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How challenging is to establish 
parameters good enough 
to assess the repercussions 
of trials to fight obesity 

Fabio Bessa Lima1

O besity is presently becoming one of the great scourges in modern societies, par-
ticularly in those living in most developed countries. And even in these places, 

the most developed regions are particularly more affected. On the other hand, the 
therapeutic and nutritional procedures used to correct disturbances of nutrition, such 
as those due to low calorie or protein-calorie intake, which occurs in impoverished 
places can potentially lead to future outcomes to body weight control resulting in 
obesity (1).

Of course, the adipose tissue which is the central subject of the obesity studies, due 
to its well-known metabolic and endocrine capacities has been classified as an organ, 
the adipose organ (2). Among its multiple functions, its ability to synthesize and secre-
te almost a hundred distinct biologically active substances, some of them classified as 
proteins and called adipokines (3) and some other of lipidic nature and called lipokines 
(4), I will focus on two of them, leptin and adiponectin. Both are produced almost 
exclusively in the adipose tissue. The first one has importance as a hormone that acts 
to regulate appetite and body weight (5) and the second one is well-known for its 
insulin-like and anti-inflammatory properties (6). 

The subcutaneous fat depot that comprises about 75-80% of body fat mass is 
considered the main leptin source and, possibly, the main source of adiponectin (7). 
The circulating leptin levels signalize to the central nervous system (more specifically 
to neurons located in certain hypothalamic nuclei, such as the arcuate nucleus) the 
amount of fat stored in the body, since leptin levels in the blood keep a direct correla-
tion with the body fatty mass and also acts to attenuate the drive to feed (5). In such a 
way, leptin is an important participant in the regulation of feeding and body weight. In 
relation to adiponectin, its more elevated circulating levels are found in lean subjects 
and tend to decrease with weight gain and with the increase in body fat while its levels 
tend to enhance with slimming down (6).

In obese subjects it is reported the occurrence of a state of inflammatory activity 
(8), although of low intensity, which can be detected through the determination of 
inflammatory markers, like C reactive protein (CPR) and serum amyloid A (SAA) 
and some pro-inflammatory cytokines (TNFα and IL6). These two cytokines come 
from inflammatory cells (lymphocytes and macrophages) which heavily infiltrate the 
adipose tissue, but are also synthesized by the adipocyte itself. Obese subjects have a 
high degree of adipose tissue inflammation and both inflammation and obesity work 
together to aggravate the metabolic state and to intensify the reduction in adiponectin 
production.

In this edition of AE&M, two distinct papers are published. In both, the obesity is 
fought by means of two different strategies. Jalalvand and cols. (Acarbose versus trans-
chalcone: comparing the effect of two glycosidase inhibitors on obese mice) (9) show 
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that the obesity in mice fed a high fat diet was treated 
using α-glucosidase inhibitors in order to block intesti-
nal carbohydrate absorption and to reduce postprandial 
glucose levels. Svidnicki and cols. (Swim training and 
the genetic expression of adipokines in monosodium 
glutamate-treated obese rats) (10) used exercise (swim-
ming) training to fight obesity in rats.

The first study (9) evidenced a certain degree of 
changes in circulating adipokine levels (leptin reduc-
tion under trans-chalcone treatment and adiponectin 
increase with acarbose). However, both glucosidase 
inhibitors did not affected significantly the body wei-
ght, although the authors suggested the occurrence of 
fatty mass reduction as well as regression of liver steato-
sis. Although data shown seemed very intriguing, this 
study will need more substantial analysis by investiga-
tion of some more parameters (for example, glucose 
tolerance, insulin resistance) and maybe a more prolon-
ged observation and the investigation of other adipose 
territories (subcutaneous, retroperitoneal, epidydimal, 
mesenteric). 

In the second paper (10), the authors showed, in 
obese rats pretreated with monosodium glutamate 
(MSG) in the neonatal period and submitted to an 
exercise training, that swimming did not resulted in 
any alteration of pro-inflammatory cytokine content 
and also the adiponectin mRNA expression levels whi-
ch were elevated in lean rats submitted to swimming 
training did not change in obese trained ones. Howe-
ver, the authors did not make adipokine determinations 
in blood. They concluded that physical training did not 
interfere with the fatty mass accumulation in MSG rats. 
It must be very careful to interpret these results, since 
the obesity, such as was obtained here, has some unique 
characteristics (MSG causes hypothalamic lesions) not 
found in diet-induced or other common forms of hu-

man or animal obesity and, therefore, it did not serve as 
good obesity paradigm.

Anyway, I recommend the reading of both papers 
and I emphasize that the approach to understand the 
adipose tissue biology is still a very complex task and 
requires from us a careful position and critical attitude 
for interpretation of the results.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Obesity and dyslipidemia –  
An urgent matter in youth from 
the general population and 
in type 1 diabetic patients

Melanie Rodacki1

T he prevalence of obesity among children and adolescents has significantly risen in 
the past decades. An analysis from the Centers for Disease Control and Preven-

tion (CDC) reported that 16.5% of children and teenagers are overweight (body mass 
index or BMI in the 85th-94th percentiles) and 21.4% are obese (BMI at or above the 
95th percentile) (1). Obesity in childhood has been associated with comorbidities such 
as hypertension, dyslipidemia and type 2 diabetes. Shashaj and cols. identified that a 
significant proportion of children has cardiometabolic risk factors at the onset of over-
weight or obesity (2). Therefore, it is important to detect overweight as soon possible 
in children, in order to prevent its consequences. Criteria to identify the presence of 
excess weight in children have to be studied and improved to enable prompt diagnosis. 
The current CDC charts have been elaborated in 2000 and are widely used to classify 
children and adolescents according to their BMI percentile. In 2007, however, the 
WHO suggested that these charts should be reviewed and that new cutoffs for obesity 
and overweight would have to be established. 

In this issue of Archives of Endocrinology and Metabolism, Kuba and cols. (3) com-
pared the CDC and WHO BMI z scores (4,5) for screening of overweight and car-
diometabolic risk in 175 subjects between 6 and 10 years of age. The 2000 CDC 
and 2007 WHO reference values were concordant in classifying 161 children (92%). 
However, the reference values showed a discrepancy in the classification in 14 children 
(8%). Eleven children would be rated as overweight by the CDC and as obese by the 
WHO. These children were more prone to have higher blood pressure and HOMA-IR 
than children classified as overweight in the two classifications. Therefore, the authors 
suggest that the 2007 WHO reference was more sensitive in screening for overweight 
and obesity and their cardiometabolic associated conditions in this population. Other 
authors have studied the discrepancies between the two criteria. In general, the WHO 
has been reported to be more sensitive in pre-pubertal young children (6,7). In ol-
der children and teenagers the differences tend to disappear in different populations 
(8,9). Exceptions to this rule have been identified. In a retrospective cohort study with 
140.265 school age students in Chile, CDC tended to overestimate the normal and 
underestimate the overweight, while obesity was not significant differences (10). The-
refore it is possible that different criteria should be suitable for different populations, 
considering their predominant body composition, ethnicity and also their age. 

The prevalence of obesity and dyslipidemia has been a concern not only in children 
and adolescents from the general population but also specifically in individuals with 
type 1 diabetes (T1D). The development of insulin analogs as well as the improve-
ment in the knowledge about carbohydrate counting and insulin therapy has lead 
patients with T1D to be nearly as prone to obesity as the normal population when 
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excessive calories are ingested, as long as they have 
reasonable glycemic control. Recent data show that 
the prevalence of overweight/obesity in children and 
adolescents with type 1 diabetes in USA is 31% (11). 
A similar trend was observed in the Brazilian popula-
tion according to the Brazilian Type 1 Diabetes Study 
Group (Brazdiab T1DSG) (12), which is a multicenter 
study that evaluated the care and the clinical condition 
of patients with T1D in the whole Brazilian popula-
tion sponsored by the Brazilian Diabetes Association. 
Obesity might interfere in the development of chro-
nic micro and macrovascular complications in patients 
with type 1 diabetes (13,14). In another paper featured 
in this issue of Archives of Endocrinology and Metabo-
lism, Homma and cols. found that 15.1% of children 
with T1D are overweight or obese (15), which is lower 
than previously reported nationwide in the BrazDiab 
(16). They also verified that dyslipidemia is common in 
this population, reaching 72.5% of their study group. 
Overweight and obesity were associated with dyslipide-
mia and total hypercholesterolemia was the most com-
mon abnormality. This proportion was higher than that 
found in other studies (16-18), even in our population 
(16). It is probable that the higher rates of dyslipidemia 
in this study are explained by the higher HbA1c levels 
presented by this sample, although information about 
TSH levels and proportion of statin users are lacking 
in the paper and would be important to interpret the-
se data. Guy and cols. identified that young patients 
with T1D and optimal HbA1c had lipid concentrations 
that were similar (total cholesterol, LDL cholesterol, 
and LDL size) or less atherogenic (HDL cholesterol, 
non-HDL cholesterol, triglyceride, and triglyceride-to-
-HDL cholesterol ratio) than that observed in nondia-
betic individuals with a similar age. However, in tho-
se with poor glycemic control, dyslipidemia was more 
common and a pro-atherogenic profile predominated 
(19). It has been discussed if glycemic control can in-
fluence the risk of macrovascular disease in patients 
with T1D. Data from the DCCT/EDIC suggests that 
intensive diabetes therapy reduces the risk of cardiovas-
cular disease in patients with T1D (20). This might be 
partially explained by the differences in the lipid levels 
and lipid profiles in those with HbA1c within the target 
levels and others. Curiously, our group has previously 
identified that appropriate glycemic control is frequen-
tly associated with particularly low triglyceride levels  
(< 50 mg/dL) in patients with T1D (21), although it 
is yet to be determined whether this characteristic con-
tributes to the achievement of a good glycemic control, 

is caused by the same favorable factors or is a feature 
of patients with T1D that are not under the influence 
of the adverse effect of poor glycemic control in their 
lipid levels. Low triglyceride levels have been linked to 
the development of autoimmunity in general (22) and 
it is therefore possible that they have a potential role 
in T1D pathogenesis, which would be evident only in 
those with normal glycemic control. 

Homma and cols. also found that dyslipidemia was 
more common in adolescents than younger children 
(15), what would be expected based on previous stu-
dies (17,18). Females were particularly affected. As the 
authors did not find any association between dyslipide-
mia and metabolic control in females, they suggest that 
female gender can be, itself, a risk factor for dyslipide-
mia in young patients with T1D. The loss of gender 
protection effect for atherosclerosis diseases in women 
has been recognized in people with diabetes (23). Ho-
wever, most patients in this study had poor glycemic 
control and mean HbA1c levels were particularly high 
in adolescents. Pérez and cols. identified that adult wo-
men with T1D, but not men, had higher total and LDL 
cholesterol concentrations than non-diabetics when 
glycemic control was inadequate. In those with a good 
glycemic control the prevalence of dyslipidemia did not 
differ from that observed in nondiabetic women. In-
terestingly, hypercholesterolemia was less frequent in 
diabetic men that have good glycemic control than in 
nondiabetic men. The inclusion of a larger number of 
patients with HbA1c levels within the recommended 
target would be important in the paper by Homma and 
cols. to clarify if female gender itself, independently of 
the level of glycemic control, would adversely affect the 
lipid levels in adolescents with T1D (24). 

To conclude, obesity and overweight are a major con-
cern in children and adolescents in general population 
and might have serious consequences through the incre-
ase in the cardiometabolic risk factors. T1D treatment 
has significantly improved in the last decades. Although 
metabolic control is not ideal in the majority of patients 
with T1D worldwide (12,25), an evident catabolic state 
is not generally observed anymore. Therefore, this po-
pulation is nearly as prone to develop overweight and 
obesity as the general population, which might influence 
their risk of hypertension, dyslipidemia, micro and ma-
crovascular chronic complications. The burden might be 
especially prominent in females. Therefore, strategies to 
reduce body weight through healthy diet and exercise 
should be emphasized in patients with T1D, who are 
particularly at risk of developing adverse consequences of 
overweight or obesity and an unhealthy lifestyle.
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Acarbose versus trans-
chalcone: comparing the 
effect of two glycosidase 
inhibitors on obese mice  

Fatemeh Jalalvand1, Mahsa M. Amoli2, Parichehreh Yaghmaei1, 
Masoud Kimiagar3, Azadeh Ebrahim-Habibi4,5

ABSTRACT
Objective: Acarbose and trans-chalcone are glucosidase inhibitors whose beneficial effects have 
been demonstrated in diabetes. The present study aimed at investigating their potential effects in 
obesity. Materials and methods: NMRI male mice (n = 48) were subjected to a high fat diet for 
four weeks, which induced an initial state of obesity. One control group was given normal rodent 
diet. Obese animals were then switched to normal rodent diet, and divided to four groups (n = 12 in 
each): untreated, sham (receiving grape seed oil), and experimental groups receiving acarbose and 
trans-chalcone (12 mg/kg) during eight weeks. Body weight, blood glucose and other biochemical 
parameters including triglycerides (TG), cholesterol, HDL, AST, and ALT were measured, as well as 
leptin, adiponectin, TNF-α, and total antioxidant capacity (TAC). Histological studies were performed 
on adipose cells and liver tissue samples. Results: All factors were affected in a positive manner by 
acarbose, save for body weight, blood sugar and leptin levels, on which acarbose effects, although 
observable, were not statistically significant. Grape seed oil, used as a solvent for trans-chalcone was 
found to possess significant effect on TG and TAC, and had beneficial effects on other factors includ-
ing liver enzymes and cholesterol. Trans-chalcone effects were significant on HDL, leptin and ALT. All 
compounds seemed to be able to affect fat deposition in liver tissue, and decrease the size of adipose 
tissue cells to some extent. Conclusion: In conclusion, the tested compounds were able to affect lipid 
accumulation in tissues and influence adipokines, which may result in an enhanced state with regard 
to inflammation and oxidative stress. Arch Endocrinol Metab. 2015;59(3):202-9

Keywords
Acarbose; chalcone; obesity; adipocyte; adipokine; antioxidant 

INTRODUCTION

O besity is a chronic metabolic disorder related to 
energy imbalance resulting from a dispropor-

tion between food consumption and physical activity 
(1). Currently, a high prevalence of obesity is observed 
worldwide, in both adults and children (2,3). Health 
practitioners’ concern about obesity prevalence is also 
due to the fact that this condition is accompanied by a 
wide range of complications including diabetes, nonal-
coholic fatty liver disease (NAFLD) (4). 

Among various approaches to combat obesity, inhi-
bition of digestive enzymes is a logical solution. Lipase 
inhibitor orlistat that was used as an anti-obesity drug 
may cause various side effects including severe liver 
injury (5), but the search for other lipase inhibitors 

continues, and other compounds have been reported 
as potential drugs (6). Glucosidase enzymes such as 
alpha-amylase are also considered to be an anti-diabetic 
and anti-obesity target (7). Alpha-amylase inhibitors 
have been demonstrated to reduce blood sugar levels 
and cause weight loss (8).

Acarbose, which is a glucosidase inhibitor minimally 
absorbed from the gastrointestinal tract (9), has been 
used as a therapeutic supplement in diabetes, since it 
controls the postprandial rise in blood glucose levels 
(10). Acarbose is a competitive inhibitor of alpha-glu-
cosidase and has a noncompetitive inhibitory behavior 
toward alpha-amylase (11). Trans-chalcone structure is 
a precursor to flavonoids and chalcone compounds and 
possess a range of therapeutic properties including an-



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

203Arch Endocrinol Metab. 2015;59/3

Comparing chalcone and acarbose effect in obesity 

tioxidant, cytotoxic, anticancer, antimicrobial, antipro-
tozoal, antiulcer, antihistaminic and anti-inflammatory 
(12). We had previously observed the alpha-amylase 
inhibitory effect of trans-chalcone in vitro (13), and 
its beneficial effect on streptozotocin–induced diabetic 
mice (14).  

In this study, we aimed at evaluating the effect of 
trans-chalcone treatment on obese mice, and compa-
ring it with acarbose. 

MATERIALS AND METHODS 

Animals

Male NMRI mice (six weeks old) weighing 25 ± 5 g 
were purchased from the Razi Vaccine and Serum In-
stitute, Karaj, Iran. Mice were exposed to a 12-h light/
dark cycle, and were housed in standard cages. The 
animal room was maintained at a constant temperature 
of 25 °C. After one week of adaptation to the condi-
tions, mice were randomly divided into two groups (n 
= 12 in each group): normal group (receiving standard 
rodent diet) and obese group (receiving high-fat diet 
for eight weeks). The high-fat diet was prepared from 
a mix of 15 g of mouse pellet standard chow, 10 g of 
roasted ground nut, 10 g of milk chocolate and 5 g of 
sesame crackers. To ten-fold of these ingredients 20 g 
roasted sesame was added, resulting into 18 kJ/g ener-
gy content. In addition, the obese group was fed 240 g 
creamy biscuits (3644 kJ) weekly. The normal group 
was allowed ad libitum access to standard chow, tak-
ing a total of 13 kJ/g weekly (15). After eight weeks, 
all animals were given standard rodent diet, and the 
obese animals were divided into four groups: sham, 
obese and two experimental groups. The experimental 
groups were treated with either acarbose or trans-chal-
cone (12 mg/kg/day) by oral gavage for eight weeks. 
The obese group did not receive any treatment and the 
sham groups received grape seed oil which was used 
as trans-chalcone solvent. Mice were weighed weekly 
during the eight weeks of treatment. At the end of the 
experiment, the animals were anesthetized and sacri-
ficed; blood samples were collected and immediately 
centrifuged at 1500 g for 10 min at 4 °C. Serums were 
then collected and stored at 4 °C until further analyzes 
were made. The experimental protocol was performed 
in accordance with the international guidelines set 
out in the Guide for the Care and Use of Laboratory 
Animals (Institute of Laboratory Animal Resources, 

1996) and approved by the Animal Ethics Committee 
of the Science and Research Branch, Azad University, 
Tehran.

Biochemical parameters 

Serum levels of total cholesterol, triglyceride, HDL, 
ALT and AST were measured with the use of enzyma-
tic methods (Pars Azmoon, Iran). As a complementary 
test, blood glucose levels were measured by a gluco-
meter apparatus (ACCU-CHEK, Germany).

Adipokines, TNF-alpha and total antioxidant capacity 
(TAC)

Plasma adiponectin‚ TNF-α and leptin concentration 
were determined by ELISA (respectively R&D Systems, 
USA; Enzo life Science, USA and ALPCO, USA). Plas-
ma total antioxidant capacity (TAC) levels were mea-
sured by a colorimetric method (BioVision, USA).

Histological studies 

Sample adipose tissue was fixed in formalin. Smear mi-
croscopy of adipose tissue were prepared and stained 
with hematoxylin and eosin (H&E). 

Statistical analysis

The data were statistically analyzed by SPSS. With the 
use of ANOVA and Tukey’s test. Values   are reported as 
mean ± SD and the level of significance considered at 
p < 0.05.

