % 8.9 (5.6-12.0)a 9.2 (6.0-12.3)b 5.3 (4.4-6.3)a,b < 0.001$

Group I: T1DM patients without microalbuminuria, Group II: T1DM patients with microalbuminuria, Group III: Control Group. a: difference between Group III and Group I is significant (p < 0.01), 
b: difference between Group II and Group III is significant (p < 0.001). † One-Way ANOVA, ‡ Pearson’un chi-Square testi, ¶ Mann Whitney U testi, # likelihood ratio test, $ Kruskal Wallis test.

Table 2. Comparison of ET-1, ICAM-1 and VCAM-1 levels between the groups

Groups sET-1 Median 
(minimum maximum) (fmol/l)

sICAM-1 Median  
(minimum-maximum) (ng/mL)

sVCAM-1 Median  
(minimum maximum) (ng/mL)

Group I (n = 41) 8.1 (0.6-16.5) 5100 (1450-12860)a 736.5 (419.9-1516.7)c

Group II (n = 32) 7.7 (3.1-23.5) 4520 (326.1-11070)b 975.9 (352.2-1525.5)b,c

Group III (n = 100) 10.5 (3.0-19.0) 685.7 (120-14460)a,b 680.1 (380.0-1041.9)b

p-value† 0.066 < 0.001 0.002

ET-1: endothelin-1, ICAM-1: intercellular adhesion molecule-1, VCAM-1: vascular cell adhesion molecule, Group I: T1DM patients without microalbuminuria, Group II: T1DM patients with 
microalbuminuria, Group III: Control Group. a: difference between group I and III is significant (p < 0.001), b: difference between Group II and III is significant (p < 0.05), c: difference between Group 
I and II is significant (p < 0.001), † Kruskal Wallis test.

Table 3. Comparison of median FMD measurements between the groups

Groups FMD (%)

Group I (n = 41) 6.6 (3.1-10.3)a

Group II (n = 32) 6.4 (4.3-11.1)b

Group III (n = 100) 7.8 (3.1-12.0)a,b

p-value† 0.013

FMD: flow mediated endothelial dependent vasodilatation. Group I: T1DM patients without 
microalbuminuria, Group II: T1DM patients with microalbuminuria, Group III: Control Group. a: 
Difference between Group III and Group I is significant (p = 0.002), b: Difference between 
Group III and Group II is significant (p = 0.039), † Kruskal Wallis test.

Median sET-1 level was 8.1, 7.7, 10.5 fmol/l in 
Group I, Group II and Group III, respectively and 
didn’t differ significantly between the groups (p = 
0.066) (Table 2, Figure 1A). Median sICAM-1 level 
was significantly higher in diabetic groups (Group I and 
II) compared to the control group (Group III) (Group I 
vs Group III; p < 0.001, Group II vs Group III; p = 
0.05) whereas it was similar between Group I and II 
(Table 2, Figure 1B).

Median sVCAM-1 level was significantly higher in 
Group II compared to Group I and III (Group II vs 
Group I; p < 0.001, Group II vs Group III; p < 0.05). 
There wasn’t any significant difference between Group 
I and III (Table 2, Figure 1C).

Median FMD measurement was 6.6, 6.4 and 7.8% 
in Group I, II and III, respectively. It was significant-
ly lower in Group I and II compared to group III 
whereas there was no difference between Group I and 
group II (Group I vs Group III; p = 0.002, Group II 
vs Group III; p = 0.039) (Table 3, Figure 1D).

Any significant correlation wasn’t detected between 
FMD, ICAM-1, VCAM-1, ET1 and HbA1c (p > 0.05) 
in diabetic patients. FMD was negatively correlated 
with age (p = 0.042) (Table 4). FMD was not corre-
lated with duration of diabetes (Table 4).

A positive correlation was detected between serum 
VCAM-1 level and degree of urinary albumin excretion 
(p < 0.001) whereas serum ICAM-1 and ET1 were not 
correlated with the degree of UAE (Table 4).
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DISCUSSION

Endothelial dysfunction is a broad term which implies 
dysregulation of endothelial cell functions, including 
impairment of the barrier functions of endothelial cells, 
vasodilation, disturbances in proliferative capacities, mi-
gratory as well as tube formation properties, angiogenic 
properties, attenuation of synthetic function, and deter-
rence of white blood cells from adhesion and diapedesis 
(19). In the previous studies it was demonstrated that 
in T1DM, ED develops in the early stages of the disease 
and persists despite glycemic control is achieved (20). 
Since T1DM is caused by pure insulin deficiency, con-

tribution of hyperglycemia to the vascular damage can 
be observed more clearly in the absence of conflicting 
comorbid conditions such as HT, hyperlipidemia, obe-
sity and metabolic syndrome.

Flow mediated dilation is a non invasive method 
used for evaluation of endothelial functions mediated 
by prostaglandins, nitric oxide and endothelium de-
pendent hiperpolarising factor (21). In our study FMD 
was found significantly lower in diabetic groups com-
pared to controls regardless of UAE. FMD was not 
correlated with HbA1c, disease duration or degree of 
albumin excretion but was negatively correlated with 

Figure 1. Distribution of ET-1, ICAM, VCAM and FMD in Group I, II and III is depicted in Figure A, B, C and D.

ET-1: endothelin-1, ICAM-1: intercellular adhesion molecule-1, VCAM-1: vascular cell adhesion molecule,  

Group I: T1DM patients without microalbuminuria, Group II: T1DM patients with microalbuminuria, Group III: Control Group, Kruskal Wallis test was used 
and p value was 0.06, < 0.01, 0.02 and 0.013 for ET1, ICAM-1, VCAM-1 and FMD, respectively.

Table 4. Correlation of biochemical and clinical markers of endothelial dysfunction with certain parameters in diabetic patients 

Variables ICAM-1 VCAM-1 ET-1 FMD

r-value p-value r-value p-value r-value p-value r-value p-value†

Age 0.038 0.755 0.044 0.724 -0.063 0.608 -0.247 0.042

DM duration -0.151 0.202 0.100 0.401 0.110 0.352 0.002 0.985

HbA1c -0.043 0.725 -0.001 0.994 0.144 0.242 0.209 0.087

UAE -0.085 0.472 0.443 < 0.001 -0.084 0.480 -0.016 0.891

ET-1: endothelin-1, ICAM-1: intercellular adhesion molecule-1, VCAM-1: vascular cell adhesion molecule, FMD: flow mediated endothelial dependent vasodilatation, HbA1c: glycosylated hemoglobin, 
UAE: urinary albumin excretion, † Spearman correlation test.
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age. In the literature there are reports that evaluated 
FMD in patients with T1DM. In the study of Jin and 
cols., forty-eight patients with T1DM and twenty two 
healthy individuals were compared in regard to FMD 
and intima carotid thickness. FMD was found signifi-
cantly lower in diabetics, supporting our results (22). 
Lekakis and cols. demonstrated that basal brachial ar-
tery diameters were different but FMD measurements 
were similar in diabetic patients with or without micro-
albuminuria whereas there was no correlation between 
FMD and HbA1c (23). In our study FMD was higher 
even in patients without any evidence of retinopathy or 
nephropathy suggesting that endothelial dysfunction 
occurs way before clinically overt arterial damage de-
velops. This hypothesis is supported by Sibal and cols. 
who demonstrated that FMD was reduced by % 45 in 
patients with T1DM without any complications com-
pared to controls (24).

Endothelin-1 is a marker of ED and plays role in an-
giogenesis, fibrosis, inflammation and acts as a vasopres-
sor agent causing HT (25). In our study there wasn’t 
any significant difference in sET1 level between the dia-
betic subgroups and the control group. There is scarce 
data in the literature about the level of ET1 in T1DM 
patients compared to controls and the correlation be-
tween ET-1 and UAE rate. Most of the studies were 
conducted with T2DM patients and there are conflict-
ing results suggesting that ET-1 level is not changed, 
increased or even decreased in diabetics (26-28). Those 
contradictory results might be arising from the hetero-
geneous group of patients in different study populations 
in regard to duration of diabetes or degree of glycemic 
control. It is also suggested that ET-1 is a peptide that 
functions in autocrine or paracrine ways and serum level 
does not directly reflect the functional amount (27). In 
our study ET-1 is not correlated with presence or de-
gree of increased UAE. However in a previous study, it 
was demonstrated that ET-1 blockage improves diabetic 
nephropathy or slows the progression in mice regardless 
of the changes in blood pressure (29). 

Levels of ICAM-1 and sVCAM-1 that are mark-
ers of inflammation were also evaluated in the pres-
ent study. sICAM-1 was significantly higher in diabet-
ics compared to control subjects but there wasn’t any 
difference between diabetic subgroups. In the study 
of Sibal and cols., sICAM1 was significantly higher in 
T1DM patients compared to controls supporting our 
results (24). Bruno and cols. also compared 49 T2DM 
patients with 15 controls and found that sICAM-1 was 

higher in the diabetic group especially in ones with mi-
croalbuminuria (30). In another report by Astrup and 
cols., 199 patients with normoalbuminuria and 192 pa-
tients with microalbuminuria were compared with each 
other and no significant difference was detected regard-
ing to sICAM-1 level. In that study patients were fol-
lowed for 10 years and data of the patients was reevalu-
ated. sICAM-1 was found to be positively correlated 
with overall mortality (4).

In the present study, serum sVCAM1 level was 
significantly higher in the diabetic subgroups com-
pared to the control group. In T1DM patients with 
increased UAE, sVCAM-1 was significantly higher 
than the ones with normal UAE. A positive correlation 
was detected between sVCAM-1 and degree of UAE. 
There are reports in the literature demonstrated that 
serum sVCAM-1 is increased in patients with T2DM 
(31,32). However Bannan and cols. compared T1DM 
with their first degree relatives and healthy subjects and 
they didn’t detect any significant difference in regard 
to VCAM1 between the groups (33). Our study results 
are supporting the report by Schmidt and cols. and 
Clausen and cols. who found that VCAM1 was higher 
in diabetic patients with microalbuminuria compared 
to normoalbuminuric patients and control subjects 
(34,35).

In our study there wasn’t any correlation between 
serum ICAM-1, VCAM1 and HbA1c, duration of dia-
betes. Muni and cols. reported the results of follow up 
data of DCCT trial and similar to our study they didn’t 
detect any significant correlation between inflammatory 
biomarkers (c-reactive protein, ICAM-1 and VCAM-1) 
and HbA1c, age and duration of diabetes (36).

There are limitations of our study. First of all the 
last HbA1c value of the patients were considered while 
evaluating the correlation between glycemic control 
and ED. HbA1c reflects the glucose levels of last three 
months and relation of ED and glycemic control is 
complex and requires a time period. If we consider that 
ED begins in the early phase of the disease, it would be 
more appropriate to take mean of several HbA1c mea-
surements since the diagnosis of DM. Another limiting 
factor is measuring FMD once for each patient. Acute 
hyperglycemia or acute hypoglycemia can affect FMD 
measurements so plasma glucose levels at the time of 
the measurement should have been verified (37,38).

Despite the limitations, our study is the first includ-
ing FMD, sET-1, sICAM-1, sVCAM-1 measurements 
and comparing them in subgroups of T1DM with or 
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without microalbuminuria. Since serum VCAM-1 level 
was significantly higher in microalbuminuric patients, 
we assume that it may be used as a predictive marker 
for risk stratification of nephropathy development and 
progression. We also think that medical agents target-
ing that proinflammatory molecules can be used in the 
primary prevention of diabetic nephropathy and car-
diovascular disease in the future.

Funding: this research received no specific grant from any fun-
ding agency in the public, commercial, or not-for-profit sectors.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Clinical, hormonal and radiological 
features of partial Sheehan’s 
syndrome: an Indian experience 

Bashir Laway1, Raiz Misgar2, Shahnaz Mir3, Arshad Wani4

ABSTRACT
Objective: The objective of this study was to describe clinical presentation, hormonal profile and 
imaging characteristics of 21 patients with partial Sheehan’s syndrome. Subjects and methods: This 
prospective study was carried out over a period of six years (2008-2013). The evaluation of patients 
included clinical assessment, hormone estimations and contrast enhanced magnetic resonance im-
aging of pituitary. Results: We documented preservation of gonadotroph, corticotroph and lacto-
troph function in 71.4, 61.9, and 9.5% of patients respectively. Conclusion: To conclude some of the 
pituitary functions can be preserved in Sheehan’s syndrome and this has important implications from 
the treatment and long term morbidity point of view. Arch Endocrinol Metab. 2016;60(2):125-9

Keywords
Sheehan’s syndrome; post partum hemorrhage; partial Sheehan’s syndrome

INTRODUCTION 

P ostpartum pituitary necrosis results from severe 
hypotension or shock secondary to blood loss at 

the time of childbirth (1). Sheehan’s syndrome (SS) is 
the most common cause of hypopituitarism in women 
from developing countries (2). Improvement in the ob
stetric care has considerably decreased the prevalence 
of SS in western world (3). An epidemiological study 
from India (Kashmir) has documented a prevalence of 
around 3.1% in adult women (4). Though SS is rare 
in the west, recently the disease has been reported 
from some developed countries. Sheehan’s syndrome 
was the sixth common cause of adult growth hormone 
(GH) deficiency comprising of 3.1% of total patients of 
adult hypopituitarism, who were administered GH (5). 
The largest series of patients with SS seen over a period 
of more than two decades was published recently (6).
The clinical presentation of hypopituitarism in SS va
ries from subtle symptoms to severe hypocortisol crisis. 
The extent of hypopituitarism (the number of trophic 
hormones deficient) and the severity of deficiency of a 
given hormone are variable. The detailed description 
of preservation of anterior pituitary functions in these 
patients is limited to case reports (7). With limited data 

available on clinical profile of partial SS, we present a 
large series of such patients from North Indian region.

SUBJECTS AND METHODS

This prospective study was carried at an endocrine 
center in North India over a period of six years (2008
2013). The study was approved by institutional ethical 
committee and an informed consent was obtained from 
each subject. Twenty one patients fulfilled the criteria 
for partial SS and were included in the study. The diag
nosis of SS was based on: (a) history of postpartum he
morrhage (PPH) or failure of lactation and/or amenor
rhea following last child birth; (b) deficiency of more 
than one anterior pituitary hormone and (c) empty sella 
on pituitary MRI (2). Partial SS was defined as hypopi
tuitarism following an obstetric insult with preservation 
of one or more of five trophic hormone producing cell 
lines i.e. lactotroph, somatotroph, corticotroph, thyro
troph and gonadotroph with empty sella on MR ima
ging. General physical and systemic examination was 
performed on all subjects. 

The clinical assessment was specifically focused on 
seeking the findings suggestive of deficiency of various 
pituitary hormones. The patients were admitted in the 
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hospital and evaluated according to a predefined pro
tocol. Fasting blood samples were obtained for com
plete blood count, liver and kidney function tests, elec
trolytes and glucose. Hormone estimations included 
serum thyroid stimulating hormone (TSH), total thy
roxine (T4), folliclestimulating hormone (FSH), lu
teinizing hormone (LH), cortisol, prolactin (PRL) and 
GH. A baseline sample was drawn for estimation of all 
anterior pituitary hormones, serum cortisol and total 
serum T4. Patients were put on injectable hydrocorti
sone and oral thyroxine. After stabilizing and correcting 
the acute metabolic derangements like hypoglycemia, 
hyponatremia, hypokalemia and dehydration, patients 
were discharged on oral thyroxine (50–100 µg/day), 
prednisolone (5–7.5 mg/day) and were followed 
monthly. Corticosteroids were withdrawn on follow up 
in women with basal cortisol of 18 µg/dL or more. 
Women younger than 40 years were also administered 
cyclic estrogen/progesterone pills in case of loss of 
gonadotroph function. After documenting euthyroid 
state, women with corticotroph involvement were put 
on oral hydrocortisone in place of prednisolone. Hy
drocortisone was stopped for two days and insulin toler
ance test (ITT) was performed to assess for lactotroph, 
somatotroph and corticotroph function; magnetic reso
nance imaging (MRI) sella was also done in the same 
admission. The preservation of pituitary function was 
defined as: resumption of menstrual cycles after deliv
ery with normal basal gonadotropins for gonadotrophs, 
a serum cortisol of 18 µg/dL or more, either basally 
or at any time during the ITT for corticotrophs, nor
mal lactation in puerperium and an increase in serum 
prolactin of at least 100% over the basal value on ITT 
for lactotrophs, normal baseline T4 and TSH for thy
rotrophs, and a peak serum GH of least 3 µg/l on ITT 
for somatotrophs Serum concentrations of T4, TSH, 
LH, FSH, PRL, and GH were measured by immuno
radiometric assay (IRMA) using commercially available 
kits (Siemens Medical solutions, Los Angles USA, CA 
900456900). Serum cortisol was measured by radio 
immunoassay (RIA) using commercially available kits 
(Diasorin Stillwater, Minnesota 550820285 USA). 

RESULTS

A total of 21 patients qualified for the definition of par
tial SS. Mean age of the patients was 39.3 ± 8.4 years 
with a parity ranging from 14 deliveries. The mean time 
since last delivery was 11.81 ± 8.48 years (range 130 

years). All but three patients had PPH at the time of 
last delivery and 14 had received blood transfusion. Two 
patients lactated normally. Twelve patients resumed reg
ular menstrual cycles, another 3 patients having oligo
menorrhea after last delivery, one of whom had a suc
cessful pregnancy subsequently. Table 1 gives the details 
of clinical features, trophic hormone deficiencies and 
MRI findings of all the 21 patients. All had low serum 
T4 with inappropriately normal TSH in 16 and mildly 
increased TSH in five patients. Insulin tolerance test re
vealed subnormal GH response in all the patients and 
subnormal prolactin response in all except two patients; 
10 of 21 patients had a normal cortisol response to ITT. 
One patient had a normal basal cortisol and in one, ITT 
could not be done, instead short synacthene test was 
done which confirmed a normal cortisol response. Table 
2 gives the details of hormonal analysis in all the wom
en with partial Sheehan’s syndrome. Overall, 85% of 
women had history of PPH and 66% had received blood 
transfusion. Lactation failure was seen in 90% of women, 
corticotroph failure in 38% of the women, and gonado
troph failure in 28% of women. All these women had 
somatotroph and thyrotroph failure. Contrast enhanced 
MRI revealed evidence of empty sella in all the patients. 
All the patients are on replacement treatment appropri
ate for the deficiency of their pituitary hormones. 

DISCUSSION 

The diagnosis of SS in these patients was based on PPH, 
lactation failure, trophic hormone deficiency and presen
ce of empty sella on MRI. In recent times many series of 
cases with SS have been published and the presentation 
of the cases has been variable (6,810). Here we present 
the clinical, hormonal and radiological details of a se
ries of 21 patients with partial SS. In the present series, 
all patients had growth hormone and thyroid hormone 
deficiency. Inapprapriately normal or increased TSH se
cretion has been demonstrated in women with SS. Af
ter the development of pituitary necrosis, initially TSH 
levels decrease which results in decreased T4 which in 
turn stimulates TSH production and secretion by the 
remaining thyrotrophs. Low levels of cortisol and gro
wth hormone also contribute to increase in TSH release 
in these patients. The increased TSH produced has low 
intrinsic bioactivity and decreased metabolic clearance 
(11,12). Prolactin deficiency was seen in 19 out of 21 
patients. Anatomically lactotroph and somatotroph cells 
are situated in the lower and lateral regions of the pi
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Table 1. Clinical features, trophic hormone deficiencies and MR imaging features of patients 

Case Age Parity PPH BT LTF TTF STF CTF  GTF MRI

1 36 4 + + + + + – – ES

2 35 1 + + + + + – + ES

3 45 3 + + + + + – + ES

4 50 3 + + + + + – – ES

5 30 2 – – – + + + – ES

6 45 4 + – + + + + – ES

7 45 3 – – + + + – – ES

8 40 4 + + + + + + – ES

9 42 1 + + + + + – – ES

10 40 3 + – + + + – – ES

11 50 3 + + – + + + – ES

12 40 2 + + + + + – + ES

13 60 3 + – + + + + – ES

14 35 1 + + + + + -  ES

15 30 1 + + + + + _ _ ES

16 35 2 + + + + + + - ES

17 45 2 + + + + + + - ES

18 25 3 + + + + + + - ES

19 30 4 - - + + + - + ES

20 38 4 + - + + + - + ES

21 30 3 + + + + + - + ES

PPH: post partum hemorrhage; BT: blood transfusion; LTF: lactotroph failure; TTF: thyrotroph failure; STF: somatotroph failure; CTF: corticotroph failure; GTF: gonadotroph failure; MRI: magnetic 
resonance imaging; ES: empty sella.

Table 2. Hormonal profile of the patients 

Hormone T4
µg/dL

TSH
µIU/mL

LH
IU/L

FSH
IU/L

PRL
µg/L

GH
µg/L

Cortisol
µg/dl

Normal value 5.5-13.5 0.5-6.5 3-12 2-6.6 > 2 fold* increase > 3* > 20*

Case 1 3.2 5.9 6.5 10.2 4* 2.2* 20.1*

Case 2 1 4.9 11.28 1.47 2.03* 1* 21.83*

Case 3 4.35 3.6 5.22 8.9 5.41* 1* 20.22*

Case 4 3.7 7.9 1.6 6.2 4.79* 1* 28*

Case 5 1 7.7 4.89 9.49 22* 1* 15*

Case 6 2.7 5.9 6.7 9.8 4.6* 1* 8.25*

Case 7 1 5.86 6.3 8.3 3.85* 1* 24.75*

Case 8 3.2 6.2 4.5 5.8 3.45* 1* 3.8*

Case 9 1.7 2.54 1.62 2.75 0.5* 1* 21.2*

Case 10 2 4.6 4.24 3.54 3.84* 1* 22.6*

Case 11 1.6 8.2 5.9 10.2 14.2* 1* 13*

Case 12 2.3 4.9 3.8 4.7 3* 0.8* 24*

Case 13 1.2 9.2 8.52 13.3 2.83* 0.7* 11.2*

Case 14 1.4 5.2 3.4 5.3 2.3* < 1* 19.5*

Case 15 2.26 1.8 2.24 4.94 2.04 < 1* 26.05±

Case 16 2.1 6.2 5.3 4.2 2 < 1* 5.2*

Case 17 < 1 4.63 5.8 3.2 3.58* < 1* 8.25*

Case 18 < 1 6.7 1 3.79 3.49* < 0.25* 9.96*

Case 19 1.50 3.45 0.98 3.15 - 1.25 17.41*

Case 20 1.15 0.15 1.71 2.06 < 1.5* < 0.25* 20.74*

Case 21 2.91 3.24 < 1.5 < 1.5 - < 0.25 21.3

T4: total thyroxine; TSH: thyroid stimulating hormone; FSH: follicle stimulating hormone; LH: luteinizing hormone; GH: growth hormone. * Peak after ITT; ± peak after Short synacthene test.
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Table 3. Summary of loss of anterior pituitary functions (%) in women with Sheehan’s syndrome

Author Year No Somatotroph Lactotroph Gonadotroph Thyrotroph Corticotroph

Dash and cols. 1993 19 100 90 85 100 100

Zargar and cols. 1996 86 100 94.19 92.6 85.7 84.4

Goswami and cols. 2002 19 - - 94.8 100 94.8

Sert and cols. 2003 20 100 92.8 100 100 100

Dökmetaş and cols. 2006 28 100 93 100 90 100

Laway and cols. 2011 10 100 100 30 100 50

Gei-Guardia and cols. 2011 60 100 69.2 75 80 96.6

Diri and cols. 2014 114 100 71.1 100 90.4 71.9

Present series 2014 21 100 90 28 100 38

tuitary gland and are damaged predominantly during 
the ischemic necrosis (13). There is a consensus among 
different series that GH deficiency is a universal finding 
in SS (2,79,14). Normal lactation and preservation of 
lactotroph function has been reported in different se
ries. One study reported normal lactation in 30% yet 
all had GH and prolactin deficiency on dynamic testing 
(9). In yet another series, 2 out of 28 patients had nor
mal lactation and both had a normal prolactin response 
to ITT (8). Previously prolactin deficiency was reported 
in 85.2% of women with SS on ITT (5). In a recent 
large series of 114 patients, 37% of women had normal 
lactation which included 6% of women having a blunted 
response to TRH test (6). In the present series 9.5% 
of women had normal lactation and a normal prolactin 
response to ITT. There is some discordance between 
prolactin deficiency documented biochemically and 
failure of lactation. It has been reported that lactation 
can be normal even in women with lactotroph failure 
documented on dynamic tests (10). Rarely, lactotroph 
function may recover after its initial loss (15). The most 
consistent finding in SS is the loss of somatotroph and 
thyrotroph function; though the loss of somatotroph 
function is universal, there are varying reports about 
involvement of thyrotroph function. Several previous 
series reported thyrotroph failure in 90% of patients 
(6,8,9,13) and one reported it in all the patients (8). 
All of our patients had thyrotrophs failure. Our data are 
consistent with recent Indian studies, wherein most of 
the patients with SS have thyrotroph failure (7,14,16). 

Preservation of gonadotroph function in women with 
SS has been widely reported in the literature. Loss of go
nadotroph function has been reported in all the patient 
series from Turkey (6,8,9). On the other hand Indian 
data reveal that preservation of gonadotroph function 
and subsequent pregnancy is not an uncommon pheno

menon (8,1720). We previously reported preservation of 
gonadotroph function in 30% of women with partial SS 
(7), and 71% of our patients in the present series had pre
served gonadotrophs. There seems to be no explanation 
for this disparity between Indian and Turkish patients.