RESULTS

Body weight and blood glucose

After the second eight weeks of the experiment, weight 
gain of animals was compared. It was found that the 
untreated obese group gained more weight compared 
with the other groups, while this weight gain was the 
least in the control group (Table 1). Treatment with 
acarbose and chalcone prevented the excessive weight 
gain (Table 1), but not significantly. The obese group 
presented elevated blood glucose levels compared to 
the control group (Table 2). Upon treatment, mice 
showed lower levels of blood glucose, although the 
change was not significant. The sham and chalcone 
groups presented a similar result while acarbose was 
slightly less effective. 
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Table 2. Effects of acarbose and chalcone treatment on blood glucose (mg/dL). Mean blood glucose of the mice at week 4 (W4) and week 8 (W8) of the 
treatment period is reported. Data are reported as mean ± SD values. P-values are shown in separate columns

Groups Blood glucose (mg/dL)
week 4 p (W4) Blood glucose (mg/dL)

week 8 p (W8)

Control 132 ± 6.50 Obese p = 0.87
Sham p = 0.57

Acarbose p = 0.98
Chalcone p = 0.096

123.50 ± 2.50 Obese p = 0.89
Sham p = 0.94

Acarbose p < 1.000
Chalcone p < 0.98

Obese 149.50 ± .50 Control p = 0.87
Sham p = 0.98

Acarbose p = 0.72
Chalcone p = 0.66

135.50 ± 5.50 Control p = 0.89
Sham p = 0.66

Acarbose p = 0.88
Chalcone p = 0.73

Sham 159.5 ± .50 Control p = 0.57
Obese p = 0.98

Acarbose p = 0.44
Chalcone p = 0.38

112 ± 7 Control p = 0.94
Obese p = 0.66

Acarbose p = 0.97
Chalcone p = 0.99

Acarbose 125.66 ± 6.98 Control p = 0.98
Obese p = 0.72
Sham p = 0.44

Chalcone p = 1,000

121 ± 14.29 Control p = 1.000
Obese p = 0.88
Sham p = 0.97

Chalcone p = 0.99

Chalcone 123.33 ± 20.89 Control p = 0.96
Obese p = 0.66
Sham p = 0.38

Acarbose p = 1.000

116 ± 15.62 Control p = 0.98
Obese p = 0.73
Sham p = 0.99

Acarbose p = 0.99

Table 1. Effects of acarbose and chalcone treatment on body weight (g). Mean body weight of the mice at the week 1 and week 8 of the treatment period. 
(Week 1: w1, Week 8: w8). Data are reported as mean ± SD values. P-values are shown in separate columns

Groups Body weight (kg)
Week 1 p (W1) Body weight (g)

Week 8 p (W8)

Control 37.88 ± .66 Obese p = 0.32
Sham p = 0.54

Acarbose p = 0.070
Chalcone p = 0.64

39.83 ± .75 Obese p = 0.058
Sham p = 0.71

Acarbose p = 0.49
Chalcone p = 0.58

Obese 40.95 ± .46 Control p = 0.32
Sham p = 0.99

Acarbose p = 0.98
Chalcone p = 0.97

44.08 ± .49 Control p = 0.058
Sham p = 0.54

Acarbose p = 0.49
Chalcone p = 0.43

Sham 40.35 ± .37 Control p = 0.54
Obese p = 0.99

Acarbose p = 0.87
Chalcone p = 0.85

41.75 ± .69 Control p = 0.71
Obese p = 0.54

Acarbose p = 1.000
Chalcone p = 1.000

Acarbose 41.65 ± .73 Control p = 0.07
Obese p = 0.98
Sham p = 0.87
Chalcone p = 1

41.96 ± .85 Control p = 0.49
Obese p = 0.49
Sham p = 1.000

Chalcone p = 1.000

Chalcone 41.76 ± 1.28 Control p = 0.064
Obese p = 0.97
Sham p = 0.050
Acarbose p = 1

41.79 ± 1.0 Control p = 0.58
Obese p = 0.43
Sham p = 1.000

Acarbose p = 1.000

Adipokines

In comparison with the control group, the untreated 
obese mice had decreased serum adiponectin levels 
and increased leptin levels (Figure 1 A and B). Upon 
eight-week administration of acarbose and chalcone, a 
significant increase of adiponectin level was observed 
for acarbose (p < 0.01), the effect of chalcone was not 
significant (Figure 1A). On the other hand, treatment 

with chalcone had a remarkable lowering effect on 
leptin concentrations (p < 0.001 compared to the un-
treated obese group), while this decrease was not sig-
nificant in acarbose group.

ALT and AST

The untreated obese group had increased levels of se-
rum AST and ALT compared with the control group 
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(Figure 2A and B). Upon treatment, although all 
AST levels were decreased (Figure 2A), the decrease 
was found to be significant in the acarbose group only  
(p < 0.01). In the case of ALT, both chalcone and acar-
bose groups showed significant decrease (p < 0.05 and 
p < 0.01 respectively) (Figure 2B). 

Lipids

The serum triglyceride (TG) levels of the untreated 
obese group were found to be significantly higher than 
those in the control group, while HDL levels were lo-
wer and cholesterol levels were also higher, but not sig-
nificantly (Figure 3). Acarbose had a significant effect 
in lowering TG, increasing HDL and lowering choles-
terol levels of the treated obese group (Figure 3). Chal-
cone had a significant effect on HDL only (Figure 3B). 
Interestingly, the sham group showed also significantly 
decreased TG levels, in a similar manner to acarbose, 
and chalcone effect itself was not significant. 

Figure 1. Effect of acarbose and chalcone supplementation on serum 
adiponectin (A) and leptin (B) in mice (n = 12 in each group) after eight 
weeks of treatment. Data are shown as mean ± SD. ** p < 0.01 compared 
with the obese group. * p < 0.05 compared with the obese group.
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Figure 2. Effect of acarbose and chalcone supplementation on the serum 
AST (A) and ALT (B) in mice (n = 12 in each group) after eight weeks of 
treatment. Data are shown as mean ± SD. ** p < 0.01 compared with the 
obese group. * p < 0.05 compared with the obese group.

TAC and TNF-α

Total antioxidant capacity was found to be lower in un-
treated obese mice, although not significantly (Figure 
4A). Acarbose administration increased remarkably the 
serum TAC while chalcone had no significant effect. 
The sham group showed also significantly increased 
TAC (Figure 4A). TNF-α is an inflammatory fac-
tor, which was higher in the untreated obese group, 
although not significantly (Figure 4B). Acarbose was 
found to significantly reduce serum TNF-α levels (p < 
0.01), while in the chalcone group decrease occurred, 
but was not significant.

Histological studies 

Adipocytes

Hematoxylin-Eosin (H&E) staining of the adipose tis-
sues taken from abdominal fat is shown in figure 5. Adi-
pocytes larger size is clearly observed in the untreated 
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Figure 3. Effect of acarbose and chalcone supplement on serum triglycerides 
(TG) (A), HDL (B), and cholesterol (C) in mice (n = 12 in each group) after 
eight weeks of treatment. Data are shown as mean ± SD. ** p < 0.01 
compared with the obese group. * p < 0.05 compared with the obese group.
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weeks of treatment. Data are shown as mean ± SD. ** p < 0.01 compared 
with the obese group. * p < 0.05 compared with the obese group.
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obese mice (Figure 5B). Interestingly, both acarbose 
and chalcone are able to influence the adipose tissue, 
followed by grape seed oil (administered in the sham 
group). From the slides, it may be inferred that adipose 
cells were disrupted by acarbose and chalcone.

Hepatocytes

In the liver sections of obese animals, fat droplets and 
multinucleate cells are observed. Furthermore, disor-
dered cell structure is observed when comparing the 
untreated obese animals tissue with the control group 
(Figures 6A and 6B). When treated with grape seed oil, 
chalcone, and acarbose, cell structures become more 
ordered and the number of two- and multi-nucleated 
cells is decreased (Figures 6C-6E).

DISCUSSION

Acarbose has been used as supplementary therapeutic 
in diabetes (10), could be envisaged as a potential anti-
obesity compound as other alpha-amylase inhibitors. 
Trans-chalcone, on the other hand, is relatively less 
studied as it is a basic polyphenolic structure: usually, 
studies are done on its derivatives (16). However, with 
regard to its alpha-amylase inhibitory effect (13), we 
thought it interesting to be compared with the well-
known acarbose. 

The high fat diet which was used here induced an 
initial state of obesity in mice. After that, all mice were 
fed normal rodent diet, so the compounds effects that 
we have observed are in fact additional to a switch to a 
normal diet. In some instances, the grape seed oil that 
had been used as trans-chalcone solvent has a more 
pronounced effect than chalcone itself. Grape seed oil 
has been indeed reported to have beneficial effect in 
overweight and obese patients (17). Concerning wei-
ght loss, acarbose, grape seed oil and trans-chalcone 
treated groups were all showing a more moderate in-
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crease in weight gain, compared with the untreated 
group. With regard to the fact that the control group 
was also gaining weight, this effect could be interpreted 
as some weight loss. In this case, trans-chalcone may 
have not been effective, since its effect was similar to 
grape seed oil. 

While an obvious effect of treatment with high-fat 
diet and the resulting obesity is an altered lipid profile, 
the potential of compounds in restoring normal values 
would be of interest. Acarbose was successful with re-
gard to TG and cholesterol levels, while grape seed oil 
was effective regarding TG and chalcone itself had an 
effect on HDL levels. Acarbose has been reported to 
possess beneficial effects on the lipid profile of type 2 
diabetes patients (18), and to be able to decrease TG 
in obese patients with hypertension (with no effect on 
LDL and HDL) (19). Grape seed oil has been observed 
to have an effect on decreasing the fat content of other 
animals bodies (lambs) (20). While more studies are 
necessary to clarify the exact mechanism of action, we 
could hypothesize these effects to be related to pheno-
lic compounds that are present in grape seed oil (21). 
Polyphenolic compounds that are structurally related to 
chalcone, including flavonoids (22) and coumarin chal-
cones (23) have been reported to improve lipid profile 
in high-fat fed or hyperlipidemic animals. Interestingly, 
the used compounds are also able to act directly on the 
adipose cells, which presented altered morphology in 
the treated animals, and chalcone itself seems to pos-

sess an independent effect (i.e, independent from grape 
seed oil).

Levels of the adipokines leptin and adiponectin, 
which are considered to be therapeutic targets/tools 
in obesity (24), were also observed to be affected by 
these compounds. In our study, acarbose was found 
to increase adiponectin levels in the treated obese rats, 
which is in accordance with previous reports concer-
ning diabetic patients (25) and diabetic obese rats (26). 
In our study, leptin levels were not significantly affected 
by acarbose, which is in contrast with the previously 
mentioned reports, but it should be noted that in both 
reports, acarbose had been chronically administered 
for three months, while our treatment period was ei-
ght weeks. The effect of acarbose on adipokines may 
be linked with its ability to increase insulin sensitivity 
(27). On the other hand, we have observed a lowering 
effect of chalcone on leptin levels, which does not seem 
to have been reported yet for the chalcone core itself, 
but some flavonoids have been observed to affect adi-
pokines, via a pathway which may be dependent (28) 
or independent (29) to PPARg. There is also a study 
performed on naringenin chalcone (composed of a fla-
vonoid and the chalcone moiety), which indicates that 
this compound induces adiponectin secretion again via 
PPARg activation (30). 

Overall, these results are indicative of a beneficial 
effect of the tested compounds on body fat at seve-
ral levels, which is also seen in liver cells. Fatty liver is 

Figure 5. Effect of acarbose and chalcone on adipose tissue: representative H&E stained sections of perinephric adipose tissue from (A) control group, 
(B) obese group, (C) acarbose group, (D) chalcone group and (E) sham group after at eight weeks of treatment. 

Figure 6. Effect of acarbose and chalcone on liver tissue representative H&E stained sections of liver tissue from (A) control group, (B) obese group,  
(C) sham group, (D) chalcone group and (E) acarbose group after at eight weeks of treatment. 
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present in obese patients and may lead to toxicity and 
complications (31). As a consequence to obesity and 
the subsequent liver disorder, ALT and AST levels may 
become elevated (32), and these two factors are even 
considered as supplementary risk factors for metabolic 
syndrome that could be detected from childhood (33). 
Both acarbose and chalcone influenced the levels of 
ALT in a significant manner, and their beneficial effect 
is also observable on liver tissue. There is also an asso-
ciation between adipokine levels and the occurrence of 
fatty liver and elevated ALT levels (34). 

Since obesity is accompanied with an inflammatory 
state (and increase of inflammatory cytokines) (35), 
the reduction of these factors by potential anti-obesity 
compounds could be an indicator of their efficacy in 
controlling the multiple manifestations of the dise-
ase. In our study, obese rats showed increased levels 
of TNF-alpha, while all tested compounds resulted in 
some degree of TNF-alpha decrease, but only acarbose 
effect was significant. It may also be noted that the-
se could be indirect effects of the compounds, since 
adipokines leptin and adiponectin may also influence 
TNF-alpha levels (36). The inflammatory process that 
occurs in obesity is also associated with oxidative stress, 
which is now considered to be a common factor be-
tween obesity, diabetes and breast cancer (37). In our 
study, obese rats showed a moderate decrease in the 
antioxidant capacity, while acarbose and grape seed 
oil were able to increase the antioxidant capacity in a 
significant manner, and chalcone effect is moderate. 
Polyphenols could prevent the oxidative damage that 
occurs as a consequence of high fat diet (38). Concer-
ning acarbose, a study conducted on diabetic patients 
has not found any beneficial effect of acarbose on oxi-
dative stress (39), while another study suggests a possi-
ble capability of acarbose in reducing oxidative stress by 
increasing hydrogen production in the digestive tract 
(40).

In conclusion, our study has demonstrated that 
acarbose has a beneficial effect on the adverse effects 
of obesity, and a moderate effect on weight. Previous 
reports on acarbose are mostly related to its use in dia-
betes or obesity cases in which diabetic state is present. 
Since acarbose is observed to affect adipose tissue, li-
pid levels, adipokines, and liver enzymes in a relatively 
limited time period, it may be possible to elicit a bet-
ter response upon its use over more than two months. 
Chalcone, which has a basic polyphenolic structure, is 
also shown to have an effect on HDL, leptin, adipose 

tissue and ALT. It could be suggested that chalcone 
derivatives may thus be potentially effective candidates 
in obesity treatment. Finally, the marked effect of grape 
seed oil in attenuation of obesity consequences is of 
interest and is worth being more investigated. 
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Swim training and the genetic 
expression of adipokines 
in monosodium glutamate-
treated obese rats

Paulo Vinicius Svidnicki1, Nayara Carvalho Leite2, Marcelo Ricardo Vicari1, 
Mara Cristina de Almeida1, Roberto Ferreira Artoni1,  
Giovani Marino Favero2, Sabrina Grassiolli2, Viviane Nogaroto1

ABSTRACT
Objective: The aim of this study was to evaluate the genetic expression of adipokines in the adipo-
cytes of monosodium glutamate (MSG)-treated obese rats submitted to physical activity. Materials 
and methods: Obesity was induced by neonatal MSG administration. Exercised rats (MSG and con-
trol) were subjected to swim training for 30 min for 10 weeks, whereas their respective controls re-
mained sedentary. Total RNA was obtained from sections of the mesenteric adipose tissue of the rats. 
mRNA levels of adiponectin (Adipoq), tumor necrosis factor alpha (Tnf), peroxisome proliferator-
activated receptor alpha (Ppara), and peroxisome proliferator-activated receptor gamma (Pparg) adi-
pokines were quantified by quantitative Real-Time Polymerase Chain Reaction (qRT-PCR). Results: 
In the exercise-trained control group, the expression of Adipoq increased compared to the sedentary 
control, which was not observed in the MSG-obese rats. Increased levels of Tnf in MSG-obese rats 
were not reversed by the swim training. The expression of Ppara was higher in sedentary MSG-
obese rats compared to the sedentary control. Swimming increased this adipokine expression in the 
exercise-trained control rats compared to the sedentary ones. mRNA levels of Pparg were higher in 
the sedentary MSG-rats compared to the sedentary control; however, the exercise did not influenced 
its expression in the groups analyzed. Conclusions: In conclusion, regular physical activity was not 
capable to correct the expression of proinflammatory adipokines in MSG-obese rat adipocytes. Arch 
Endocrinol Metab. 2015;59(3):210-4
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INTRODUCTION

N eonatal treatment with monosodium glutamate 
(MSG) causes lesions in the arcuate nucleus, 

deregulating an important area involved in the body 
weight regulation and glycemic control (1,2). Rats 
treated with MSG in the first days after birth deve
lop obesity in adult life and present insulin resistance, 
glucose intolerance, dyslipidemia and cardiovascular 
dysfunction, which are typical symptoms of metabolic 
syndrome carriers (3). Similar to obese subjects, MSG
obese rats present lowgrade chronic inflammation, in 
particular on adipocyte tissue. Studies demonstrated 
that adipocytederived adipokine profile of MSGobese 
rats is altered, thereby contributing to insulin resistance 
in this obesity model (4).

Regular physical activity is an important tool in the 
obesity control and associated comorbidities, impro

ving inflammatory condition typical of an obese indi
vidual. There are no studies with this animal model 
(MSGobese rats) reporting the adipokines expression 
in mesenteric fat and physical activity. Thus, the aim of 
this study was to analyze the genetic expression profile 
of some adipokines of the mesenteric adipose tissue of 
MSGtreated obese rats subjected to swimming.

MATERIALS AND METHODS

Experiments were approved by the Ethical Commit
tee for Animal Experiments of Universidade Estad
ual de Ponta Grossa (protocol number 02860). The 
obese group received subcutaneous injections of MSG  
(4 mg/g of body weight) during the first 5 days of life, 
whereas the control group received equimolar saline, a 
protocol adapted by (57). At the age of 21 days, ani
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mals were weaned and divided in four groups (N = 8 rats 
per group): sedentary controls (CONSED), exercise
trained controls (CONEXE), sedentary MSGtreated 
animals (MSGSED), and exercisetrained MSGtrea ted 
animals (MSGEXE). All of the exercisetrained animals 
were subjected to regular swimming 3 times per week 
and 30 min per day for 10 weeks, according to (5). 
Each rat had a load weight equivalent to 5% of body 
mass attached to the base of tail to ensure that animals 
were in constant swimming activity. Araujo and cols. (8) 
adapted the lactate minimum test to swimming in rats. 
Blood lactate concentrations of 5.5 mM are achieved at 
loads equivalent to 5% body weight, so this swimming 
program can be considered moderate exercise (8). The 
CONSED and MSGSED groups remained sedentary.

At the age of 90 days, the nasoanal length (NAL) 
and body weight were measured to assess the obesity 
degree in the animals using the Lee index [3√(body 
weight (g)/nasoanal length (cm)], which is an indica
tor of obesity used for rodents (9). Additionally, viscer
al fat (mesenteric) deposits were removed, washed and 
weighed. Data are reported considering body weight 
(g/100 g of body weight). All values are reported as 
means ± standard error (SEM). The Student Ttest was 
used with significance of P < 0.05.

For the analysis of genetic expression by qRTPCR, 
sections of mesenteric fat were used for total RNA ex
traction and, subsequently cDNA synthesis. The am
plified adipokines were: Adipoq, Tnf, Ppara and Pparg. 
The adipokines primer sequences were synthetized ac
cording to (4). The 18S rDNA was used as an internal 
control. Relative change in genetic expression was pre
sented as 2ΔΔCt (10).