Preservation of corticotroph function has important 
implication on the long term management of women 
with SS. Corticotroph involvement has been reported 
in 50100% of women in different series (6,7,9). In the 
present series, 62% of women had preservation of corti
cotroph function. Corticotroph failure is the main cau
se of hypoglycemia and is easily correctable with glu
cocorticoid administration; glucocorticoid replacement 
in presence of severe hypothyroidism predisposes them 
to severe psychosis (21). Preservation of corticotro
ph function spares these women from the undesirable 
effects of exogenous glucocorticoids. Several mecha
nisms have been invoked to explain the sparing of cor
ticotrophs. In human pituitary corticotrophs comprise 
around 1020% of cells and are most numerous around 
mid sagittal region, with some of the cells concentrated 
in lateral wings and zona intermedia. Zona Interme
dia is situated between anterior and posterior pituita
ry, and some of these cells extend into the posterior 
pituitary which is known as basophilic invasion. Mid 
sagital region is least damaged during pituitary infarc
tion. Because of dual blood supply to posterior pitui
tary, it is likely that these cells escape damage and will 
be responsible for preservation of some of corticotroph 
function (22). None of the patients in the present se
ries had involvement of posterior pituitary function in 
the form of polyuria. Diabetes insipidus is quite rare 
in these patients, though subtle features of posterior 
pituitary involvement have been reported (23). Table 3  
summarizes the anterior pituitary involvement in re
ported series of patients with SS.
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We conclude that in areas where SS is still common, 
atypical and partial presentation are also quite common. 
Though GH and TSH deficiencies are universal in SS, 
gonadotropin and corticotropin secretion may be pre
served in these patients. The preservation of ACTH se
cretion, in particular, has important therapeutic impli
cations given the difficulties and the risks of long term 
glucocorticoid replacement; hence every effort should 
be made to assess the corticotroph function.   

Contributions: the authors alone are responsible for the content 
and writing of the paper.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Effects of excess maternal thyroxin 
on the bones of rat offspring from 
birth to the post-weaning period
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ABSTRACT
Objective: To evaluate, in rat offspring, bone changes induced by excess maternal thyroxin during 
pregnancy and lactation, and to assess the reversibility of these changes after weaning. Material and 
methods: Twenty Wistar rats were distributed in two groups, hyperthyroid and control, that were 
treated daily with L-thyroxin (50 mcg/animal) and placebo, respectively. The treatment was initiated 
seven days before mating and continued throughout pregnancy and lactation. From every female of 
each of the two groups, two offspring were euthanized after birth, two at 21 days of age (weaning), 
and two at 42 days of age (21 days after weaning). In newborns, the length of pelvic and thoracic 
limbs were measured, and in the other animals, the length and width of the femur and humerus 
were measured. Bones were dissected, decalcified, embedded in paraffin, and analyzed histomor-
phometrically. Results: Excess maternal thyroxin significantly reduced the length of the pelvic limb 
in neonates. In 21-day-old individuals, excess maternal thyroxine reduced the length and the width 
of the femur and the humerus. It also increased thickness of the epiphyseal plate and the percentage 
of trabecular bone tissue. In 42-day-old individuals, there were no significant differences between 
groups in relation to the parameters evaluated in the previous periods. Conclusion: Excess maternal 
thyroxine reduced growth in suckling rats both at birth and at weaning, and it also increased the per-
centage of trabecular bone tissue in 21-day-old animals. These changes, however, were reversible at 
42 days, i.e., 21 days after weaning. Arch Endocrinol Metab. 2016;60(2):130-7

Keywords
Maternal thyroxin; bone growth; reversibility; rats

INTRODUCTION

T hyroid hormones, represented by thyroxin (T4), 
and triiodothyronine (T3), have important roles in 

the different body tissues since embryonic stages (1), 
particularly in bone metabolism in processes such as pre-
natal bone formation, post-natal bone growth (2), and 
balance between bone deposition and resorption (3). 

Hypothyroidism and hyperthyroidism are com-
mon disorders, and are normally observed in women 
at reproductive age. Although less frequent, thyroidal 
dysfunctions are increasingly being diagnosed in preg-
nant women (4). As a consequence, maternal hormone 
changes may lead to abnormal fetal development, once 
thyroidal maternal hormones have a critical action in all 
systems, particularly in pre-natal bone formation (5). 

During pregnancy, embryonic and fetal tissues are 
exposed to maternal thyroidal hormones (1) and in spi-
te of the autonomy of the fetal thyroid, excess maternal 

thyroidal hormones may affect the ability of the fetus 
to regulate TSH and T4 levels (6). Therefore, maternal 
hyperthyroidism may be associated with intra-uterine 
death, spontaneous miscarriage, premature delivery, 
and low birth weight (5,7), as well as changes in bone 
maturity and early interruption of bone growth with 
premature fusion of growth plates and bone sutures, 
and low stature (8). 

Excess thyroid hormones are also shed in milk, and 
offspring may be exposed to maternal hormone dysfunc-
tion during lactation (9). Because of that, thyroidal dys-
functions in pregnant and lactating females may change 
the normal course of fetal and post-natal offspring develo-
pment, once these hormones have critical roles in several 
systems, mainly in skeleton formation and maturation (2). 

The effects of congenital hypothyroidism on bone 
growth have been widely studied, mainly due to the 
higher frequency and more evident consequences, such 
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as dwarfism and mental retardation, among others (10). 
However, congenital hyperthyroidism also has impor-
tant impacts on growth (8). In children and mice it in-
creases bone maturation and causes early growth inter-
ruption of epiphyseal plates and bone sutures (2,8,11).

Although hyperthyroidism is a common endocrino-
pathy in women at reproductive age, with possible 
severe changes in the skeleton of animals in the first 
years of life (12), the effects of excess maternal thyroi-
dal hormones on offspring bone formation and growth 
are little understood. It is know that the administration 
of T4 to pregnant rats affects the thyroid of the fetus, 
reducing the levels of T4 and T3 and the size of the 
offspring (13). However, bone changes caused by ma-
ternal hyperthyroidism in offspring at different ages, as 
well as the possible reversibility of these effects, have to 
be better understood. Therefore, the objective of this 
study was to evaluate, using histomorphometry, the 
occurrence of bone changes in the offspring of fema-
le rats that had excess thyroxin during pregnancy and 
lactation, and to assess if these changes are reversible 
after weaning, when offspring are not in contact with 
maternal thyroidal hormones anymore. 

MATERIAL AND METHODS

Thyroxin treatment and mating

Twenty 2-month-old Wistar rats weighting 200 g in 
average were divided into two groups (hyperthyroid,  
n = 10; and control, n = 10). Rats were placed in plastic 
cages and received water ad libitum and commercial 
feed (22% crude protein, 1.4% calcium, 0.6% 
phosphorus and micronutrients). Animals were kept 
under a 12-hour light and 12-hour dark light cycle. All 
experimental procedures were approved by the Ethics 
Committee In animal Research at Universidade Federal 
de Minas Gerais (UFMG) (protocol no. 47/2014).

After seven days of adaptation, rats in the treated 
group received L-thyroxin (Sigma-Aldrich, St. Louis, 
MO, USA), 50 μg/animal, diluted in 5 mL distilled 
water. The control group received 5 mL of distilled 
water as a placebo treatment. In both groups, animals 
were treated daily at the same time of the day using an 
orogastric tube, according to protocols determined el-
sewhere (14,15). Before mating, five rats of each group 
were anesthetized (2.5% Thionembuthal), followed by 
intracardiac puncture for serum samples that were used 
in free T4 determination in commercial chemilumines-

cence kits (Immulite Free T4, Siemens Medical Solu-
tions Diagnostics, Malvern, PA, USA).

After it was confirmed that treated rats showed free 
T4 levels significantly higher than the control animals, 
the other rats of the group were analyzed by vaginal 
cytology to determine phase of the estrus cycle. Animals 
in estrus or pro-estrus were placed in cages with adult 
male rats (three females for each male) for 12 hours. In 
the following morning, mating was confirmed by the 
identification of spermatozoa in vaginal smears, which 
was considered day zero of pregnancy. Thyroxin treat-
ment began seven to nine days before mating and was 
maintained during the whole pregnancy and lactation, 
that is, until 21 days after delivery. 

At the moment of weaning, 21 days after delivery, 
five females per group were again subjected to gene-
ral anesthesia (2.5% Thyonembutal) followed by blood 
collection for free T4 determination using the same 
method described above, in order to prove that rats tre-
ated with thyroxin presented free T4 levels significantly 
higher than those of the control animals. 

From each female of the two groups, two offspring 
were euthanized after birth, two at 21 days of age 
(weaning), and two at 42 days of age (21 days after 
weaning). Offspring were euthanized with an association 
of ketamine (40 mg/kg) and Xylazine hydrochloride 
(10 mg/kg) by subcutaneous route. Female rats were 
euthanized using the same association of anesthetics. 
Therefore, six groups were formed: 1) neonates of 
thyroxin-treated females (n = 8); 2) neonates of control 
rats (n = 8); 3) 21-day-old offspring of thyroxin-treated 
females (n = 8); 4) 21-day-old offspring of control 
females (n = 8); 5) 42-day-old offspring of thyroxin-
treated females (n = 8); and 6) 42-day-old offspring of 
control females (n = 8).

In the three moments of analysis, that is, at birth, at 
21 days of age (weaning), and at 42 days of age, body 
weight of the offspring was determined and means of 
the different groups were compared. 

In neonates (groups 1 and 2), the length of the tho-
racic limb was measured from the proximal end of the 
humerus to the distal end of the phalanges, and the 
length of the pelvic limb was measured from the proxi-
mal end of the femur to the distal end of the phalanges. 
In the rest of the offspring, length was measured from 
the head of the humerus to the articular surface of the 
humeral condyles, and from the proximal to the distal 
epiphysis of the femur, whereas the width was measu-
red in the central diaphysis of the bones. All measure-
ments were carried out with a pachymeter.
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Histomorphometric analysis

Thoracic and pelvic limbs were collected from the 
euthanized neonates. Bones were dissected without 
being disarticulated. In animals that were 21 and 
42 days old, the right femur and left humerus were 
individually dissected. Bones were fixed in neutral, 
buffered formalin 10% for 24 hours. Later on, they 
were decalcified in formic acid solution 21% for about 
30 days. The decalcifying solution was changed every 
48 hours. After decalcification, bones were processed by 
paraffin embedding, and cut in a microtome in 4 μm-
sections that were stained by hematoxylin-eosin (HE).

In neonates of both groups, the percentage of con-
drocytes and the cartilaginous matrix was measured in 
three fields of the distal epiphysis of the femur, and in 
three fields of the proximal epiphysis of the tibia. In 
the proximal metaphysis of the tibia, the percentage 
of trabecular tissue was determined in a field that took 
up this whole area. These assessments were carried out 
with the aid of a 121-point grid coupled to the ocular 
of an optical microscope at 40x magnification. 

In 21 and 42-day-old offspring, the percentage of 
trabecular bone tissue was determined in the distal epi-
physis and diaphysis of the femur, and in the proximal 
epiphysis and diaphysis of the humerus. These assess-
ments were carried out with the aid of a 121-point grid 
coupled to the ocular of an optical microscope at 40x 
magnification. In these animals, the thickness of articu-
lar cartilages and epiphyseal plates of the humerus and 

femur were also determined using the mean thickness 
of 15 equidistant points. The thickness of the prolife-
rative, columnar, and hypertrophic zones were deter-
mined by the mean thickness of 10 equidistant points 
throughout the epiphyseal plate. This assessment was 
carried out with the aid of a micrometric objective pro-
vided with a ruler and coupled to the microscope at 10x 
magnification. These values were later on transformed 
in millimeters using the scale of a microscopic ruler.

Statistical analysis 

A completely randomized design was used in the study, 
and means and standard deviations were determined for 
each variable. The analysis of variance and comparison 
of the means was carried out with Student t test. Dif-
ferences were considered to be significant at p < 0.05 
(10). Statistical analysis was carried out in GraphPad 
InStat® software.

RESULTS

Rats in the treated group showed T4 levels significantly 
higher than the control group, both before mating and 
at weaning (Table 1). 

Body weight of offspring of females treated with 
thyroxin, at birth and at 21 days, was significantly lower 
than that of offspring of control females (Tables 2 and 3). 
However, at 42 days, that is, 21 days after weaning, there 
was no statistical difference between the groups (Table 4). 

Table 2. Mean, standard deviation, and p value of the variables analyzed in neonates born of control females and females treated with thyroxin 

Variables Control group (n = 10) Group treated with thyroxin (n = 10) p value

Body weight (g) 6.79 ± 0.14 5.50 ± 0.26 0.0007*

Length of the pelvic limb (cm) 2.19 ± 0.11 2.04 ± 0.12 0.0130*

Length of the thoracic limb (cm) 2.05 ± 0.07 2.02 ± 0.10 0.3955 NS

Chondrocytes of distal femur CE (%) 60.12 ± 6.35 60.97 ± 4.78 0.7863 NS

Chondrocytes of proximal tibia CE (%) 61.70 ± 7.64 65.43 ± 3.2 0.2839 NS

Trabecular bone tissue tibia PM (%) 42.12 ± 10.16 47.75 ± 28.67 0.5925 NS

Values expressed as means ± standard deviations; CE: cartilaginous epiphysis; PM: proximal metaphysis.
*: significant, NS: non-significant, by Student t test (p ≤ 0.05).

Table 1. Mean, standard deviation, and p value of free T4 serum levels in the control females and those treated with thyroxin before mating and at 
weaning 

Free T4 (ng/dL) Control group  (n = 10) Group treated with thyroxin (n = 10) p value 

Before mating 1.20 ± 0.12 4.36 ± 1.36 0.0003*

At weaning 0.91 ± 0.02 1.26 ± 0.06 0.0002*

Values expressed as means ± standard deviation. 
*: significant, by Student t test (p ≤ 0.05).
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Table 3. Mean, standard deviation, and p value of the variables analyzed in 21-day-old rats (at weaning) born of control females and females treated with 
thyroxin 

Variables Control group (n = 10) Group treated with thyroxin (n = 10) p value

Body weight (g) 43.15 ± 1.56 37.54 ± 1.36 0.0168*

Length of the femur (mm) 16.90 ± 0.30 16.50 ± 0.44 0.0205*

Width of the femur (mm) 2.13 ± 0.23 1.86 ± 0.23 0.0127*

Length of the humerus (mm) 14.95 ± 0.15 14.70 ± 0.42 0.0962 NS

Width of the humerus (mm) 1.60 ± 0.21 1.15 ± 0.24 0.0003*

Femur AC thickness (mm) 0.55 ± 0.10 0.58 ± 0.04 0.5988 NS

Humerus AC thickness (mm) 0.59 ± 0.12 0.67 ± 0.07 0.1531 NS

Femur EP thickness (mm) 0.77 ± 0.10 0.98 ± 0.15 0.0359*

Humerus EP thickness (mm) 0.59 ± 0.08 0.69 ± 0.03 0.0099*

Femur PZ thickness (mm) 0.14 ± 0.02 0.23 ± 0.05 0.0070*

Femur CZ thickness (mm) 0.23 ± 0.02 0.34 ± 0.05 0.0036*

Femur HZ thickness (mm) 0.33 ± 0.05 0.47 ± 0.04 0.0026*

Humerus PZ thickness (mm) 0.13 ± 0.02 0.25 ± 0.03 0.0001*

Humerus CZ thickness (mm) 0.17 ± 0.02 0.21 ± 0.02 0.0111*

Humerus HZ thickness (mm) 0.18 ± 0.02 0.28 ± 0.02 0.0001*

Trabecular bone tissue of femur DE (%) 23.56 ± 2.80 43.04 ± 2.17 0.0001*

Trabecular bone tissue femur DM (%) 36.70 ± 5.20 49.08 ± 2.81 0.0016*

Trabecular bone tissue humerus PE (%) 24.38 ± 7.92 41.68 ± 6.95 0.0010*

Trabecular bone tissue humerus PM (%) 38.11 ± 4.11 51.58 ± 4.94 0.0001*

Values expressed as means ± standard deviations; AC: articular cartilage; EP: epiphyseal plate; DE: distal epiphysis; DM: distal metaphysis; PE: proximal epiphysis; PM: proximal metaphysis.
*: significant; NS: non-significant, by Student t test (p ≤ 0.05).

Table 4. Mean, standard deviation, and p value of the variables analyzed in 42-day-old rats born of control females and those treated with thyroxin

Variables Control group (n = 10) Group treated with thyroxin (n = 10) p value

Body weight (g) 143.90 ± 4.89 145.20 ± 4.24 0.8334 NS 

Length of the femur (mm) 27.66 ± 0.50 27.45 ± 0.85 0.5181 NS

Width of the femur (mm) 3.05 ± 0.16 3.04 ± 0.15 0.8885 NS

Length of the humerus (mm) 21.22 ± 0.44 21.70 ± 0.63 0.0762 NS

Width of the humerus (mm) 2.05 ± 0.16 2.001 ± 0.003 0.3137 NS

Femur CA thickness (mm) 0.25 ± 0.04 0.29 ± 0.06 0.1568 NS

Humerus CA thickness (mm) 0.29 ± 0.04 0.32 ± 0.04 0.1882 NS

Femur EP thickness (mm) 0.60 ± 0.22 0.56 ± 0.08 0.5456 NS

Humerus EP thickness (mm) 0.39 ± 0.05 0.40 ± 0.06 0.8072 NS

Trabecular bone tissue of femur DE (%) 34.25 ± 4.91 36.66 ± 5.59 0.3454 NS

Trabecular bone tissue of femur DM (%) 44.31 ± 3.58 45.44 ± 8.44 0.7265 NS

Trabecular bone tissue of humerus PE (%) 29.66 ± 5.55 33.33 ± 6.71 0.2024 NS

Trabecular bone tissue of humerus PM (%) 39.83 ± 7.26 43.01 ± 11.18 0.5246 NS

Values expressed as means ± standard deviation CA: articular cartilage; EP: epiphyseal plate; DE: distal epiphysis; DM: distal metaphysis; PE: proximal epiphysis; PM: proximal metaphysis.
NS: non-significant, by Student t test (p ≤ 0.05).

In neonates, there was no significant difference be-
tween the groups in the length of the thoracic limb. 
However, the pelvic limb of the offspring of females 
treated with thyroxin was significantly shorter than the 

pelvic limb of control animals. This difference, thou-
gh, was not reflected in the histomorphometric analy-
sis, once the mean percentage of chondrocytes in the 
cartilaginous epiphyses of the femur and tibia were si-
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milar between the groups. Similarly, there was no sig-
nificant difference between the groups in relation to 
the percentage of trabecular bone tissue in the proximal 
metaphysis of the tibia (Table 2). Offspring of females 
treated with thyroxin that remained with their mothers 
during the whole lactation showed significant differen-
ces both in bone length and in all histomorphometric 
variables, except in relation to the thickness of the arti-
cular cartilage of the femur and the humerus (Table 3). 

The length and width of the long bones were signi-
ficantly smaller in the group treated with thyroxin. In 
these animals, the epiphyseal plates were much thicker, 
with significant difference between the groups, as pro-
ven by the histomorphometric analyses (Table 3). The 
proliferative, columnar, and hypertrophic zones were 
larger, with many hypertrophic chondrocytes (Figure 1). 

Bone trabeculae of the metaphysis region immedia-
tely below the epiphyseal plate showed to be thicker 
and more confluent, and were covered by large oste-
oblasts and foci of osteoblastic hyperplasia (Figure 2). 
The percentage of trabecular bone tissue both in the 
metaphysis and the epiphysis of the bones was signi-
ficantly greater in offspring of females treated with 
thyroxin (Table 3). Thickness of the articular cartilage 
was not significantly different between the groups, but 
similar to the epiphyseal plate, the articular cartilage of 
the humerus and femur of the offspring of females tre-
ated with thyroxin showed increased number of chon-
drocytes in the hypertrophic zone (Table 3). 

Figure 1. Photomicrograph of a transversal section of the epiphyseal 
plate/metaphysis of the distal femur of rats at 21 days of age, born of 
control females (A) and of females treated with thyroxin (B), HE, 25x.  
A) Control group, showing the distal epiphysis (DE), proliferative zone (PZ), 
columnar zone (CZ), hypertrophic zone (HZ), distal metaphysis (DM).  
B) Group treated with thyroxin showing increased thickness of the epiphyseal 
plate and increased number of chondrocytes in the hypertrophic zone (HZ). 

Figure 2. Photomicrograph of proximal epiphysis of the humerus (A, B) 
and the distal metaphysis of the femur (C, D) of 21-day-old rats born of 
control females (A and C), and females treated with thyroxin (B and D), HE, 
25x (A and B) and 100x (C and D). A) Control group showing proximal 
epiphysis with thin and disconnected trabeculae; B) Groups treated with 
thyroxin showing thick and confluent trabeculae; C) Control group with 
trabeculae covered with cuboid osteoblasts (arrows); D) Groups treated 
with thyroxin with large osteoblasts and foci of osteoblastic hyperplasia 
(arrows). 

In animals that were 42 days old, that is, 21 days 
after weaning, there were no significant differences be-
tween the groups in the length and width of the bones, 
as well as in the other variables studied (Table 4). 

DISCUSSION

This study seems to be the first one to evaluate, by 
histomorphometry, bone changes in offspring of rats 
with excess thyroxin during pregnancy and lactation, 
and that assessed the reversibility of these changes after 
weaning. 

Bone changes caused by excess maternal thyroxin 
were more expressive in offspring at 21 days of age, 
that is, at weaning. It is known that bone responses 
related to experimental hyperthyroidism depend on the 
dose of thyroxin and the course of the disease (14). 
Therefore, this result is probably due to the fact that 
these animals were affected by excess maternal thyroid 
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hormones throughout pregnancy and lactation, once 
the passage of these hormones to the placenta (16) and 
milk (9) has been proven, with exposure of the offs-
pring to the interference caused by these hormones. 

In neonates, due to the difficulty in dissecting and 
isolating each long bone, the measurement of total 
length of the limbs was chosen instead. The shorter 
length of pelvic limbs in offspring of rats treated with 
thyroxin reflects intrauterine changes in bone forma-
tion and development. Besides, in neonates, the epi-
physes of long bones are still cartilaginous, without a 
distinction between the articular cartilage and the epi-
physeal plate. Because of that, the thickness of each of 
these structures was not measured. Therefore, more 
studies based on molecular biology techniques are ne-
cessary to determine the mechanisms by which mater-
nal hyperthyroidism changes neonate bones, once it 
has been established that any interference in chondro-
blast proliferation, differentiation, and maturation may 
affect endochondral formation and growth. 

At 21 days of age, the bones of offspring of rats 
treated with thyroxin were shorter, with thicker epi-
physeal plates, and increased number of chondrocytes 
in the hypertrophic zone. These findings demonstrate 
the sensitivity of the developing skeleton, particularly 
of growth cartilages, to maternal thyroid hormones, in 
spite of the apparent absence of hyperthyroidism in the 
offspring. 

Maternal hyperthyroidism may also be associated 
with fetal and neonatal transitory hyperthyroidism. But 
this change is not frequent, generally occuring in 1% 
of the neonates of hyperthyroid mothers (17,18). Low 
casuistry of persistent congenital hyperthyroidism has 
also been described. The results of this study, in rela-
tion to 21-day-old animals, are different from those 
observed in congenital hyperthyroidism, in which early 
closing and maturation of epiphyseal plates led to short 
stature and differences in bone constitution (8). In the 
present study, epiphyseal plates were not closed with 
the fusion of epiphysal and metaphyseal trabeculae. 

The epiphyseal plate is made up by two zones that 
have different morphofunctional characteristics (19-
21), and is affected by several hormones, growth fac-
tors, and genes (22-27). However, in spite of the years 
of research on bone formation and growth, the mecha-
nisms by which specific transcription factors affect the 
development of the epiphyseal plate and formation of 
trabecular bones are still unclear, and the role of hyper-
trophic chondrocytes in the morphogenesis of the tra-

becular bone is still controversial. As corroborated by 
data in the literature, the increased number of cells in 
the hypertrophic zone may be a reflex of increased cell 
maturation. However, the mechanisms by which excess 
maternal thyroxin causes these changes also need to be 
elucidated, once several factors act in the hypertrophic 
zone, including angiogenic ones, such as VEGF, which 
stimulates vascular invasion of the epiphyseal plate, and 
Runx, important in the synthesis of the bone matrix 
that replaces the cartilaginous matrix (25,26,28,29). 

Another change was a significant increase in the 
percentage of trabecular bone tissue in weaned animals 
that were born of rats treated with thyroxin. This fin-
ding was described in adults rats with hyperthyroidism 
(14). According to some researchers, thyroid hormo-
nes stimulate osteoblast synthesis and, thus, the volu-
minous aspect observed in the osteoblasts of offspring 
of rats treated with thyroxin may be a reflex of this ac-
tion (30,31). Besides, a recent study demonstrated that 
stem cells of the bone marrow of hyperthyroid female 
rats show greater potential for differentiation in oste-
oblasts (31), justifying the presence of areas of hyper-
plasia and the consequent increase in the percentage of 
trabecular bone tissue observed in animals in this study. 

The significant reduction in body weight of the ne-
onates and 21-day-old offspring of rats treated with 
thyroxin corroborates literature data, once maternal 
hyperthyroidism is detrimental to fetal development, 
changing body weight and size of the offspring after 
birth, both in humans (1,32) and rats (13). In some ca-
ses, reduced bone growth in the offspring may be a re-
sult of the inadequate milk intake that is a consequence 
of behavioral changes in females rats with hyperthyroi-
dism. However, this possibility was ruled out in this 
study as rats treated with thyroxin showed hyperactive 
behavior but offspring did not show changes caused by 
undernutrition, such as osteopenic disease, that would 
be evidenced by the microscopic analysis of the bones. 
This analysis, instead, showed increased percentage of 
trabecular bone tissue in the suckling rats. Therefore, 
it is suggested, once more, that changes in body and 
bone mass evidenced in offspring of rats treated with 
thyroxin may be caused by contact with excess maternal 
thyroid hormones. 

Surprisingly, animals that were 42 days of age and 
were weaned at 21 days, thus having had no contact 
with maternal thyroid hormones for 21 days, showed 
means equivalent to those of offspring of control mo-
thers. Therefore, it may be considered that changes ob-
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served in neonates and mainly in suckling rats that were 
21 days old were reversible at 42 days of age, when 
contact with the mother was not occurring anymore. 
There are few studies on the long-term effects of con-
genital hyperthyroidism (32) and, apparently, there is 
no difference in body growth and intellectual develop-
ment of humans born from hyperthyroid or euthyroid 
mothers (33,34). However, little has been studied in 
relation to bone changes. It is known that the length 
and width of bones are good parameters to analyze pos-
sible changes in bone growth (35). However, the ab-
sence of differences between the two groups in relation 
to these and the other parameters studied does not rule 
out the presence of some constitutional or conforma-
tional bone disease caused by failure in the formation 
of delicate bone structures or in skeleton biodynamics. 
These factors were not studied and need to be investi-
gated before confirming the complete reversibility of 
the consequences of excess maternal thyroxin on the 
bone of the offspring. 

It is concluded that excess maternal thyroxin redu-
ced growth in rat offspring at birth and at weaning, 
increased the percentage of trabecular bone tissue of 
suckling rats, and that these changes were reversible 21 
days after weaning. 
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Validation of HOMA-IR in a model 
of insulin-resistance induced by 
a high-fat diet in Wistar rats

Luciana C. Antunes1,2, Jessica L. Elkfury2,3 Manoela N. Jornada1,2,  
Kelly C. Foletto1,2, Marcello C. Bertoluci1,2,4

ABSTRACT
Objective: The present study aimed to validate homeostasis model assessment of insulin resistance 
(HOMA-IR) in relation to the insulin tolerance test (ITT) in a model of insulin-resistance in Wistar rats 
induced by a 19-week high-fat diet. Materials and methods: A total of 30 male Wistar rats weighing 
200-300 g were allocated into a high-fat diet group (HFD) (55% fat-enriched chow, ad lib, n = 15) and a 
standard-diet group (CD) standard chow, ad lib, n = 15), for 19 weeks. ITT was determined at baseline 
and in the 19th week. HOMA-IR was determined between the 18-19th week in three different days and 
the mean was considered for analysis. Area under the curve (AUC-ITT) of the blood glucose excur-
sion along 120 minutes after intra-peritoneal insulin injection was determined and correlated with the 
corresponding fasting values for HOMA-IR. Results: AUC-ITT and HOMA-IR were significantly greater 
after 19th week in HFD compared to CD (p < 0.001 for both). AUC-OGTT was also higher in HFD rats  
(p = 0.003). HOMA-IR was strongly correlated (Pearson’s) with AUC-ITT r = 0.637; p < 0.0001. ROC 
curves of HOMA-IR and AUC-ITT showed similar sensitivity and specificity. Conclusion: HOMA-IR 
is a valid measure to determine insulin-resistance in Wistar rats. Arch Endocrinol Metab. 2016;60(2):138-42

Keywords
HOMA-IR; insulin-resistance; insulin tolerance test

INTRODUCTION

A lthough the hyperinsulinemic euglycemic glucose 
clamp (HEGC) (1) is the gold-standard method 

to evaluate insulin sensitivity and resistance in research, 
important issues such as high-cost, need for pump-
infusion equipment, considerable expertise and length 
greatly limit its clinical applicability (2). Thus, a sim-
pler, less expensive, and less time-consuming alterna-
tive method is desirable to evaluate insulin-sensitivity in 
both clinical practice and experimental research.

Among surrogate methods available to evaluate in-
sulin-sensitivity, the homeostasis model assessment of 
insulin resistance (HOMA-IR) (3) is the most popular 
for epidemiological studies, and has been largely valida-
ted against the HEGC (4-7). HOMA-IR was develo-
ped in 1985, by Matthews (3), as a mathematical model 
that includes interactions between fasting plasma insu-

lin and fasting plasma glucose concentrations, with a 
strong correlation with HEGC. HOMA-IR is a simple 
and particularly helpful tool in the assessment of insulin 
resistance in epidemiological studies, including subjects 
with both glucose intolerance, mild to moderate dia-
betes, and in other insulin-resistance conditions (4-6). 
The applicability of HOMA-IR in experimental research, 
is questioned because of lack of data for  validation in 
most animal species (7). The possibility of evaluating 
insulin sensitivity in animals using a simpler and less 
traumatic method is, thus, highly interesting for expe-
rimental research. In the present study, we examine the 
applicability of HOMA-IR in experimental research, 
validating it against the classical insulin tolerance test 
(ITT), a well-validated method to determine insulin-
-sensitivity (8-13), in a set of Wistar rats that were made 
insulin-resistant by a high-fat diet. 
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MATERIALS AND METHODS

Design

We conducted a controlled experiment in which 15 rats 
were submitted to a high-fat diet (HFD) for 19 weeks, 
and 15 rats were maintained in standard chow (CD) ad 
libitum. The HFD diet was composed of a mix of 45% of 
standard chow and 55% of swine lard. The objective was 
to induce insulin-resistance in some animals to optimize 
a study of association between ITT and HOMA-IR. 
Baseline ITT was performed in all rats. Between the 18th 
and the 19th week, animals were submitted to 5 tests in 
separate days along the same week. These tests included 
a second ITT determination, an oral glucose tolerance 
test (OGTT), and 3 subsequent fasting HOMA-IR 
determinations in 3 different days, in sequence. 

Animals

A total of 30 male Wistar rats weighing 200-300 g were 
included. Animals were housed in pairs at controlled 
room temperature in a 12h light-dark cycle with food 
and water ad libitum. 

Insulin Tolerance Test (ITT)

ITT was performed at the beginning of the study and 
after the 19th week. After a 12-h overnight fast, animals 
were weighted and blood samples collected from the 
tail for serial blood glucose determinations. Regular 
human insulin 0.5 IU/kg (Humulin™ Eli Lilly, São 
Paulo, Brazil) was injected by intra-peritoneal route, 
and blood samples were collected at baseline and after 
15, 30, 45, 60, 90 and 120 minutes. The area under 
curve (AUC-ITT) of blood glucose levels between the 
baseline and 60 minutes, corresponding to the lowest 
glucose value (nadir), was considered for calculation. 

Oral Glucose Tolerance Test (OGTT)

OGTT was obtained only in the day after the ITT, in the 
18th to 19th week. After a 12-h overnight fast and baseli-
ne sampling, a 2 g/kg glucose solution was administered 
orally by gavage, followed by 30, 60, 90 and 120 minutes 
collections of blood samples from the tail for blood glu-
cose determination. All procedures were performed fol-
lowing institutional Animal Welfare Guidelines and were 
approved by the Ethics Committee in Animal Research at 
Hospital de Clínicas de Porto Alegre, Porto Alegre, RS, 
Brazil. The area under the curve determined by glucose 

levels at baseline and 120 minutes after glucose overload 
was considered for calculation of AUC-OGTT.

HOMA-IR determination

In the 3 following days, 12h fasting blood samples were 
obtained for serum insulin and plasma glucose deter-
minations in order to calculate the HOMA-IR. Blood 
samples for insulin were collected from the retro-orbital 
artery using a glass cannula and placed directly into an 
Eppendorf tube. It was then immediately placed in an 
ice-bath and centrifuged at 1000 x g for 10 minutes 
at room temperature, according to the manufacturer’s 
instructions. Serum was stored at -80°C until the assay. 
Rat insulin assay determinations were done by the lu-
minescence method (Luminex™) using kits purchased 
from Linco Research™ (Millipore™, Billerica, MA), 
with detection limit 28 pg/mL.

Blood samples for glucose were obtained from ar-
terial blood collected from the tail. Blood glucose was 
determined by the glucose oxidase method, using glu-
cose strips (Medisense™ Optium Xceed Meter).

The whole procedure lasted for a maximum of 
2-hours for all 30 rats, which were tested for the same 
experiment in a random initial sequence. The sequence 
was randomly defined for the following days in order 
to minimize the effect of fasting time. HOMA-IR was 
determined by the formula (5):      

HOMA IR = serum insulin (mmol/L)*(blood glucose 
(mmol/L)/22.5.Insulin assay

Statistical analysis

AUC-ITT and AUC-OGGT were determined by 
the trapezoidal method with NCSS™ 2007 softwa-
re (NCSS, LLC, Kaysville, UT). Pearson’s correlation 
test and Simple Linear Regression was used to deter-
mine association between HOMA-IR and AUC-ITT. 
We considered the mean of the three determinations of 
HOMA-IR and  analyzed it in two ways: 1: considering 
all values and 2: ruling out the outlier value when ade-
quate. In order to compare HOMA-IR sensitivity and 
specificity in relation to AUC-ITT, we compared ROC 
curves for mean HOMA-IR and AUC-ITT, at different 
cut-off points, and a kappa value for the comparison 
was obtained. Student T-test was performed to com-
pare the mean of body weight, FPG, 2hPG, AUC-O-
GTT, and HOMA-IR between groups. Non-parame-
tric Mann-Whitney Test for independent samples was 
performed to compare the median of AUC ITT and 
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fasting insulin variables between groups at baseline and 
in the 19th week. We used the SPSS™ software version 
21 (IBM Coorporation, Somers, NY) for the statistical 
analyses. Significance was set at p value of 0.05.

RESULTS

At baseline, control diet (CD) and high-fat diet (HFD) 
groups did not differ in relation to AUC-ITT, fasting 
glucose, and body weight. At the 19th week, body weight 
was similar between groups, however, AUC-ITT, fasting 
insulin and HOMA-IR were significantly greater in HFD 
than in CD group (Table 1) (p < 0.001). Also, 2h-glucose 
post-OGTT and the AUC-OGTT were higher in HFD 
rats (p < 0.001) at the 19th week, while fasting plasma 

Table 1. Weight and metabolic parameters at baseline and after 19 weeks 

n

Control diet High-fat diet

p1 p2Baseline 19th week Baseline 19th week

15 15 15 15

Body weight (g) 392.9 ± 31.7 493.6 ± 34.1 385.9 ± 32.6 507.5 ± 47.3 0.525 0.332

AUC ITT 8437.5 [7965.5-9718.3] 6015 [5938.3-6818.7] 7687.5 [7296.1-8419.9] 8145 [7317.7-8525.3] 0.072 < 0.001

FPG (mg/dL) 82 ± 9 94 ± 8 81 ± 5 95 ± 6 0.616 0.866

2hPG (mg/dL) - 113 ± 12 - 131 ± 14 < 0.001

AUC OGTT - 12782 ± 1056.6 - 14172.2 ± 1303.7 0.003

FI (pmol/L) - 455.8 [437.2-716.8] - 818.9 [668.2-183.1] 0.010

HOMA-IR - 2.32 ± 0.75 - 4.58 ± 1.85 < 0.001

AUC: area under curve; ITT: insulin tolerance test; AUC-OGTT: area under the curve for the oral glucose tolerance test; HOMA-IR: homeostasis assessment model of insulin resistance; FPG: fasting 
plasma glucose; 2hPG: glucose 2h after OGTT; FI: fasting insulin; P1: baseline comparisons; P2: 19th week comparisons. Non-parametric Mann-Whitney Test for independent samples was performed 
in AUC-ITT and fasting insulin variables, and data are presented as medians and confidence intervals. Student T-test was performed in weight, FPG, 2hPG, AUC-OGTT, and HOMA-IR variables, and 
data are expressed as means and standard deviations.

Figure 1. Describes the linear regression between AUC-ITT and HOMA-IR defined as the smallest value in three determinations (A), or as the mean of 
three determinations (B). Pearson’s correlation is described aside.

glucose did not differ between groups (Table 1). 
Mean HOMA-IR for three determinations was higher 
in the HFD group at the 19th week (p < 0.001). The 
mean coefficient of variance of HOMA-IR was 34.8%. 
HOMA-IR was strongly correlated with AUC-ITT (p < 
0.0001 and p = 0.0248). The best correlation was found 
when the mean HOMA-IR for three determinations was 
considered and the outlier value (if present) was ruled 
out: (r = 0.637; p < 0.0001) (Figure 1A). Agreement 
between AUC-ITT and HOMA-IR ROC curves was 
highly significant (Kappa = 0.469; p = 0.009) (Figure 2). 
The best agreement for the curves was at the highest 
HOMA-IR values above the median. A 90% sensitivity 
was observed considering the cut-off value for AUC- 
ITT > 6200 and HOMA-IR > 3.9. 

 

0

1

2

3

4

5

6

7

8

9

H
O

M
A-

IR
 

5000 5500 6000 6500 7000 7500 8000 8500 9000 9500

AUC-ITT

0

1

2

3

4

5

6

7

8

9

H
O

M
A-

IR

5000 5500 6000 6500 7000 7500 8000 8500 9000 9500

AUC-ITT

 

n = 30
Pearson’s
r = 0.637
p < 0.0001

Regression
r2 = 0.406
r2 adjusted:
0.385
p = 0.0002

n = 30
Pearson’s
r = 0.409
p < 0.0240

Regression
r2 = 0.167
r2 adjusted: 
0.138
p = 0.0248

A B



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

141

Validation of HOMA-IR in Wistar rats

Arch Endocrinol Metab. 2016;60/2

DISCUSSION

The present study shows that HOMA-IR has a strong, 
direct correlation with the insulin tolerance test (ITT) 
in Wistar rats, and can be used as a surrogate marker of 
insulin resistance in rats. The current experiment pro-
vides evidence that HOMA-IR is as accurate as ITT to 
detect relative insulin-resistance in rats with 90% sensi-
tivity, which is evidenced by a significant agreement of 
both ROC curves.

We found few similar studies evaluating the asso-
ciation between HOMA-IR and the hyperinsulinemic 
euglycemic glucose clamp (HEGC), and none with the 
ITT. In a study using pregnant female Wistar and Spra-
gue-Dawley rats (14) in which HOMA-IR was valida-
ted against the HEGC, there was a strong association 
with HOMA-IR, which is in similar to our findings. In 
mice, however, the correlations are only modest due to 
increased variability and technical difficulties for perfor-
ming clamp studies (15). In another study comparing 
insulin-based indexes in cats, HOMA-IR was conside-
red the most useful predictor of insulin resistance (16). 

The present study has some limitations. It is im-
portant to mention that we did not use the HEGC as 
the gold standard, but the insulin tolerance test (ITT). 
The ITT determines the sensitivity of insulin receptors 
in tissues by measuring the rate of decrease in blood 
glucose levels before and after intra-venous insulin 
administration (8). This fall yields a curve along time 

creating an area under the curve (AUC) which is used 
as the indicator of insulin sensitivity. The greater the 
AUC, the lower is the sensitivity to insulin. ITT stron-
gly correlates with the HEGC (8,10,11) and is highly 
reproducible in humans (12,13). More recently, it was 
also validated in mice with few adaptations, including 
injection of insulin by intra-peritoneal route (17). ITT 
may have some pitfalls such as the interference of the 
level of the fasting plasma glucose and the possibility 
of late glucose counter-regulation in response to hy-
poglycemia due to prolonged fasting (17). However, 
ITT is considered a valid and well-stablished reprodu-
cible method for the assessment of insulin sensitivity in 
animals, so that it is reasonable to use it as a reference 
method to validate other surrogate markers of insulin 
sensitivity or resistance.

A potentially important topic is that when using 
HOMA-IR in rodents there may be a considerable va-
riability due to changes in insulin and glucose levels, 
according to the duration of fasting (17). In mice, the 
counter-regulatory system response is activated when 
blood glucose is just below 80 mg/dL (18), so that a 
prolonged fast could induce activation, leading to fal-
se interpretation. In the present study, despite the fact 
we used a 12h overnight fast for logistical reasons, we 
substantially minimized this potentially source of varia-
bility by using a mean of triplicate HOMA-IR values 
in three different days, ruling out occasional outlier 
values, if adequate, which may have had a possible im-
pact in the variability of HOMA-IR. A shorter period 
of fasting, such as 5 to 6h, is however, recommended 
by some authors (17,19). 

Another important point is related to the 
interpretation of HOMA-IR in rodents. In humans, 
as HOMA-IR is determined in the fasting, it and 
provides little information about the insulin sensitivity 
in the post-prandial state. This is confirmed by studies 
showing poor correlation between HOMA-IR and 
post-prandial excursions of blood glucose in treated 
diabetic patients (20). The HOMA-IR model is based 
on the premise that fasting circulating glucose/insulin 
levels are determined by a crosstalk between the liver 
and the pancreas. This reflects changes in hepatic 
insulin-sensitivity, but is limited for reflecting changes 
in peripheral insulin sensitivity. Even though it can be 
considered a good predictor of total insulin-sensitivity 
(14), considering the metabolic differences between 
humans and rodents, it remains to be stablished if all the 
inferences in humans can be extrapolated to rodents.

Figure 2. ROC curve comparing sensitivity and specificity between  
AUC-ITT and HOMA-IR.

ITT: insulin tolerance test; HOMA-IR: homeostasis assessment model of insulin resistance; 
ROC curve was performed in AUC ITT and HOMA-IR. Significance level, p < 0.05.
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The advantages of using HOMA-IR for studying 
insulin sensitivity in animal research are notorious. It 
is a simple method with no need for special expertise, 
causing minimal stress to animals, and it is virtually free 
from the risk of hypoglycemia, which is a common pro-
blem when using HEGC or ITT. HOMA-IR may then 
be used in experimental research in rodents, as a surro-
gate marker of insulin resistance. Future studies are still 
necessary, however, to standardize methodology and 
interpretation of data for a broader use of HOMA-IR 
in rodents and in other species.
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Screening for asymptomatic 
coronary artery disease in patients 
with type 2 diabetes mellitus
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Carlos Rochitte1, Antonio Carlos Lerario1

ABSTRACT
Diabetes is a very frequent disease and it is estimated that its prevalence will continuously increase 
during the next two decades. The arteriosclerotic process in diabetic patients progresses earlier and 
more diffusely, and it is more accelerated in the diabetic patient than in the overall population. In 
diabetic subjects, acute myocardial infarction (AMI) and stroke are the leading causes of death, but 
the presence of arterial disease is not always detected before the development of the acute arterial 
event. Several times, AMI is asymptomatic or present nonspecific symptoms, and it is the initial form 
of presentation of coronary artery disease causing an important delay in initiating cardiovascular 
treatment in these patients. The purpose of this review article is to discuss how to screen and early 
diagnose the presence of coronary artery disease in asymptomatic diabetic patients, based on new 
available diagnostic resources. Currently, the most recommended technique used for screening coro-
nary artery disease in these patients is myocardial perfusion scintigraphy or stress echocardiography 
because of greater sensitivity and specificity in relation to the exercise test. However, technological 
advances have enabled the development of new imaging diagnostic methods that are less invasive 
than conventional coronary angiography, and which gradually gain importance in the diagnosis of 
coronary artery disease as they show higher effectiveness with lower invasiveness and risk. Arch 
Endocrinol Metab. 2016;60(2):143-51

Keywords
Type 2 diabetes mellitus; coronary artery disease; tomography; X-ray/methods; atherosclerotic plate/classification

INTRODUCTION

C ardiovascular diseases are the leading causes of 
mortality of patients with DM2. Coronary artery 

disease (CAD) accounts for 75% of deaths and diabetes 
(DM) is referred to as a secondary cause of death in 
approximately 50% of death certificates that have as a 
primary cause circulatory disease (1). Haffner and cols. 
estimate that the risk of death in a ten-year period in 
patients with CAD and DM exceeds 70% and, in his 
comments, suggest that the mortality rate from car-
diovascular diseases in diabetic patients without acute 
myocardial infarction (AMI) is similar to without DM2 
patients with anterior myocardial infarction (2). The as-
sociation between diabetes and cardiovascular disease is 
demonstrated not only in patients with DM2, but also 
in earlier stages of the disease as impaired glucose toler-
ance or abnormal fasting glucose (3,4). 

The impact of diabetes on coronary heart disease 
can be clearly observed in several large case series stu-
dies, such as Whitehall, Paris Prospective Study, and 
the Helsinki Policeman Study, which demonstrated 
that patients with diabetes and impaired glucose tole-
rance have 2-4 times higher risk of developing cardio-
vascular disease than the non-diabetic patient population 
(5-7). Another feature observed in these subjects is high 
probability of presenting silent myocardial infarction. 
Non-specific or atypical symptoms, such as dyspnea, 
abdominal pain, and confusion were reported by 32% 
to 42% of diabetic patients with AMI compared with 
6% to 15% of non-diabetic patients (8). Cardiovascular 
neuropathy, affecting myocardial sympathetic and pa-
rasympathetic fibers, is one of the mechanisms respon-
sible for the increased incidence of silent infarctions in 
these patients. Postural hypotension and rest tachycar-
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dia include other symptoms of cardiovascular neuropa-
thy that occur in diabetic patients with long-term poor 
glycemic control.

In diabetic patients, CAD is often detected at more 
advanced stages of the disease in comparison with the 
overall population, as in diabetic subjects, the arte-
riosclerotic process develops faster and earlier, and the 
patient remains longer asymptomatic for CAD. Athe-
rosclerotic plaques in DM are usually characterized by 
their large volumes and lipid cores, which induce lar-
ge remodeling rates in the affected vascular segment 
and have thin fibrous caps with intense inflammatory 
process that make them more vulnerable to rupture 
and may cause an acute coronary event. Diabetics also 
have more extensive, diffuse, and severe coronary ar-
tery involvement, which are factors associated with a 
worse prognosis. Necropsy studies in diabetic patients 
without evidence of CAD demonstrated that 50% and 
75% of patients below and above 65 years old, respecti-
vely, had CAD in advanced stages (9).

Prospective, long-term clinical studies (10,11) sho-
wed that adequate glycemic control associated with 
early treatment of other cardiovascular risk factors, such 
as obesity, hypertension and dyslipidemia are associa-
ted with lower morbidity and mortality in diabetic pa-
tients. Therefore, it is recommended that these patients 
are treated intensively at an early stage of the disease. 
However, as these conditions cannot be easily met in 
clinical practice due to the lack of patient compliance, 
limited access the required medications, and even due 
to the risk of cardiovascular acute events associated to 
hypoglycemia observed in patients undergoing intensi-
ve glycemic control. Therefore, the detection of CAD 
in asymptomatic patients can be valuable in raising the 
expectation and quality of life of these patients.

HOW CAN ASYMPTOMATIC CAD BE DIAGNOSED 
IN DIABETIC PATIENTS?

Several methods have recently been developed for the 
diagnosis and management of coronary lesions. Pre-
sently, conventional angiography remains as the gold 
standard for CAD diagnosis in patients with clinical 
suspicion or evidence of the disease, but it is contro-
versial to use of this technique as a diagnostic routine 
method due to its invasiveness and the potential ad-
verse effects of contrast injection, such as AMI, tach-
yarrhythmia, arterial obstruction, and bleeding. There 
is also the limited applicability as a routine technique 

for the diagnosis of asymptomatic patients due to its 
high technological complexity and cost. Moreover, in 
a recent retrospective study, Patel and cols., evaluating 
the results of the American College of Cardiology Data 
Registry in approximately 400,000 patients without 
known CAD who were undergoing elective catheteri-
zation, revealed the presence of obstructive CAD only 
in one third of the patients, suggesting that its routine 
use should be avoided, except when there is evidence 
indicated by other less aggressive diagnostic methods 
(12). The authors concluded that better strategies for 
risk stratification are needed to inform decisions and to 
increase the diagnostic yield of cardiac catheterization 
in routine clinical practice.

Therefore, we will discuss below other alternative 
strategies, including new, less invasive imaging techni-
ques, that have been developed for the detection of CAD. 

FUNCTIONAL INDIRECT TESTS THAT DETECT 
MYOCARDIAL ISCHEMIA

The presence of myocardial ischemia can be evidenced 
by electrocardiographic changes through imaging tech-
niques that assess abnormalities of myocardial perfusion 
using nuclear markers, such as computed tomography 
single photon emission tomography (SPECT), and by 
evaluation of changes in myocardial wall motion (echo-
cardiography with pharmacological or physical stress). 
The functional tests that assess ischemia have better 
accuracy when performed during physical stress, such 
as exercising, or by using pharmacological agents inclu-
ding dobutamine, adenosine, and dipyridamole, which 
act indirectly by inhibiting the uptake and degradation 
of adenosine. Tests that use contrast markers, such as 
SPECT and cardiac magnetic resonance imaging, ena-
ble an integrated assessment of perfusion and cardiac 
function at rest and after stress. The next paragraphs 
describe the characteristics of some these routinely used 
diagnostic methods.

Electrocardiogram

The electrocardiogram (ECG) at rest can evidence prior 
coronary ischemia not recognized by as acute coronary 
syndrome by means of electrocardiographic changes, 
such as prominent Q wave and T-wave inversion. Ho-
wever, its sensitivity is very low. The continuous evalua-
tion of the 24-hour ambulatory electrocardiogram can 
increase the diagnostic efficiency in detecting electro-
cardiographic signs of transient ischemia, but its sen-
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sitivity for CAD is still low (19% to 62%) (13,14). The 
prevalence of silent myocardial ischemia in diabetic pa-
tients ranges from 35% to 58% in studies that used the 
ambulatory electrocardiogram (15,16).

The use of the electrocardiogram during exerci-
se increases the sensitivity of the method. In a meta-
-analysis (17) with approximately 24,000 patients who 
underwent conventional angiography and stress ECG, it 
was estimated that the electrocardiogram in effort sho-
wed sensitivity and specificity of 68% and 77%, respecti-
vely, in CAD diagnosis. Sensitivity was higher in patients 
with CAD affecting three arteries. In an evaluation of 
exercise electrocardiography and coronary angiography 
for the identification of significant coronary stenosis 
conducted in 59 diabetic patients, sensitivity and spe-
cificity of exercise testing compared with conventional 
angiography were, respectively, 75% and 77% (18). The 
positive predictive value of the electrocardiogram per 
year in predicting CAD is estimated in 70% (19). In 
addition to the low sensitivity and specificity, this test 
is often inconclusive and inappropriate for diabetic pa-
tients (approximately 32%) due to physical disability and 
vascular and neuropathic changes that make it difficult 
to reach the submaximal heart rate in the stress test.

Myocardial perfusion imaging (SPECT – single 
photon emission computed tomography)

Performed with the infusion of radioactive contrast 
(thallium or Sestamibi), this test yield multiple data, 
such as: location of lesion, extent of myocardial ische-
mia and left ventricular function, which can aid in deter-
mining the severity of the case. Exercise can be replaced 
by pharmacological stress (dipyridamole or adenosine). 
Scintigraphy has better sensitivity (80-90%) and spe-
cificity (75-90%) when compared with stress ECG in 
diabetics (18). Its main advantage is its high negative 
predictive value (95%). In the overall population with 
CV risk factors or previous CAD, the negative of result 
myocardial scintigraphy predicts less than 1% risk of 
death or myocardial infarction every year (20). In the 
asymptomatic diabetic population, the risk of cardiac 
events in five years is significantly higher with abnormal 
SPECT compared with absence of ischemia: respecti-
vely, 19.2% and 1.9% (21). Any myocardial ischemia 
involving areas greater than 10% of the left ventricle 
leads to coronary angiography (21). Currently SPECT 
is the most widely used test to assess silent myocardial 
ischemia in asymptomatic diabetic patients unable to 
perform adequate physical exercise testing.