RESULTS

According to table 1, body weight and NAL were 27.7 
and 13.4% lower in the MSGSED group, respectively, 
compared to the CONSED group (P < 0.05). As for 
the Lee index, the value was 4.7% higher in the MSG

SED animals when compared to the CONSED ones 
(P < 0.05). MSGSED rats presented a significantly in
crease of 109.9% of mesenteric fat in comparison with 
CONSED rats. Swimming had no effect in rat NAL. 
However, there was a reduction of approximately 8.7 
and 6.7% of body weight and 18.5 and 20.6% of mes
enteric fat accumulation in CONEXE and MSGEXE, 
respectively, when compared to their respective seden
tary groups (P < 0.05). Physical activity significantly 
reduced the Lee index in 4.2% only in animals treated 
with MSG compared to the MSGSED.

There was no statistical difference in the expression 
of Adipoq between MSGSED and CONSED groups. 
The expression level of adiponectin was approximate
ly 6fold higher in CONEXE rats compared to the 
CONSED rats (P < 0.05) (Figure 1A). Tnf expres
sion significantly increased approximately 4 times in the 
MSGSED group in comparison with the CONSED 
group. Nevertheless, in both groups, exercise did not 
alter the expression of Tnf in the mesenteric adipose 
tissue (Figure 1B). The expression levels of Ppara were 
on average 3.7 times higher in the MSGSED group 
in comparison with the CONSED group (P < 0.05). 
The practice of physical activity resulted in a 4.1fold 
increase in the expression of Ppara in CONEXE rats 
when compared to the CONSED rats (P < 0.05) (Fi
gure 1C). The levels of Pparg mRNA were around 4.5 
times higher in the MSGSED group, compared to the 
CONSED (P < 0.05). However, exercise did not in
fluenced the expression of Pparg in the groups assessed 
(Figure 1D).

DISCUSSION

Rodents treated with MSG develop several obesity char
acteristics (13), probably caused by the reduction in the 
energy metabolism (11) and a dysfunction in the auto
nomic nervous system, which is characterized by a high 
parasympathetic and a low sympathetic activities, as con
sequences of hypothalamic lesion caused by MSG (12). 

Table 1. Biometric parameters in MSG-obese and control rats submitted at swimming training

Parameters CON-SED CON-EXE MSG-SED MSG-EXE

Body weight (g) 359.5 ± 3.79c,d 328.4 ± 7.7d 260.0 ± 9.8a 242.6 ± 11.3a,b

NAL (cm) 23.1 ± 0.1c,d 22.9 ± 0.3c,d 20.0 ± 0.5a,b 20.4 ± 0.5a,b

Lee index 0.298 ± 0.002c 0.283 ± 0.013c,d 0.312 ± 0.003a,b,d 0.299 ± 0.005b,c

Mesenteric fat (g/100 g) 0.81 ± 0.05c,d 0.66 ± 0.03c,d 1.70 ± 0.12a,b,d 1.35 ± 0.10a,b,c

Data are presented as mean ± SEM obtained from 8 rats by group. Letters above of numbers represent statistical difference (P < 0.05) in Student T-test. a CON-SED; b CON-EXE; c MSG-SED;  
d MSG-EXE.
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Figure 1. mRNA expression levels of the mesenteric fat tissue samples of MSG-obese and control rats submitted at swimming training (N = 8 rats per 
group). (A) Adipoq, (B) Tnf, (C) Ppara and, (D) Pparg. Letters above the bars represent statistical difference in Student T-test (P < 0.05). a CON-SED;  
b CON-EXE; c MSG-SED; d MSG-EXE.
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The increase in the Lee index associated with a major 
accumulation of mesenteric fat in MSGtreated obese 
rats confirmed the efficacy of MSG neonatal administra
tion in obesity induction in the animals of our study. 
However, MSGobese rats presented reduction in body 
weight and in NAL due to the delay in bone and muscle 
development, which is a consequence of a reduction in 
the growth hormone (GH) levels resulting from the ar
cuate nucleus lesion (13).

Corroborating with previous reports (5,6), our stu
dy showed that swimming 30 min/3 times per week 
with a load weight equivalent to 5% of body mass 
was effective in promoting reduction in mesenteric 
fat deposits in MSGtreated animals, without causing 
collateral effects. Regular swimming corrects hyperin
sulinemia and resistance to insulin and favors lipolysis 
triggered by the activation of the sympathetic nervous 
system (5). Similarly, Shima and cols. (14) using run 
in rats showed that frequency of 2 to 3 times/week is 
sufficient to prevent development of type 2 diabetes in 
OLETF rats (spontaneous model of type 2 diabetes). 
The training protocol used in this study began imme
diately after weaning, when rodents may be treated in 
terms of development like children. Atlantis and cols. 
(15) revised the beneficial effects of body fat reduction 
in obesity/overweight children submitted to exercise 
and showed that good results in training can be ob

tained with exercises in lower intensity and frequency, 
compared with those recommended in the literature.

Regular physical activities, even if there is no loss 
of weight, are related to a substantially reduction of 
total and visceral fat, besides leading to a significantly 
improvement in obesity (16,17). MSGSED rats have 
hypertrophic adipocytes (5), which presented an altered 
inflammatory profile directly related to insulin resistan
ce. Carvalho Leite and cols. (5) demonstrated that swim 
training program was effective in attenuating morpho
logical alterations in the adipose tissue and pancreatic 
islets in MSGtreated obese rats. Histological analyzes 
in adipose tissue deposits, demonstrated that physical 
training reduced the adipocyte diameter and increased 
the number of adipocytes in MSGEXE and CONEXE 
groups, compared with their sedentary counterparts (5).

It is known that the expression of adiponectin 
mRNA is inversely related to obesity, type 2 diabetes 
mellitus (T2DM) and cardiovascular diseases (18). Our 
study showed that there was no difference in adipo
nectin expression between MSGobese rats and control 
animals. Other studies have already shown that MSG 
obesity model did not reflect hyperadiponectinemia 
or adiponectin resistance, a phenomenon observed in 
other obesity models (4,19). Our research showed that 
swimming stimulated the genetic expression of adipo
nectin in adipocytes of CONEXE rats. High plasma 
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levels of adiponectin were also found in humans sub
jected to aerobic exercises (20). On the other hand, 
exercised MSGobese rats did not present alteration in 
adiponectin expression, which may reinforce that adi
ponectin levels in the MSG model is normal.

MSG rats presented a higher expression of Tnf, 
when compared to control animals, corroborating with 
RomanRamos and cols. (4). Indeed, expression levels 
of Tnf increased in obesity, T2DM and cardiovascular 
disease conditions (18). TNF promotes reduction in 
adiponectin expression and secretion (18), contribu
ting to metabolic syndrome development. Together, 
these data indicate that high levels of Tnf expression 
found in adipocytes of MSGobese rats are probably 
due to chronic inflammation of the adipose tissue with 
macrophage infiltration (21). Probably this adipokine 
contributes to insulin resistance, which is typical for this 
model. According to our data, exercise does not correct 
the inflammatory profile in this obesity model.

Corroborating RomanRamos and cols. (4), Ppa-
ra and Pparg had their mRNA levels increased in the 
MSGtreated animals, which may indicate an inflamma
tory condition due to obesity. Pparg is mainly expressed 
in the adipose tissue and its activation in MSGtreated 
rat adipose tissue may lead to the increase of adipocyte 
size, probably causing hypertrophy (5). RomanRamos 
and cols. (4) suggested that the activation of PPARs 
is responsible for the deregulated inflammatory profi
le of MSG animals; however, some authors reported 
that Ppara and Pparg activation may improve insulin 
resistance induced by obesity (22). Our results indicate 
that Pparg may participate directly in the increase of 
the visceral fat content and adipocyte size that occurs 
in MSGobese animals (5). On the other hand, exercise 
was not able to correct its levels in obese animals. Pro
bably, Pparg function is not only metabolic, but it may 
also be involved in the inflammatory control, partici
pating in the proinflammatory cytokine pathway and 
in the modulation of acute phase of the inflammatory 
response by independent mechanisms of lipoprotein 
changes (23).

Genes regulated by Ppara participate in the keypro
tein regulation involved in lipid metabolism, fatty acid 
oxidation, hemostasis and inflammation (24). High 
levels of Ppara mRNA may be related to the increase 
of body weight in MSGtreated animals. Physical activ
ity did not have influence over this gene expression in 
these animals. The higher expression of Ppara mRNA 
in CONEXE animals can be explained by a high mi

tochondrial activity and peroxisomal betaoxidation. 
PPARA is capable of upregulating the expression of 
genes to enzymes such as carnitinepalmitoyltransfera
seI (CPTI), which transports fatty acids into the mi
tochondria for betaoxidation. Expression of PPARA 
also increases expression of acetyilCoA synthase, a mi
tochondrial enzyme necessary for betaoxidation (25). 
However, more studies are needed to determine which 
exactly the role of Ppara is and its relation to obesity.

Regular physical activity was not capable to correct 
proinflammatory adipokine expression in adipocytes 
of MSGtreated obese rats. Other factors or adipoki
nes cannot be discarded. More studies are necessary 
to determine which adipokines have altered expression 
by physical activity and the resulting effect in energy 
homeostasis. Furthermore, studies to analyze the re
sulting proteins of the analyzed genes are necessary, 
although cytokines may have autocrine and paracrine 
actions, which may affect the metabolism of adipose tis
sue without necessarily affecting plasma levels.
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ABSTRACT
Objective: The association between type 1 diabetes mellitus (T1D) and dyslipidemia (DLP) increases 
the risk of cardiovascular disease (CVD). The aim of this study was to evaluate the presence of dys-
lipidemia in young T1D patients. Materials and methods: The study design was cross-sectional and 
descriptive. We reviewed medical records of T1D patients followed at an endocrinology service, from 
1998-2012. Data collected: gender, actual age and age at diagnosis, duration of T1D since diagnosis, 
body mass index (BMI), pubertal stage, glycemic control (GC) determined by glycated hemoglobin 
(HbA1c), total cholesterol (TC), HDL, LDL, triglycerides (TG). To analyze lipid profile and metabolic 
control, we used the Brazilian Society of Diabetes Guidelines. Results: Were included 239 T1D pa-
tients, 136 (56.9%) females; mean ± SD: actual age 15.7 ± 5.0 years and at T1D diagnosis 7.3 ± 3.9; T1D 
duration 10.6 ± 6.4 years, 86.6% puberty, 15.1% overweight. The prevalence of DLP was 72.5%, 63.3% 
females, 86.6% puberty, mean ± SD: actual age 15.4 ± 4.8 years and at T1D diagnosis 7.2 ± 4.1 years, 
duration of T1D 10.7 ± 6.1 years. We found high-CT in 56.7%, low-HDL = 21.7%, high LDL = 44.0%, 
high-TG = 11.8%. Between females with DLP, 83.5% was in puberty. We find correlation between the 
presence of DLP, a poor GC and BMC. Conclusion: We found a high prevalence of DLP in young pa-
tients with T1D, particularly in puberty females. Programs targeting the prevention of dyslipidemia 
should be adopted, especially for this group, in order to prevent/delay chronic complications and 
cardiovascular disease. Arch Endocrinol Metab. 2015;59(3):215-9

Keywords
Type 1 diabetes mellitus; dyslipidemia; atherosclerosis; cardiovascular risk

INTRODUCTION

T he prevalence of dyslipidemia (DLP) in the gen-
eral population, including children, has recently 

increased (1-3). Changes in lifestyle that contribute 
to overweight and obesity, including sedentarism and 
high carbohydrate and fat diets, may have contributed 
to this increased DLP prevalence (1,4,5).

In patients with type 1 diabetes mellitus (T1D), the 
presence of DLP significantly increases cardiovascular 
risk. Patients with T1D have a 2–4 times greater risk of 
developing atherosclerosis compared to people without 
diabetes mellitus, and cardiovascular events account for 
up to 44% of the total mortality in these patients (2,6-8).

However, there are few studies that have investiga-
ted the relationship between DLP and T1D in young 
people; most of the information has been based on 
adult studies (6,9-11). Therefore, this study aimed to 
determine the prevalence of DLP in young patients 
with T1D in an endocrinology referral center.

MATERIALS AND METHODS

This retrospective study collected data from the medical 
records of T1D patients of both genders (chronological 
age ≥ 5 years) who were followed in the Diabetes Out-
patient Clinic at Santa Casa School of Medicine of São 
Paulo (ISCMSP), São Paulo, Brazil, from 1998-2012.

The following data were collected: (1) clinical data 
including gender, actual age and age at T1D diagnosis, 
duration of T1D since diagnosis; weight (kg), height 
(cm), and age-specific body mass index (BMI; kg/m2); 
and (2) laboratory data, which were measured up to 
a maximum of 3 months from the appointment date, 
including glycemic control (GC); glycated hemoglobin 
[HbA1c, measured by turbidimetric immunoassay], 
triglycerides (TG), and total cholesterol (TC, esterase-
-oxidase) and its fractions (high-density lipoprotein 
[HDL] measured by enzymatic colorimetric method 
and low-density lipoprotein [LDL, estimated using the 
Friedewald equation]).
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Data on weight and height were analyzed and clas-
sified by using the WHO Anthro® software, Geneva, 
Switzerland. The Z score (BMI/Age) indices were 
used to evaluate nutritional status. Patients were clas-
sified as eutrophic (Z, −1 to +1), overweight (Z, +1 to 
+2), obese (Z ≥ 2) and low weight (Z ≤ −1) (12).

Patients were stratified according to age (5-9.9 
years, 10-18.9 years, and ≥ 19 years) and ranked on 
the basis of the lipid profile and metabolic control ac-
cording to the recommendations of the Guidelines of 
the Brazilian Society of Diabetes (2013 to 2014), (13) 
considering normal values for children TC < 150 mg/dL; 
HDL ≥ 45 mg/dL; LDL < 100 mg/dL; TG < 100 
mg/dL; HbA1c: < 7.5%. The adults were considered 
as having normal values when TC < 200 mg/dL; HDL 
> 40 mg/dL in men; HDL > 50 mg/dL in women; 
LDL < 100 mg/dL; TG < 150 mg/dL; HbA1c: < 7%. 
DLP was considered when we have at least one of them 
unsettled. 

Descriptive and comparative statistical analyses between 
the variables were conducted by using SigmaStat for Win-
dows version 3.5 (SPSS Inc., San Jose, CA, USA). 

We used relative or absolute frequency in the analy-
sis of the qualitative variables, and mean and standard 
deviation for continuous data. We used teste t when the 
analyzed variables were parametric and Mann-Whitney 
for non-parametric data. p < 0.05 was considered sta-
tistically significant.

The study was approved by the Ethics in Hu-
man and Animal Medical Research committee of the  
ISCMSP.

RESULTS 

Between 1998 and 2012, 239 patients with DM1 aged 
5-31 years were followed. The patient’s characteristics 
are described in table 1. Prevalence of DLP was 72.5% 
of the T1D patients (Figure 1). We found no statisti-
cal differences in epidemiologic variables when making 
comparisons according to the pubertal stage (prepu-
bertal vs. pubertal) or nutritional status (eutrophic vs. 
overweight) (p > 0.05, Mann-Whitney U test). 

When comparisons were conducted according to 
the gender, we found 81.7% of DLP in the female pa-
tients and 61.8% in males (p < 0.01, Mann-Whitney 
U test) (Table 2). As there was a higher prevalence of 
DLP in the female patients, these patients were cate-
gorized according to their nutritional status (eutro-
phic vs. overweight) and presence of DLP (presence 

Table 1. Characteristics of the patients with type 1 diabetes mellitus (T1D) 
at the Department of Endocrinology ISCMSP, 1998-2012

Group characteristics Total (n = 239)

Gender, n (%) 136 Females (56.9); 103 Males (43.1)

Actual age – years (SD) 15.7 ± 5.0

Age at T1D diagnosis – years (SD) 7.3 (4.0)

Disease duration – years (SD) 10.6 (6.4)

Puberty, n (%) 206 (86.6)

Eutrophic, n (%) 139 (72.0)

Overweight /obese, n (%) 27 (15.1)

Low weight, n (%) 18 (13.0)

or absence). Overweight status did not contribute to 
poorer GC (p: 0.56, Mann-Whitney U test), but it was 
associated with a higher prevalence of DLP (p < 0.01, 
Mann-Whitney U test). The lipid profile when analyzed 
separately (CT, HDL, LDL, TG) was unrelated with 
overweight (p > 0.05, Mann-Whitney U test).

When we analyzed the presence of DLP in the fe-
male group considering the puberty stage, it was more 
prevalent in pubertal girls (82.7%) (p < 0.01; Mann-
-Whitney U test); however, was unrelated to age  
(p: 0.33, Mann-Whitney U test), age at T1D diagnosis  
(p: 0.48, Mann-Whitney U test), disease duration  
(p: 0.52, Mann-Whitney U test) or glycemic control 
(p: 0.56, Mann-Whitney U test). From all the patients 
that had DLP and were in puberty, 63.3% were female.

When we analyzed the frequency of DLP and lipid 
prolife according the age groups T1D patients, the 
group aged ≥ 19 years had more DLP (66.1%) with 
greater levels of TC (21.4%) (p < 0.01; Mann-Whitney 
U test) than the other age groups. There was no statis-
tical difference between the other age groups (5-9.99 
years) vs. (10-18.99 years) (p > 0.05, Mann-Whitney U 
test). The patient’s characteristics (mean ± DP) by age 
group and gender are described in table 3. 

Figure 1. Prevalence of dyslipidemia in patients with type 1 diabetes 
mellitus at the Department of Endocrinology ISCMSP, 1998–2012.
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Table 2. Clinical and laboratory characteristics by gender in patients with type 1 diabetes mellitus at the Department of Endocrinology ISCMSP, 1998-
2012

Characteristics Female Male P

N = 239 N = 136 (%) N = 103 (%)

Actual age – years (SD) 15.7 (± 5.3) 15.7 (±4.5) 0.94

Disease duration – years (SD) 10.5 (± 6.3) 10.7 (±6.5) 0.72

Overweight, n (%) 26 (19.1) 10 (9.7) 0.04*

Pubertal group, n (%) 116 (85.3) 90 (87.4) < 0.01*

Poor glycemic control, n (%) 121 (93.0) 86 (86.7) 0.17

DLP, n (%) 107 (81.7) 62 (60.8) < 0.01*

High TC, n (%) 87 (66.9) 44 (43.6) 0.18

Low HDL, n (%) 32 (23.1) 18 (20.0) *0.04

High LDL, n (%) 70 (50.4) 31 (35.6) 0.06

High TG, n (%) 19 (14.8) 8 (8.0) 0.49

* p < 0.05; Mann-Whitney U test.