The DIAD study (22) that screened asymptoma-
tic diabetic patients for CAD by means of stress using 
adenosine showed myocardial perfusion deficit in 22% 
of 522 patients. In this study, the most important pre-
dictors of abnormal results were cardiac autonomic 
dysfunction, particularly the Valsalva maneuver (OR = 
5.6), male gender (OR = 2.5), and duration of diabetes 
(OR = 5.2). In other study, Kharlip and cols. (23) eva-
luating the results of 116 myocardial scintigraphies of 
asymptomatic diabetic patients and observed perfusion 
deficit in 33.6% of patients, but the frequency of CAD 
that was confirmed by angiography was very low, only 
11.2% for moderate or severe disease.

Stress echocardiography

Performed during physical exercise or pharmacological 
stress (dobutamine), it is in an alternative to detect si-
lent myocardial ischemia in the overall population. This 
test detects motion abnormalities of the heart walls du-
ring stress, and provides information about the size and 
location of the ischemic area, as well as left ventricular 
function. In asymptomatic diabetic patients, the sensiti-
vity and specificity of the method for CAD diagnosis are, 
respectively, 81% and 85% (24). A three-year follow-up of 
asymptomatic diabetic patients with negative stress echo-
cardiograms demonstrated that the probability of a car-
diovascular event was lower than 2% every year. In fact, 
this test has diagnostic and prognostic accuracy similar 
to SPECT, but with lower cost. However, it has some 
limitations, such as difficulty in interpreting the images 
in obese patients, and the inability of individuals to reach 
adequate heart rate during echocardiography, even when 
using vasoactive drugs, such as dobutamine and atropine.

A study performed to evaluate the effectiveness of 
screening, proposed by the ADA in 1998, assessed 
CAD in asymptomatic type 2 diabetics. Scognamiglio 
and cols., performing echocardiography with dipyri-
damole in 1899 asymptomatic type 2 diabetic patients 
below 60 years of age, observed that 59% of the tests 
were abnormal, but this elevated prevalence of ische-
mia was confirmed as significant CAD by conventional 
angiography only in 736 patients (65%). This finding 
indicates the low specificity of the method for signifi-
cant CAD diagnosis compared with conventional an-
giography (25). This discrepancy is probably related to 
differences in diagnostic strategies, when an indirect 
method that detects CAD by ischemia is compared 
with another method (angiography) that provides di-
rect observation of anatomic coronary alterations.
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Imaging methods most commonly used to define the 
anatomic extent of atherosclerotic disease

The atherosclerotic process is responsible for the high 
morbidity and mortality of cardiovascular disease in dia-
betic patients. Therefore, there is growing appreciation 
and improvement of non-invasive imaging techniques 
to detect these lesions. In addition to accurate diagnosis 
and low risk of complications, these methods enable the 
analysis of atherosclerotic plaque features that provide 
information on the prognosis of the patients.

Echo-Doppler ultrasound of the carotid

The measurement of the average thickness of the in-
tima-media thickness (IMT) of the carotid artery has 
been widely used as a marker of atherosclerotic disease. 
It consists of a non-invasive method that aids in the 
stratification of cardiovascular risk. The test is simple, 
fast and low cost, but the technique is not standardi-
zed. Carotid thickness may be assessed by ultrasonogra-
phy in two different ways:

1. Multiple IMT measurements of the three main 
segments of the carotid: common carotid artery; caro-
tid bifurcation; internal carotid artery bulb.

2. IMT computerized measurement of common ca-
rotid artery.

In type 2 diabetic subjects, IMT ranges from 0.71 to 
0.98 mm and, in controls, from 0.66 to 0.85 mm (26). 
In several studies, IMT was determined by ultrasound 
as an independent and non-invasive risk predictor for 
coronary artery disease, stroke, and peripheral arterial 
disease (27-30). The European Society of Cardiology 
and the American Heart Association recommend mea-
suring IMT by ultrasound to identify subclinical cases 
of cardiovascular disease (31).

However, carotid ultrasound has some limitations. 
There is a variability in the IMT measurements betwe-
en observers, hindering the reproducibility of the data. 
Carotid regions with high susceptibility for atheroscle-
rosis (bulb and bifurcation) are areas of difficult access 
to ultrasound since thickness of this vessel varies accor-
ding to age, sex, blood pressure, and patient ethnicity. 
Therefore, it is not possible to determine a single refe-
rence value for the overall population.

Calcium score (CS)

Calcium score is a non-invasive method that detects the 
amount of calcium deposited in the coronary artery. 
Multidetector row computed tomography is employed 

in CS determination. Agatston and cols. (32) developed 
a coronary CS algorithm based on calcification density of 
the plaques, which is universally used to represent this in-
dex. CS is an estimate of the amount of calcified plaques 
in an individual, but it is not the total amount of corres-
ponding plaques, or the percentage of luminal narrowing 
of coronary arteries. The MESA study, with 6,814 pa-
tients without known CAD, concluded that the inclusion 
of the CS in the coronary disease risk factors improved 
risk stratification for CAD (33). The PREDICT study 
demonstrated a positive correlation between CS and the 
following parameters: age, male gender, diabetes dura-
tion, hypertension, and waist-to-hip ratio (34).

According Raggi and cols. (35), positive correlation 
between the risk of death and CS increase was observed 
both in DM and non-DM groups. However, there was a 
significant increase in mortality of DM group for similar 
CS in both populations [increase in 44% in the risk of 
death for each increase in calcium score (p = 0.001)]. 
However, in another study, Qu and cols. did not find a 
significant association between coronary events and CS 
in 269 individuals with DM followed up for six years 
(36). Furthermore, diabetic subjects with CS over 2.8 
(considered low risk) presented four times higher values 
for coronary events, suggesting that the CS may under-
estimate the risk of CAD in diabetic patients (36). This 
fact is possibly explained by the different composition of 
the diabetic arteriosclerotic plaques in which lipid con-
tent, number of macrophages, inflammation substances, 
and quantity of thrombogenic substances are higher 
than those observed in the non-diabetic population, 
making DM patients more vulnerable to plaque rupture 
and coronary events. In the PREDICT study (34), de-
signed to evaluate the validation CS as a cardiovascular 
event predictor in asymptomatic type 2 diabetic patients, 
there was a significant positive correlation (p < 0.001) 
between the CS value and the probability of a cardiovas-
cular events over time in the population studied.

Intravascular ultrasound (IVUS)

It is an invasive procedure that is performed during car-
diac catheterization, in which a transducer is placed at 
the end of the coronary catheter and introduced into 
the artery. Using high frequency sound waves, it yields 
detailed images of the inner wall of the coronary ar-
tery. Angiography reveals a two-dimensional image of 
the coronary artery, but the IVUS shows a cross sec-
tion of the lumen of the vessel and differentiates the 
three coronary layers, enabling a 360° characterization 
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of the arterial lumen. Three types of plaques are shown: 
hypoechoic (which indicates high amount of lipids); fi-
brous (which shows echogenicity similar to the adven-
titia layer, with high collagen and elastin content), and 
calcified (which shows hyperechoic components, pro-
ducing acoustic shadowing of the vascular structures). 
The characterization of hypoechoic plaques has been 
proven to be useful in detecting vulnerable plaques. Le-
sions with increased risk of rupture and thrombosis are 
often associated to acute coronary syndromes.

Performing IVUS few weeks after heart transplan-
tation in a cohort of 262 patients, Nissen observed 
high prevalence of coronary atherosclerosis in young 
patients between 20 and 30 years (37), despite the fact 
that conventional angiography was normal in 97% of 
these patients. The finding of high frequency of im-
portant atherosclerotic lesions in asymptomatic young 
patients by IVUS emphasize the early onset and the 
long latency period for the development of arterioscle-
rotic disease. 

 Since most of AMI are shown not to be associated 
with severe stenosis of the coronary arteries, but related 
to plaque rupture not visualized by conventional me-
thods and that can be detected by new imaging techno-
logy that identifies plaque characteristics, makes these 
new imaging technique (IVUS) a potentially powerful 
and advanced diagnostic method for CAD detection. 
However, the relative weight of these two parameters 
of risk have not been adequately elucidated. In a recent 
publication of the CONFIRM study results (38) the 
importance of significant coronary stenosis was also de-
monstrated (obstruction > 50% of lumen) in worsening 
the prognosis of these patients. In this study, 10,110 
CT angiography (3,370 examinations in diabetic pa-
tients and 6,740 patients without diabetes) were perfor-
med to assess CAD in individuals with CAD suspicion 
that were followed up for an average of 2.2 years. In the 
results, DM status and significant CAD were significan-
tly associated with a nine-fold increase in mortality risk 
compared with individuals without diabetes and CAD, 
with statistical significance (HR 9.39 [4.8 to 18.2], p < 
0.0001). In 62% of males and 50% females, myocardial 
infarction was the initial manifestation of CAD (39).

Multislice computed tomography (MSCT)

MSCT is a relatively simple and fast method that pre-
sents a growing technological evolution. Currently, the 
CT scan obtained by 320-detector row scanners is con-
sidered as the standard for clinical use. It is a non-inva-

sive method to visualize the coronary artery, detect the 
degree of stenosis caused by the deposition of atheroma 
plaques in this vessel, and determine the coronary cal-
cium score. It also provides information about the com-
position of the plaques, the presence of remodeling and 
extension of coronary lesions, as seen in Figures 1 and 2.

Figure 1. Atherosclerotic plaque vulnerable in circumflex branch of 
coronary with large vascular remodeling in the affected segment (image 
courtesy of PhD Carlos Rochitte.)

Figure 2. CT angiography (image courtesy of PhD Carlos Rochitte).
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When compared to invasive angiography, MSTC 
with 64 rows of detectors, demonstrated high sensi-
tivity (between 83% to 99%), specificity (93% to 98%) 
and negative predictive value (99%) in a total of 542 
patients in 9 studies (40,41). A multicenter study with 
291 patients with CAD suspicion evaluated the accu-
racy of 64-row MSCT compared with conventional 
arteriography and showed arterial occlusion in 50% of 
patients in both methods (42). MSCT enables the clas-
sification of different types of plates. The plaques can 
be classified according to the calcium composition in 
non-calcified, mixed, and calcified. In acute coronary 
events, a predominance of the non-calcified and mi-
xed plaques was observed (43). A study comparing the 
ability of MSCT to detect calcified and non-calcified 
plaques in comparison to IVUS, Achenbach and cols. 
evaluating 22 patients without significant coronary 
stenosis observed by MSTC the diagnosis for calcified 
plaque: 94% sensitivity and specificity and non calci-
fied plaque: a sensitivity of 78% and specificity of 87%. 
The authors concluded that MSTC showed less accu-
rate detection of non-calcified plaques compared with 
IVUS, and underestimated the volume of plaques by 
segment (44).

Motoyama (45), comparing the characteristics of 
the plaques associated with acute events in 38 patients 
with arteriosclerotic lesions in 33 patients with stable 
angina using MSTC, demonstrated a significant corre-
lation of the plaques with rupture and acute coronary 
events when the presence of the following plaque featu-
res were present: 1) considerable vascular remodeling; 
2) non-calcified plaques with low attenuation (density 
< 30 HU); and 3) spotty calcification of the plaques. 
Recently, in another study using MSCT (46), the same 
investigators followed 1,059 patients for 27 ± 10 mon-
ths and demonstrated, in 45 patients with CAD plaques 
that showed simultaneously two traits instability (posi-
tive remodeling and low attenuation of atherosclero-
tic plaques), higher incidence of acute coronary events 
compared with individuals with plaques that did not 
show these two characteristics.

 The limitations to the use of MSCT are related to 
patient exposure to radiation (MSCT 320: 1-2 MSV), 
lower accuracy in the presence of calcification, severe 
artifacts associated with cardiac motion, low applica-
bility in the cases of arrhythmias and severe obesity, 
use of iodinated contrast with nephrotoxic potential, 
and high cost for routine clinical use. Despite the fact 
that morphological assessment of atherosclerotic pla-

que and degree of coronary stenosis by IVUS and con-
ventional coronary angiography, respectively, continue 
to be considered as gold standard methods for CAD, 
MSCT is presented as a very useful alternative, as it is a  
non-invasive method and, therefore, has low risk of 
complications, making it potentially recommended.

What is the best diagnostic method for the detection 
of cad in patients with diabetes?

The results of the studies evaluating the use of various 
diagnostic methods for CAD have shown a prevalence 
of positive findings for coronary alterations higher than 
25% in asymptomatic diabetic patients, revealing funda-
mental importance of the identification of patients with 
established atherosclerotic disease (22,23).

However, some issues still remain controversial:  
1. What would be the best test to be carried out?; 2. 
Is there a subgroup of diabetic patients that are more 
prone to CAD?; 3. What is the ideal time for testing? 
All these questions need to be answered in order to op-
timize their cost-benefit ratio and preventing the use of 
sophisticated imaging methods of less applicability for 
routine clinical use in the screening of diabetic patients 
for coronary disease. However, if it is considered that 
virtually all diabetic patients have an intrinsic increased 
cardiovascular risk, so the indication of screening would 
be based in expectation and quality of life of patients.

Diabetic patients with multiple risk factors asso-
ciated with metabolic syndrome, especially with ina-
dequate glycemic control for longer periods should 
be evaluated. In these patients, the use of imaging 
techniques, especially CT angiography proved to be 
most appropriate, sensitive, specific, and safe compa-
red with other functional techniques. The electrocar-
diogram at rest and in effort demonstrate relatively 
low sensitivity and specificity for the diagnosis of co-
ronary ischemia in diabetic patients. The diagnostic 
sensitivity of myocardial perfusion scintigraphy and 
stress echocardiography show good and fairly similar 
results, but they are functional tests that assess ische-
mia triggered by stress and not the anatomy of the 
coronary arteries..

Recently, there has been increasing interest on the 
use of imaging techniques that directly detect arterios-
clerosis, especially MSCT. CS is a method that adds 
prognostic value to CAD prediction, but results cannot 
be assessed alone. MSCT presented the following ad-
vantages: high sensitivity and specificity in the detec-
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Table 1. Summary of the characteristics of the most important methods for diagnosing CAD in DM 2 patients

Diagnostic method Technique Contrast Cost Sens. Spec. Complications Advantages Disadvantages

Conventional angiography Invasive Yes High High High AMI, arrhythmias, 
bleeding, infections, 

stroke

Gold standard Invasive

Ergometric test Noninvasive No Low Low Low Rare: arrhythmias, 
AMI

Low cost Inconclusive results

Myocardial scintigraphy Noninvasive Yes High High High Rare Physical stress or 
pharmacological

Functional test < 
sens | specif MSTC 

Stress echocardiography Noninvasive No Low High High Rare: arrhythmias Low cost Difficulties: obese 
achieve submax HR

Carotid Doppler ultrasonography Noninvasive No Low Low Low No Low cost

 fast

Indirect method No 
standard

Calcium Score Noninvasive Yes High Low Low Rare Noninvasive Indirect method does 
not show percentage 

obstruction

Intravascular ultrasound (IVUS) Invasive No High High High AMI, arrhythmias, 
bleeding, infections, 

stroke

Gold standard 
characterize plates

Invasive

Angiotomography coronary 
(MSTC)

Noninvasive Yes High High High nephrotoxicity Sens/Specif slightly 
lower of angiography

Not applicable in 
obesity and 

arrhythmias; cost

tion of obstructive changes, characterization of athe-
rosclerotic plaques, good predictive power and being a 
non-invasive technique. It has, as limiting factors to its 
routine use, its high cost, patient exposure to radiation, 
and especially the use of potentially nephrotoxic iodi-
nated contrast.

Therefore, the indication and choice of one of seve-
ral methods available for the diagnosis of asymptoma-
tic CAD still depends on major technological advances 
and mainly on conducting further studies to determine 
the role of these new methods in early diagnosis scree-
ning of asymptomatic diabetic patients. The table at the 
end of the article is a summary of this review, showing 
the most important features of each diagnostic method 
discussed above( Table 1).

Which diabetic patient should undergo screening for 
CAD?

In principle, all patients with diabetes, especially tho-
se with poor, long-term glycemic control are at in-
creased cardiovascular risk. However, the presence of 
specific risk factors such as not clinically manifest ma-
croangiopathy, changes in electrocardiography at rest,  
micro-macroalbuminuria, cardiac autonomic neuropa-
thy, and longer duration of diabetes, premature family 
history of CAD (men < 55 years and women < 65 years 
old), obesity, dyslipidemia, smoking, and high blood 
pressure, increase the probability for the patient deve-

lop an acute cardiovascular event regardless of the pre-
sence of coronary symptoms. 

However, since an overall analysis of available stu-
dies do not demonstrate fully conclusive results or have 
limited applicability, the American Diabetes Associa-
tion does not recommend routine screening for CAD 
in asymptomatic diabetic patients for believing that 
survival does not increase in relation to the intensive 
clinical treatment of cardiovascular risk factors. There-
fore, these methods are reserved only for patients with 
typical or atypical cardiac symptoms or abnormal ECG 
at rest (47).

In people with diabetes, the diagnosis of coronary 
artery disease based on clinical symptomatology has lo-
wer reliability. Coronary atherosclerotic plaques deve-
lop early, in a more diffuse and accelerated rate when 
compared with the overall population, therefore a more 
careful screening for CAD in diabetic patients is justi-
fied to improve patient survival.

Commentaries and conclusions from the authors

Diagnosis of CAD is usually not routinely performed 
by general practitioners and endocrinologists in diabetic 
subjects in our country, except when this disease or signs 
symptoms of coronary ischemia is suspected. In these 
cases, resting electrocardiogram or after exercise are the 
most frequently requested test. Due to the high costs, 
lack of availability, and difficulty to set appointments 
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with new imaging tools, only few of patients under-
go testing with more advanced imaging technologies. 
Currently, the most recommended technique for CAD 
screening in these selected patients is myocardial per-
fusion scintigraphy or stress echocardiography because 
they have greater sensitivity and specificity in relation 
to the exercise test. Furthermore, besides the economic 
barrier, invasiveness, high radiation exposure, and po-
tential side effects associated to many of these techni-
ques also limit the wider use of these modern techno-
logies in early detection of CAD. However, the fast and 
continuing observed advances in efficacy and safety, in-
creased ease of use, more efficiency and safety, and lower 
costs of these new imaging methods may enable their 
wider use as diagnostic tools for CAD in the near future.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Determinants of body weight 
regulation in humans 
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ABSTRACT
Body weight is regulated by the ability of hypothalamic neurons to orchestrate behavioral, 
endocrine and autonomic responses via afferent and efferent pathways to the brainstem and 
the periphery. Weight maintenance requires a balance between energy intake and energy 
expenditure. Although several components that participate in energy homeostasis have 
been identified, there is a need to know in more detail their actions as well as their interac-
tions with environmental and psychosocial factors in the development of human obesity. 
In this review, we examine the role of systemic mediators such as leptin, ghrelin and insulin, which 
act in the central nervous system by activating or inhibiting neuropeptide Y, Agouti-related pep-
tide protein, melanocortin, transcript related to cocaine and amphetamine, and others. As 
a result, modifications in energy homeostasis occur through regulation of appetite and energy 
expenditure. We also examine compensatory changes in the circulating levels of several peripheral 
hormones after diet-induced weight loss. Arch Endocrinol Metab. 2016;60(2):152-62
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INTRODUCTION

O besity is a chronic multifactorial disease of com-
plex etiology, resulting from the chronic disrup-

tion between energy intake and energy expenditure, 
involving genetic, environmental, lifestyle, and emo-
tional factors. The body mass index (BMI) calculated 
by dividing weight (in kilograms) by height (in meters) 
squared, is one of the available tools for assessment of 
overall adiposity. The prevalence of overweight, defined 
as BMI between 25 and 29.9 kg/m2 and obesity, as 
BMI greater than or equal to 30 kg/m2 has increased 
progressively in recent decades. Data from the National 
Health and Nutrition Examination Survey (NHANES) 
show that approximately 70% of North American adults 
are overweight and 35% are obese. Obese individuals 
have an increased risk of obesity-related chronic com-
plications and mortality from all causes proportional to 
the increasing of BMI (1). The addition of waist cir-
cumference (WC) to BMI seems to predict a greater 

variance in health risk than does BMI alone (2). In-
creased central adiposity is associated with an increased 
risk of morbidity and mortality (3). In adults with a 
BMI of 25 to 34.9 kg/m2, a WC greater than 102 cm 
(40 in) for men and 88 cm (35 in) for women is associ-
ated with a greater risk of chronic complications (2). 

In this review, we synthesize the main neurohumo-
ral mechanisms involved in the regulation of energy 
metabolism and the evidence for their possible asso-
ciation with the development of obesity. In addition, 
we discuss briefly about compensatory changes in the 
circulating levels of several peripheral hormones after 
weight loss for understanding the physiological basis of 
weight regain after diet-induced weight loss. 

INTEGRATION OF AFFERENT AND EFFERENT 
SYSTEM AND COMPLEX REGULATOR
The appetite control derives from a variety of afferent 
stimuli (afferent pathways) to be processed in the 
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central nervous system (CNS) (processing unit) and 
finally signals the intake and regulates energy store 
(4). Sense organs, humoral signals, nutrients and va-
gals afferents are involved in feeding in the short term 
(5). Processing unit of the CNS includes hypotha-
lamus and brain stem. Efferent system, a complex re-
gulator of appetite and satiety, includes limbic cortex, 
thalamus, brain stem, insula, hippocampus and base 
nuclei that taken together with autonomic thermo-
genic effectors will regulate the energy expenditure 
(Figure 1). The interaction between these compo-
nents finally will result in increased or decreased in 
energy stores. 

AFFERENT SYSTEM: HORMONES SIGNALING 
ENERGY RESERVES 

Role of the adipose tissue

Adipose tissue is the major reservoir of energy in the 
body. In mammals, two types of adipose tissue occur: 
white and brown both directly regulated by the auto-

nomic nervous system (6). Sympathetic innervation is 
mainly related to the catabolic actions, such as lipolysis, 
mediated by β-adrenergic receptor-dependent activity 
of the enzyme hormone-sensitive lipase (6). On the 
other hand, the parasympathetic activation is involved 
in anabolic effects, such as uptake of glucose and fatty 
acids stimulated by insulin (6). 

Recent evidence has shown that the adipose tissue 
also plays an important role in the integration of en-
docrine, metabolic and inflammatory signals to control 
energy homeostasis, through the production of a va-
riety of bioactive proteins, together referred to as “adi-
pokines”, which include: leptin, adiponectin, resistin, 
visfatin, tumor necrosis factor – alpha (TNF-alpha), 
plasminogen inhibitor type 1, among others. Some of 
these are associated with disruption in metabolism and 
obesity and will be described below.

Leptin

Leptin is produced mainly in white adipose tissue 
and its concentration, in normal individuals, is pro-
portional to the amount of adipose tissue, being 

Figure 1. Regulation of energy homeostasis between central nervous system and peripheral signals (adapted 5,47). The determination of body weight 
results from a complex interaction of peripheral signals from the gastrointestinal tract, adipose tissue with the CNS. The hypothalamic control of energy 
homeostasis comes from the ability of hypothalamic neurons to orchestrate behavioral, endocrine and autonomic responses, via afferent and efferent 
pathways to the brain stem and the periphery. In the muscle, peroxisome proliferator activated receptor γ coactivator 1α (PGC-1α) stimulates the 
expression of the membrane protein fibronectin type III domain containing 5 (FNDC5), which is proteolytically cleaved to form irisin, a myokine that drives 
the transformation of white fat cells into brite cells, an effect known as “browning” of subcutaneous adipose tissue. AgRP: Agouti-related peptide; CART: 
co-caine and amphetamine regulated transcript; CCK: cholecystokinin; GLP-1: glucagon like-peptide 1; MC4R: melanocortin 4 receptor; NPY: neuropeptide y; 
POMC: pro-opiomelanocortin; PYY: peptide YY.
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higher in subcutaneous adipose tissue compared 
to visceral tissue (7). Leptin, which is stimulated by 
insulin, acts by inhibiting the release of neuropep-
tide Y (NPY)/Agouti-related peptide (AgRP), and 
through increased activation of neurons of the ar-
cuate nucleus (ARC) of the hypothalamus that ex-
press the pro-opiomelanocortin (POMC) (8). Thus, 
the NPY/AgRP neurons are thought to constitute a 
potent feeding system that is actively opposed by the 
POMC/cocaine and amphetamine regulated trans-
cript (CART) satiety system (9). Leptin also stimula-
tes other anorexigenic peptides such as corticotro-
pin releasing hormone (CRH) and CART, resulting 
in catabolic effects of prolonged action and decrea-
sed food intake with increased energy expenditu-
re (9). In polygenic obesity, increased leptin levels 
suggest resistance to its anorexigenic effects. It is 
likely that a failure in its production and/or action 
on its hypothalamic receptor could lead to a positi-
ve energy balance, generating hyperphagia and seve-
re obesity (10). In human or animal obesity models 
with lack the leptin receptor or ligand, high leptin le-
vels do not inhibit the feeding; its absence is a strong 
stimulus to induce feeding though (9). This can be 
considered an evolutionarily advanta geous system as 
it allows for excess energy storage when resources 
are transiently available but drives feeding behav ior 
under more limiting conditions (11). However, lep-
tin sign aling becomes maladaptive under obesogenic 
environment with easy access to highly palatable and 
energy dense foods.

Visfatin

Visfatin is an adipokine highly expressed in visceral fat 
that has been associated to numerous proinflamma-
tory effects and glucose homeostasis (12). Obesity and 
type 2 diabetes mellitus (T2DM) were associated with 
elevated circulating plasma visfatin in meta-analysis of 
observational studies (13). It has been suggested that 
visfatin is significantly increased during the process of 
adipogenesis, being involved in adipocyte differentia-
tion and proliferation (14). Its elevated plasma levels in 
association with insulin resistance and T2DM are pro-
bably a consequence of the hyperglycemic milieu (13). 
Its exact biological action remains uncertain being ne-
cessary further investigation to clarify the connection 
between visfatin, and pathologic conditions as obesity 
and T2DM (13).