Table 3. Clinical and laboratory characteristics (mean ± SD) by gender and age in patients with type 1 diabetes mellitus at the Department of Endocrinology 
ISCMSP, 1998–2012

Characteristics

N = 239

5 - 9,9 years
mean ± SD

10 - 18,9 years
mean ± SD

≥ 19 years
mean ± SD

N = 33 F = 25 M = 8 N = 152 F = 76 M = 76 N = 54 F = 35 M = 19

Actual age-years 8.3 (1.1) 8.2 (1.2) 8.4 (0.9) 14.9 (2.4) 15.0 (2.2) 14.7 (±2.6) 22.6 (3.2) 22.6 (3.4) 22.6 (3.0)

Disease duration – years 5.8 (4.5) 6.1 (4.5) 5.0 (4.7) 9.8 (5.6) 9.6 (5.1) 10,1 (±6.0) 15.8 (6.1) 15.7 (6.4) 15.9 (5.7)

z BMI 0.4 (0.4) 0.5 (1.1) 0.2 (1.9) 0.3 (1.1) 0.3 (1.1) 0.1 (±1.0) 0.1 (0.9) 0.1 (0.9) 0.1 (1.2)

Hb1Ac (%) 9.0 (1.9) 9.1 (1.9) 8.5 (2.0 11 (2.5) 11.6 (2.5) 10.5 (±2.5) 10.2 (2.6) 10.5 (3.0) 9.5 (1.8)

TC 162.4 (35.5) 158.6 (29.3) 172.1 (49.5) 168.2 (40.6) 184.0 (42.1) 152.4 (±32.3) 177.1 (50.8) 186.6 (57.3) 159.6 (29.7)

HDL 49.8 (9.9) 50.2 (10.4) 48.3 (8.7) 52.3 (12.2) 55.1 (12.5) 49.4 (±10.7) 51.4 (13.5) 53.7 (14.9) 47.1 (9.4)

LDL 97.1 (32.2) 94.2 (28.6) 104.8 (41.4) 99.9 (31.8) 110.9 (33.9) 88.8 (±25.3) 103.6 (39.4) 110.4 (42.8) 91.2 (29.4)

TG 70.3 (47.4) 62.5 (26.4) 89.9 (78.5) 87.2 (55.2) 100.8 (66.7) 73.7 (±36.2) 103.0 (56.4) 104.3 (55.6) 100.6 (59.3)

Total Daily Insulin (UI/kg/day) 0.9 (0.4) 1.0 (0.4) 0.9 (0.4) 1.2 (0.4) 1.2 (0.4) 1.1 (0.4) 0.9 (0.4) 0.8 (0.4) 1.0 (0.2)

F: female; M: male; BMI: body mass index; HbA1c: glycated hemoglobin; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; TG: triglycerides.

DISCUSSION

We found a high prevalence of DLP (72.5%) in young 
patients with T1D, characterized primarily by increased 
TC and LDL levels. The increased prevalence of DLP 
has previously been reported, even among young pa-
tients (1-3,14). However, the prevalence in the present 
study was much higher than that found by Polak and 
cols., who reported that 16% of puberal patients with 
T1D had elevated TC, while 5% had hypertriglyceride-
mia (15).

Regarding the atherogenic profile, the most com-
monly reported forms of DLP in patients with T1D in-
clude elevated TC, LDL, and TG values (4,6,9) which 
are similar to the findings observed in the present study.

There was no correlation between poor GC and 
HDL, LDL, TC or the TG levels, similar to those re-

ported by Teles and Fornés (16). However, the results 
reported by Guy and cols. (14) and Giuffrida and cols. 
(17), in which they reported correlation between poor 
HbA1c levels and he presence of DLP, were different 
from the present findings.

According to Alves and cols. (6), DLP is most likely 
to be found in newly diagnosed individuals with dia-
betes mellitus, those who are metabolically decompen-
sated, or patients experiencing diabetic ketoacidosis. 
Patients with diabetes mellitus and good GC generally 
have a normal lipid profile, similar to that in individuals 
without diabetes mellitus (14).

We observed a higher prevalence of DLP (81.7%) 
with lower levels of HDL (23.1%) in female patients. 
Franca and Alves (18) also reported a higher inciden-
ce of DLP in this group (34.7%) in comparison with 
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male participants (25.3%). According to Pérez and cols. 
(9), even when women with T1D have well-controlled 
glucose levels, they have a higher atherogenic profile 
than men, suggesting that T1D has a greater impact on 
cardiovascular risk in women than in men. Furthermo-
re, we did not detect a correlation between obesity/
overweight with poor metabolic control and the lipid 
profile in the female patients, which also suggests that 
the female gender can be, itself, a risk factor for DLP in 
T1D young patients.

The findings of the present study also indicated that 
the atherogenic profile was poorer in pubertal patients. 
The studies by Polak and cols. (15), Franca and Alves 
(18) support this finding.

There were no differences considering the age in the 
total sample; however, the patients aged 10-18.9 years 
had more DLP and higher TC than the others groups.

Of the present sample, 15.1% were overweight or 
obese, of which 12.6% were overweight, and 2.5% obe-
se. Compared to other reports based on national data, 
similar rates were reported by Liberatore Jr. and cols. 
(19), where 15.6% were overweight or obese.

The incidence of obesity is increasing in all age 
groups (20), even among patients with T1D (21,22). 
The etiology of obesity is multifactorial, resulting from 
an imbalance between caloric intake and energy ex-
penditure associated with genetic, environmental, and 
behavioral factors, such as a sedentary lifestyle, imba-
lanced diets, and increased food intake. In addition, ex-
cessive weight gain has been observed in T1D patients 
undergoing intensive insulin therapy (5,19,23).

Obesity is associated with several endocrine and me-
tabolic comorbidities, including type 2 diabetes melli-
tus, hypertension, and DLP, and is considered an inde-
pendent risk factor for increased mortality (5,22,24). 
In the present study, we found an association between 
overweight and DLP, however we found no correlation 
between BMI and poor GC or lipid profile.

Better GC is associated with improved survival in 
patients with T1D, leading to progressive changes in 
the causes of mortality, particularly cardiovascular dise-
ase; therefore, it is important to identify the risk factors 
for cardiovascular disease in this population (25-31).

On the basis of the results of the present study, we 
can conclude that higher rates of DLP are present in 
T1D adolescents, particularly associated to puberty, 
overweight and female gender. Early identification of 
DLP in this at-risk group may help to prevent or delay 
the onset of cardiovascular disease.
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2000 CDC or 2007 WHO – What is 
the most sensitive anthropometric 
reference for determination of 
overweight and cardio-metabolic 
risk in children aged 6–10 years?

Valesca Mansur Kuba1,2, Claudio Leone3, Durval Damiani4

ABSTRACT
Objective: To compare the two anthropometric standards for screening of overweight and cardio-
metabolic risk in 6–10-year-old children. Subjects and methods: This cross-sectional study included 
175 subjects attending the Referral Center for the Treatment of Children and Adolescents in Campos, 
Rio de Janeiro. They were classified according to CDC and WHO BMI z scores as normal-weight (z-
score > –1 and < 1), overweight (z-score ≥ 1 and < 2) or obese (z-score ≥ 2). Sensitivities and specifici-
ties in predicting systolic (SBP), diastolic (DBP) blood pressure and homeostatic model assessment 
insulin resistance index (HOMA-IR) alterations were calculated. Results: There was a major difference 
in 11 children who rated overweight by the CDC but were reclassified as obese by the WHO. Their 
mean z-scores for SBP (1.71 ± 1.54), DBP (2.64 ± 1.83) and HOMA-IR (1.84 ± 0.98) were higher than 
those classified as overweight by both references (SBP = 0.49 ± 1.34, p < 0.023, DBP = 1.45 ± 0.97, p < 
0.04 and HOMA = 1.24 ± 0.67, p < 0.04), but were similar to those classified as obese by both criteria 
(SBP = 1.25 ± 2.04, p = 0.60, DBP = 1.94 ± 1.19, p = 0.50 and HOMA = 2.09 ± 1.12, p = 0.76). Conclusion: 
the 2007 WHO reference was the most sensitive in screening for overweight and alterations in blood 
pressure and HOMA-IR in 6–10-year-old children. Arch Endocrinol Metab. 2015;59(3):220-5

Keywords
Cardio-metabolic risk; obesity; children; Centers for Disease Control and Prevention; World Health Organization

INTRODUCTION

I n the last few decades, more affluent lifestyles have 
resulted in a worldwide increase in the prevalence of 

childhood obesity, which is considered a health prob-
lem of epidemic proportions (1). In the United States, 
the most recent data from the Centers for Disease Con-
trol and Prevention (CDC) National Health and Nutri-
tion Examination Survey (NHANES) reported that the 
prevalence of obesity in children aged under 5 years and 
6–11 years had increased from 5% and 4%, respectively, 
in 1971 to 12% and 17%, respectively, in 2006 (2). In 
Brazil, almost 33.5% of 5–9 year-olds are overweight, 
with the highest prevalence in southeast Brazil (3). 

Childhood obesity is an important risk factor for the 
development of coronary heart disease (4), and a mar-
ked increase in body mass index (BMI) after 10 years of 
age has been considered the strongest predictor of pre-

mature death resulting from a heart attack in adulthood 
(5). Insulin resistance also has an important role in the 
pathogenesis of metabolic syndrome and can lead to 
type 2 diabetes and poor outcomes (5).

In 2000, the CDC reviewed the NHANES growth 
charts and corrected some of their shortcomings (6). 
However, because of the increase in childhood obesity, 
the World Health Organization (WHO) more recently 
reconstructed the 2000 CDC BMI reference measure-
ments and smoothed their skewness to increase their 
sensitivity in diagnosing overweight and thus provide 
an adequate transition from standard curves for the 
under-fives to the reference curves for older children 
(7,8). 

The study aimed to compare the CDC and WHO 
BMI reference criteria for screening of overweight and 
cardio-metabolic risk in 6–10-year-old children, using 
the same critical cut-off points.
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SUBJECTS AND METHODS

This was a cross-sectional study of a sequential sam-
ple of children attending the Pediatric Endocrinol-
ogy outpatient clinic of the Referral Center for the 
Treatment of Children and Adolescents (CRTCA) in 
Campos, State of Rio de Janeiro, in the southeast of 
Brazil. Data were collected between November 2006 
and April 2008. The sample comprised 175 children 
aged 6–10 years, of both sexes, at the Tanner I pubertal 
stage. Most participants were from low-income fami-
lies and many were of African descent. The children 
were referred to the CRTCA by pediatricians (60%) or 
by the principals of public schools in Campos (40%). 
The reason for sending children who were slim was 
to check whether their weight or height was normal. 
Overweight/obese children were also sent for this rea-
son, or because dyslipidemia had been found on initial 
screening by a pediatrician. Children with thyroid, kid-
ney or liver disorders, psychiatric diseases, non-essential 
hypertension or acute or chronic infections, who were 
using any medication that could interfere with the vari-
ables analyzed, or who were undergoing treatment for 
weight control were excluded.

The study was performed according to the Helsinki 
Declaration and approved by the Ethical Committee in 
Research of the University of São Paulo (203/2011). 
Subjects participated in the study only after the Terms 
of Consent were read and had been signed by their pa-
rents or guardians. All data were anonymized for the 
analysis.

All subjects were examined by the same observer, 
who evaluated body weight (measured to the nearest 
0.1 kg on a Filizola adult-type scale with the subject 
wearing light clothes, without shoes and with their feet 
juxtaposed) and height (measured to the nearest 0.1 
cm on a wall-mounted stadiometer of Halpender-Hol-
tain type [Tonelli]) (9).

Systolic blood pressure (SBP) and diastolic blood 
pressure (DBP) were measured (mmHg) in the right 
upper arm, with a cuff appropriate to the length and 
circumference of the arm, after the child was at rest and 
had been sitting down for at least 5 minutes. BP was 
checked twice during the appointment and the mean 
of the two measurements was used for analysis. Values 
over the 90th percentile were considered abnormal (10). 
BP z-scores were also calculated based on the reference 
values for sex, age and height (11). BP was checked 
again at the second appointment, about 45 days after 

the first evaluation, when the children returned and re-
sults of complementary tests were evaluated.

The children were classified according to the CDC 
criteria as normal weight (BMI > 5th and < 85th per-
centiles) or overweight (BMI ≥ 85th percentile). BMI 
z-scores were then calculated from the 2000 CDC 
and 2007 WHO data, which classified them as normal 
weight (BMI z-score > –1 and < 1), overweight (BMI  
z-score ≥ 1 and < 2) or obese (BMI z-score ≥ 2). Then, 
the 2000 CDC standards and 2007 WHO BMI z scores 
were compared in relation to their sensitivity in diagno-
sing overweight, obesity and cardio-metabolic risk.

Laboratory evaluation

At the first clinical evaluation, the parents or guar-
dians of all children were instructed on the collection 
of blood samples after a 12-hour overnight fast for the 
measurement of fasting glucose, total cholesterol (TC), 
low-density lipoprotein (LDLc), triglycerides (TG), 
high-density lipoprotein (HDLc), and insulin. LDLc 
was determined using Friedewald’s formula (12). 
Lipid levels were evaluated according to the 1st Bra-
zilian Guidelines on the prevention of atherosclerosis 
in childhood and adolescence, which consider normal 
levels TC < 150 mg/dL, LDL < 100 mg/dL, TG < 
100 mg/dL and HDL ≥ 45 mg/dL (13). Homeo-
static Model Assessment–Insulin Resistance (HOMA-
IR) was calculated (14) and the cut-off value ≥ 2.5 was 
chosen, based on the study of Madeira and cols. (15) 
in a cohort of the same age from Rio de Janeiro. Glu-
cose and lipid profiles were determined by a colorimet-
ric enzymatic method, using a Hitachi-Roche modular 
system (Roche Diagnostics GmbH, Mannheim, Ger-
many). Insulin was measured by a chemiluminescence 
kit (Bayer, Germany).

Statistical analysis

BP values and metabolic parameters were compared 
among groups using the Student t-test for continuous 
variables with a normal distribution and the Mann-
Whitney U test for variables without a normal distri-
bution. BMI z-scores were calculated according to the 
2007 WHO reference values using AnthroPlus soft-
ware. The sensitivity and specificity of estimated 2007 
BMI z-scores for detecting changes in BP or HOMA-
IR were calculated by receiver operating characteristic 
(ROC) curve analysis. McNemar’s test was used to 
compare CDC and WHO BMI z-scores, considering 
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p < 0.05 as significant, with a confidence interval of 
95%. Insulin and HOMA-IR values were not normally 
distributed on the Kolmogorov–Smirnof test and thus 
it was necessary to transform them into logarithmic va-
lues. Medcalc version 12.1.0.0 (Mariakerke, Blegium), 
GraphPad Instat version 3.00 and Graph Pad Prism 5 
version 5.04 (San Diego, CA, USA) were used for sta-
tistical analysis.

RESULTS

A total of 175 children were included in the study, with 
88 classified as normal-weight and 87 as overweight/
obese. The mean age ± standard deviation of the two 
groups was 8.08 ± 1.24 years and 8.28 ± 1.15 years, 
respectively. There were 40 girls and 48 boys in the 
normal-weight group, and 37 girls and 50 boys in the 
overweight/obese group. In the normal-weight group 
47% were white and 53% were African American; in 
the overweight/obese group, 49% were white and 51% 
were African American. The demographic and clinical 
data of the children are shown in table 1. There was a 
significant correlation between BP values recorded at 
the first and second appointments (r = 0.95 and r = 
0.91 for SBP and DBP, respectively).

Table 1. Demographic and clinical data of normal-weight and overweight/
obese 6–10-year-old children from Campos, Brazil

Group
Normal-
weight
n = 88

Overweight/
obese
n = 87

p-value

Girls 40 (45%) 37 (43%) p = 0.8122

White 41 (47%) 43 (49%) p = 0.7630

Age (mean ± SD) 8.08 ± 1.24 8.28 ± 1.15 p = 0.2703

Height/age z score −0.31 ± 1.08 0.84 ± 1.17 p < 0.0001

BMI z-score (mean ± SD) −0,16 ± 0.64 2.90 ± 0.13 p < 0.0001

SBP z-score (mean ± SD) −0.91 ± 1.12 0.94 ± 0.16 p < 0.0001

DBP z-score (mean ± SD) 0.32 ± 0.85 1.71 ± 1.15 p < 0.0001

BMI: body mass index; DBP: diastolic BP; SBP: systolic blood pressure.

The 2000 CDC and 2007 WHO reference values 
were concordant in classifying 121 children (69%), with 
88 classified as normal-weight, 24 as overweight and nine 
as obese. However, the reference values showed a discre-
pancy in 54 children (31%). Of these, three classified as 
normal-weight according to CDC guidelines were classi-
fied as overweight by WHO criteria, and 11 classified as 
overweight by CDC guidelines were classified as obese by 
WHO criteria. The remaining 40 children were determi-
ned to be obese in both sets of criteria, but, according to 
CDC criteria they were classified between 2 and 3 BMI  
z-scores (mean 2.85) compared with BMI z-scores higher 
than 3 (mean, 6.72) when classified by WHO criteria. 
The WHO reference values classified 2.29% more chil-
dren in the BMI z-score range between 1 and 2 (3/175, 
p = 0.125), and 6.29% more children in the BMI z-score 
range between 2 and 3 (11/175, p < 0.001). 

Table 2 shows the means of BP z-scores and HOMA-IR 
of the children reclassified as obese by the WHO Chart (n 
= 11), in comparison with those whose classification was 
concordant in the two systems. The mean SBP z-scores 
of the reclassified children were significantly higher than 
those of children classified as overweight according to 
both reference criteria (n = 24). The same was observed 
in relation to the means of DBP z-scores and HOMA-
-IR. There were no differences between means of fasting 
glucose, HDL, TG and LDL between these groups. On 
the other hand, the means of BP z-scores and HOMA-
-IR of the 11 reclassified children were similar to those 
in children classified as obese in both systems (n = 9), as 
were the means of glucose, HDL, TG and LDL.

As shown in Tables 3, 4 and 5 there were differences 
in BMI z-score sensitivity and specificity according to 
CDC and WHO criteria. Specifically, for a BMI z-score ≥ 
2, the sensitivities of the WHO criteria were higher than 
the CDC criteria for predicting alterations in SBP, DBP 
and HOMA-IR (69.7%, 61.8% and 74.4%, respectively, 
compared with 48.5%, 47.2% and 67.4%, respectively). 

Table 2. Comparison of the means of BP z-scores and HOMA-IR of the children reclassified as obese according to WHO standards with those whose 
classification was concordant

Groups Reclassified children
(n = 11)

Normal-weight
(n = 88)

Overweight
(n = 24)

Obese
(n = 9)

SBP z-score 1.71 ± 1.54 -0.91 ± 1.12 

(p < 0.0002)

0.49 ± 1.34

(p < 0.023)

1.25 ± 2.04

(p = 0.60)

DBP z-score 2.64 ± 1.83 0.32 ± 0.85

(p < 0.02)

1.45 ± 0.97

(p < 0.04)

1.94 ± 1.19

(p = 0.50)

HOMA-IR 1.84 ± 0.98 0.95 ± 0.58

(p < 0.007)

1.24 ± 0.67

(p < 0.04)

2.09 ± 1.12

(p = 0.76)

HOMA-IR: Homeostatic Model Assessment–Insulin Resistance; DBP: diastolic BP; SBP: systolic blood pressure.
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Table 3. Sensitivity and specificity of BMI z-scores as the adopted reference in predicting SBP alteration in 175 normal-weight and overweight in 
6–10-year-old children from Campos

BMI z-score

z ≥ 1 z ≥ 2

WHO CDC p WHO CDC P

Sensitivity 90.9%

* (75.7 –98.1)

90.9%

(75.7 – 98.1)

ns 69.7%  
(51.3 – 84.4)

48.5%

(30.8 – 66.5)

< 0.0001

Specificity 60.6%

* (52.0 –68.7)

62.7% 

(54.2 – 70.6)

ns 74.6%

(66.7 – 81.6)

77. 5% 

(69.7 – 84.0)

< 0.03

* % (95% confidence interval). 
CDC: Centers for Disease Control and Prevention BMI criteria; WHO: World Health Organization BMI criteria; ns: not significant.