Adiponectin

Adiponectin appears to play an important role in the 
modulation of glucose and lipid metabolism in insu-
lin sensitive tissues, both in animals and humans mo-
dels (15). Its production is stimulated by peroxisome 
proliferator-activated receptor gamma (PPAR-gamma) 
and inhibited by catecholamines, and TNF-alpha (16). 
It acts systemically through two receptors, adipo-R1 
and adipo-R2 (expressed in muscle tissue and in hepa-
tocytes, respectively), increasing sensitivity to insulin, 
reducing hepatic glucose production and stimulating 
fatty acid oxidation (16). In humans, plasma adipo-
nectin levels are significantly lower in states of insulin 
resistance, including type 2 DM (17). Two loci related 
to metabolic syndrome components were identified in 
the same chromosome (3q27) where the adiponectin 
gene is located, reinforcing the role of this hormone in 
obesity (18). The fact that obesity is characterized by a 
state of adiponectin deficiency makes this an interesting 
target for possible therapeutic interventions.

Resistin

The main biological effects of resistin are associated 
with increases in blood glucose levels and obesity in 
some animal models, partially explained as a conse-
quence of increased hepatic glucose production (19). 
In humans,  resistin reduces insulin-stimulated gluco-
se uptake in isolated adipocytes. The mechanisms un-
derlying these effects remain unclear, although data 
aim to the suppression of AMP-activated protein kina-
se (AMPK) activity by resistin, primarily in the liver, 
due to activation of cytokine stimulation-3 suppressor. 
The pheno types of humanized resistin transgenic mice 
suggest similar roles of murine and human resistin in 
insulin resistance (20). Elevated resistin levels are as-
sociated with greater risk for type 2 DM, increased in-
flammatory markers and atherosclerosis (21). 

Role of the intestine

In the gut, chemo and mechano-receptors give informa-
tion about the amount of nutrients that is tempora rily 
stored in the gastrointestinal tract (8). In the stomach, nu-
trients are perceived by vagal stretch and sensors present 
in the gastric mucosa (8). Moreover, intestinal peptides, 
stimulated by food intake, mediate satiety centers in the 
brain stem. Signals received by the brain stem centers to 
regulate long term weight use neural connections with 
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the hypothalamus to regulate total daily intake, by ad-
justing the size of the meals, their number or both (22). 

Ghrelin

Ghrelin is a potent orexigenic hormone that stimulates 
food intake (10). The stomach is the primary site of 
ghrelin, although lower concentrations may be found 
in other organs as small intestine and hypothalamus 
(10). It is likely that this peptide is responsible for the 
start of a meal. Its levels are elevated one to two hours 
before the meal, and are decreased soon after (23). Its 
orexigenic action results from activation of NPY/AgRP 
neurons in the ARC (10). The pharmacological blocka-
de of ghrelin receptors in these neurons attenuates food 
intake in rodents (24). The exogenous administration 
of ghrelin is associated with increased food intake, re-
duced resting energy expenditure and catabolism in the 
adipose tissue (25). 

Glucagon like-peptide 1 (GLP-1)

GLP-1, derived from the proglucagon gene, is the pro-
totypical incretin hormone. GLP-1 release is triggered 
by ingestion of carbohydrates, fats, and protein and 
seems to reflect, at least in part, the direct sensing of 
luminal nutrients by the apical processes of the intesti-
nal L-cells and the hindbrain, primarily in the nucleus 
of the solitary tract (26). GLP-1 acts as satiety signals 
through the GLP-1 receptor (GLP-1R). GLP-1R can 
also be stimulated exogenously via long lasting GLP-1 
analogs (27). In humans, peripheral GLP-1 administra-
tion to normal and diabetic subjects induces satiety and 
reduces food intake in short term studies (28). Chronic 
continuous GLP-1 administration to human diabetic 
subjects was associated with modest weight loss (28). 
The effects of GLP-1 on appetite may be mediated in 
part via inhibition of gastric emptying and also reflect 
direct effects of GLP-1 on satiety and induction of 
taste aversion (29). GLP-1R stimulation reduces food 
reward behavior (28). Peripherally, GLP-1 stimulates 
lipolysis, adiponectin expression and increases thermo-
genesis with increased energy expenditure (30). 

Peptide YY (PYY)

PYY is released in the gastrointestinal tract in the pos-
tprandial period. It is important in prompting the end 
of the meal (8). It acts by inhibiting the activity of neu-
rons NPY/AgRP and stimulating POMC/CART in 
the ARC of the hypothalamus. Infusion of PYY at phy-

siological doses results in inhibition of gastric emptying 
and gastric acid and pancreatic exocrine secretion (31). 
These effects are mediated by direct action of PYY on 
the dorsal vagal complex (31). The peripheral adminis-
tration of pharmacological doses of this peptide seems 
to have a short anorectic effect in humans, suggesting 
that PYY functions as a satiety factor (32). The mecha-
nisms underlying the action of PYY in reducing food 
intake have not been fully elucidated. Its contribution 
in long term regulation of energy deposits, however, 
needs to be better evaluated. 

Cholecystokinin (CCK)

CCK is released approximately 15 min after meal initia-
tion by the presence of lipids and proteins, inducing ano-
rectic effect by vagal afferent pathways (33). There are se-
veral known bioactive forms of CCK, such as CCK-8 and 
CCK-58 and two types of CCK receptors, CCKA and 
CCKB (33). CCKA (also known as CCK1) seems to play 
a more important role in food intake regulation. CCK 
regulates short term feeding behavior in mice through 
selectively satiation, namely, the termination of eating 
at meal end (34). Deficits in  satiation signaling during 
obesogenic feeding have been proposed to play a role in 
hyperphagia and weight gain in animals prone to become 
obese. The effects of CCK on suppression of food intake 
of high fat fed obese prone and resistant rats and its role 
on lipid-induced  satiation was recently examined (35). 
Obese prone rats have reduced feeding responses to 
exogenous CCK and have deficits in endogenous CCK 
signaling compared to resistant rats (35). These results 
suggest that high fat feeding leads to impairments in li-
pid-induced CCK satiation signaling in obese-prone rats, 
potentially contributing to hyperphagia and weight gain. 
Moreover, to evaluate CCK function on meal size and 
intermeal interval, CCK was injected in experimental ro-
dents during every spontaneous meal by intraperitoneal 
catheters with extended of both (36). However, the ab-
sence of CCK signaling seems has no effect on long term 
energy homeostasis. The influence of exogenous CCK-8 
on satiety effect was first reported in obese humans in 
1982 and revealed that subjects stopped eating sooner 
during CCK-8 administration, even though maintaining 
the same eat rate (37). Studies have been shown that in 
lean individuals, the increase in postprandial CCK levels 
is high and fast, which may result in earlier occurrence of 
satiation, while in obese individuals, postprandial CCK 
levels remain increased for longer (38). 
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Insulin

Insulin is a circulating afferent signal, whose concen-
trations increasing with BMI, with many central effects 
similar to leptin (10). Mice without insulin receptors in 
the CNS develop hyperphagia and fat deposition, while 
insulin agonists exert the opposite effect (39). In view 
of insulin and leptin regulate body weight via negative 
feedback, the exogenous administration of these hor-
mones would presumably promote weight loss (10). 
However, obese individuals become resistant to insulin 
and leptin, and remain hyperphagic despite high circu-
lating levels of both hormones (40). Researchers have 
attempted to elucidate the mechanisms associated with 
resistance to the action of these hormones, as well as 
to develop more effective agonists of leptin and insulin 
analogues with selective action in the CNS, without pe-
ripheral anabolic effects (10). 

Central circuits: regulation of energy homeostasis

The regulation of energy homeostasis occurs through 
interconnection between a wide variety of signals from 
the gastrointestinal tract, via either sensory afferents or 
via circulation, at the dorsal vagal complex to multiple 
brain circuits to affect autonomic neuronal pathways 
and endocrine organs (41). This interaction will result 
in appetite control, in satiety, defined as sensation of sa-
tisfaction or fullness, and in the pleasure associated with 
food, related to palatability and reward derived from 
food (9).

The hypothalamus and the brain stem act as the two 
main centers, which receive and integrate peripheral 
signals that then cross-regulate each other and com-
municate with higher brain regions such as the anterior 
forebrain mesolimbic reward system (22). Peptides can 
regulate both appetite and energy expenditure as neu-
rotransmitters can act in an even more complex way, 
through multiple receptors. Its effects may vary accor-
ding to the anatomical region involved (42). A sum-
mary of the principal peptides and neurotransmitters 
involved in the regulation of body weight are presented 
in Table 1.

Hypothalamus

Within the hypothalamus, several hypothalamic sites 
are thought to be key in regulating energy homeos-
tasis. The ARC of the hypothalamus contains two po-
pulations of neurons that continuously monitor signals 
reflecting energy status and promote the appropriate 

behavioral and metabolic responses to changes in ener-
gy demand. Neurons making POMC decrease food 
intake and increase energy expenditure through acti-
vation of G protein-coupled melanocortin receptors 
(MCR) via release of alpha-melanocyte-stimulating 
hormone (α-MSH) (Figure 1) (43). AgRP acts anta-
gonizing the action of α-MSH at the melanocortin 4 
receptor (MC4R). Overexpression of AgRP can lead to 
obesity (44). MC4R is widely found in the hypothala-
mus and activation of this receptor by α-MSH reduces 
food intake (45). Deletions or mutations in the MC4R 
are associated with obesity. It is estimated that 5% of 
cases of early-onset and severe obesity are the result of 
heterozygous mutations of MC4R (46). 

Neurons expressing orexigenic neuropeptides as 
NPY, AgRP, MCH neurons act increasing feeding 
and decreasing energy expenditure primarily by oppo-
sing the anorexigenic/catabolic actions of the POMC 
through both via competitive inhibition of melanocor-
tin tone at the postsynaptic level and via direct inhibi-
tion of POMC (43). The opposite does not occur, fa-
voring dietary intake and decreased energy expenditure 
in the absence of reciprocal inhibition of the POMC 
system on the NPY/AgRP.

Two neuropeptides are expressed by neurons in the 
lateral hypothalamus: melanin-concentrating hormone 
(MCH) and orexins (42). MCH stimulates appetite, 
possibly induced by the flavor of foods (47). The MCH 
producers neurons in the lateral hypothalamus are pro-
jected to the centers of smell and other areas of cerebral 
cortex, being inhibited by MSH producers neurons and 
neurons stimulated by NPY/AgRP (47). Orexins have 
secondary effects on food intake (42). The exact sites 
targeted by MCH neurons and orexins for induction of 
feeding behavior remains being determined. 

Brain stem

The brain stem is classically understood as the center for 
detection and response to hunger/satiety signals (47). 
The dorsal vagal complex is comprised of the nucleus 
of the solitary tract (NST), the dorsal motor nucleus of 
the vagus (vagal motor neurons) and the area postrema. 
Sensory afferent signals carried by glossopharyngeal 
and vagus nerves include indications of taste, gastric 
stretch, and levels of glucose and lipids in the liver and 
portal vein. This information is relayed to the dorsal 
motor nucleus of the vagus, located ventrally to the 
NTS, which is the primary site of motor effectors into 
the intestine (47). 
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Table 1. Summary of key peptides and neurotransmitters involved in the regulation of body weight 

Production site Stimulation of 
production

Production 
inhibitors Action

Effects on the 
regulation of 

hunger
Effects on EE

Afferent system

Leptin Adipose tissue Postprandial period

Insulin

Fast Inhibition of NPY/
AgRP

Increased release of 
α-MSH, CRH and 

CART

Anorexigenic action Increases

Ghrelin Stomach, primarily Fast

Preprandial period

Postprandial period Activation of NPY/
AgRP

Orexigenic action Decreases

GLP-1 Small intestine Postprandial period Fast Increases secretion 
of insulin-dependent 

glucose

Increases fatty acid 
synthesis

Anorexigenic action No effect

Insulin Pancreas Postprandial period Overnight fast

Preprandial period

Production of 
catabolic 

neuropeptides

Anorexigenic action 
in the CNS

No effect

Central nervous system 

NPY Arcuate nucleus of  
MH

Fast

Ghrelin

Leptin

Glucose

Increases food 
intake

Increases 
lipogenesis in 

animals

Orexigenic action Decreases

AgRP Arcuate nucleus of  
MH

Fast

Ghrelin

Leptin Antagonizes the 
effects of MC4R

Orexigenic action Decreases

MCH LH Flavor of foods MSH-producing 
neurons

Uncertain

Probable link with 
the NAc

Orexigenic action No effect

α-MSH Arcuate nucleus of  
MH

Leptin AgRP Agonist for the 
MC4R

Anorexigenic action Increases

Efferent system

Irisin Myocytes Exercise Unknown Induces “browning” 
of the SAT by 
increasing the 

expression of UCP1

No direct effect on 
hunger

Increases

Serotonin/ 
Norepinephrine

Autonomous nervous 
system

Environmental 
factors: low 

temperatures, diet

Weight loss Increases 
sympathetic activity

Thermogenesis

Lipolysis in adipose 
tissue

Anorexigenic action Increases

Thyroid hormones Thyroid Exposure to cold

Fever

High calorie diet

Critical illness  
Caloric restriction

Drugs

Regulates obligatory 
and adaptive 

thermogenesis

Modulates appetite 
according to the 
state of hyper or 
hypothyroidism

Increases

AgRP: Agouti-related peptide protein; α-MSH: alpha-melanocyte-stimulating hormone; CART: cocaine and amphetamine regulated transcript; CNS: Central Nervous System; CRH: corticotropin 
releasing hormone; EE: energy expenditure; GLP1: glucagon like-peptide 1; LH: lateral hypothalamus; MC4R: melanocortin 4 receptor; MCH: melanin-concentrating hormone; MH: medial 
hypothalamus; NAc: Nucleus accumbens; NPY: neuropeptide Y; SAT: subcutaneous adipose tissue; UCP1: uncoupling protein 1.
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EFFERENT SYSTEM: REGULATION OF ENERGY 
EXPENDITURE, EFFERENT AUTONOMIC AND 
ENDOCRINE SYSTEMS

Energy expenditure 

Ultimately, obesity results from an imbalance between 
energy input and energy output. Energy expenditure 
comprises combustion of substrates by oxygen and bo-
dy’s work and is divided into four types: (1) obligatory 
thermogenesis, related to cellular metabolism, functio-
ning of organs, maintenance of the body’s vital func-
tions; (2) postprandial thermogenesis, or the thermal 
effect of food; (3) thermogenesis resulting from phy-
sical activity; and (4) adaptive thermogenesis (48). It 
has been postulated that a deficit in energy expenditure 
could contribute to the storage of triglycerides leading 
to obesity.

The obligatory thermogenesis is also referred to as 
resting energy expenditure or resting metabolic rate 
(RMR), representing approximately 70% of energy ex-
penditure (42). Most studies do not support the in-
volvement of a defect in RMR in the development of 
obesity. Obese individuals usually have greater RMR 
than lean persons because greater lean and adipose tis-
sue cell mass excess (49). Ravussin and cols. concluded 
that the most important factor determining both the 
increased RMR and energy expenditure during 24 h in 
obese when compared to control subjects is the incre-
ased free fat mass (49). Some studies, however, have 
shown that a low energy expenditure could play a role 
in energy imbalance and obesity. A longitudinal study 
showed that a low rate of energy expenditure adjus-
ted for body composition could be a predictor of wei-
ght gain in population prone to obesity (50). Another 
prospective study evaluated the energy metabolism and 
weight changes in Pima Indians, one of the most obese 
populations in the world (51). In this study, both to-
tal caloric intake and RMR were significantly associated 
with changes in weight in an average period of four ye-
ars. Weight loss is associated with a reduction in energy 
expenditure that is out of proportion to changes in lean 
body mass, and it appears to persist indefinitely as long 
as the reduced weight is maintained (52). 

The oxygen consumption increased (approximately 
50 kcal to 100 kcal over a period of 4 hours to 8 hours) 
after the ingestion of food is named thermic effect of 
food (53). There are many factors that can influence 
it, as meal size, composition meal, physical activity and 

stands out the insulin resistance. In animal models, the 
association between obesity and decreased sympathetic 
nervous system (SNS) activity has consistently been 
found (53). The normal response (increased oxygen 
consumption) to a high fat diet is absent in mice wi-
thout β-adrenergic receptor (53). In humans, it is like-
ly that obese subjects have smaller but potentially im-
portant reduction in thermic effect of food from the 
insulin resistance and attenuated SNS activity (53). 

The most variable part of energy expenditure is 
that corresponding to physical activity: exercise and 
non-exercise activity thermogenesis, which includes 
involuntary activities such as spontaneous muscle con-
tractions, maintaining posture and involuntary move-
ments, both representing 20% of energy expenditure 
(47). Physical activity has short and long-term effects 
on energy expenditure. Acutely, it induces an increase 
in oxygen consumption (47). Irisin levels are increased 
in response to acute exercise as described in the sec-
tion “Role of muscle tissue”. In addition, it may have 
long-term effects on RMR, which may be promoted by 
stimulants of adaptive thermogenesis, as excess calories 
(42). It is unknown whether obese persons expend less 
total energy on daily physical activity than lean indivi-
duals do or if they are less active (54). Obese persons 
expend the same amount of energy as lean persons to 
perform the same amount of work during non–weight 
bearing activity (42). However, during weight-bearing 
activities, obese persons expend more energy than lean 
ones because more work is required to carry their grea-
ter body weight (55). It is estimated that in obese per-
sons, the energy deficit created by exercise is usually 
much less and requires more effort than the energy de-
ficit created by a reduced-calorie diet (47). 

Adaptive thermogenesis corresponds to changes in 
energy expenditure as a function of thyroid hormones 
administration, exposure to cold and food intake, 
and accounts for 10% of energy expenditure (48). 
Thyroid hormones play a critical role in both obliga-
tory and adaptive thermogenesis. In complete absen-
ce of thyroid hormone, RMR could be reduced by at 
least 30% (56). In response to an environment with 
low temperature, the SNS encourages a thermogenic 
response of brown adipose tissue with rapid increase 
in T3 levels. Although thyroid hormones are critical 
for the regulation of RMR and adaptive thermoge-
nesis, their effects on weight in the absence of di-
seases such as hyper or hypothyroidism are difficult 
to determine. The effects of administration of daily 
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injections of T3 or GC-1 (a synthetic analogue, selec-
tive for the β type thyroid receptor) at equimolar do-
ses, for 6 weeks, on different metabolic parameters 
were assessed in rodents (57). In this study, animals 
treated with T3 or GC-1 lost 70% and 20% of the fat 
mass, respectively, compared to controls, which gai-
ned 80% of fat mass, with no difference in the gain of 
fat-free mass. The development of synthetic analo-
gues of thyroid hormones with selective effect on the 
RMR, adaptive thermogenesis and metabolic profile, 
without side effects on other organs, is a promising 
area in the treatment of obesity (57).

The brown adipose tissue regulates energy expen-
diture through adaptive thermogenesis, a process that 
results in heat production by mitochondria to maintain 
normal body temperature. The activity of brown adi-
pose tissue increases during childhood and adolescen-
ce, reaching a peak at 13 years of age, with a tendency 
to decrease progressively with increased age (58). The 
brown adipose tissue was not previously associated 
with thermogenesis in adults. However, observational 
studies using positron emission tomography and com-
puterized tomography with 18F-fluorodeoxyglucose 
have shown the presence of metabolically active brown 
adipose tissue in healthy adults when exposed to cold 
(59). Thus, the activation of brown adipose tissue may 
be an important component of energy expenditure 
stimulated by cold in adults. Moreover, the activity of 
brown adipose tissue is inversely related to BMI, age 
and percentage of body fat (58). 

Irisin

Irisin is secreted by myocytes and appears to mediate 
the beneficial effects of exercise on metabolism. Irisin, 
secreted into the blood as a product of fibronecting 
type III domain containing 5 (FNDC5), is induced 
by exercise and stimulates the transformation of whi-
te adipose tissue into brown adipose tissue, an effect 
known as “browning” of subcutaneous adipose tissue, 
by increasing the expression of uncoupling protein 1 
(UCP1, thermogenin) (60). This effect leads to in-
creased energy expenditure, potentially reflected in the 
reduction of body weight and the incidence of type 2 
DM. Böstrom and cols. examined the effect of exercise 
on FNDC5 expression in the skeletal muscle of mice 
after 3 weeks of resistance exercise (60). There was a 
significant increase in both FNDC5 and plasma levels 
of irisin, resulting in improved glucose tolerance and 

reduced weight of mice submitted to exercise (60). Si-
milar to what occurs in mice, the gene is expressed in 
the muscle of humans (61). Although irisin is identical 
in humans and rodents, the reproducibility of the ef-
fects of different stimuli in rodents is still doubtful in 
humans. Since that formation of brown adipose tissue 
has shown antidiabetes and antiobesity effects in both 
murine and human models, administration of analo-
gues of irisin is a potentially attractive therapeutic target 
for metabolic disorders, especially in patients unable to 
perform physical activity (62).

Efferent autonomic

Regarding the contribution of the SNS, several neuro-
peptides, monoamines and drugs involved in the modu-
lation of food intake and energy storage have reciprocal 
effects on sympathetic activity and adaptive thermoge-
nesis (63). Both serotonin and norepinephrine reduce 
food intake and increase sympathetic activity (63). Mice 
expressing no adrenergic receptors develop severe obe-
sity due to impaired diet-induced thermogenesis (63). 
Decreased SNS activity has been described in humans 
with obesity (63). Reduced sympathetic activity plays 
an opposite role in the adipose tissue: in white adipose 
tissue, there is a recruitment of new adipocytes that will 
result in hypertrophy and overdevelopment this cell; in 
the brown adipose tissue, an decrease in SNS activity 
will result in an overall decreased thermogenesis by two 
ways: decreasing the amount and activity of UCP1 and, 
decreasing the number of brown adipocytes (6). 

GUT MICROBIOTA

Dietary habits are considered one of the main factors 
that contribute to the diversity of human gut micro-
biota (64). Microbial changes in the human gut have 
been proposed as another possible cause of obesity 
(65). Many studies have reported shifts in the relative 
abundance of bacterial communities in the gut micro-
biota of obese relative to normal-weight individuals, 
and each study has attempted to link obesity with a spe-
cies- or genus-specific composition profile of the gut 
microbiota (64). Meta-analyses revealed no difference 
in the Bacteroidetes concentrations between obese and 
normal weight humans (66). Other meta-analyses re-
vealed that obese subjects present less Firmicutes, Bifi-
dobacteria and Methanobrevibacter spp. than nonobese 
subjects do in their gut flora (8). However, it is still 
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poorly understood how the dynamics and com position 
of intestinal microbiota are affected by diet or other li-
festyle factors. It is believed that gut microbiota could 
affect body weight in experimental animals (and proba-
bly in humans) by several mechanisms, including effects 
on energy metabolism, low-grade inflammation, and 
altered gut permeability (67). Further studies should 
be conducted to clarify how gut microbial communities 
normally operate, and how they may be altered by pro-
biotic, prebi otic, and antibiotic interventions to pro-
mote weight loss (64). 

SHORT AND LONG-TERM PERSISTENCE OF 
HORMONAL ADAPTATIONS TO WEIGHT LOSS

After a period of weight loss induced by dieting, the 
body lay hold on to a series of adjustments in order to 
restrict the weight loss and prevent starvation. Calorie 
restriction induces compensatory short and long term 
mechanisms that will promote regain weight in most 
patients in treatment. The extremely high failure rate 
(> 80%) to keep the reduced weight after successful 
weight loss is due to adaptation processes of the body 
to maintain body energy stores (68). Increased hunger 
and decreased satiety are secondary to increased ghrelin 
following weight loss (69). Moreover, significant and 
persistent reductions in energy expenditure as well as 
reductions in anorexigenic hormones as leptin appear to 
persist for at least one year following weight reduction 
and may remain altered indefinitely in a manner that 
promotes increased energy intake and ultimately weight 
regain (69). As previously documented, obese indivi-
duals undergoing weight loss through diet exhibit an 
approximate 28% decrease in energy expenditure (70). 

CONCLUSION

The determination of body weight results, ultimately, 
from a complex interaction of peripheral signals invol-
ving the gastrointestinal tract, adipose tissue and muscle 
with the CNS. The increasingly detailed mapping of ef-
fector pathways that regulate body weight in response to 
afferent information from peripheral adiposity signals has 
produced a series of targets for new anti-obesity drugs. 
Although several components that participate in ener-
gy homeostasis have been identified, there is a need to 
know further details about their actions as well as their 
interactions with environmental and psychosocial factors 
in the development of human obesity. For most obese 

persons, negative energy balance is more readily achie-
ved by decreasing food intake than by increasing physical 
activity. Therefore, dietary intervention is considered the 
cornerstone of weight-loss therapy. Weight-loss diets ge-
nerally involve modifications of energy content and ma-
cronutrient composition. However, the degree of weight 
loss achieved primarily depends on the energy content, 
rather than the relative macronutrient composition of 
the diet. Since the adaptive biologic responses to weight 
loss are prone to promote energy accumulation, indivi-
duals must restrict energy intake and increase energy ex-
penditure indefinitely to avoid weight regain.
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Central precocious puberty: 
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ABSTRACT
Clinical and laboratory diagnosis and treatment of central precocious puberty (CPP) remain chal-
lenging due to lack of standardization. The aim of this revision was to address the diagnostic and 
therapeutic features of CPP in Brazil based on relevant international literature and availability of the 
existing therapies in the country. The diagnosis of CPP is based mainly on clinical and biochemical 
parameters, and a period of follow-up is desirable to define the “progressive” form of sexual precoc-
ity. This occurs due to the broad spectrum of pubertal development, including isolated premature 
thelarche, constitutional growth and puberty acceleration, progressive and nonprogressive CPP, and 
early puberty. Measurement of basal and stimulated LH levels remains challenging, considering that 
the levels are not always in the pubertal range at baseline, short-acting GnRH is not readily available 
in Brazil, and the cutoff values differ according to the laboratory assay. When CPP is suspected but 
basal LH values are at prepubertal range, a stimulation test with short-acting or long-acting monthly 
GnRH is a diagnostic option. In Brazil, the treatment of choice for progressive CPP and early puberty 
is a long-acting GnRH analog (GnRHa) administered once a month or every 3 months. In Brazil, for-
mulations of GnRHa (leuprorelin and triptorelin) are available and commonly administered, includ-
ing 1-month depot leuprorelin 3.75 mg and 7.5 mg, 1-month depot triptorelin 3.75 mg, and 3-month 
depot leuprorelin 11.25 mg. Monthly or 3-month depot GnRHa are effective and safe to treat CPP. Arch 
Endocrinol Metab. 2016;60(2):163-72

Keywords
Precocious puberty; sexual maturation; gonadotropin-realising hormone; luteinizing hormone; long-acting GnRH analog

INTRODUCTION

P uberty is a period of physical, hormonal, and psy-
chological transition from childhood to adult-

hood, with accelerated linear growth and achievement 
of reproductive function. It is a complex and multifac-
torial process that includes genetic, metabolic, environ-
mental, ethnic, geographic, and economic factors and 
results in reactivation of the hypothalamic-pituitary-go-
nadal (HPG) axis. An effective pubertal onset requires 
pulsatile hypothalamic secretion of GnRH stimulating 
the secretion of gonadotropins by the anterior pituitary 
gland (LH = luteinizing hormone and FSH = follicle-
stimulating hormone). Gonadotropins stimulate the 
gonads and exert a negative feedback effect on the hy-
pothalamus, whereas gonadal steroids (T = testoster-
one, produced by the testis, and E2 = estradiol, pro-
duced by the ovaries) inhibit both hypothalamus and 

anterior pituitary gland. This process is named gonad-
arche (1-3).