Table 4. Sensitivity and specificity of BMI z-scores as the adopted reference in predicting DBP alteration in 175 normal-weight and overweight 6–10-year-
old children from Campos

BMI z-score

z ≥ 1 z ≥ 2

WHO CDC p WHO CDC p

Sensitivity 85.5%

* (73,3 – 93,5)

83.6%

 (71,2 – 92,2)

ns 61.8%

(47,7 – 74,6)

47.2% 

(33,7 – 61,3%)

< 0.0001

Specificity 67.5% 

* (58.3 – 75.8)

64.4%

(55.6 – 70.6)

ns 79.2%

(70.8 – 81,0)

85.6%

(78.4 – 91.1)

< 0.0005

* % (95% confidence interval).
CDC: Centers for Disease Control and Prevention BMI criteria; WHO: World Health Organization BMI criteria; ns: not significant.

Table 5. Sensitivity and specificity of BMI z-scores as the adopted reference in predicting HOMA-IR alterations in 175 normal-weight and overweight 
6–10-year-old children from Campos

BMI z- score z 

z ≥ 1 z ≥ 2

WHO CDC p WHO CDC p

Sensitivity 83.7%

* (69.3 – 93.2)

83.7%

(69.3 – 93.2)

ns 74.4%

(58.8 – 86.5)

67.4%

(51.5 – 80.9)

< 0.001

Specificity 62.1%  

* (53.3 – 70.4)

69.2%

(60.1 – 77.3)

0.0002 79.5%

(71.7 – 86.1)

85.6% 

(78.4 – 91.1)

< 0.001

* % (95% confidence interval). 
CDC: Centers for Disease Control and Prevention BMI criteria; WHO: World Health Organization BMI criteria; ns: not significant.

DISCUSSION

Anthropometric reference values for children repre-
sent normal growth and constitute a valuable tool in 
evaluating nutritional status and child health (16). In 
2000, the CDC published growth charts using data 
from NHANES III studies (6), and also presented BMI 
reference values according to sex and age (17), which 
have largely been used until recently. One of the limita-
tions of these standards was the skewness at upper le-
vels (BMI ≥ 85th centile), leading to underestimation of 
overweight (8). Thus, in view of the global epidemic 
of obesity, after publishing new 2006 reference stan-

dards for the under-fives, the WHO also developed re-
ference standards in 2007 for 5–19 year-old children, 
based on data from 2000 CDC data. As a consequence 
of smoothing their skewness, lower BMI vales corre-
sponded to the BMI z-scores, which increased the sen-
sitivity for screening of overweight and obesity (8).

Most of the studies comparing CDC and WHO re-
ference values for determination of nutritional status 
were conducted in the under-fives. Our study is origi-
nal because it not only compared the standards in the 
diagnosis of overweight in older children, but also the 
metabolic risk. In our sample, the WHO criteria cate-
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gorized 11 more children as obese (6.29%) than the 
CDC criteria, and showed a greater sensitivity for this 
purpose. Our results were similar to those of Leone and 
cols. (18), who compared both standards and noted an 
increase in obesity prevalence in 3–7-year-old children 
from Santo André, São Paulo, using the WHO refe-
rence values, which showed an increased sensitivity in 
spite of a lower specificity. From an epidemiologic pers-
pective, the nutritional transition observed worldwide 
may partially explain the higher obesity prevalence in 
subjects studied by Leone and cols., with a tendency 
to overweight in younger children, even as early as 
pre-school. In the current study, the WHO reference 
standard was also more sensitive not only in diagnosing 
obesity, but also its severity, because there were a num-
ber of children with a BMI z-score higher than 4 who 
were classified with a mean BMI z-score of only 2.85 
according to the CDC criteria.

Another important issue is the evaluation of cardio-
metabolic risk. It is necessary to consider the impli-
cations of changing BMI cut-off values for screening 
obesity (19). The children who were reclassified from 
overweight to obese by WHO criteria, were also found 
to have a metabolic profile similar to obese children. 
Thus, the WHO criteria were sensitive for prediction of 
high BP and insulin resistance, without loss of specifi-
city, when the BMI z-score cut-off increased from 1 to 
2, while there was a reduction in sensitivity using the 
CDC criteria. Our results contrast with those of Kakina-
mi and cols. (20), who, in spite of observing an increase 
in obesity prevalence using WHO reference values, did 
not find any difference in sensitivity between the CDC 
and WHO criteria for determining cardio-metabolic 
risk. However, their sample constituted teenagers from 
Quebec, whose body composition could be different 
from our subjects who were mainly pre-pubertal and 
approximately half were non-white. African Americans 
and Latin Americans generally have higher prevalence 
and severity of hypertension (21). Thus, the choice of 
the cut-off depends on the aim of the study: for scree-
ning metabolic risk, variables other than BMI are re-
quired (such as HOMA-IR, lipid levels and BP), and it 
is preferable to use the more sensitive chart. This would 
allow clinicians to determine the risk of cardiovascular 
disease and type 2 diabetes as early as possible (22).

We would like to highlight some limitations of our 
study. The first was that we did not have access to data 
on other factors that could influence BP, such as fami-
ly history of hypertension and the eating habits of the 

population under study. The second limitation was re-
lated to the use of the HOMA-IR for diagnosing IR. 
Use of the gold standard, the euglycemic hyperinsuli-
nemic clamp, is not feasible in children, because it is 
a complex procedure, difficult to perform and expen-
sive. As an alternative, the HOMA-IR, which requires 
only fasting glucose and insulin measurements, is used 
(23,24). Some authors argue that there is no consen-
sus regarding the ideal HOMA-IR cut-off value in 
children, and commercially available kits also measure 
pro-insulin levels (25). However, the HOMA-IR is re-
liable and practical, since it is standardized for a speci-
fic population as we chose, based on that of the study 
of Madeira and cols., whose data came from a cohort 
of children of similar age to ours and originating from 
Rio de Janeiro (15). Furthermore, results of HOMA-IR 
are strongly correlated with those obtained using the 
euglycemic hyperinsulinemic clamp (r = 0.82) and are 
thus considered reliable for epidemiologic studies on a 
large scale (26,27). Regarding the kits used to measure 
insulin, cross-reactivity with pro-insulin is small (an es-
timated 8% for the chemiluminescence test). We would 
like to emphasize that, because our sample comprised a 
significant proportion of African American descent, was 
drawn from low-income families and public schools in 
the north of Rio de Janeiro, we suggest caution in the 
extrapolation of our results. 

In conclusion, our study indicated that 2007 WHO 
reference standards were more sensitive than the 2000 
CDC criteria not only for screening for overweight and 
obesity, but also for predicting alterations in BP and 
HOMA-IR in 6–10-year-old children. Other multi-
center studies are necessary, including subjects of di-
fferent ethnic groups, ages and socioeconomic status, 
since prevention of cardiovascular diseases and diabetes 
begins by early screening for overweight through an 
accurate anthropometric evaluation.

Author contributions: Valesca Mansur Kuba was responsible for 
the conception, design, drafting and interpretation of the results. 
Claudio Leone and Durval Damiani were responsible for the 
analysis of data, interpretation of the results, revision and final 
approval of the version to be published. 

Acknowledgements: We thank Dr José Tarcísio Thichiebaut, who 
helped us to interpret our results. We also thank Dr Cláudio Ma-
noel Petrucci who allowed the assays to be run in the Municipal 
Hospital of Guarus. 

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



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

225Arch Endocrinol Metab. 2015;59/3

Cardio-metabolic-risk diagnosis in children

REFERENCES
1. Lobstein TJ, James WP, Cole TJ. Increasing levels of excess weight 

among children in England. Int J Obes Relat Metab Disord. 
2003;27(9):1136-8.

2. Centers for Disease Control and Prevention. Overweight and 
Obesity. Childhood Obesity Facts – Prevalence of Childhood Obe-
sity in the United States, 2011-2012. Available at: <www.cdc.gov/
obesity/childhood/prevalence.html>.

3. Estudo Nacional de Despesa Familiar (ENDEF), 1989. Pesquisa 
Nacional sobre saúde e nutrição (PNSN), 2002-03. Pesquisa so-
bre Orçamentos Familiares (POF) – IBGE, 2008-2009. Available at: 
<www.ibge.gov.br>.

4. Bell LM, Byrne S, Thompson A, Ratnam N, Blair E, Bulsara M, et 
al. Increasing body mass index z-score is continuously associated 
with complications of overweight in children, even in the healthy 
weight range. J Clin Endocrinol Metab. 2007;92(2):517-22.

5. Baker JL, Olsen LW, Sørensen TIA. Childhood body mass index 
and the risk of coronary heart disease in adulthood. N Engl Med 
J. 2007;357:2329-37.

6. Ogden CL, Kuczmarski RJ, Flegal KM, Mei Z, Guo S, Wei R, et al. 
Centers for Disease Control and Prevention 2000 growth charts 
for the United States: improvements to the 1977 National Center 
for Health Statistics version. Pediatrics. 2002;109(1):45-60.

7. de Onis M, Onyango AW, Borghi E, Garza C, Yang H. Comparison 
of the World Health Organization (WHO) Child Growth Standards 
and the National Center for Health Statistics/WHO international 
growth reference: implications for child health programmes. Pub-
lic Health Nutr. 2006;9:942-7.

8. de Onis M, Onyango AW, Borghi E, Siyam A, Nishida C, Siekmann 
J. Development of a WHO growth reference for school-aged chil-
dren and adolescents. Bull World Health Organ. 2007;85(9):660-7.

9. National Health Statistics Examination Survey. Anthropometry 
procedures manual. Available at: <http://www.cdc.gov/nchs/data/
nhanes/bm.pdf.2002>.

10. Falkner B, Gidding SS, Portman R, Rosner B. Blood pressure vari-
ability and classification of prehypertension and hypertension in 
adolescence. Pediatrics. 2008;122(2);238-42.

11. National High Blood Pressure Education Program Working Group 
on High Blood Pressure in Children and Adolescents. The fourth 
report on the diagnosis, evaluation, and treatment of high blood 
pressure in children and adolescents. Pediatrics. 2004;114(2 Sup-
pl 4th Report):555-76.

12. Friedewald WT, Levy RI, Fredrickson DS. Estimation of the concen-
tration of low-density lipoprotein cholesterol in plasma, without 
use of the preparative ultracentrifuge. Clin Chem. 1972;18(6):499-
502.

13. Back Giuliano Ide C, Caramelli B, Pellanda L, Duncan B, Mattos S, 
Fonseca FH; Sociedade Brasileira de Cardiologia. [I guidelines of 
prevention of atherosclerosis in childhood and adolescence]. Arq 
Bras Cardiol. 2005;85 Suppl 6:4-36.

14. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher DF, 
Turner RC. Homeostasis model assessment: insulin resistance 
and beta-cell function from fasting plasma glucose and insulin 
concentrations in man. Diabetologia. 1985;28(7):412-9.

15. Madeira IR, Carvalho CN, Gazolla FM, de Matos HJ, Borges MA, 
Bordallo MA. Ponto de corte do Índice Homeostatic Model As-
sessment for Insulin Resistance (HOMA-IR) avaliado pela curva 
Receiver Operating Characteristic (ROC) na detecção de sín-
drome metabólica em crianças pré-púberes com excesso de 
peso. Arq Bras Endocrinol Metab. 2008;52(9):1466-73.

16. Garza C, de Onis M. Rationale for developing a new international 
reference. Food Nutr Bull. 2004;25(1 Suppl):S5-14.

17. Centers for Disease Control and Prevention and National Center 
for Health Statistics. Growth charts revision update [online] Hy-
altsville: 2002 [cited 2002 May 11]. Available at: <http://www.cdc.
gov/nchs/about/major/nhanes/gcrevision.htm>.

18. Leone C, Bertoli CJ, Schoeps DO. Novas curvas de crescimento 
da Organização Mundial da Saúde: comparação com valores de 
crescimento de crianças pré-escolares das cidades de Taubaté e 
Santo André, São Paulo. Rev Paul Pediatr. 2009;27(1):40-7.

19. Kopelman PG. Obesity as a medical problem. Nature. 
2000;404(6778):635-43.

20. Kakinami L, Henderson M, Delvin EE, Levy E, O’Loughlin J, Lam-
bert M, Paradis G. Association between different growth curve 
definitions of overweight and obesity and cardiometabolic risk in 
children. CMAJ. 2012;184(10):E539-50.

21. McCarthy HD, Yancey AK, Siegel JM, Wong WK, Ward A, Leslie J, 
et al. Correlation of obesity with elevated blood pressure among 
racial/ethnic minority children in two Los Angeles middle schools. 
Prev Chronic Dis. 2008;5(2):A46. 

22. Lyon CJ, Law RE, Hsue L, Hsue WA. Minireview: adiposity, inflam-
mation, and atherogenesis. Endocrinology. 2003;144(6):2195-200.

23. Bonora E, Targher G, Alberiche M, Bonadonna RC, Saggiani F, 
Zenere MB, et al. Homeostasis model assessment closely mir-
rors the glucose clamp technique in the assessment of insulin 
sensitivity: studies in subjects with various degrees of glucose 
tolerance and insulin sensitivity. Diabetes Care. 2000;23(1):57-63.

24. Gungor N, Saad R, Janosky J, Arslanian S. Validation of surrogate 
estimates of insulin sensitivity and insulin secretion in children 
and adolescents. J Pediatr. 2004;144(1):47-55.

25. Levy-Marchal C, Arslanian S, Cutfield W, Sinaiko A, Druet C, 
Marcovecchio ML, et al. Insulin resistance in children: consen-
sus, perspective, and future directions. J Clin Endocrinol Metab. 
2010;95(12):5189-98.

26. Ferreira AP, Oliveira CE, França NM. Metabolic syndrome and 
risk factors for cardiovascular disease in obese children: the re-
lationship with insulin resistance (HOMA-IR). J Pediatr (Rio J). 
2007;83(1):21-6.

27. Tresaco B, Bueno G, Pineda I, Moreno LA, Garagorri JM, Bueno M. 
Homeostatic model assessment (HOMA) index cut-off values to 
identify the metabolic syndrome in children. J Physiol Biochem. 
2005;61(2):381-8.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

226

original article

Arch Endocrinol Metab. 2015;59/3 

1 Federal University of Bahia 
(UFBA), Salvador, BA, Brazil
2 Federal University of 
Campina Grande (UFCG), 
Campina Grande, PB, Brazil
3 Brazilian Agricultural 
Research Corporation, 
Campina Grande, PB, Brazil
4 School of Medical Science 
of Campina Grande (Cesed), 
Campina Grande, PB, Brazil

Correspondence to:
Marta Barreto de Medeiros Nóbrega
Universidade Federal de Campina 
Grande, Faculdade de Ciências 
Médicas de Campina Grande
Rua Silva Jardim, 111
58406-060 – Campina Grande, PB, 
Brazil 
marta.bm09@uol.com.br 

Received on May/12/2014
Accepted on Apr/8/2015

DOI: 10.1590/2359-3997000000042 

Risk factors for Charcot foot
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ABSTRACT
Objective: Diabetes mellitus is the main cause of Charcot neuroarthropathy and is clinically classified 
as follows: Charcot foot, acute Charcot foot (ACF) when there is inflammation, and inactive Charcot 
foot when inflammatory signs are absent. The aim of this study was to identify the risk factors for 
ACF in patients with type 2 diabetes mellitus. Materials and methods: A matched case-control study 
was conducted to assess the factors associated with acute Charcot foot from February 2000 until Sep-
tember 2012. Four controls for each case were selected 47 cases of ACF and 188 controls without ACF 
were included. Cases and controls were matched by year of initialization of treatment. Conditional 
logistic regression was used to estimate matched odds ratios (ORs) and 95% confidence intervals 
(95% CIs). Results: In multivariate analysis, patients having less than 55 years of age (adjusted OR 
= 4.10, 95% CI = 1.69 – 9.94), literate education age (adjusted OR = 3.73, 95% CI = 1.40 – 9.92), living 
alone (adjusted OR = 5.84, 95% CI = 1.49 – 22.86), previous ulceration (adjusted OR = 4.84, 95% CI = 
1.62 – 14.51) were at increased risk of ACF. However, peripheral arterial disease (adjusted OR = 0.16, 
95% CI = 0.05 – 0.52) of 6.25 (1.92 – 20.0) was a protective factor. Discussion: The results suggest 
that PCA in type 2 diabetes primarily affects patients under 55 who live alone, are literate, and have 
a prior history of ulcers, and that peripheral arterial disease is a protective factor. Arch Endocrinol Metab. 
2015;59(3):226-30

Keywords
Charcot neuroarthropathy; Charcot foot; diabetic foot; diabetic neuropathy

INTRODUCTION

D iabetes mellitus is the main cause of Charcot neu-
roarthropathy (CN) (1) and is clinically classi-

fied as follows: Charcot foot (CF), acute Charcot foot 
(ACF) when there is inflammation, and inactive Char-
cot foot when inflammatory signs are absent (2).

It reduces the patients’ quality of life and leads to 
motor disability, loss of limbs, early retirement, and 
dea th (3,4). The incidence of CF varies from 1.2 to 8.5 
per 1,000 diabetic people per year (5), and its preva-
lence from 0.1% in the overall population of individuals 
with type 2 diabetes to 12.9% among the patients who 
seek diabetic foot care services (6-8).

ACF is characterized by local inflammation (9) asso-
ciated with progressive bone and cartilage fracture and 
luxation resulting in the osteoarticular disorganization 
of a neuropathic foot (8,10). The risk factors for CF are 
not yet well established (7,11,12). The identification, 
prevention, and early manipulation of risk factors might 
delay the appearance and progression of CF. 

The aim of the present study was to identify poten-
tials risk factors associated with ACF in patients with 
type 2 diabetes and foot ulcers. 

MATERIALS AND METHODS

A matched case-control study was conducted with four 
controls selected for each case. Controls were selected 
randomly from medical registers and matched to cases 
based on year of initialization of treatment. The study 
took place in the diabetic foot outpatient clinic of the 
Alcides Carneiro University Hospital (Hospital Univer-
sitário Alcides Carneiro – HUAC), which is part of the 
Federal University of Campina Grande (Universidade 
Federal de Campina Grande – UFCG), Paraíba, Brazil, 
from February 2000 to September 2012.

The inclusion criteria were the following: foot ulcers 
in individuals diagnosed with type 2 diabetes following 
the criteria of the American Diabetes Association (13). 