Gonadarche is often preceded by adrenarche, a 
process ACTH-independent (adrenocorticotropic hor-
mone) and responsible for the secretion of androgens 
(DHEA = dehydroepiandrosterone and DHEAS = 
DHEA sulfate) by the adrenal zona reticularis. Adrenar-
che is clinically characterized by development of axillary 
odor, pubic hair, and skin oiliness, whereas in gonadar-
che the initial clinical manifestation is thelarche in girls 
and a bilateral increase in testicular volume in boys (4).

The classical definition of precocious puberty is the 
development of secondary sexual characteristics before 
the age of 8 years or menarche before the age of 9 years 
in girls and any secondary sexual characteristic before 
the age of 9 years in boys. However, recent epidemiolo-
gical studies have suggested that the initial pubertal age 
is decreasing mainly in girls (5-7), but also in boys (8,9).
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CLASSIFICATION OF PRECOCIOUS PUBERTY

Precocious puberty is classified according to the un-
derlying physiopathological process (10) in:

• Variants of normal pubertal development: iso-
lated forms of thelarche, pubarche, or vaginal 
bleeding due or not to a hormonal etiology;

• Central precocious puberty (CPP), gonadotro-
pin-dependent precocious puberty, or true preco-
cious puberty: early maturation of the HPG axis;

• Peripheral precocious puberty, or gonadotro-
pin-independent precocious puberty, or pseu-
doprecocious puberty: excessive secretion of 
gonadal sex hormones or adrenal hormones 
from a genetic or tumoral etiology, germ cell 
tumors secreting hCG (human chorionic go-
nadotropin – exclusively in boys), or an exoge-
nous source.

PARTICIPANTS AND OBJECTIVE

There were 6 participants chosen for their expertise in 
pediatric and adult endocrinology. Therefore, a meeting 
was organized in Sao Paulo, Brazil, in October 2015, 
with representation from Brazilian Society for Endocri-
nology and Metabolism and Brazilian Pediatric Society, 
Departments of Pediatric Endocrinology, to examine 
current data relevant to the diagnosis and therapeutic 
management of children with CPP. This revision pre-
sents a summary of essential issues on this topic.

The aim of this revision was to address the diagnosis 
and therapeutic management of CPP based on relevant 
international literature and availability of the existing 
medications in Brazil.

CENTRAL PRECOCIOUS PUBERTY

Etiology

The main etiologies of CPP are listed in Table 1 (10-
15). Idiopathic CPP represents 90% of the cases in girls, 
whereas organic etiologies are more frequent (60% to 
70%) in boys. However, these epidemiological data are 
currently being revised with the new genetic and ima-
ging diagnostic methods (8).

Clinical diagnosis

From a clinical standpoint, puberty onset and rate of 
progression are determined by the observation of phy-
sical changes. In girls, estrogen determines the deve-

lopment of breasts, enlargement of labia majora and 
minora, and increase and redistribution of body fat 
predominantly in the hips. Another important aspect 
is the estrogenization of the vaginal epithelium, with 
acidification of the vaginal pH and mucus discharge. In 
response to testosterone, boys present testicular, penile, 
and cricoid cartilage growth (leading to voice change), 
facial hair development, changes in body fat distribu-
tion, and increase in muscle mass. In 40% of the boys, 
transient pubertal gynecomastia may occur. In both 
genders, development of pubic hair is associated with 
adrenarche (10,16-19). The stage of female and male 
pubertal development is determined by Marshall and 
Tanner’s classification (20,21).

To evaluate a patient with precocious puberty, the 
clinician must know the normal chronology of pubertal 
events and growth rate, and the progression of bone 
maturation (Figure 1) (22). A progression from one 
stage to another in less than six months and a height 
velocity above 6 cm/year characterize a progressive 
condition. Height, weight, and height velocity should 
be plotted in reference curves, and height is generally 
found to be above the familial pattern (10,16-19).

The main objective of evaluating patients with pre-
cocious puberty is to identify benign conditions from 
others caused by diseases like tumors, which require 

Table 1. Etiologies of central precocious puberty

Idiopathic

Genetic causes

Activating mutations in the KISS1R and KISS1 genes

Inactivating mutations in the MKRN3 gene (familial CPP)

Chromosomal abmormalities

Secondary to chronic exposure to sex steroid hormones (late treatment of 
simple virilizing congenital adrenal hyperplasia, following ressection of tumors 
secreting sex steroid hormones, testoxicosis, McCune-Albright syndrome) or 
endocrine disruptors

International adoption

CNS abnormalities

Hypothalamic hamartoma

Tumors: astrocytoma, ependymoma, optic or hypothalamic glioma, 
LH-secreting adenoma, pinealoma, neurofibroma, non-hCG secreting 
dysgerminoma, craniopharyngioma*

Other congenital malformations: suprasellar cyst, arachnoid cyst, septo-optic 
dysplasia, hydrocephalus, spina bifida, vascular malformation, 
meningomyelocele, ectopic posterior pituitary lobe, pituitary duplication

Acquired diseases*: inflammatory processes (abscess, meningitis, 
encephalitis, sarcoidosis, tuberculosis), radiation, perinatal asphyxia, trauma

CNS: central nervosus system. * May also progress to pituitary dysfunction.
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immediate and objective management. Patients with 
the following characteristics must always be evaluated:

• Early onset and/or accelerated development 
of secondary sexual characteristics in both gen-
ders;

• Height velocity above the expected value for 
gender and age and/or height above the fami-
lial genetic channel.

The clinical history must always be the initial diag-
nostic step, and investigation should include the birth 
conditions, history of perinatal trauma, previous infec-
tions, accidental ingestion of drugs, and use of creams 
or ointments. It is also very important to identify prior 
neurological diseases and information such as the oc-
currence of headache and psychological, visual, or appe-
tite changes. The age at onset of signs and symptoms is 
not helpful in differential diagnosis. However, clinical 
manifestations below the age of 4 years suggest orga-
nic etiologies, particularly hypothalamic hamartomas. 
Information about family history, including the age at 
pubertal onset and similar cases in the family, may be 
useful in the diagnosis of familial CPP (10,16-19).

The physical examination must include informa-
tion about height, weight, and pubertal stage. In girls, 
the differential diagnosis of CPP may be challenging 
because the spectrum of pubertal development is very 
broad and includes isolated premature thelarche, cons-
titutional growth and puberty acceleration, progressive 
and nonprogressive CPP, and early puberty (develop-

10 11 12 13 14 15 16 17

2 3 4 5

Event

Growth velocity

Menarche

Breast

Hair

10 11 12 13 14 15 16 17

2 3 4 5

2 3 4 5

Event

 Growth velocity

Penis

Testes

Hair

1 5

Age (years) Age (years)

± 2 years ± 2 years

Female Male

Figure 1. Chronology of sexual maturation and growth spurt during puberty in both genders according to Marshall & Tanner (20,21) stages. Adapted from 
Tanner (22).

ment of secondary sexual characteristics between the 
ages of 8 and 9 years in girls and 9 and 10 years in 
boys) (23,24). In boys, testicular development is of-
ten indicative of activation of the HPG axis, whereas 
in peripheral puberty, penile growth occurs without 
concomitant testicular development, or the size of the 
testis is disproportional to the virilization of the geni-
talia. Other important assessments during physical exa-
mination that may help in the differential diagnosis of 
idiopathic and neurogenic CPP include neurological 
examination, measurement of head circumference, and 
funduscopic evaluation. The physical examination must 
also investigate the presence of neurofibromas and  
café-au-lait spots with regular edges, which are sug-
gestive of type 1 neurofibromatosis and related to CPP 
(associated with optic glioma). Café-au-lait spots with 
irregular and often jagged edges may indicate the diag-
nosis of McCune-Albright syndrome, which is associa-
ted with peripheral precocious puberty of ovarian etio-
logy (10,16-19).

Differential diagnosis of precocious puberty

It is essential to discriminate between CPP and com-
mon variants of precocious puberty, such as isolated 
premature thelarche or adrenarche and prepubertal 
vaginal bleeding due or not to a hormonal etiology. 
These conditions occur independent of the reactivation 
of gonadotropic axis. Premature thelarche refers to the 
isolated development of breast tissue, without other pu-
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bertal signs, such as accelerated linear growth and ad-
vanced bone age, without impairment of adult height. 
It usually regresses over several months. In the largest 
cohort on outcome of girls with premature thelarche, 
13% of them developed progressive CPP (independent 
of the age of initial clinical presentation), which reinfor-
ce the need for long-term follow-up (25). Premature 
adrenarche is defined by the development of pubic or 
axillary hair growth due to increased concentrations of 
adrenal-derived androgens (mainly DHEA and DHEA 
sulfate). In this condition, adrenal disease (adrenal con-
genital hyperplasia, adrenocortical tumors) and other 
causes, such as contact with transdermal testosterone, 
topical corticosteroids cream, must be excluded. Ad-
vanced bone age might be present. Isolated prepubertal 
vaginal bleeding, with no other signs of puberty, are 
generally benign, acyclic and must be differentiated if 
it is dependent or not of hormonal action. Of note, 
prepubertal vaginal bleeding rarely represents the first 
manifestation of CPP. In addition, recurrent or conti-
nuous bleeding requires further investigation. Clinical 
indicators of pubertal progression should be carefully 
conducted in these patients with isolated forms. Labo-
ratory and imaging assessment of isolated variants of 
puberty can be limited to basal hormonal levels, bone 
age and pelvic ultrasound in girls (10,16,26).

Laboratory diagnosis

Hormonal assessment

Laboratory measurement of gonadotropins (mainly 
LH) at baseline and/or after stimulation with short-
-acting GnRH is recommended to document the ac-
tivation of the gonadal axis (10,15). The sensitivity of 
serum LH at baseline morning for diagnosis of CPP, 
mainly in girls, varies between 60 and 100%, depen-
ding on the cutoff value and laboratory methodology 
(16). Several laboratory methods with high sensitivity 
to measure gonadotropins levels are available, inclu-
ding immunofluorometric (IFMA), immunochemilu-
minescence (ICMA), and electrochemiluminescence 
(ECL). Of these, ICMA and ECL are the most com-
monly used. Basal LH values > 0.6 IU/L (IFMA) or 
> 0.3 IU/L (ICMA, ECL) in both genders are consi-
dered pubertal (16,27,28). Although a basal LH value 
in the prepubertal range does not exclude the diag-
nosis of CPP, GnRH stimulation test is not warran-
ted in most cases. Depending on clinical variables and 

their progression, a stimulation test with short-acting 
GnRH (intravenous gonadorelin, 100 µg) may be re-
commended. When short-acting GnRH is unavailab-
le (which is frequent in Brazil), LH measurement 30 
to 120 minutes after the first application of a monthly 
long-acting GnRH analog (GnRHa) may be an alter-
nativeto confirm the biochemical diagnosis of CPP in 
clinically suspected cases (29,30). The disadvantages 
of this strategy are the high cost, risk of local reaction 
and unavailability of GnRHa in some centers. For this 
reasons, the importance of basal LH in the diagnosis of 
CPP must be highlighted. A Canadian study demons-
trated the ability of basal LH, assessed by sensitive as-
say (ICMA), to predict clinical pubertal progression 
in 57 girls (31). Based on an algorithm, the authors 
found that a basal LH level ≥ 0.3 IU/L was indicative 
of pubertal progression while basal LH ≤ 0.2 IU/L in-
dicated no progression with 100% specifity and 90.5% 
sensitivity (31). The authors stated that basal LH levels 
in the diagnosis of CPP should be interpreted using 
local normative data and this approach may facilitate 
change in clinical practice avoiding the necessity of 
GnRH test, which is unfeasible in many centers, with 
cost savings (31). We demonstrated that basal LH > 
0.6 U/L, measured by IFMA, was able to diagnosis 
CPP in 62.7% of girls and 71.4% of boys (31). Using 
ICMA and ECLIA, we suggest consider the cutoff of 
basal LH of 0.3 U/L as indicative of CPP, avoiding the 
necessity of GnRH stimulation test. The distinct cutoff 
values of basal or GnRH-stimulated LH that indicate 
activation of the HPG axis are summarized in Table 2 
(27,28,30-38).

In girls, serum levels of E2 are not used to diagnose 
CPP, considering their low sensitivity and large over-
lap between normal prepubertal and pubertal children 
(26). In boys, serum total T is sensitive to diagnose 
precocious puberty but insufficient to determine the 
differential diagnosis between central and peripheral 
CPP, which is established from LH levels. Also in the 
male gender, measurement of β-hCG is always recom-
mended. Measurement of basal or GnRH-stimulated 
FSH is not useful in the diagnosis of CPP, but when the 
levels are low or suppressed, they strongly suggest the 
diagnosis of peripheral precocious puberty (10). Levels 
of gonadotropins and sex steroid hormones in children 
below the age of 2 years should be interpreted with 
caution since they are often increased at this age in as-
sociation with the physiological minipuberty.
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Imaging

Bone age (BA) is obtained with an X-ray of the nondo-
minant wrist and hand and estimated by different me-
thods, of which Greulich and Pyle’s is the most com-
monly used (39). In patients with precocious puberty, 
BA is often advanced, and when the advancement ex-
ceeds either one year or two standard deviations (SD), 
it is considered significant. BA is used to predict adult 
height by the Bayley-Pinneau method (40), although 
this method has low accuracy. Bayley-Pinneau tables for 
average BA should be preferred over those that use ac-
celerated BA, since the latter overestimate adult height 
(41,42). Pelvic ultrasonography is not used in the diag-
nosis of precocious puberty, but in girls, it helps deter-
mine the uterine and ovarian volume, and is a sensitive 
method to detect cysts and neoplastic lesions. An ova-
rian volume > 1.8 mL and uterine length > 3.4 cm in-
dicate hormonal stimulation and may be an additional 
laboratory parameter to evaluate girls with precocious 
puberty (16). Microcysts and ovarian follicles are nor-
mal findings in approximately 40% of prepubertal girls. 
Some studies have demonstrated that pelvic ultrasono-
graphy and uterine artery Doppler findings are useful 
to establish a differential diagnosis between isolated 
premature thelarche and progressive CPP. This asses-
sment is based on the pulsatility index (PI) of the ute-
rine artery (a difference between the peak systolic and 
end-diastolic flow divided by the flow velocity). Ho-
wever, this method requires an experienced examiner 

(43). After laboratory confirmation of CPP, anatomical 
assessment of the central nervous system (CNS) should 
be performed in all patients, preferably by magnetic 
resonance imaging (MRI) (10,44). Computed tomo-
graphy of the brain may identify CNS tumors, mainly 
calcified ones, but it has low sensitivity to detect small 
hamartomas. 

Molecular studies

In all cases of idiopathic CPP with or without familial 
history, molecular study of the makorin ring-finger 3 
(MKRN3) gene, recently implicated in the genetic etio-
logy of CPP, is indicated and may elucidate the genetic 
basis of the CPP, with no implication on diagnosis and 
therapeutic management (26). MKRN3 has a potential 
inhibitory effect on GnRH secretion and inactivating 
MKRN3 mutations have been identified in families from 
several geographical origins (12). In fact, MKRN3 repre-
sents the most common genetic cause of CPP (Table 1). 
In familial CPP, MKRN3 defects were found in about 
30% of families (45) while in patients with apparently spo-
radic CPP, MKRN3 defects were detected in about 8% of 
cases (12). In theses cases, genetic counseling should be 
considered in affected patients and their families.

Objectives and indications of pubertal arrest

The treatment of precocious puberty aims to interrupt 
the sexual maturation until the normal age for pubertal 
development is reached, revert or stabilize the sexual 

Table 2. Cutoff values of basal and GnRH-stimulated LH for diagnosis of central precocious puberty

Author Method Basal LH  (IU/L) GnRH LH peak after GnRH (IU/L)

Neely and cols., 1995 (32) ICMA 0.15 Gonadorelin 100 ug IV 5.0

Brito and cols., 1999 (27) IFMA 0.6 Gonadorelin 100 ug IV 6.9 (F)

9.6 (M)

Brito and cols., 2004 (30) IFMA 0.6 Leuprorelin acetate 3.75 mg 10.0

Houk and cols., 2009 (33) ICMA

IFMA

0.83

1.05

N/A N/A

Pasternak and cols., 2012 (34) ICMA 0.1 Gonadorelin 100 ug IV 4.9

Sathasivam and cols., 2010 (35) ICMA 0.3 Leuprorelin acetate 20 ug/kg SC 5.0

Resende and cols., 2007 (28) ICMA

IFMA

0.2

0.6

Gonadorelin 100 ug IV 4.1 (M); 3.3 (F)

3.3 (M); 4.2 (F)

Lee and cols., 2013 (36) ECLIA 0.1 Gonadorelin 100 ug IV 5.0 (F)

Freire and cols., 2013 (37) IFMA

ECLIA

N/A Triptorelin 

0.1 mg/m2, maximum of 0.1 mg SC

7.0 

8.0 

Bizarri and cols., 2014 (38) ICMA > 0.2 Gonadorelin 100 ug IV 5.0

ICMA: immunochemiluminescence; IFMA: immunofluorimetric; ECLIA: eletrochemiluminescence; SC: subcutaneous; IV: intravenous; F: female; M: male; N/A: not available.
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characteristics, delay the skeletal maturation, preserve 
the normal height potential (within the range of the 
target height), avoid body disproportions, and promo-
te the psychosocial adjustment of the patient and his or 
her family. It also helps to prevent pregnancy at an early 
age, and reduce the risk of sexual abuse, early initia-
tion of sexual activity, and estrogen-dependent cancer 
(mainly breast cancer) related to the occurrence of early 
menarche (10,44,46).

Pubertal arrest is indicated in patients with progres-
sive precocious puberty of any etiology, accelerated 
pubertal development (progression from one puber-
tal stage to another in a shorter period than normal), 
potential of abnormal final stature [prediction of final 
height below the 2.5th percentile; prediction of final 
height below the target height (± 8.5 cm); height SD 
for BA below -2; loss of height potential during fol-
low-up (44)]. Clinical and anthropometric data and 
BA advance are crucial for the decision to treat or not 
CPP. A period of 3-6 months follow-up can be useful 
to evaluate the “progressive” pattern of CPP. There is 
no consensus about the recommendation of pubertal 
arrest exclusively for psychosocial reasons (behavioral 
disorders, emotional immaturity, mental retardation, 
seizures) (44). In early and fast puberty, pubertal arrest 
may be beneficial (24,47).

Treatment of central precocious puberty

The treatment of choice for CPP is GnRHa (15,44), a 
synthetic decapeptide that binds to the GnRH receptor 
in the pituitary with more stability and duration, and 
is resistant to protease degradation, which prolongs its 
half-life. GnRHa acts on the anterior pituitary, com-
peting for GnRH receptor with endogenous GnRH, 
promoting endocytosis and reducing the amount of 
GnRH receptors (“down-regulation”) (46-48). Ini-
tially, GnRHa stimulates the synthesis and secretion of 
LH and FSH but when it is administered chronically, 
GnRHa suppresses the production of these hormones, 
which in turn suppress the production of sex steroid 
hormones by the gonads (28,48). Of the available  
GnRHa, leuprorelin acetate (LA) and triptorelin are the 
most commonly used, and their efficacy and safety on 
the treatment of CPP has been demonstrated by several 
studies. The dose of GnRHa used to treat CPP is 75-
100 µg/kg. In practice, this corresponds to a 3.75 mg 
administered intramuscularly or subcutaneously every 
28 days. Although some American groups recommend 

higher GnRHa doses (200-300 µg/kg), a monthly 7.5 mg 
dose has failed to show superior clinical results to ini-
tiate pubertal arrest (49). In recent years, more conve-
nient preparations with trimonthly dosing became avai-
lable, such as LA 11.25 mg, 22.5 mg, and 30 mg, with 
several studies demonstrating their efficacy and safety 
compared with those of monthly GnRHa. However, 
long-term follow-up results are still lacking (49-51). In 
Brazil, the recent approval of 3-month depot LA 11.25 
mg to treat CPP has improved dosing convenience and 
adherence, and brought satisfactory therapeutic results. 
Pubertal arrest may be initially obtained with 1-month 
depot (3.75 mg or 7.5 mg) or 3-month depot (11.25 
mg) dosages. A flowchart of CPP treatment is presen-
ted in Figure 2.

A subdermal implant of prolonged action that re-
leases therapeutic doses of GnRHa for 12 to 24 mon-
ths (histrelin 50 mg) has advantages and disadvantages 
over 1-month and 3-month depot GnRHa (52). The 
advantages include the abolishment of periodic subcu-
taneous or intramuscular administration, but the risk 
of reactions at the implant site, spontaneous extrusion, 
and local infection are the main undesirable side effects 
of this therapy. This treatment option is still unavailable 
in Brazil.

GnRHa are generally well tolerated, and their side 
effects are infrequent and include local allergic reac-
tions (5%-10% of the cases), headache, abdominal pain, 
vaginal bleeding after the first GnRHa dose, nausea, 
vasomotor symptoms due to hypoestrogenism and 
hyperprolactinemia, and rarely, anaphylaxis (10,44). 
These effects may be mild to severe in intensity. Atten-
tion should be given to local allergic reaction, charac-
terized by the development of a sterile abscess, which 
impairs the absorption of GnRHa that fails to suppress 
the hormonal secretion (53). In these cases, medro-
xyprogesterone acetate (MPA) or cyproterone acetate 
(CPA) represent therapeutic options. Both MPA and 
CPA are useful in blocking puberty progression, but 
have no beneficial impact on final height. MPA inhi-
bits central gonadotropin release by acting on hypo-
thalamic pulse generator, and it also directly inhibits 
gonadal steroidigenesis by inhibiting 3 betahydroxys-
teroid dehydrogenase 2 enzyme (16,19). In addition, 
MPA has a glucocorticoid mimetic action resulting in 
adrenocorticotrophic hormone (ACTH) suppression, 
hypertension, development of cushingoid habitus, and 
bone mineral loss. MPA dosage varies from 50 mg to 
150 mg per month (depot intramuscular injection) 
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Advantages of MPA include its low cost, easily admi-
nistration, and established efficacy in blocking puberty 
progression (16,19). CPA has antiandrogenic activity, 
competing with testosterone for its receptor in peri-
pheral tissues and an additional progestational action at 
the pituitary level, partially suppressing gonadotropin 
secretion. The usual CPA daily oral doses are 50 to 100 
mg/m2 (16). CPA side effects include gastrointestinal 
symptoms and gynecomastia in the male. Due to its 
ACTH and cortisol suppressing effect, laboratory hy-
poadrenalism can occur with CPA use, deserving special 
attention in stressful situation (16,19). Of note, these 
therapeutic options must be considered only when Gn-
RHa are not available or, as above-mentioned, in case 
of local reaction.

Surgical treatment of CNS lesions associated with 
CPP is indicated for both congenital and acquired mal-
formations (11,54). Other treatment modalities, such 
as chemotherapy or radiotherapy, are reserved for germ 
cell tumors. Treatment with surgery does not preclude 
clinical therapy with GnRHa (10,11,15,54). Surgical 
therapy for hypothalamic hamartomas is reserved for 
large lesions associated with epilepsy refractory to cli-
nical treatment, signs of intracranial hypertension, or 

rare cases of tumor growth, when a differential diag-
nosis must be established with other lesions, such as 
astrocytoma and glioma (55).

Treatment monitoring in central precocious puberty

The treatment of CPP with GnRHa is monitored by cli-
nical and laboratory evaluations (10,15). Parameters of 
good clinical control include stabilization or regression 
of secondary sexual characteristics, decrease in height 
velocity, and improvement in final height prediction. 
BA must be monitored annually in cases with adequa-
te clinical and hormonal control, or semiannually in 
cases suggesting inadequate control. The laboratory 
parameter of choice is the measurement of LH values 
after monthly or trimonthly GnRHa, aiming at levels 
below 4 IU/L (determined by IFMA, ICMA, or ECL) 
(10,16,28,29,50). Levels of E2 or T should be suppres-
sed before GnRHa administration (16,26,50). Patients 
with inadequate clinical and laboratory control that 
persists after an increase in GnRHa dose must have the 
etiological diagnosis of the precocious puberty carefully 
reevaluated (10). When the height velocity reduces mar-
kedly (below 4 cm/year), recombinant human growth 

1-month depot GnRHa 3.75 mg  28/28 days 

3-month depot GnRHa 11.25 mg  12/12 weeks (84 days)

Trimonthly clinical and laboratorial monitoring

Adequate control Inadequate control

1-month depot GnRHa 3.75 mg

Inadequate control

1-month depot GnRHa 7.5 mg

Clinical and laboratorial diagnosis of progressive CPP

3 – 6 months

Figure 2. Treatment flowchart of progressive central precocious puberty (CPP) with a long-acting GnRH analog (GnRHa).
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hormone (rGH) may be added to the treatment (56). 
This measure aims at increasing the height velocity and 
promoting height gain. The recommended rGH dose 
in this circumstance is 0.15 IU/kg/day administered 
subcutaneously. Few studies have assessed the impact 
of rGH administration on final height in patients with 
CPP (56-58). Two studies showed a benefit effect from 
adding rGH to GnRHa therapy in children with de-
creased growth during GnRHa therapy. In these non-
randomized studies, the mean final height was around 
7.5 cm greater than the pretreatment predicted height 
(56,57). In addition, 46 girls with early or precocious 
puberty adopted from developing countries were ran-
domized for treatment for 2-4 y with GnRHa, or with 
a combination of rGH and GnRHa. During treatment, 
the mean growth velocity in the rGH/GnRHa group 
was significantly higher and resulted in a higher final 
height (58). All in all, based on available literature, the 
association of rGH to GnRH cannot sistematically be 
recommended and the subset of CPP patients whose 
take some advantage with rGH addition was not de-
termined so far (44,58). Treatment withdrawal should 
take into account the chronological age of the patient 
and his or her psychosocial adequacy and desire. A BA 
around 12.5 years in girls and 13.5 years in boys indi-
cate the best moment to withdraw the therapy aiming 
at reaching a normal final height within the genetic po-
tential (10,15,44,46).