The exclusion criteria were the following: history 
of alcoholism according to the CAGE questionnaire 
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(14), varicose ulcers, hypertensive (Martorell) ulcers, 
leprosy, and type 1 diabetes or other types of diabetes. 
The study was approved by the HUAC Human Re-
search Ethics Committee. The participants signed an 
informed consent form. 

Cases were defined as patients with typical clinical 
manifestations of ACF, as follows: remarkable swelling, 
heat, redness, deformities, and midfoot or ankle collap-
se that was confirmed by simple radiography (bone 
destruction, subluxation, dislocation, and deformities). 
Controls were defined as patients with type 2 diabetes 
and foot ulcers without the typical clinical manifesta-
tions of ACF. 

The patients who performed their first visit unes-
corted were referred to the HUAC social service, which 
contacted their families to inform them about the need 
for an escort. Under those circumstances, if the pa-
tients performed the second visit also unescorted, they 
were considered to be socially isolated. The weight 
and height of the participants was measured, and the 
body mass index (BMI) was calculated using Quetelet’s 
equation (BMI = body weight in kg divided by the hei-
ght in square meters). Obesity was defined as a BMI ≥ 
30 kg/m2, as recommended by the World Health Or-
ganization (15).

 The peripheral neuropathy was diagnosed based on 
the following: loss of tactile sensitivity, which was defi-
ned as a lack of perception of the monofilament con-
tact in two out of six points using a 10-g esthesiometer 
(SORRI-BAURU); loss of proprioception, which was 
defined as an insensitivity to the vibration of a 128-Hz 
tuning fork applied to the back of the hallux; loss of 
pain sensitivity, which was defined as the inability to dis-
tinguish between the contact of blunt and sharp sticks 
on the hallux; and the presence of neuropathic altera-
tions on clinical examination, including claw toes, me-
tatarsal prominence, interosseous muscle atrophy, anhi-
drosis, cracks, and corns. The patients were diagnosed 
with peripheral neuropathy when the results of two of 
the abovementioned tests were positive or when neuro-
pathic alterations were found on a clinical examination. 

The peripheral arterial circulation was assessed by 
measuring the systolic arterial pressure in all four limbs 
by means of a sphygmomanometer and DV10 vascular 
Doppler (Microem Produtos Eletrônicos Ltda.). The 
highest upper limb pressure measurement was selected 
for calculating the ankle-brachial index (ABI). ABI va-
lues from 0.91 to 1.30 were considered normal, and 
values ≤ 0.9 were considered ischemic (16).

A minimum sample size of 47 cases and 188 con-
trols was calculated (17). We assumed the prevalence of 
the 50% previous ulceration amongst cases, taking a 1:4 
ratio between cases and controls to increase the power 
of the study, with a power of 80%, at a significance level 
of 5% to detect an odds ratio (OR) of at least 3.

Statistical analysis was performed using SPSS sof-
tware package (version 17.0, IBM Corp., Armonk, NY, 
USA). Descriptive statistics were calculated for each 
variable of interest. Normal distribution of variables 
was assayed with the Kolmogorov-Smirnov normali-
ty test. Paired t-test for normally distributed variables 
was applied to compare the cases and controls, while 
Wilcoxon’s matched pairs test was used for not-normally 
distributed values. All significance tests were two-tailed 
and p < 0.05 was considered significant. Univariate and 
multivariate conditional logistic regression was used to 
compute crude and adjusted odds ratios (ORs) with 
95% confidence intervals (CIs). All variables considered 
to be significant by univariate analysis were included in 
multivariate logistic regression analysis. Variables were 
considered significant if the 95% confidence interval of 
the adjusted odds ratios did not include 1.

RESULTS

Over February 2000 to September 2012, 786 eligible 
subjects who had type 2 diabetes and foot ulcers were 
identified. Descriptive characteristics of total sample size 
selected are shown in table 1. The mean of age was 60.5 
years (sd: 12.4), 106 (45%) were female, 129 (56.1%) had 
previous ulceration and 207 (88.5%) had Neuropathy. 
The prevalence of ACF in the period of study was 6%.

Continuous characteristics of the patients with type 
2 diabetes and foot ulcers (controls) and ACF (cases) 
are compared in table 2. Between variables analyzed 
only the time of hypertension was significant difference.

Table 3  shows the univariate and multivariate 
conditional logistic analysis (matched analysis) for 
selected risk factors. In the univariate analysis, the OR: 
for males was 2.00 (95% CI 1.04 – 3.85), for less than 55 
years age was 4.57 (95% CI 2.29 – 9.10), and for pre vious 
ulceration was 3.96 (95% IC 1.75 – 8.93). Peripheral ar-
terial circulation was identified like as if it were a protec-
tive factor; the OR was 9.09 (1/0.11) times smaller (95% 
CI 2.56 – 33.33) for the absence of peripheral arterial 
circulation. Cases did not differ from controls including 
white ethnic origin, BMI ≥ 30, BMI ≥ 25 kg/m2. In the 
multivariate analysis, the variables that remained statisti-
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Table 1. Basic socio-demographic and clinical characteristics of cases 
and controls

Variables n (%)

Sample size 235 (100)

Average age (years) 60.5 (12.4)*

Family income (minimum wages) 2.3 (2.4)*

Gender
Male 129 (54.9)

Ethnicity
White 114 (54.8)

Educational level
Literate 146 (64.9)

Living alone
Yes 29 (12.3)

Time since diagnosis of diabetes (years) 11.7 (7.3)*

Hypertension
Yes 145 (61.7)

Previous ulceration
Yes 129 (56.1)

Obesity
Yes 53 (22.6)

Neuropathy
Yes 207 (88.5)

Peripheral arterial disease
Yes 69 (31.9)

Brachial systolic pressure (mmHg) 153.2 (30.1)*

Left leg systolic pressure (mmHg) 153.1 (59.1)*

Right leg systolic pressure (mmHg) 159.7 (66.4)*

Blood glucose (mg/dL) 237.5 (117.6)*

* Mean (Standard deviation). 

Table 2. Comparative clinical characteristics of cases and controls 

Characteristics Cases Controls P-value

Age (years)ŧ 53.6 (10.2) 62.2 (12.3) 0.231

Time since diagnosis (years)ŧ 12.1 (6.8) 11.6 (7.4) 0.742

Age at diagnosis (years)ŧ 41.4 (11.3) 50.5 (13.5) 0.400

Length of hypertension (years)§ 0.8 (0 – 3) 5 (2 – 10) 0.028

BMI (kg/m2)ŧ 28.5 (6.1) 26.9 (4.4) 0.766

Blood glucose (mg/dL)ŧ 268 (119.6) 228.1 (115.8) 0.673

Creatinine (mg/dL)§ 1 (0.8 – 1.3) 1 (0.8 – 1.3) 0.419

Brachial systolic pressure (mmHg)§ 150 (130 – 160) 150 (130 – 180) 0.736

Left leg systolic pressure (mmHg)ŧ 185.8 (66.4) 149.1 (63.9) 0.722

Right leg systolic pressure (mmHg)§ 160 (140 – 190) 140 (110 – 160) 0.634

ŧ Mean (SD) and paired t-test; § Median (IQR: 25th–95th percentile) and Wilcoxon matched-pairs test.

cally significant in the model were: less than 55 years of 
age = 4.10 (95% CI 1.69 – 9.94), literate education = 
3.73 (95% CI 1.40 – 9.92), living alone = 5.84 (95% 
CI 1.49 – 22.86), previous ulceration = 4.84 (95% CI 
1.62 – 14.51) and peripheral arterial disease = 0.16 (95% 
CI 0.05 – 0.52) of 6.25 (95% CI 1.92 – 20.0) as a pro-
tective factor. After adjusting the multivariate model, a 
probability of 61% was estimated for Charcot foot for all 
characteristics in the multivariate model.

DISCUSSION 

The risk factor most strongly associated with the PC 
was social isolation. Stuck and cols., in a prospective 
study found that single men were at higher risk (18).

It was hypothesized that for those patients with dia-
betes and foot ulcers that live alone, the unrestrained 
weight bearing on an insensitive foot (19) renews the 
trauma and activates the inflammatory cascade that is 
typical of ACF. 

The past history of ulcers was the second most as-
sociated with ACF and is described in the literature as 
a risk factor (20). 

 The average age of those with cases of CF in the 
present study was 53.7 years old, thus agreeing with 
the reports of other authors that showed it affects indi-
viduals in the fifth and sixth decades of life (21,22). The 
age of the cases with less than 55 years of age was sig-
nificantly associated with ACF; however, the time since 
diagnosis of diabetes was similar, thus suggesting that 
the severity of the neuropathic complications of type 2 
diabetes was a predominant factor mainly among the 
youngest patients (20).

Although illiteracy directly impacts health outco-
mes, particularly in those with diabetes (23-26), being 
literate was not able to protect patients from ACF.

Peripheral ischemia was identified as a protective 
factor for ACF, with this being consistent with the re-
sults of other authors (12,27). The loss of sympathetic 
innervations leads to increased blood flow and decrea-
sed vascular resistance in the feet of patients with peri-
pheral neuropathy (3,28) and, in the patients with PC, 
this increase in blood flow is even greater when compa-
red to those with neuropathy alone (3,29). 

Obesity was reported as a risk factor for CF in other 
case series’, which did not occur in this population. The 
different prevalence of obesity in the population stu-
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Table 3. Results of univariate and multivariate conditional logistic regression of socio-demographic and clinical risk factors for Charcot foot

Risk factors Cases
n (%)

Controls
n (%)

Univariate analysis
Odds ratio (95% CI)†

Multivariate analysis
Odds ratio (95% CI)†

Socio-demographics

Masculine gender 32 (68.1) 97 (51.6) 2.00 (1.04 – 3.85) –

White ethnic origin 18 (48.6) 96 (56.1) 0.74 (0.37 – 1.50) 1.47 (0,77 – 3,05)

Literate education 40 (85.1) 106 (59.6) 3.88 (1.71 – 8.81) 4.39 (1.74 – 9,53)

Living alone 9 (19.1) 20 (10.6) 5.33 (1.93 – 14.75) 4.50 (1.38 – 14.67)

Clinicals

Hypertension 22 (46.8) 123 (65.4) 0.47 (0.24 – 0.91) –

Previous ulceration 36 (80.0) 93 (50.3) 3.96 (1.75 – 8.93) 4.38 (1.72 – 11.18)

BMI ≥ 30 (kg/m2) 13 (27.7) 40 (21.3) 1.41 (0.68 – 2.95) –

BMI ≥ 25 (kg/m2) 34 (72.3) 121 (64.4) 1.44 (0.72 – 2.92) –

Peripheral arterial disease 3 (6.7) 66 (38.6) 0.11 (0.03 – 0.39) 0.14 (0.04 – 0.51)

Peripheral neuropathy£ 38 (100.0) 161 (85.6) – –

† 95% Confidence Interval; £ OR could not be included because of the absence of values   in cells of cases.

died by Stuck, which was 50%, and in this, which was 
21%, might account for this divergence (18). An asso-
ciation was also not found when the OR was calculated 
for ACF with BMI ≥ 25 kg/m2, which agrees with the 
results of other case control studies (12,20,27). 

The prevalence of ACF was 6% in the investigated 
population; whereas, in other published series, it varied 
from 0.1 to 12.9% as a function of the type of regional 
healthcare service sought, namely, general or speciali-
zed in diabetic foot care (6,7). 

The present study employed a sample of outpatients 
who spontaneously sought assistance at a public servi-
ce, and some of the results might be attributed to the 
inclusion criteria (for example, the acute cases) or even 
to the lower frequency of CF among non-white Euro-
pean populations (5,18,30).

One of the possible limitations is the criteria for the 
selection of cases and controls. As the cases were se-
lected from clinical suspicion, milder cases of PCA, in 
which there were no deformities, may have been inclu-
ded in the control group. Also, between cases, some 
patients may have developed ACF after admission into 
the diabetic foot clinic, but had lost the follow up.

It can be concluded that ACF is a significant com-
plication of type 2 diabetes, affecting socially isolated 
patients. With previous history of foot ulcers and being 
less than 55 years of age being possible risk factors for 
ACF in patients with type 2 diabetes and foot ulcers.
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Seasonal variation of haemoglobin 
A1c in a Portuguese adult population
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ABSTRACT
Objective: Haemoglobin A1c (Hb A1c) is routinely used for monitoring glycemic control in patients 
with diabetes. Hb A1c seasonal fluctuations can be directly related to different biological, geographi-
cal and cultural influences. Our purpose was to evaluate seasonal variation of Hb A1c in a hospital-
based adult population over a period of 5 years. Materials and methods: We analyzed retrospec-
tively monthly Hb A1c mean values (DCCT, %) based on all the assays performed to adult patients 
at a tertiary care university Portuguese hospital between 2008-2012. Results: We obtained 62,384  
Hb A1c  valid measurements, with a peak level found in January-February (7.1%), a trough in August-
October (6.8%) and an average peak-to-trough amplitude value of 0.3%. This trend was observed in 
both genders and age subgroups evaluated. Conclusions: There is a Hb A1c circannual seasonal pat-
tern with peak levels occurring in winter months in this Portuguese population. This finding should 
be recognized in daily clinical practice to warrant better clinical and epidemiological interpretation of 
Hb A1c values. Arch Endocrinol Metab. 2015;59(3):231-5

Keywords
Seasonal variation; haemoglobin A1c; blood glucose

INTRODUCTION

T he achievement of an adequate glycemic control 
is crucial in preventing chronic complications in 

diabetes (1). Haemoglobin A1c (Hb A1c) is a marker 
of the average blood glucose levels in the past 90 days 
and is commonly used as a predictor of diabetic com-
plications (2,3).

Several human physiologic parameters are known 
to be influenced by seasonal cycles (4). Some, as blood 
pressure levels, heart rate, lipid profile, insulin and cor-
tisol serum levels are also factors associated to the de-
velopment of many diseases and cardiovascular events 
(5-9). Seasonal changes on type 1 diabetes incidence 
have also been reported in literature, with new onset 
cases diagnosed more commonly during winter months 
(10). Many influences have been linked to these oc-
currences such as increased viral infections incidence, 
amount of exercise taken, vitamin D serum concentra-
tions, hormonal fluctuations as well as increased insulin 
sensitivity during summer (10,11). This variation pat-
tern seems to be associated with the geographic loca-

tion, particulary when different latitudes and respective 
temperature variations between winter and summer are 
considered (11,12). It has been suggested that seasonal 
fluctuations also occur in glycemic control in both type 
1 and type 2 diabetic patients (13-17). There are seve-
ral epidemiological reports coming from different geo-
graphic areas that exhibit clinical relevant Hb A1c cir-
cannual fluctuations (15,16,18,19). Most of them were 
performed in the northern hemisphere, with higher 
Hb A1c levels found in winter colder months and lo-
wer values during summer time. The exact mechanism 
through which different seasons would induce changes 
on Hb A1c levels is not fully understood. The availa-
ble data suggest that there is a complex of potential 
environmental, biologic and cultural factors implicated 
(especially festive-food intake patterns, physical activity 
or even exposure to sunlight).

In Portugal, to the best of our knowledge, there are 
no published data concerning this issue. Our purpose 
was to evaluate Hb A1c variation across different mon-
ths for a five year-period (2008-2012) and to confirm 
the presence of any seasonal effect. 
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MATERIALS AND METHODS

We retrieved data from the electronic medical records 
of Hospital Santo Antonio – Centro Hospitalar do 
Porto, a tertiary care university hospital center in the 
northern of Portugal (latitude 41º 08’ North) from 
1st January 2008 to 31st December 2012. Mean local 
temperature ranged during this time between an aver-
age minimum and maximum of 5.2ºC and 25.7ºC in 
January and August, respectively (20). The data col-
lected were unidentified and included only age, sex, 
date of blood collection and Hb A1c levels. In total, 
we collected 63,785 Hb A1c measurements and re-
tained 62,384 after excluding both extreme values (< 
3% and/or > 18%) and patients younger than 18 years-
old. All Hb A1c results are expressed in percentage (%) 
using the National Glycohemoglobin Standardization 
Program/Diabetes Control and Complications Trial 
(NGSP/DCCT) certified method and were performed 
on ethylenediamine tetra-acetic acid (EDTA) blood 
specimens using cation-exchange high performance 
liquid chromatography (HPLC) Adams A1c HA-
8160, Diabetes Mode equipment (Arkray, Inc., Kyoto, 
Japan). This method did not change over the 5-year 
study period. The mean Hb A1c and the 95% confi-
dence interval (CI) were calculated for each month as 
well as the prevalence of Hb A1c values above 6.5 and 
9.0%. The subjects were further classified into gender 
and age subgroups (< 35-yr, 35 to 64-yr and ≥ 65-yr). 
To determine whether there were differences between 

the monthly means, Kruskal-Wallis with post hoc analy-
sis using Dunn’s test were used. Comparisons between 
distinct Hb A1c prevalence cut-points were performed 
by using X2 test. Statistical analysis was performed using 
GraphPad Prism version 6.0 (GraphPad Software, Inc., 
La Jolla, California, USA) and differences were consid-
ered to be statistically significant at p < 0.05 level.

RESULTS

Over the period between January 2008 and December 
2012 we analyzed a total of 62,384 Hb A1c records 
corresponding, in average to 1,039 per month. Gender 
distribution was almost even (49% women). Patient’s 
age ranged from 19 to 104 years-old with the following 
dispersion: < 35-yr, 7.5% (n = 4,679); 35-64-yr, 51.1%  
(n = 31,878); and ≥ 65-yr, 41.4% (n = 25,827). The 
overall mean Hb A1c was 6.9 ± 1.7% (95% CI, 6.9-7.0%).