Long-term follow-up

Final height, body composition, bone mineral density, 
reproductive function, and psychological characteristics 
are parameters of interest in the long-term follow-up 
of patients treated with GnRHa. Evidence shows that 
the GnRHa treatment is beneficial in preserving the po-
tential genetic height, mainly in those girls who started 
treatement before 6 years of age (42,44,46,47). Con-
versely, CPP diagnosed after the age of 6 yr had redu-
ced post treatment height gain and compromised final 
height, probably due to pre treatment intrinsic changes 
in the growth plate according Lazar and cols. (24,47). 
In a Brazilian study involving 45 girls, we found no sig-
nificant association between chronological age at the 
start of therapy and posttreatment linear growth (42). 
Although cronological age at the onset of therapy was 
significantly and negatively associated with final height, 
most of the girls who achieved normal adult height 
started GnRHa therapy after the age of 6 yr, indicating 

that GnRHa therapy is effective in preserving the po-
tential genetic height in girls older than 6 yr (42). In 
fact, the main factors determining normal final height 
in girls with CPP treated with depot GnRHa were shor-
ter interval between the onset of puberty and onset of 
therapy, higher height SDS at the onset and end of the-
rapy, and target height (42). Finally, no benefits on final 
height was demonstrated in those girls with early or fast 
puberty, although benefits on psychosocial profile and 
in delay menarche should be considered (24,44,47).

Transitional changes in body composition and bone 
mass may occur without consequences in adulthood 
(44,47,59). With regard to reproductive function, stu-
dies indicate that menstruation occurs on average 16 
months after the treatment of CPP is withdrawn (with 
a variation of 2 to 61 months). Regular ovarian cycles 
occur in 60% to 96% of the patients, and infertility has 
not been reported (44,59). In females, an increased pre-
valence of polycystic ovary syndrome has been reported, 
although the findings are controversial (44,60). In ma-
les, a few studies that have been carried out have shown 
normal gonadal function (43). The few studies that have 
evaluated the psychosocial impact of CPP suggest that 
antisocial behavior is limited to adolescence and that 
there are no differences in psychosocial adjustment (44). 
However, there are no controlled studies evaluating the 
short- and long-term effects of the therapeutic interven-
tion with GnRHa on psychosocial characteristics.

CONCLUSIONS

Puberty is a multifactorial process. The clinical diagnosis 
of precocious puberty is not always easy, particularly in 
females and among variants of normal development (pre-
mature thelarche and constitutional growth and puberty 
acceleration) with progressive and nonprogressive pa-
thological conditions. The decision to treat CPP, mainly 
in girls, is based on clinical and anthropometric data, 
and bone age advance. Sometimes these data obtained 
at short-term follow-up do not recommend CPP treat-
ment. Although the biochemical diagnosis has shown 
significant improvement with more sensitive and specific 
immunoassays, standardization is still required due to the 
availability of several methods and protocols to measure 
basal and GnRH-stimulated LH. This fact results in dif-
ferent cutoff values to confirm the activation of the go-
nadal axis. Treatment with GnRHa has shown significant 
advances in recent years, with more convenient, effective, 
and safe dosages in the short- and long-term.
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case report

PEG-asparaginase induced 
severe hypertriglyceridemia 

Rodolfo J. Galindo1, Justin Yoon2, Craig Devoe3, Alyson K. Myers1

SUMMARY
Asparaginase (ASP) is an effective chemotherapy agent extensively used in children with acute lym-
phocytic leukemia (ALL). There has been a recent interest in using ASP in adults with ALL, particularly 
the less toxic pegylated (PEG) formulation. Hypertriglyceridemia (HTG) is a rare complication of PEG-
ASP therapy. We report two cases of obese patients who developed severe HTG after receiving PEG 
for ALL. Both patients were incidentally found to have severe HTG (TG of 4,330 and 4,420 mg/dL). 
In both patients, there was no personal or family history of dyslipidemia or hypothyroidism. There 
was no evidence of pancreatitis or skin manifestations of HTG. Both patients were treated with PEG 
cessation, low-fat diet and pharmacotherapy. Both patients were re-challenged with PEG, with sub-
sequent increase in TG but no associated complications. TG returned to baseline after discontinuing 
PEG and while on therapy for HTG. A literature review of PEG-induced HTG in adults demonstrated 
similar results: asymptomatic presentation despite very severe HTG. HTG is a rare but clinically im-
portant adverse effect of PEG. Underlying obesity and/or diabetes may represent risk factors. Clini-
cians should monitor TG levels during PEG therapy to avoid TG-induced pancreatitis. Arch Endocrinol 
Metab. 2016;60(2):173-7
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INTRODUCTION 

L -Asparaginase (ASP) has been a key component of 
the chemotherapy regimens used for acute lym-

phocytic leukemia (ALL) in children for 50 years (1). 
ASP combined with polyethylene glycol (PEG-ASP) is 
a long-acting formulation with a half-life of 6 days that al-
lows for intramuscular or intravenous administration (1). 
There has been a recent interest in using ASP in adults 
with ALL, particularly the less toxic pegylated for-
mulation: PEG-ASP. The literature on ASP toxicities 
is mainly from the pediatric population, with just few 
reported cases in adults. ASP-related toxicity includes: 
pancreatitis, liver toxicity, thrombosis, hyperglycemia, 
hypersensitivity reactions, hyperviscosity syndrome, os-
teonecrosis and lipemia retinalis (1-3). Asymptomatic 
hypertriglyceredemia (HTG) has also been reported 
(4,5) but with just few case reports in adults (6-13). 

Here, we describe two adults with asymptomatic PEG-
associated severe HTG and provide the first literature 
review of adults with PEG-induced HTG. 

MATERIALS AND METHODS 

Retrospective data from the electronic medical records 
at North Shore-LIJ Health System was collected. Both 
patients were receiving care at our cancer center and 
presented within few weeks of each other. A PubMed 
search of the following terms: “Asparaginase” [Mesh) 
AND “Hypertriglyceridemia” [Mesh]) AND “Adult” 
[Mesh] was performed. Relevant studies from retrieved 
references were also reviewed. We present the first re-
view of adult cases of PEG-induced HTG. 

RESULTS

Patients 

Patient 1 is a 44 year-old morbidly obese (BMI 54 kg/m2) fe-
male receiving chemotherapy for ALL, including PEG. 
The patient has a past medical history of hyperthyroid-
ism (now euthyroid) and controlled type 2 diabetes. 
She received 5 doses of PEG (5750 IU) over a period 
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of 6 months. During a scheduled follow-up appoint-
ment, after her 5th dose of PEG, the laboratory report-
ed the serum to be lipemic. The lipid panel revealed 
severe HTG: triglycerides (TG) 1320 mg/dL (Figure 1). 
Three weeks later, her TG level declined to 306 mg/
dL. She then received an additional dose of PEG. As 
part of the chemotherapy regimen, she also received 
hydrocortisone 100 mg IV, intrathecal cytosine arabi-
noside, vincrisine and daunorubicin. Few days after, a 
follow up test revealed TG level of 4,330 mg/dL. At 
that time she was hospitalized for HTG. She did not 
complain of abdominal pain, nausea or vomiting. Li-
pase and amylase were both normal. A computerized 
tomography scan of the abdomen and pelvis (CT A/P) 
did not reveal pancreatitis. Diabetes was well controlled 
(hemoglobin A1C of level 5.2%) with insulin therapy 
and her thyroid tests were normal. There was no family 
history of dyslipidemia. The patient denied alcohol use 
or the use of other drugs associated with HTG such as 
estrogen therapy. Based on this and the temporal as-
sociation, we concluded that PEG caused HTG. Given 
her asymptomatic presentation, she was managed with 
a low-fat diet, fenofibrate and omega-3 fish oil. She was 
also continued on insulin therapy. The patient has since 
continued chemotherapy without PEG and TG has re-
turned to baseline.

and CT A/P did not show pancreatitis. Fasting glucose 
levels ranged between 72 – 116 mg/dL and hemoglo-
bin A1C was 6.6%. Review of his previous drug history 
was not contributory. A low-fat diet was initiated and 
PEG was discontinued. Insulin therapy was not started 
given his glucose levels. Coincidentally, he was receiv-
ing heparin infusion – an alternative HTG therapy – for 
an acute deep vein thrombosis. TG level decreased in 
four days. Based on this and the temporal association, 
we concluded that PEG induced HTG. Three weeks 
later, the patient was re-challenged and received PEG 
at a half dose. He also received fibrate therapy after AKI 
resolved. Six months after discharge, TG level was 835 
mg/dL which was attributed to medication non-adhe-
rence. Nonetheless, TG normalized (75 mg/dL) in 4 
months while he was continued on a fibrate (Figure 2). 

Figure 1. Disease course in patient # 1. Relationship between PEG 
administration and TG levels.

Patient 2 is a 32-year-old obese (BMI 31 kg/m2) 
man with ALL admitted with neutropenic fever and 
methotrexate-induced acute kidney injury. Incidentally, 
he was found to have severe HTG: TG 4,420 mg/dL. 
The admission occurred 3 weeks after the fourth PEG 
dose. His chemotherapy regimen included vincristine, 
cytarabine, doxorubicin, 6-mercaptopurine, methro-
texate, clorafabine and PEG-ASP. He had no personal 
or family history of dyslipidemia, diabetes or thyroid 
disorders. As seen in patient 1, there was no clinical evi-
dence of pancreatitis: Lipase and amylase were normal 

Figure 2. Disease course in patient # 2. Relationship between PEG 
administration and TG levels.

Literature review

Our PubMed search revealed only eight studies of adults 
with PEG-induced HTG (Table 1). A total of six were 
included in our analysis and two (6,7) were excluded, as 
the authors did not provide specific details of the disease 
course. Ages ranged from 18 to 53 years, with a mean 
age of 33.8 years. The chemotherapy regimens includ-
ed prednisone, dexamethasone and prednisolone along 
with asparaginase/PEG. Severe hypertriglyceridemia 
was evident in all patients, with TG ranging from 1,742 
to > 13,000 mg/dL. All patient showed decreased TG 
levels after starting different therapies. 

DISCUSSION 

Here we report the two adult patients with metabolic 
risk factors who presented with severe HTG after seve-
ral doses of PEG. PEG-induced HTG has been previ-
ously reported but mainly in the pediatric literature with 
just few reports in adults (6-13) (Table 1). Parsons and 
cols. reported a peak TG level of 465 mg/dL during 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

175

Asparaginase induced hypertriglyceridemia

Arch Endocrinol Metab. 2016;60/2

ASP therapy and a 19% incidence of severe HTG (TG > 
1,000 mg/dL) in children treated with ASP (5). In the 
largest study of children with ALL treated with PEG 
(prospective observational), the HTG incidence was 7% 
(n: 18/257). Most episodes of HTG occurred within 
2 weeks of steroids and PEG administration, as seen in 
our patients. Older age (> 10 years) and hi gher cumula-
tive doses of dexamethasone and PEG were found to 
be significant risk factors (2). In a study of 40 adults 
treated with L-ASP, the overall incidence of HTG was 
12.5% (n: 5/40). In patients older than 40 years of age, 
HTG was seen in 21% (n: 3/14) compared to 8% in 
those younger (n: 2/26) (7).

Most studies have demonstrated a transient and 
asymptomatic course without pancreatitis, even in pa-
tients with severe HTG (TG > 1,000 mg/dL) (4) – a 
well-recognized cause of pancreatitis (2,14,15). In a 
series of 38 children, Parson and cols. reported only 4 
cases (10.5%) of pancreatitis but none of the patients 
had a TG > 400 mg/dL. In addition, none of those pa-
tients with TG greater than 1000 mg/dL (n: 7/38) de-
veloped pancreatitis (5). Overall, pancreatitis is uncom-
mon and affects < 10% of adults treated with PEG (3). 
Rare, but more severe, complications of ASP-induced 
HTG have also been reported such as: hyperviscosity 
syndrome, thrombo-embolism, osteonecrosis, transa-
minitis and lipemia retinalis (2). The disease course in 
our patients was similar to that of prior reports: asymp-
tomatic with TG returning to baseline after stopping 
PEG and while on TG treatment. 

The proposed mechanisms of ASP-induced HTG 
are decreased lipoprotein lipase activity (15), which 
may result in elevated exogenous chylomicrons (16), 
and increased endogenous very-low-density lipopro-

tein (VLDL) synthesis (5). Additionally, it’s been sug-
gested that ASP may cause a disturbance in lipoprotein 
metabolism (17).

Whether glucocorticoids (GC), commonly used in 
ALL’s chemotherapy regimens, or ASP are responsible 
for the TG elevation has been debatable. Steroids also 
induce VLDL production in the liver; yet they also in-
crease LPL activity, with may be sufficient enough to 
prevent severe HTG (15). In the study by Cremer and 
cols., one group received a protocol in which they were 
administered prednisone and ASP together. These pa-
tients showed a significant increase of total cholesterol, 
TG and chylomicrons. A second group received ASP 
monotherapy after receiving prednisone. The latter 
showed a significant increase of TG and chylomicrons 
but not of total cholesterol. The authors concluded 
that ASP was responsible exclusively for the increase of 
TG, likely by the enrichment of exogenous chylomi-
crons (16). Furthermore, Parson reported an elevation 
of TG mainly due to endogenous VLDL production 
during ASP therapy and increased cholesterol while re-
ceiving steroids (5). 

Huang and cols. suggested that overexpression of 
ApoE causes HTG in human and mice by a similar 
mechanism than that of ASP: increasing VLDL syn-
thesis and decreased LPL-mediated VLDL lipolysis. 
Furthermore, these authors found that the inhibition 
of lipolysis was related to decreased ApoC-II – a well-
known LPL activator (18). Tozuka and cols. studied 
this specific phenomenon in children with ASP-in-
duced HTG (patients also received prednisolone and 
vincristine). These authors found that children who 
had extreme HTG had a higher frequency of ApoE4/
E3 phenotype compared to controls, suggesting the 

Table 1. Cases of adult patients with PEG-induced HTG undergoing chemotherapy for ALL

Author Year Age (years) Sex Drug TG Peak 
(mg/dL) Time to peak TG (days) Treatment

Keung* and cols. 1999 18 M ASP 1,742 14 Conservative

Nakagawa and cols. 2008 21 M ASP 9,226 17 Low-fat diet, plasmapheresis, fibrates

Kfoury-Baz* and cols. 2008 34 M L-ASP 5,620 5 Plasmapheresis

Singh and cols. 2009 42 M L-ASP > 13,000 30 Insulin, statin

Konig and Malek 2012 27 F PEG > 2,000 21 Low-fat diet, insulin, omega-3

Seah≠ and cols. 2012 53 M L-ASP 3,552 After 20th dose of L-ASP Fasting, fibrates, omega-3

Patient 1 2014 44 F PEG 4,330 3 Low fat diet, fibrates, omega-3

Patient 2 2014 32 M PEG 4,420 21 Low-fat diet, heparin infusion

M: male; F: female; L-ASP: asparaginase; PEG: pegylated asparaginase.
*: Patients with pancreatitis.
≠: Patient with prior history of dyslipidemia on fibrates and statins. 
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implication of the ApoE4 isoform more specifically. 
These effects may have been mediated by an inhibitory 
effect of LPL due to an increase in the ratio of ApoC-
III/C-II (17).

Based on available studies and our patients’ course, 
we concluded that patients with metabolic risk factors 
(obesity, diabetes) are at higher risk for HTG after ex-
posure to steroids and/or PEG. In these cases, the ex-
cess VLDL production and increased chylomicrons – 
induced by steroids and/or PEG, either as sequential 
or combined therapy – plus ASP-induced decreased 
LPL activity, will overcome the compensatory effect 
of GC-induced LPL activity. Thus, an increased TG-
rich lipoproteins production associated with decreased 
clearance will result in HTG. These effects may be 
due to increase Apo-E4 and decrease Apo-CII iso-
forms.   

Preventing complications in patients with ALL is 
an important part of the management. As seen in our 
cases, patients at high risk: those with obesity or dia-
betes should be carefully monitored for the appear-
ance of HTG. We suggest checking baseline TG levels 
before starting ASP or PEG or during therapy in these 
patients. In cases of severe HTG (TG > 1,000 mg/
dL), it is suggested to hold ASP/PEG (3). Asparagi-
nase levels normalize in 2-3 weeks after PEG and 2-3 
days after ASP. Close monitoring for spontaneous res-
olution – as previously described – can be attempted 
in mild or moderate HTG cases (19). Re-challenging 
with ASP/PEG has been shown to be well tolerated, 
but this decision should be made on a case-by-case ba-
sis and when TGs have normalized (3,19). Immediate 
dietary modifications and drug therapy is recommen-
ded for severe HTG (TG > 1,000 mg/dL) to prevent 
pancreatitis (4).

Dietary interventions should always be considered 
as first line therapy for HTG. In acute settings, fast-
ing was shown to increase the effectiveness of drug 
therapies (20). Decreasing total fat (< 10-15% of total 
calories) and preferring complex carbohydrates, rich in 
dietary fiber, is recommended (4). 

Drugs for long-term management include: fibrates 
– considered as first-line drug –, omega-3 fatty acids, 
or niacin (4). In a case series by Therrien and cols., an 
overall TG reduction of 31% was noticed in children 
treated with fenofibrate for HTG secondary to ASP 
(21). Lashkari and cols. reported four children treated 
with statins for ASP-induced HTG. The authors ques-

tioned its benefits as some patients may have showed 
TG normalization with just observation (19).

In cases of severe HTG or HTG-induced pancre-
atitis, in which an immediate decrease in TG is need-
ed, insulin infusion should be considered – particu-
larly if accompanied by hyperglycemia (20). Insulin 
activates lipoprotein lipase (LDL) leading to chylo-
micron degradation, thus increasing TG clearance. In 
HTG patients treated with insulin infusion, a mean 
TG reduction of 40% was reported within the first 
24 hours. But in those patients that were fasting and 
treated with insulin infusion, the TG reduction was 
87% (20). Cancer patients receiving chemotherapy 
usually have poor nutritional status and oral intake. 
We recommend careful monitoring in patients with 
normoglycemia given their higher risk for hypogly-
cemia. Heparin infusion can also be used to increase 
endothelial LPL release. Its use is less favorable than 
insulin as its effect on LPL is transient. Heparin in-
fusion is indicated in patients with thrombosis and 
may help to improve the transient ASP-induced HTG 
state (19). Plasmapheresis is another costlier option 
that has also been successfully used in patients with 
severe HTG (TG > 2,000 mg/dL) and HTG-induced 
pancreatitis (9,11). Our study is limited by its ret-
rospective nature. We only report two patients, with 
metabolic risk factors, and did not compare with con-
trols. The literature review showed limited evidence 
in adults. As seen in other cases, patients who develop 
PEG-induced HTG tend to be asymptomatic and re-
spond to conventional therapies for HTG as well as 
discontinuation of PEG.

Author contributions: all authors have approved the final version 
of the article. All authors made substantial contributions to the 
data collection and interpretation, manuscript writing and criti-
cally revised the article. 
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case report

Painless thyroiditis associated to 
thyroid carcinoma: role of initial 
ultrasonography evaluation

Raisa Bressan Valentini1, Bruno Mussoi de Macedo1,  
Rogério Friedrich Izquierdo2, Erika Laurini Souza Meyer1

ABSTRACT 
Even though it is a rare event, most associations of thyroid carcinoma with subacute thyroiditis de-
scribed in the literature are related to its granulomatous form (Quervain’s thyroiditis). We present a 
patient with subacute lymphocytic thyroiditis (painless thyroiditis) and papillary thyroid cancer that 
was first suspected in an initial ultrasound evaluation. A 30-year old female patient who was referred 
to the emergency room due to hyperthyroidism symptoms was diagnosed with painless thyroiditis 
established by physical examination and laboratory findings. With the presence of a palpable painless 
thyroid nodule an ultrasound was prescribed and the images revealed a suspicious thyroid nodule, 
microcalcification focus in the heterogeneous thyroid parenquima and cervical lymphadenopathy. 
Fine needle aspiration biopsy was taken from this nodule; cytology was assessed for compatibility 
with papillary thyroid carcinoma. Postsurgical pathology evaluation showed a multicentric papillary 
carcinoma and lymphocytic infiltration. Subacute thyroiditis, regardless of type, may produce tran-
sitory ultrasound changes that obscure the coexistence of papillary carcinoma. Due to this, initial 
thyroid ultrasound evaluation should be delayed until clinical recovery. We recommended a thyroid 
ultrasound exam for initial evaluation of painless thyroiditis, particularly in patients with palpable 
thyroid nodule. Further cytological examination is recommended in cases presenting with suspect 
thyroid nodule and/or non-nodular hypoechoic (> 1 cm) or heterogeneous areas with microcalcifica-
tion focus. Arch Endocrinol Metab. 2016;60(2):178-82
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INTRODUCTION

D estructive thyroiditis is characterized by thyroid 
inflammation, consequent deregulated release of 

thyroid hormones secondary to the destruction of the 
thyroid follicles, and by proteolysis of the stored thy-
roglobulin (1). Thyroiditis can manifest as neck pain 
(acute and subacute thyroiditis) or be “silent” (painless 
thyroiditis). The clinical manifestations of thyrotoxico-
sis are usually mild, compared with other causes of hy-
perthyroidism, and it is self-limiting (lasting two to six 
weeks) (2). Therefore, treatment with beta-blockers is 
recommended only for symptomatic patients (3). An-
tithyroid drugs, which inhibit the production of new 
T4 are not indicated in the management of patients 
with hyperthyroidism because symptoms are caused by 
the release of preformed T3 and T4 from the damaged 
gland (4).

The diagnosis of subacute thyroiditis (SAT) is based 
on clinical symptoms of hyperthyroidism, suppressed 
thyrotropin, elevated rate of erythrocyte sedimenta-
tion, and/or reduced or absent radionuclide uptake 
(5). In painless thyroiditis (PT) radioiodine uptake is 

low; therefore, it is different from Graves’ disease as 
well as from SAT, where patients experience no pain 
and there is no viral prodrome. 

Thyroid ultrasound (US) is not routinely indicated 
for the assessment of hyperthyroidism and it is usually 
limited to cases when a nodule is discovered by pal-
pation (6). Characteristic ultrasound features of SAT, 
especially granulomatous form, are enlargement of 
thyroid gland, focal hypoechoic zones with indefinite 
borders or diffuse hypoechoecogenicity, and lack or 
low flow on color Doppler in these areas (7). Though 
these ultrasound findings are not pathognomic for SAT 
and the ultrasound appearances may overlap with other 
types of thyroiditis and some types of thyroid cancer, 
but the clinical presentation should allow differentia-
tion. Diffuse hypoechogenicity is also found in Graves’ 
disease and Hashimoto thyroiditis (8), while both be-
nign nodules and thyroid carcinomas can exhibit focal 
hypoechoic areas (9). In fact, findings in SAT can mimic 
thyroid carcinoma and marked hypoechoic, ill-defined 
focal areas may suggest thyroid cancer (10). These ul-
trasound changes may completely disappear when a re-
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mission in SAT takes place (7). Little is known about 
ultrasound findings of PT and its association with thy-
roid carcinoma.

Here, we present a patient with subacute lympho-
cytic thyroiditis (painless thyroiditis) and papillary thy-
roid cancer first suspected in the ultrasound evaluation 
during active phase of disease. 

CASE REPORT

A 30-year-old woman was being treated at the emer-
gency room because of tachycardia and atypical precor-
dial pain. History revealed that in the previous 2 months 
she had lost four kg and intermittently experienced 
sweating and palpitations. There was no history of fe-
ver, malaise, neck pain, antecedent upper respiratory 
infection, drug or iodine exposure nor pregnancy. No 
family history of thyroid disease. Physical examination 
showed a regular heart rate of 120 beats/min, a blood 
pressure of 120/85 mmHg, and axilla temperature of 
36.8°C. There was presence of tremors of the extremi-
ties. There were no signs of ophthalmopathy or der-
mopathy. Neck examination revealed a diffusely enlar-
ged and non-tender thyroid gland. Presence of painless 
nodule in the right lobe of the thyroid gland with a 
diameter of 2 cm without lymphadenopathy. Her labo-
ratory examinations were as follows: electrocardiogram 
showed sinus tachycardia, creatine kinase (CK): 38 
(26 – 140 U/L), CK-MB: 10 (< 24 U/L), high-sen-
sitivity troponin < 0.02 (0.02-0.06 μg/L), TSH: 0.02 
(0.4-4.5 μUI/mL), free T4: 2.8 (0.7-2.0 ng/dL), T3: 
230 (70-210 ng/dL), anti-thyroperoxidase: 274 (10-
35 UI/mL), erythrocyte sedimentation rate: 5 (0-20 
mm/h), C-reactive protein: 3.5 (< 5.0 mg/L), neutro-
phil: 11690 (3600 - 11000/μL), absolute neutrophil: 
6792 (1500-7000/μL), haemoglobin: 14.6 (11.4-16.4 
g/dL), and thrombocyte count was 353000 (150000-
440000/μL). Radioiodine uptake (131I) was 1% (15-
25). Medical therapy was initiated and the symptoms 
improved with beta-blockers. Thyroid US was carried 
out using a real time linear array 10-MHz transducer 
and demonstrated a diffusely enlarged thyroid gland 
with difuse hypoechoic pattern. There was presence of a 
2.0 x 1.8 cm isoechoic nodule on the right lobe and 1.2 
x 1.0 cm sized suspicious nodule with irregular border 
and microcalcifications on left lobe (Figure 1). Micro-
calcification focus in non-nodular heterogeneous area 
in right lobe (Figure 2) was described. Suspect lympha-
denopathy was found in central neck (Figure 3).

Figure 1. Transversal image of left lobe shows parenquima with 
heterogeneous changes of lymphocytic thyroiditis and a suspicious nodule 
with irregular border and microcalcifications (arrows).

Figure 2. Transversal image of right lobe. (A and B) Heterogenous areas 
with microcalcifications in perinodular area (arrows). B. Isoechoic nodular 
area (not confirmed by histological examination).

A

B
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The fine needle aspiration biopsy taken from the 
left nodule and central lymph node revealed a malign 
cytology and was compatible with papillary thyroid car-
cinoma. After clinical recovery, a total thyroidectomy 
and central neck lymph node (level VI) dissection were 
performed. Postsurgical pathology evaluation was re-
ported to be classical papillary thyroid carcinoma (1.2 
cm) on the left lobe and five microcarcinoma lesions 
(four in right lobe and one in isthmus) from 0.2 cm 
to 0.8 cm of diameter. There was presence of exten-
sive lymphocytic infiltration (Hashimoto’s thyroiditis). 
Lymph nodes metastasis of papillary thyroid cancer was 
present.

DISCUSSION

Subacute lymphocytic thyroiditis (painless thyroiditis) 
is clinically and pathologically similar to postpartum 
thyroiditis, but it occurs in the absence of pregnancy. It 
accounts for one percent of all cases of hyperthyroidism. 
It is considered a variant form of chronic autoimmune 
thyroiditis, suggesting that it is part of the spectrum 
of thyroid autoimmune disease (1). Elevated levels of 
thyroid peroxidase antibodies (anti-TPO) are found in 
80 percent of patients, but the erythrocyte sedimenta-
tion rate typically is normal. It is important to distin-
guish painless thyroiditis from subacute granulomatous 
thyroiditis (also known as giant cell thyroiditis, suba-
cute thyroiditis, or de Quervain’s thyroiditis) and Gra-
ves’ disease. Painless thyroiditis is distinguished from 
subacute granulomatous thyroiditis by the absence of 
thyroid pain and tenderness. Painless thyroiditis is dif-
ferentiated from Graves’ disease by the lack of a thyroid 
thrill or bruit, ophthalmopathy, pretibial myxedema, 
and thyroid-stimulating immunoglobulins, as well as by 

a low or absent rather than elevated radioiodine upta-
ke (11) The term “subacute thyroiditis” is not usually 
applied to silent, painless thyroiditis with lymphocytic 
pathological features or to postpartum thyroiditis (4).

Previous studies have rarely reported on the coex-
istence of subacute thyroiditis and thyroid carcinomas. 
In most studies, thyroid cancer is associated with gran-
ulomatous form of thyroiditis (12-15). The diagnosis 
of thyroid cancer can be challenging because subacute 
thyroiditis can result in ultrasound changes that ob-
scure the coexistence of papillary carcinoma.

Our patient presented a typical “silent” (painless) 
thyroiditis with palpable thyroid nodule. Previous stu-
dies have demonstrated that destructive thyroiditis may 
present as a solitary, palpable nodule with suppressed 
thyrotropin and should therefore be considered in 
the differential diagnosis of thyroid lesions (16-18). 
Nuclear medicine and ultrasound can both be used in 
the evaluation of patients with destructive thyroiditis. 
However, ultrasound may be more commonly reques-
ted for patients presenting anterior neck pain in order 
to search for explanations such as acute hemorrhage 
into a thyroid nodule or an abscess due to infection. 
In this present case, thyroid ultrasound was performed 
during the acute phase of thyroiditis because a nodule 
on the right lobe was felt by palpation. 

In fact, subacute thyroiditis can occasionally mimic 
thyroid carcinoma or thyroid lymphoma due to its hy-
poechoic appearance in the ultrasound and firmness on 
palpation. Diffuse hypoechoic change in the thyroid 
is what made it impossible to differentiate nodular in-
volvement from inflammatory lesion. Therefore, it was 
recommended to get another ultrasonography exami-
nation when the symptoms had resolved and labora-
tory values have returned to normal in order to rule 
out an underlying nodular disease (13). Recently, a 
case of subacute thyroiditis (granulomatous thyroiditis) 
described a malignant thyroid nodule (0.9 cm) with 
microcalcification focus found only at control thyroid 
ultrasound done after clinical and laboratorial recovery 
(15). Our patient presented a difuse heterogeneous 
hypoechoic pattern associated with suspicious thyroid 
nodule. Painless thyroiditis and postpartum thyroiditis 
may present hypoechogenicity, either diffuse or multi-
focal, coinciding with each of the episodes of transient 
thyroid dysfunction that reverted to a normal echo-
graphic appearance with recovery of normal thyroid 
function (19). A diffuse hypoechoic pattern is also seen 
in Hashimoto’s thyroiditis and Graves’s disease (8).

Figure 3. Cervical level VI lymphadenopathy. Presence of enlarged and 
rounded lymph nodes with microcalcifications (arrows).
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In our case, a suspicious heterogeneous thyroid 
nodule was found on left side by ultrasound, that is, 
with irregular borders and presence of microcalcifica-
tion focus (Figure 1) that confirmed papillary carci-
noma by histology. Interestingly, it is possible to have 
a considerable overlap between the ultrasound features 
of subacute thyroiditis and malignant thyroid nodule. 
Some studies have demonstrated helpful US indicators 
for differential diagnosis and it has been consi dered 
that a presence of poor defined margin, centripetal 
reduction echogenicity and no internal vascularity as 
the most frequent in subacute thyroiditis as malignant 
thyroid nodu les (20). Specimens of painless thyroiditis 
have shown to be in fact chronic thyroiditis and these 
histological features indicate that silent thyroiditis may 
be a form of chronic thyroiditis; for instance, chron-
ic thyroiditis with marked follicular destruction (21). 
However, studies comparing cancers in thyroperoxi-
dase (TPO) antibody-positive to TPO antibody-neg-
ative patients, demonstrated that there was no signifi-
cant difference in the size, echogenicity, composition, 
margins, halo presence, calcification presence and type, 
or vascularity of the cancerous nodule. Among patients 
with Hashimoto thyroiditis and thyroid cancer, the ul-
trasound appearance of the cancerous nodule is similar, 
except that cancerous nodule margins are more likely to 
be irregular or poorly defined when the gland is hetero-
geneous (22). These data reinforce that even in the ac-
tive phase of painless thyroiditis the ultrasound features 
of thyroid malignancy are preserved and are important 
clues to cytological analysis. 

An interestingly aspect of this case was the presence 
of microcalcification focus in heterogeneous non-nod-
ular areas in the contralateral lobe (Figure 2). This is in 
agreement with some studies which have demonstrated 
that heterogeneous areas with microcalcification focus 
in the thyroid are clues for the nodular involvement 
with papillary carcinoma on the initial ultrasound ex-
amination of thyroiditis (13). Besides papillary thyroid 
cancer discovered in thyroid nodule on left lobe, the 
histological evaluation also found four microcarcino-
mas on the right thyroid lobe from 0.2 to 0.8 cm of 
diameter at the corresponding heterogeneous micro-
calcification areas. These findings reinforce how mi-
crocalcifications focus noted in the background of the 
thyroiditis changes plays a role in raising the suspicion 
of papillary thyroid carcinoma (13). Interestingly, the 
thyroid nodule on the right lobe described by palpation 
and ultrasound (Figure 2) was not confirmed in the his-

tological evaluation. Painless thyroiditis may manifest 
with transient thyroid nodule probably due to focal or 
diffuse lymphocytic infiltration (18). In fact, histologi-
cal abnormalities such as lymphocytic infiltration and 
follicular epithelial changes of the thyroid, observed in 
the patients with painless thyroiditis can improve spon-
taneously during the course of several months (23). 

Neck ultrasound is highly sensitive in diagnosing 
of lymph node involvement by thyroid cancer (15,24). 
Even with the presence of specific characteristics of ma-
lignancy, such as cystic appearance, hyperechoic punc-
tuations, loss of hilum and peripheral vascularization, 
the diagnosis of cervical lymphadenopathy can be fre-
quently complex (26). In subacute thyroiditis, inflam-
matory lymphadenopathies are extremely frequent, and 
enlarged lymph nodes may be described in 66% of pa-
tients with this condition (27). In our case a description 
of round-shaped cervical lymphadenopathy with mi-
crocalcification in the central neck (Figure 3) through 
ultrasound examination was crucial to the suspicion of 
concomitant thyroid cancer. 

In conclusion, thyroid ultrasound is useful for ini-
tial evaluation of painless thyroiditis, particularly in 
patients with palpable thyroid nodule. Therefore, at-
tention should be paid to the complication of papillary 
carcinoma among patients with this type of thyroiditis, 
and further cytological examination is recommended in 
cases presenting with suspect thyroid nodule and/or 
non-nodular hypoechoic or heterogeneous areas with 
microcalcification focus. 

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

Cerebellar ataxia as presenting 
feature of hypothyroidism

Suman Kumar Kotwal1, Shalija Kotwal2, Rohan Gupta1, 
Jang Bhadur Singh1, Annil Mahajan1

SUMMARY 
Symptoms and signs of the hypothyroidism vary in relation to the magnitude and acuteness of the 
thyroid hormone deficiency. The usual clinical features are constipation, fatigue, cold intolerance 
and weight gain. Rarely it can present with neurologic problems like reversible  cerebellar ataxia, 
dementia, peripheral neuropathy, psychosis and coma. Hypothyroidism should be suspected in all 
cases of ataxia, as it is easily treatable. A 40 year-old male presented with the history facial puffiness, 
hoarseness of voice and gait-ataxia. Investigations revealed frank primary hypothyroidism. Anti-TPO 
antibody was positive. Thyroxine was started and patient improved completely within eight weeks. 
Hypothyroidism can present with ataxia as presenting feature. Hypothyroidism should be considered 
in all cases of cerebellar ataxia as it is a reversible cause of ataxia. Arch Endocrinol Metab. 2016;60(2):183-5
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INTRODUCTION

H ypothyroidism is a common medical condition 
in the general population. Common systemic 

manifestations include fatigue, constipation, cold in-
tolerance, weight gain, hair loss, dry skin, and hoarse-
ness. A variety of central and peripheral nervous system 
manifestations are common in patients with hypothy-
roidism. In many cases, the neurologic manifestations 
occur in conjunction with the systemic features of the 
disease and may be noted only incidentally. However, 
symptoms and signs of neurologic dysfunction may de-
velop in some patients and can contribute to significant 
disability. Most of these complications are partially or 
fully responsive to thyroxine replacement (1). There is 
scarce recent published data on hypothyroidism caus-
ing ataxia. Here we present a case of hypothyroidism 
with cerebellar ataxia.

CASE REPORT

We present a case of a 40-year-old male who reported to 
us with history of instability of gait since 3 weeks which 
was acute in onset and progressive, there was also his-
tory of puffiness, hoarseness of voice and constipation 

from few months. There was no history of weakness in 
any part of body, headache, vomiting, convulsions or 
alteration of sensorium. There was no history of trauma 
to the head, fever or drug intake. On examination his 
vitals were normal. Cognitive functions were normal. 
Neurological examination showed gait ataxia, dysar-
thria and dysmetria on finger-nose and heel-to-knee 
tests. There was horizontal nystagmus. The gait was 
wide-based and there was a tendency to fall to right 
side. His fundus was normal. His power was normal 
but had hung up reflexes. Sensory system was normal. 
His hemogram was normal. Serum electrolytes, blood 
sugar, renal and liver function tests were normal. Serum 
CPK (creatine phosphokinase): 1220 U/L. Total cho-
lesterol: 225 mg/dL, triglycerides: 275 mg/dL, HDL 
cholesterol: 36 mg/dL, LDL cholesterol: 150.20 mg/
dL, VLDL cholesterol: 35 mg/dL. T3: 60 (80-200 
ng/dL) T4: 2.5 ug/dL (4.5-12.5), TSH: 88 uIU/mL 
(0.27-5.5). The Serum anti-TPO antibody was eleva-
ted (500 IU/l; reference: < 34). His chest X-ray was 
normal. MRI brain was normal (Figures 1 and 2). He 
was started on 75 μg of thyroxine. TSH after 2 months 
of therapy was 2.8 uIU/mL. His lipid profile and CPK 
also normalized. He was completely normal after few 
weeks.
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DISCUSSION

Hypothyroidism is one of the causes of acute onset ata-
xia. Stroke, viral encephalitis and drugs can also cause 
acute cerebellar ataxia. Mass lesions in the posterior fos-
sa, infections such as HIV, and vitamin deficiencies like 
B1 and B12, alcohol and paraneoplastic syndromes are 
causes of sub acute onset cerebellar ataxia in an adult. 
Hypothyroidism has been recognized as a cause of gait 
ataxia (2).

In early case series of patients with adult-onset hy-
pothyroidism, a wide-based gait ataxia was a prominent 

feature in a considerable number, around 10 to 30% 
of cases (1,3). In many cases, this was the presenting 
feature, and variably included clumsiness, intention 
tremor, dysmetria and dysarthria (4). Treatment of the 
hypothyroid state led to improvement or resolution of 
the cerebellar features. 

Cerebellar dysfunction is also a feature of con-
genital hypothyroidism. Up to 40 percent of children 
and adolescents with congenital hypothyroidism have 
been shown to demonstrate mild findings of cerebellar 
dysfunction, such as intention tremor, difficulty with 
tandem gait, clumsy running, fine motor dysfunction, 
and unsteady stance (5). Animal studies have shown 
that hypothyroidism interferes with cerebellar devel-
opment (6). The cause of cerebellar ataxia in associa-
tion with hypothyroidism remains unidentified. No 
typical morphological changes in the cerebellum have 
been described. It is assumed that a thyrogenic, spe-
cific metabolic factor is responsible which aggravates 
already existing non specific cerebellar changes. The 
prognosis is very good. On the other hand, cerebel-
lar ataxia resulting from congenital hypothyroidism has 
typical histological cerebellar changes and prognosis is 
very poor unless thyroxine treatment is started soon 
after birth (7).

Cerebellar degeneration in patients with raised an-
tithyroid antibodies may be immune mediated. Some 
cases of hypothyroidism associated cerebellar ataxia do 
not reverse with normalization of their thyroid state 
with thyroid hormone replacement and may be harbor-
ing undiagnosed Hashimoto’s thyroiditis (8). Dinkar 
and cols. have reported a case of Hashimoto’s encepha-
lopathy presenting purely with sub acute cerebellar 
syndrome (9). A similar case has been reported by Na-
kagawa and cols. (10). Necropsies of patients with hy-
pothyroidism and cerebellar ataxia have been reported. 
Barnard and cols. described degenerative changes in the 
cerebellum, particularly in the anterosuperior portion 
of the vermis, together with atrophy of ventral portion 
of the pons, transverse pontine fibres, and middle and 
superior peduncles in a patient with hypothyroidism 
and cerebellar ataxia (2).

In conclusion, hypothyroidism should be consid-
ered in all cases of cerebellar ataxia, as it is a reversible 
cause of ataxia.

Acknowledgements: none declared.

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

Figure 1. T1 weighted MRI showing normal cerebellum.

Figure 2. T2 weighted MRI brain showing normal cerebellum.
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six figures and tables, or more than 35 references. 

Review Articles 

The AE&M publishes Review Articles that show a balanced perspective on timely 
issues within the field of clinical endocrinology. All reviews are submitted upon in-
vitation and are subject to peer review. Articles in this category are requested by the 
Editors to authors with proven expertise in the field. Authors considering the sub-
mission of uninvited reviews should contact the editors in advance to determine 
whether the topic that they propose is of current potential interest to the Journal. 
Review articles should be no longer than 4,000 words in the main text, include no 
more than four figures and tables, and no more than 60 references. The author 
should mention the source and/or request authorization for use of previously publi-
shed figures or tables.

Consensus Statements 

Consensus Statements related to the endocrine and metabolic health standards 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 criticism, and will be published only if they meet the usu-
al editorial standards of the Journal. Consensus Statements should typically be no 
longer than 3,600 words in the main text, include no more than six figures and ta-
bles, and no more than 60 references. 

Brief Report 

The Brief Report consists of new data of sufficient importance to warrant immediate 
publication. It is a succinct description of focused study with important, but very 
straightforward, negative or confirmatory results. Brevity and clarity are always li-
kely to enhance the chance of a manuscript being accepted for publication. A maxi-
mum of 1,500 words in the main text plus up to 20 references and normally no more 
than two illustrations (tables or figures or one of each) are acceptable for Brief Re-
ports. 

Case Report 

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

should be 2,000 words or less, with no more than four figures and tables, and no 
more than 30 references. 

We emphasize that only case reports that offer important basic translational or clini-
cal contributions, preferentially together with a review of the literature, will be con-
sidered for publication.

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

MANUSCRIPT PREPARATION 
GENERAL FORMAT 

The Journal requires that all manuscripts be submitted in a single-column format 
that follows these guidelines: 

•  The manuscript must be submitted in MS-Word format.
•  All text should be double-spaced with 2 cm margins on both sides using 11-point 

type Times Roman or Arial font.
•  All lines should be numbered throughout the entire manuscript and the entire 

document should be paginated.
•  All tables and figures must be placed after the text and must be labeled. Submit-

ted papers must be complete, including the title page, abstract, figures, and ta-
bles. Papers submitted without all of these components will be placed on hold 
until the manuscript is complete. 

ALL SUBMISSIONS MUST INCLUDE: 
• A cover letter requesting the evaluation of the manuscript for publication in 

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

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

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

Title Page 
The title page must contain the following information: 

1.  Title of the article (a concise statement of the major contents of the article).
2.  Full names, departments, institutions, city, and country of all co-authors.
3.  Full name, postal address, e-mail, telephone and fax numbers of the correspon-

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

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

legends.
7.  Article type 

Structured Abstracts 
All Original Articles, Brief Reports, Reviews, Case Reports should be submitted with 
structured abstracts of no more than 250 words. The abstract must be self-contained 
and clear without reference to the text, and should be written for general journal 
readership. The abstract format should include four sections that reflect the section 
headings in the main text. All information reported in the abstract must appear in 
the manuscript. Please use complete sentences for all sections of the abstract. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

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

Materials and Methods 
These should be described and referenced in sufficient detail for other investigators 
to be able to repeat the study. The source of hormones, unusual chemicals and rea-
gents, and special pieces of apparatus should be stated. For modified methods, only 
the modifications need be described. 

Results and Discussion 
The Results section should briefly present the experimental data in text, tables, and/
or figures. For details on preparation of tables and figures, see below. The Discus-
sion should focus on the interpretation and significance of the findings, with conci-
se objective comments that describe their relation to other studies in that area. The 
Discussion should not reiterate the Results. 

Authorship 

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

Conflict of interest 
A conflict of interest statement for all authors must be included in the main document, 
following the text, in the Acknowledgments section. If authors have no relevant con-
flict of interest to disclose, this should be indicated in the Acknowledgments section. 

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

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

Tables 
Tables should be submitted in the same format as the article (Word), and not in 
another format. Please note: we cannot accept tables as Excel files within the ma-
nuscript. Tables should be self-explanatory and the data they contain must not be 
duplicated in the text or figures. Tables must be constructed as simply as possible 
and be intelligible without reference to the text. Each table must have a concise 
heading. A description of experimental conditions may appear together with foot-
notes at the foot of the table. Tables must not simply duplicate the text or figures. 

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

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

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

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

Experimental Subjects 
To be considered for publication, all clinical investigations described in submitted 
manuscripts must have been conducted in accordance with the guidelines of The 
Declaration of Helsinki, and must have been formally approved by the appropriate 
institutional review committees or their equivalent. 
The study populations should be described in detail. 
Subjects must be identified only by number or letter, not by initials or names. Pho-
tographs of patients’ faces should be included only if scientifically relevant. The 
authors must obtain written consent from the patient for the use of such photogra-
phs. For further details, see the Ethical Guidelines. 
Investigators must disclose potential conflict of interest to study participants and 
should indicate in the manuscript that they have done so. 

Experimental Animals 
A statement confirming that all animal experimentation described in the manuscript 
was conducted in accordance with accepted standards of humane animal care, as 
outlined in the Ethical Guidelines, should be included in the manuscript. 

Molecular Genetic Description 
• Use standard terminology for variants, providing rs numbers for all variants re-

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

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

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

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

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

brium (HWE). The calculation of HWE may help uncover genotyping errors and 
impact on downstream analytical methods that assume HWE. 

• Provide raw genotype frequencies in addition to allele frequencies. It is also de-
sirable to provide haplotype frequencies. 

• Whenever possible, drugs should be given their approved generic name. Where 
a proprietary (brand) name is used, it should begin with a capital letter. 

• Acronyms should be used sparingly and fully explained when first used.

Papers must be written in clear, concise English. 
Avoid jargon and neologisms. The journal is not prepared to undertake major correc-
tion of language, which is the responsibility of the author. Where English is not the 
first language of the authors, the paper must be checked by a native English speaker.
For non-native English speakers and international authors who would like assistan-
ce with their writing before submission, we suggest Voxmed Medical Communica-
tions, American Journal Experts or PaperCheck.
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FORXIGA® (dapagliflozina) COMPRIMIDOS REVESTIDOS. FORXIGA® (dapagliflozina) comprimidos revestidos. USO ORAL. USO ADULTO. Reg. MS  – 1.0180.0404. FORXIGA® (dapagliflozina) é um inibidor do cotransportador 
sódio – glicose 2 (SGLT2) que melhora o controle glicêmico em pacientes com diabetes mellitus tipo 2, através da redução da reabsorção renal de glicose e consequente excreção do excesso de glicose na urina. INDICAÇÕES: FORXIGA® 
é indicado como adjuvante a dieta e exercícios para melhora do controle glicêmico em pacientes com diabetes mellitus tipo 2 em monoterapia ou em combinação com metformina, uma tiazolidinediona, uma sulfonilureia ou insulina 
(isolada ou com até duas medicações antidiabéticas orais), quando a terapia existente juntamente com dieta e exercícios não proporciona controle glicêmico adequado. Indicado em combinação inicial com metformina quando ambas 
as terapias são apropriadas. CONTRAINDICAÇÕES: FORXIGA® é contraindicado a pacientes com conhecida hipersensibilidade a dapagliflozina ou aos outros componentes da fórmula. ADVERTÊNCIAS E PRECAUÇÕES: FORXIGA® 
não é indicado para uso por pacientes com diabetes tipo 1 e não deve ser utilizado para o tratamento de cetoacidose diabética. FORXIGA® não deve ser usado em pacientes com insuficiência renal moderada a grave (taxa 
de filtração glomerular estimada [TFGe] persistentemente < 45 mL/min/1,73m2 calculada pela fórmula de Modificação da Dieta na Doença Renal [MDRD da sigla em inglês] ou depuração de creatinina [ClCr] persistentemente < 60 
mL/min calculado pela fórmula de Cockcroft – Gault) ou doença renal em fase terminal (ESRD). Pacientes com diabetes e doença cardiovascular: o perfil de segurança de FORXIGA® em estudos nessa população específica foi 
consistente com o de FORXIGA® na população dos estudos clínicos em geral. Pacientes com risco de depleção de volume: deve – se considerar a suspensão temporária de FORXIGA® em pacientes que desenvolverem depleção 
de volume. Infecções do trato urinário: a excreção urinária de glicose pode estar associada com aumento no risco de infecções do trato urinário, portanto, a suspensão temporária de FORXIGA® deve ser considerada no tratamento 
de pielonefrite ou sepse urinária. Uso com medicações conhecidas por causar hipoglicemia: uma dose menor de insulina ou de secretagogos de insulina pode ser necessária para reduzir o risco de hipoglicemia em combinação 
com FORXIGA®. Gravidez: não deve ser usado no segundo e terceiro trimestres de gravidez. Não existem estudos adequados e bem controlados de FORXIGA® em mulheres grávidas. Quando a gravidez for detectada, FORXIGA® deve 
ser descontinuado. Categoria de risco na gravidez: C – Este medicamento não deve ser utilizado por mulheres grávidas sem orientação médica ou do cirurgião dentista. Lactação: FORXIGA® não deve ser utilizado 
em mulheres que estejam amamentando. Uso pediátrico: segurança e a eficácia de FORXIGA® em pacientes pediátricos não foram estabelecidas. Uso geriátrico: não são recomendadas alterações de dose de FORXIGA® com 
base na idade. REAÇÕES ADVERSAS: a interrupção do tratamento devido a eventos adversos em pacientes que receberam FORXIGA® 10 mg foi de 4,3% em comparação com 3,6% para o grupo placebo. Os eventos mais comuns 
foram: infecção genital, infecção do trato urinário, dor nas costas e poliúria. Verificar a bula completa do produto para maiores informações. INTERAÇÕES MEDICAMENTOSAS: o metabolismo de dapagliflozina é mediado 
principalmente pela UGT1A9 – dependente da conjugação glicuronídeo. Em estudos realizados em indivíduos sadios, a farmacocinética da dapagliflozina não foi alterada pela metformina, pioglitazona, sitagliptina, glimepirida, 
voglibose, hidroclorotiazida, bumetanida, valsartana ou sinvastatina. Após o uso concomitante de dapagliflozina com rifampicina ou ácido mefenâmico não houve qualquer efeito clinicamente significativo na eliminação de glicose na urina 
em 24 horas. Em estudos conduzidos em indivíduos sadios, a dapagliflozina não alterou significativamente a farmacocinética da metformina, pioglitazona, sitagliptina, glimepirida, hidroclorotiazida, bumetanida, valsartana, sinvastatina, 
digoxina ou varfarina. Outras interações: os efeitos da dieta, tabagismo, produtos à base de plantas e uso de álcool sobre a farmacocinética da dapagliflozina não foram especificamente estudados. POSOLOGIA: a dose recomendada 
de FORXIGA®, em monoterapia ou terapia combinada, é 10 mg, uma vez ao dia, a qualquer hora do dia, independentemente das refeições. Para pacientes em risco de depleção de volume devido a condições coexistentes, uma dose 
inicial de 5 mg de FORXIGA® pode ser apropriada. Não são necessários ajustes de dose de FORXIGA® com base na função renal ou hepática. Para maiores informações, consulte a bula completa do produto. FRX004. Rev0114. VENDA 
SOB PRESCRIÇÃO MÉDICA. SE PERSISTIREM OS SINTOMAS, O MÉDICO DEVERÁ SER CONSULTADO.

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

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

Controle glicêmico com perda de peso1

Administração oral, 1 vez ao dia1

Eficácia no controle glicêmico com 
benefício adicional de perda de peso¹

ELIMINA EM MÉDIA 
70g DE GLICOSE POR DIA1-4
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