Evaluating month-dependent data we have found a 
consistent Hb A1c cyclical fluctuation (repeated over 
the five years) with higher average values observed in 
January and February (peak of 7.1 ± 1.9% in February) 
and gradually decline after spring-summer months until 
August to October (nadir of 6.8 ± 1.7% in September) 
(Table 1). A significant growing trend (p < 0.0001) was 
detected from October till February with a mean peak-
to-trough variation between February and September 
of about 0.3% (Figure 1). No differences were found 
between consecutive months. The same seasonal trend 

Table 1. Monthly mean Hb A1c value in a Portuguese hospital-based adult population from January 2008 to December 2012 (n = 62,384)

Month

Hb A1c (%, mean ± standard deviation)
Mean Hb A1c
> 6.5% (%)

Mean Hb A1c 
> 9% (%)Total

Gender Age Group

Male Female < 35-yr 35 – 64-yr ≥ 65-yr

January 7.1 ± 1.9a 7.0 ± 1.8a 7.2 ± 2.0a,b 7.1 ± 2.1c 7.2 ± 2.0a,b 7.0 ± 1.7c 51.6a 15.2a

February 7.1 ± 1.9a 7.1 ± 1.9a,b 7.1 ± 1.9a,b 7.1 ± 2.2c 7.2 ± 2.0a,b 7.0 ± 1.7a 53.0a 14.7a

March 7.0 ± 1.8a 7.0 ± 1.8a,b 7.1 ± 1.9b 7.0 ± 2.2 7.2 ± 1.9a,b 6.9 ± 1.6a 51.3a 13.1b

April 7.0 ± 1.8a 6.9 ± 1.8 7.1 ± 1.9a,b 6.9 ± 2.2 7.0 ± 1.9 7.0 ± 1.6a 50.1b 13.6a

May 6.9 ± 1.8 6.9 ± 1.7 7.0 ± 1.8 6.9 ± 2.2 7.0 ± 1.9 6.8 ± 1.5 48.1 11.5

June 6.9 ± 1.7 6.9 ± 1.7 6.9 ± 1.8 6.8 ± 2.0 7.0 ± 1.8 6.9 ± 1.5 48.7 11.2

July 6.9 ± 1.7 6.8 ± 1.7 6.9 ± 1.8 6.8 ± 2.0 7.0 ± 1.9 6.8 ± 1.5 47.2 11.0

August 6.8 ± 1.7 6.8 ± 1.7 6.9 ± 1.7 6.6 ± 2.1 6.9 ± 1.8 6.7 ± 1.5 45.2 10.3

September 6.8 ± 1.7 6.8 ±1.6 6.9 ± 1.8 6.6 ± 2.1 6.9 ± 1.8 6.8 ± 1.5 45.4 11.0

October 6.8 ± 1.7 6.8 ± 1.6 6.9 ± 1.8 6.7 ± 2.1 6.9 ± 1.8 6.8 ± 1.5 46.3 11.2

November 6.9 ± 1.7 6.8 ± 1.6 7.0 ± 1.8 6.7 ± 2.1 6.9 ± 1.9 6.8 ± 1.5 45.7 11.4

December 6.9 ± 1.8 6.9 ± 1.7 7.0 ± 1.9 7.2 ± 2.3c 7.0 ± 1.9 6.8 ± 1.5 47.6 12.7c

a p < 0.001 vs. September and/or October; b p < 0.01 vs. October and/or November; c p < 0.05 vs. September and/or October.
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ter the warmer summer months, reflecting plasma glu-
cose excursions throughout the previous 2-3 months, 
with a mean absolute amplitude between winter-sum-
mer of 0.3%.

Our data are consistent with previous reports as-
sessing seasonal variation of Hb A1c. Most of these 
works were performed in western countries from the 
northern hemisphere, where similar Hb A1c circan-
nual fluctuation patterns, with higher levels during 
cooler autumn-winter months and lower levels during 
warmer summer-spring time, were described in both 
children and adult individuals with or without diabe-
tes (14,16,18,21-23). In the United States, Tseng and 
cols. noted that Hb A1c peak and trough was found 
in January-February and September-October months, 
respectively, with a mean amplitude of 0.22% (16). 
Furthermore, they documented that this seasonal va-
riation was accentuated at higher latitudes areas whe-
re greater temperature differences between winter and 
summer also occur. Likewise in adult diabetic patients 
from Sweden, Asplund reported its highest values in 
January (7.61%) and its lowest values in July (7.23%), 
with an amplitude of 0.38% (14). More recently, Kim 
and cols. analyzed Hb A1c seasonal variations in a large 
scale population of Korean patients with type 2 diabetes 
mellitus and also found a peak in February-March (late 
win ter-early spring) and a trough in September-Octo-
ber (early autumn) with a negative correlation with ave-
rage daily temperature and an amplitude range 0.16% 
to 0.25% (24). Likewise, a neighboring Spanish paper 
of Escribano-Serrano and cols. has documented higher 
mean Hb A1c values in January (7.01%) and minimal 
values in October (6.74%), with a significant magnitude 
of 0.27% (25). In contrast, another study also under-

Figure 1. Time series plot of average Hb A1c (%) obtained from data 
between January-2008 and December-2012. Gray interval represent 
95% confidence value for each monthly mean Hb A1c. Dashed line 
describe a polynomial best-fit curve for mean Hb A1c (R2 = 0.94). * p < 
0.001 vs. August, September and October.

Figure 2. Time series plot of Hb A1c data (mean ± standard error of the mean) between January-2008 and December-2012 based on gender and age 
sub-groups. (A) Mean Hb A1c level in all subjects (global) and grouped by gender (female/male). Solid line: best fit curve for all subjects; dashed line: for 
female; and dotted line: for male population. (B) Mean Hb A1c level presented by age group (< 35-yr, 35 to 64-yr and ≥ 65-yr). Solid line: best fit curve 
for subjects less than 35-yr old; dashed line: for those between 35 and 64-yr; and dotted line: for those older than 65-yr. * p < 0.05 vs. September (for 
both genders and all age groups); ** p < 0.05 vs. September (only for 35-64-yr and ≥ 65-yr group); *** p < 0.05 vs. September (only for ≥ 65-yr group).
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was found when evaluating prevalence fluctuations of 
Hb A1c values greater than 6.5 or 9.0%, with higher 
dimension in January-February and lower proportion 
between August-September (p < 0.001) (Table 1). 
Time series analysis with age and sex subgroups shared 
this same seasonal trend with higher Hb A1c levels in 
January till April when comparing with its nadir in Sep-
tember (p < 0.05) (Figure 2).

DISCUSSION

In our temperate northern Portuguese climate Hb A1c 
levels among an hospital-based population present a 
circannual cyclical pattern with peaks in mid-summer 
and troughs in late-summer. Monthly averages Hb 
A1c were significantly higher during the cooler winter 
months of January-February and lower immediately af-
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taken in the southern Spain, the authors found a slight 
fluctuation of Hb A1c levels (highest value in February 
and the lowest in July, 7.3% and 7.1%, respectively), 
but with a small range of inter-monthly variation and 
without any significant seasonal effect (26). We specu-
late that this discrepancy observed between these two 
regions with similar latitude and average temperatures 
may be due to some differences found in their metho-
dological approach and population size. Additionally, 
the gender and age subgroup analysis that was carried 
out by us was also consistent with other reports. Saku-
ra and cols., in Japan, have showed a clear sinusoidal 
seasonal pattern of Hb A1c levels fluctuation (peak in 
March and trough in August) with female and young 
subjects presenting a significantly greater amplitude of 
Hb A1c variation than males and elderly patients (27). 
Our results shared some this observed tendency, with 
a higher Hb A1c peak-to-trough amplitude (~0.5%) in 
the youngest age subgroup (< 35 yr-old).

Similar circannual patterns were also reported for 
other metabolic features and hormones, suggesting 
that these variations may result from a complex phy-
siological response to some seasonal environmental 
elements (21,23). Cold and other climate conditions 
have been explored as potential enhancing factors un-
derlying to these cyclical physiological variations. Seve-
ral authors suggested that the plasma glucose increase 
observed during winter months may result from an in-
nate physiological homeostatic response that includes 
a normal thermoregulatory body strategy against cold 
(23). Available evidence concerning this issue point to 
a direct effect of low ambient temperature exposure 
on metabolic axis through consequent rise in counter 
regulatory hormones concentrations during cold stress 
(7,28). This rise of blood glucose levels could be as-
sociated with an increased need of heat production 
that could be achieved by increasing serum morning 
cortisol, epinephrine, thyroid hormones, glucagon and 
growth hormone concentrations (29). Intrinsic season-
-related effects and changes on carbohydrate metabo-
lism, particularly on gluconeogenesis, were also descri-
bed in cold-adapted rats exposed to low temperatures 
(30). Rises in serum cortisol levels and increase tissue 
sensitivity to glucocorticoids is a recognized effect du-
ring cold months that could account for some of the 
body fat gain and consequent insulin resistance also 
observed over winter (5,31). Likewise, several human 
seasonal nutritional characteristics, such as the excessive 
caloric intake during winter festivities, and cultural as-

pects, such as simultaneous decreased physical activity, 
are known to be associated to an increase of adiposity 
with secondary insulin resistance establishment during 
this period (15). Some previous studies have showed 
that this seasonal variation in physical activity is coin-
cident with other circannual fluctuations in physiologi-
cal markers such as lipid profile, blood pressure, bone 
mineral density and psycho-affective disorders changes 
(32). Other theories have been proposed to explain 
this phenomenon which included greater frequency 
of minor viral infections, changes in host susceptibility 
to infection and seasonal occurrence of some psycho-
logical alterations (11). In an attempt to control cli-
mate influence on glycemic control Hawkins examined 
the Hb A1c circannual variation in a tropical country 
with no significant temperature variation (33). Their 
results failed to reveal any seasonal pattern and reinfor-
ced the deleterious effect of dietary indiscretion during 
festivities in glycemic control. Recently, other authors 
pointed out for the inverse association between serum 
25-(OH)-vitamin D and glycemic metabolism, sug-
gesting that this sun-dependent hormone might have 
some direct intervention on glucose homeostasis and 
therefore be also implicated in the Hb A1c circannual 
fluctuation (34,35).

Our study has some limitations. First, it is based 
on a retrospective analysis from data extracted through 
a patient computer database. As such, we cannot con-
sider for evaluation other potentially confounding fac-
tors than the ones available and presented here (age 
and gender). Second, the studied population may have 
some age and metabolic characteristics that does not 
allow us to extrapolate these results to other different 
populations of healthy individuals or adults with glyce-
mic disorders. On the other hand, we highlight the lar-
ge number (over 60,000) of Hb A1c evaluations evalua-
ted that came from a single hospital center with a stable 
patient population and analytical methodology practice.

In conclusion, this study has described a circannual 
pattern of Hb A1c levels in adult subjects of northern 
Portugal with a peak in January-February, nadir in Au-
gust-October and a mean amplitude of 0.3%. Health 
providers and researchers must be aware of this Hb A1c 
seasonal variation and consider adjusting epidemiolo-
gical and clinical decisions to the local season, climate 
and calendar festivities circumstances. Special concern 
should be present when using Hb A1c levels to diag-
nose diabetes mellitus in temperate countries where 
the presence of a significant peak-to-trough amplitude 
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could easily misdiagnose patients over distinct months. 
This study also emphasizes the need for more efficient 
methods to overcome culture and dietary barriers pre-
sent during winter holidays.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Thyroid function, autoimmunity 
and nodules in hematological 
malignancies

Patrizia Mondello1, Alessandro Sindoni2, Vincenzo Pitini1,  
Claudio Scisca1, Giuseppe Altavilla1, Salvatore Benvenga3,4,5

ABSTRACT
Objective: Hematological malignancies encompass a large spectrum of disease entities whose treat-
ment by chemo/radiotherapy could lead to thyroid complications. To the best of our knowledge, no 
study has simultaneously addressed thyroid function, autoimmunity and nodularity. Therefore, we 
decided to conduct one. Materials and methods: We evaluated 82 Caucasian patients (36 women 
and 46 men), who were treated at our Oncology division for hematological malignancies (multiple 
myeloma, chronic myeloid leukemia, chronic lymphatic leukemia, non-Hodgkin lymphoma and poly-
cythemia vera) and compared them with a control group of 104 patients. Patients who had received 
or were receiving external head/neck radiotherapy were excluded. All oncological patients and con-
trol individuals underwent thyroid ultrasonography and thyroid function and autoimmunity tests. 
Results: A lower prevalence of enlarged thyroid and nodules were found in patients with respect to 
controls. The rate of thyroid nodules was the highest in multiple myeloma and polycythemia vera, 
and the lowest in chronic lymphatic leukemia. Non-Hodgkin lymphoma patients had the smallest 
thyroid nodules while men with multiple myeloma the biggest ones. No patient had hypothyroidism, 
while 5.6% of patients had subclinical hyperthyroidism. In contrast, within the control group the rates 
of hypothyroidism and hyperthyroidism, overt and subclinical, were 3.8%, 20.2%, 0% and 0% respec-
tively. Moreover, the overall rate of thyroid autoantibody positiveness in patients was significantly 
lower than controls. Conclusion: In our experience, we found a significantly lower prevalence of 
thyroid abnormalities in hematologic patients who underwent chemotherapy, but not radiotherapy, 
with respect to controls. Arch Endocrinol Metab. 2015;59(3):236-44

Keywords
Hematological malignancies; thyroid dysfunction; thyroid autoimmunity; thyroid nodules

INTRODUCTION

H ematological malignancies encompass a spec-
trum of heterogeneous disease entities with 

different epidemiology and whose classification has 
evolved dramatically into highly-specific disease sub-
types of lymphoid malignancie (LM) and myeloid ma-
lignancie (1). In Europe, age-standardized incidence 
rates are 24.5 per 100000 for LMs and 7.55 per 100000 
for MMs (2). The most common LMs are plasma cell 
neoplasms (4.62 per 100000), small B-cell lympho-
cytic lymphoma/chronic lymphatic leukemia (3.79 per 
100000), diffuse B-cell lymphoma (3.13 per 100000), 
and Hodgkin’s lymphoma (2.41 per 100000) (3). The 
most common myeloid malignancies are acute myeloid 
leukemia (2.96 per 100000), other myeloproliferative 
neoplasms (1.76 per 100000), and myelodysplastic 
syndrome (1.24 per 100000) (2). 

Depending on the type of hematological malignan-
cies, treatment consists in the administration of chemo-
therapy with or without radiotherapy. The chemothera-
peutic schemes include alkylating agents, anthracyclines, 
nucleosides analogues, monoclonal antibodies, differ-
entiating agents, epigenetic drugs, proteosome inhibi-
tors, immunomodulatory drugs (IMiDs) and tyrosine 
kinase inhibitors (TKIs) (3). IMiDs (such as thalido-
mide and lenalidomide, which are used in multiple my-
eloma and non-Hodgkin lymphoma) and TKIs (such 
as imatinib, nilotinib and dasatinib, which are used in 
chronic myeloid leukemia) have also antiangiogenic 
properties (3). Among side effects of IMIDs and TKIs, 
alteration of thyroid function and triggering of thyroid 
autoimmunity has been reported (4-13). Side effects 
on the thyroid caused by head and neck radiotherapy 
include altered function and development of nodules 
that are at greater risk of being malignant (14).
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Hematological malignancies and thyroid

Thyroid lymphomas are rare malignancies and so 
are thyroid plasmacytomas (15). Primary thyroid lym-
phoma is associated with Hashimoto’s thyroiditis (HT) 
in 40 to 80% of cases, and HT may precede thyroid 
lymphoma by 20 to 30 years (15,16). Thyroid plas-
macytoma anticipates multiple myeloma in up to one-
third of cases (15).

Thyroid investigations in patients with hematologi-
cal disorders have essentially focused on the thyroid 
complications ensuing from chemotherapy and/or ex-
ternal irradiation (4-10,14,17-28). Because no study 
has simultaneously taken care of all clinically relevant 
thyroid aspects (namely, function, autoimmunity and 
nodules), we have conducted such a study on hematon-
cologic patients excluding those who had been treated 
with external irradiation.

MATERIALS AND METHODS

Patients’ group 

We retrospectively evaluated 82 consecutive patients (36 
women [F], 46 men [M]) admitted to our Oncology 
division for the management of the malignancies speci-
fied below. Criteria for entry were: a) living in our island 
(Sicily); b) treatment with chemotherapy only, and with 
a minimum of three years (36 months) from the begin-
ning of chemotherapy. Their age at time of first visit was 
64.5 ± 12.2 years (median: 66; range 34-83), precisely 
64.3 ± 10 years (median, 66; range 44-82) in women, 
and 64.2 ± 13.5 years (median, 65; range 34-83) in 
men. Age of patients in the five oncologic subgroups 
specified below was similar, as analyzed by ANOVA (Df 
= 4, P = 0.46; data not shown). Hematological malig-
nancies were as follows: multiple myeloma (MM), n = 
22 (10 F and 12 M; 2 women had a known diagnosis 
of thyroid nodules 10 and 15 years earlier); chronic my-
eloid leukemia (CML), n = 8 (2 F and 6 M; 2 men were 
thyroidectomized 3 and 7 years earlier because of a mul-
tinodular goiter); chronic lymphatic leukemia (CLL), n 
= 4 (0 F and 4 M); non-Hodgkin lymphoma (NHL), 
n = 36 (20 F and 16 M; 4 women had nodular goiter 
diagnosed 5 to 10 years earlier; 1 man had a 2-year his-
tory of antithyroid drug-treated Graves’ disease and 1 
man had a 7-year history of HT that was being treated 
with levothyroxine); polycythemia vera (PV), n = 12 pa-
tients (4 F and 8 M). Patients underwent the following 
anticancer treatments: thalidomide (n = 10; 4 F and 6 
M) or lenalidomide (n = 12; 6 F and 6 M) for MM, 

imatinib (n = 6; 2 F and 4 M) and nilotinib (n = 2; 0 F 
and 2 M) for CML, rituximab for CLL (n = 4, all males) 
and NHL (n = 36; 20 F and 16 M), interferon (n = 8; 
4 F and 4 M) and oncocarbide (n = 4; 0F and 4 M) for 
PV. Time interval between the beginning of treatment 
and thyroid control was 4.3 ± 1.2 years (51.6 ± 14.4 
months; median 50; range 37-65) for IMIDs, 5.7 ± 1.8 
years (68.4 ± 21.6 months; median: 71; range 45-89) 
for TKIs, 4.5 ± 1.0 years (54 ± 12 months; median: 52; 
range 41-65) for rituximab, 4.9 ± 1.5 years (58.8 ± 18 
months; median: 60; range 40-76) for interferon and 
5.7 ± 1.4 years (68.4 ± 16.8 months; median: 73; range 
51-85) for oncocarbide. 

Control group 

This group consisted of 104 consecutive Caucasian per-
sons (69 women, 35 men), all unrelated to the patients 
in the study group, who had been observed during 
the local Thyroid Awareness Week campaigns (typi-
cally at the end of May) or who sought consultation at 
the endocrine division of our university hospital, and 
whose data were retrospectively collected. Due to the 
well known prevalence of thyroid diseases in women 
(and therefore greater interest in screening by women 
compared to men), it was, and is, very hard to collect 
a control group with a slight predominance of males 
over females as in the patient group. Nevertheless, age 
of controls were comparable to patients, both in the 
whole cohort (n = 104, 61.5 ± 12.6, median 64, range 
34-81; P = 0.19 vs. patients), in women (n = 69, 61.1 ± 
13.4, median 65, range 41-81, P = 0.39) and in men (n 
= 35, 62.3 ± 10.7, median 64, range 34-80, P = 0.29). 

Control individuals recruited from either of the 
aforesaid sources were observed within three years from 
observation of the patients. The control individuals 
had to meet the following criteria: (a) to live in Sic-
ily; (b) to have neither familial nor personal history of 
thyroid disease (including use of nonthyroid drugs that 
are known to alter thyroid volume and/or function, or 
induce thyroid autoimmunity); (c) to have no personal 
history of past or current malignancy; (d) to have no per-
sonal history of autoimmune diseases which would have 
favoured co-occurrence of clinically silent autoimmune 
thyroid disease (AITD). Concerning controls recruited 
at the endocrine division, they are equivalent to those 
examined (clinically and ultrasonographically) during 
the aforementioned local campaigns in terms of reasons 
for observation. Indeed, controls recruited at the endo-
crine division were individuals who had self-prescribed 
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thyroid echography and the panel of biochemical thy-
roid tests (serum thyrotropin [TSH], free thyroxine 
[FT4], free triiodothyronine [FT3], thyroglobulin au-
toantibodies [TgAb], thyroperoxidase autoantibodies 
[TPOAb]) just as a part of a more general screening 
or because impressed by articles in websites, newspa-
pers/magazines and/or broadcasts on television deal-
ing with thyroid diseases. Thus, after having performed 
those investigations, they came to our observation for 
advice. The same panel of thyroid biochemical tests in 
individuals observed during the campaign was either 
self-prescribed in preparation for the visit and associated 
with thyroid ultrasonography or was performed later to 
complete the thyroid check-up. Because of no interven-
tion involved, there was no need for approval by an ad 
hoc Ethics Committee. Written informed consent was 
obtained from all subjects. This work conforms the pro-
visions of the Declaration of Helsinki.

Biochemical assays 

For the purposes of our investigation, all oncological 
patients and control individuals had thyroid function 
tests (serum TSH, FT3 and FT4) and thyroid autoim-
munity tests (serum TgAb and TPOAb) performed in 
the same laboratory with the same corresponding kits 
by Roche Diagnostics, which are based on electrolumi-
nescence. Reference ranges are 0.27-4.20 mU/L (TSH), 
3.0-6.8 pmol/L (equivalent to 2.0-4.4 pg/mL, FT3), 
12-22 pmol/L (equivalent to 9.3-17.1 pg/mL, FT4), 
0-115 U/mL (TgAb) and 0-34 U/mL (TPOAb). 

As per standard criteria, the diagnosis of hypo-
thyroidism relied on serum TSH and FT4, while the 
diagnosis of hyperthyroidism relied on serum TSH and 
thyroid hormones (FT3, FT4 or both). Patients were 
defined overtly hypothyroid when serum TSH was abo-
ve 4.2 mU/L and FT4 below 12 pmol/L, and subcli-
nically hypothyroid when serum TSH was above 4.2 
mU/L and FT4 normal. Patients were defined overtly 
hyperthyroid when serum TSH was below 0.27 mU/L 
and FT3 and/or FT4 above their corresponding upper 
normal limits, and subclinically hyperthyroid when only 
TSH was abnormal (below 0.27 mU/L). As reported 
previously, autoimmune thyroiditis was considered pre-
sent if either condition was met: (i) increased serum 
levels of one or both thyroid autoantibodies regardless 
of the thyroid function and thyroid ultrasonography 
(see below); (ii) thyroid ultrasonography pattern of 
inflammation regardless of thyroid autoantibodies and 
thyroid function (29).

Thyroid sonography 

Thyroid sonography was performed at the endocrine 
division, because the instrument available and equipped 
with a 7.5-10.0 MHz linear transducer at this division 
(Logiq by General Electric) is the same as the one 
used for all individuals in the control group. The thy-
roid parameters evaluated were volume, echo-texture, 
vascularization, nodules. Thyroid volume was calcu-
lated, as is typical, by summing the volume of each 
lobe using the ellipsoid formula; in this formula, the 
three diameters (that is, length, width and depth are 
multiplied, and the product multiplied by 0.52). Thy-
roid echo-texture is a fundamental feature to judge if 
thyroid inflammation is present. If inflammation ex-
ists, then, regardless of thyroid volume, the pattern is 
one of diffuse and dyshomogeneous hypoechogeneity 
with or without pseudonodules. The number, maxi-
mum diameter and ultrasonographic characteristics of 
all nodules were noted. Following conventional prac-
tice, thyroid nodules were defined micronodules if their 
maximum diameter was 10 millimeters at most. Thy-
roid pseudonodules, which are encountered frequently 
in an inflamed thyroid, were not counted as nodules.

Statistical analyses

Unless otherwise stated, data are reported as mean 
± SD and median. Differences between means ± SD 
(continuous variables) were handled by analysis of vari-
ance (ANOVA) or, if lacking Gaussian distribution, by 
the Wilcoxon test. Variables with non-Gaussian distri-
bution were serum TSH, TgAb, TPOAb and maxi-
mum diameter of thyroid nodules. Differences between 
proportions (categorical variables) were handled by the 
chi-squared test. For any statistical comparison, which 
was always two-tailed, a P value of less than 0.05 was 
considered statistically significant. P values between 
0.05 and 0.10 were considered borderline significant.

RESULTS

Biochemical thyroid data 

As stated above (see Patients and Methods), 10/82 pa-
tients (12.2%) had previously experienced thyroid dis-
ease and were therefore excluded from further evalua-
tion. In these 10 patients, endocrine diagnoses were 
thyroid nodule(s) (n = 8; 2 with MM, 2 with CML 
and 4 with NHL) and AITD (n = 2 [1 with Graves’ 
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disease and 1 with HT]; both with NHL). Consider-
ing the known predominance of AITD in females, it is 
noteworthy that in the NHL subgroup two of the AITD 
concerned men (2/16 = 12.5%) and none of the women 
(0/20). In contrast to the patients’ group, none of the 
persons in the control group had previously known thy-
roid disease, as this was an exclusion criterion.

Biochemical thyroid data in the 72 patients and 104 
controls are summarized in figure 1. When biochemical 
data were handled as categorical variables, no patient 
had hypothyroidism (either overt or subclinical), and 
no patient had overt hyperthyroidism. Subclinical hy-
perthyroidism was observed only in 5.6% of patients, 
all males and all belonging to the multiple myeloma 
subgroup. In these four patients, FT4 was in the upper 
normal third (18.7 to 19.6 pmol/L) and FT3 was in 
the lower or middle third (4.1 to 4.5 pmol/L), sug-
gesting that the low T3 syndrome associated with the 
nonthyroid illness (NTI) status might have contributed 
to the FT4-oriented as opposed to the FT3-oriented 
subclinical hyperthyroidism.  This biochemical picture 
will be discussed further under the Discussion in view 
of some literature (5,30,31). Thus, of the three hor-
mones measured, only serum TSH was abnormal, and 
it was so because it was decreased in 5.6% of patients. In 
contrast, within the control group the rates of overt hy-
pothyroidism, subclinical hypothyroidism, overt hyper-
thyroidism or subclinical hyperthyroidism were 3.8% 
(χ2 = 2.83, P = 0.09 vs. 0% in the malignancy group), 
20.2% (χ2 = 16.51, P < 0.0001 vs. 0%), 0% (P = 1.0 vs. 
0%) or 0% (χ2 = 5.91, P = 0.015 vs. 5.6%), respectively. 

When biochemical data were dealt upon as conti-
nuous variables, statistical differences between means ± 
SD were observed for TSH and FT3. Difference in TSH 
was accounted for by the high rate of overt or subclini-
cal thyroid hypofunction in the controls. Accordingly, 
once these hypothyroid subjects were excluded, serum 
TSH concentrations in controls were no longer statisti-
cally different from patients. Maintaining the exclusion 
of the confounding variable of thyroid failure, serum 
FT4 was not different from patients, while serum FT3 
was greater (P = 0.0002; P = 0.0004 in women and P 
= 0.07 in men). The lower concentration of serum FT3 
in patients was expected, considering that malignancies 
are one of the causes of the adaptive low T3 syndrome 
(also known as euthyroid sick syndrome or nonthyroi-
dal illness syndrome) (32).

Concerning thyroid autoantibodies, only TPOAb 
were increased, and only in men of the NHL subgroup. 

This overall rate of 2.8% TPOAb positiveness contrasts 
sharply with the equivalent overall rate of 25.0% in the 
control group (χ2 = 15.70, P < 0.0001). When genders 
are analyzed separately, TPOAb positiveness was 4.8% in 
male patients and 0% in female patients, again differing 
from the corresponding rate of 22.8% (χ2 = 5.53, P = 
0.019) and 26.1% (χ2 = 9.56, P = 0.002) in controls. For 
TgAb, rates were 0% in the patient group, which con-
trasts with the rate of 30.0% in controls (χ2 = 26.05, P 
< 0.0001). In male controls and female controls, TgAb 
positiveness rate was 22.8% (χ2 = 10.71, P = 0.0011) and 
33.3% (χ2 = 13.03, P = 0.0003), respectively. Differences 
in rates of TPOAb and TgAb remained significant after 
having excluded patients with hypothyroidism.

Ultrasonographic thyroid data 

These data are summarized in figure 2. The rates of hy-
pertrophic or hypothrophic thyroid were 6.0 % or 0%, re-
spectively, which compare with the corresponding rates 
of 44.2% (χ2 = 31.29, P < 0.0001) or 6.7% (χ2 = 5.05, 
P = 0.025) in the control group. Enlarged thyroid (that 
is, goiter) was detected only in patients with MM (10%) 
or PV (17%). Considering genders separately, these rates 
were due to the female gender. Indeed, abnormal size of 
thyroid gland was found only in 2/8 (25%) of women 
with MM and 2/4 women (50%) with PV.

Overall, evidence of thyroiditis was noted in 8.3% of 
patients compared with 67.3% of controls (χ2 = 60.31, 
P < 0.0001) (Figure 2). Particularly, the rate in women 
was 13.3% vs. 72.5% (χ2 = 29.49, P < 0.0001), and the 
rate in men 4.8% vs. 57.1% (χ2 = 25.67, P < 0.0001). 
Sonographic signs of thyroiditis were detected only in 
MM (10%) and NHL (13%), the latter featuring the 
highest frequency (25%, in women). In the myeloma 
subgroup, men outnumbered women (17% vs. 0%), 
whereas the opposite occurred in the NHL subgroup 
(13% in men vs. 25% in women).

The rate of thyroid nodules was 47.2% in patients 
and 81.7% in controls (χ2 = 25.67, P < 0.0001); the rate 
in women was 60.0% vs. 79.8% (χ2 = 4.20, P = 0.040) 
and 38.1% vs. 85.7% in men (χ2 = 18.0, P < 0.0001) 
(Figure 2). The average number of nodules per thyroid 
(and therefore per person) was 2.9 ± 1.9 in patients, 
compared with 3.4 ± 2.3 in controls (P = 0.25, by the 
Wilcoxon test); it was 3.7 ± 2.2 in women (3.4 ± 2.4 
in control women, P = 0.52, by the Wilcoxon test) and 
2.0 ± 0.9 in men (3.4 ± 2.1 in control men, P = 0.015, 
by the Wilcoxon test).
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Figure 1. Serum thyroid function tests and thyroid autoantibodies in patients, excluding those with previously known thyroid diseases, and controls (none 
of whom had previously known thyroid disease).
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The maximum diameter of nodules averaged 8.1 ± 
5.5 [median 6.5] mm in patients, compared with 11.7 
± 9.1 [median 8.3] mm in controls (P = 0.0001 by the 
Wilcoxon test); it was 8.4 ± 6.1 [median 6.2] mm in 
women (11.2 ± 9.2 [median 8] in control women, P = 
0.015) and 7.6 ± 3.9 [median 6.6] mm in men (12.8 ± 
8.6 [median 10] in control men, P = 0.001) (Figure 3). 
Because means ± SD of the max diameter of nodules 
in the CLL and NHL groups were similar, they were 
pooled (5.0 ± 1.9 [median 4.8]; men = 4.9 ± 2.1 [me-
dian 4.6]; women = 5.2 ± 1.6 [median 5.3]). Differ-
ences were statistically significant compared to the MM 
group, precisely: 8.8 ± 6.6 mm of the 32 nodules (P = 
0.0025 by the Wilcoxon test), and 11.1 ± 4.1 mm of the 
8 nodules in men (P = 0.0044, by the Wilcoxon test); 
however, difference was insignificant compared to 8.0 
± 7.1 mm of the 24 nodules in women (P = 0.26 by the 
Wilcoxon test). In the corresponding comparison with 
PV, differences for men and women pooled or for men 
were statistically significant (P = 0.003 or P = 0.0037; 
P = 0.17 for women by the Wilcoxon test). In the cor-
responding comparison between MM and PV, means 
± SD were statistically similar (P = 0.23, P = 0.30, P = 
0.18 by the Wilcoxon test). Men with myeloma con-
stituted the only subgroup of patients with an average 
maximum diameter greater than 10 mm (Figure 3). 

The existence of a difference between the patients’ 
group and the control group is reinforced by considering 
the macronodules (nodules of max diameter > 10 mm). 
These were detected in 6 of the 18 women in the all 
malignancy group vs. 31 of the 55 in the control group 
(33.3% vs. 56.4%; χ2 = 2.88, P = 0.089), and in 6/16 
vs. 27/30 in the corresponding comparison for men 
(37.5% vs. 76.7%; χ2 = 6.87, P = 0.0087). Overall, 
thyroid nodules > 10 mm in max diameter were detec-
ted in 12/34 patients vs. 58/85 (35.3% vs. 68.2%; χ2 = 
10.88, P = 0.001). Of note, neither micro- nor macro-
-nodules were detected in the CML subgroup.

Figure 3. Maximum diameter of thyroid nodules in patients, excluding 
those with previously known thyroid diseases, and controls (none of whom 
had previously known thyroid disease). MM: multiple myeloma; CML: 
chronic myeloid leukemia; CLL: chronic lymphatic leukemia; NHL: non-
Hodgkin lymphoma; PV: polycythemia vera.
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Figure 2. Thyroid sonography in patients, excluding those with previously known thyroid diseases, and controls (none of whom had previously known thyroid 
disease). MM: multiple myeloma; CML: chronic myeloid leukemia; CLL: chronic lymphatic leukemia; NHL: non-Hodgkin lymphoma; PV: polycythemia vera.
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DISCUSSION

In the last years an improvement in the outcome of pa-
tients affected by hematological malignancies has been 
observed, with long-term survival now expected for 
most patients (33). Even if thyroid disease is not a cause 
of mortality in these patients, it requires evaluation and 
intervention during their follow-up. In the present 
study, we have investigated thyroid complications after 
medical therapy alone in patients affected by hemato-
logical malignancies. Indeed, since external radiation in 
the head and neck region may damage thyroid function 
and favor the development of thyroid nodules (14), we 
have excluded patients who received previous or cur-
rent external head/neck radiotherapy.

Overall, we found a low prevalence of enlarged thy-
roid (goiter), with none of our male patients being af-
fected by it, and low prevalence of sonographic evidence 
of thyroiditis. Concerning ultrasonography-detected 
thyroiditis, the female preponderance over males is 
maintained with a ratio of 2:1. There were differences 
within the hematological malignancies. Goiter was de-
tected only in MM and PV. Ultrasonographic evidence 
of thyroiditis was noted only in MM and NHL, the lat-
ter featuring the peak of frequency (25%, in women). 
The rate of ultrasonographic detection of thyroid no-
dules was the highest in MM (with a remarkable 100% 
in women) and PV, and the lowest in the group of leu-
kemias taken as a whole (2/10 = 20%). Women with PV 
had the highest density of nodules (almost 7 nodules 
per patient) while men with PV or NHL have the lowest 
density (< 2 nodules per patient). Patients of either gen-
der with NHL had the smallest thyroid nodules (maxi-
mum diameter consistently < 7 mm). The almost refrac-
toriness of chronic myeloid/lymphatic leukemia to be 
associated with diffuse goiter/thyroid nodules/thyroid 
autoimmune diseases is in line with the fact that none of 
our 10 patients with previously known thyroid disease 
belonged to the leukemia group. Excluding the 10 pa-
tients with previously known thyroid disease, overt or 
borderline derangement in thyroid function is restricted 
to MM patients who were treated with thalidomide or 
lenalidomide. The subnormal low TSH coexisting with 
FT3 on the lower normal side and FT4 in the upper nor-
mal side that we observed in four MM patients would 
suggest that the low T3 syndrome associated with the 
nonthyroid illness (NTI) status might have contributed 
to an FT4-oriented as opposed to the FT3-oriented 
subclinical hyperthyroidism. However, the NTI status 

per se can be associated with subnormal TSH levels, as 
a result of an increased secretion of cytokines (30). As 
discussed in two recent reviews (5,31) both hyperthy-
roidism and hypothyroidism have been reported in as-
sociation with thalidomide/lenalidomide therapy – two 
immunomodulatory drugs that induce endogenous 
cytokine release. Finally, these immunomodulatory 
drugs may induce an autoimmune damage to the thy-
roid through either direct effects on T-lymphocytes or 
deregulation of cytokines (5). In brief, also taking into 
account the retrospective nature of our study, we can-
not attribute the thyroid biochemical picture of those 
four MM patients to NTI, thalidomide/lenalidomide-
induced subclinical hyperthyroidism or both.

The very low prevalence of autoimmune thyroiditis 
(both by serological criteria and ultrasonographic crite-
ria) is particularly striking, considering the high preva-
lence of HT in our province. This high prevalence was 
independently confirmed both in an endocrine divi-
sion setting (29) and thyroid cytology setting (34,35). 
More recently, this prevalence – though at lower levels 
– was confirmed in Catania, our neighbouring prov-
ince (36). Consistent with this very low prevalence of 
AITD is the absence of a small thyroid (atrophic vari-
ant of HT), which in patients from the provinces of 
Messina and Catania account for 5.9 and 3.4% of the 
corresponding cohorts of HT patients (36). Consistent 
is also the very low prevalence of thyroid hypofunction, 
which accounts for 42.8 and 45.7% of the correspond-
ing cohorts of Hashimoto’s patients (36). Screening 
throughout the world shows that, in the elderly, sub-
clinical hypothyroidism affects approximately 1 in 5 
persons (37), which is in keeping with the prevalence 
we found in our controls. A close and long follow-up of 
our patients with hematological malignancies is needed 
to verify whether Hashimoto’s thyroiditis is rare be-
cause they are somehow protected or because its onset 
is somehow delayed. 

In summary, in patients treated for hematologi-
cal malignancies in whom the variable of external ir-
radiation has been excluded, we have found a signifi-
cantly lower prevalence of thyroid abnormalities with 
respect to controls. In particular, a significantly lower 
prevalence of abnormal sonographic size and echo-
texture and a lower presence of nodularity were found 
in patients compared to controls. Women with NHL 
are those with the relatively highest prevalence of so-
nographic evidence of thyroiditis, while women with 
multiple myeloma and patients of either gender with 
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PV have almost always thyroid nodules. Moreover, 
subclinical abnormalities in thyroid function were sig-
nificantly less frequent in patients as a whole. Myeloma 
patients constituted the only subgroup of patients with 
a relatively great presence of abnormal sonographic and 
functional abnormalities.

Study limitations

One limitation of our study is that we lack biochemical 
and ultrasonographic data before chemotherapy. How-
ever, prevalence of thyroid dysfunction and thyroid au-
toimmunity is directly age-related and, once either is 
present, it progresses (38,39). Therefore, the low rate 
of thyroid dysfunction and AITD we found in patients 
after an average of few years from the beginning of che-
motherapy equates to a low rate also more years earlier, 
when chemotherapy was about to be started. The pos-
sibility of thyroid dysfunction or AITD that vanished 
spontaneously as the patient aged is untenable. The 
same reasoning applies to thyroid nodules, whose rate 
of spontaneous shrinkage or disappearance is very low, 
and especially valid for small cystic nodules (reabsorp-
tion of the liquid component) (40). 

Strengths of the study are to have evaluated three 
thyroid aspects (nodularity, function and autoimmuni-
ty) simultaneously, at an interval of time from the end 
of chemotherapy sufficiently long to permit exclusion 
of transient changes, and in patients stratified based on 
the type of malignancy and gender.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Effect of glycemic index 
on obesity control

Elisângela Vitoriano Pereira1, Jorge de Assis Costa1, 
Rita de Cássia Gonçalves Alfenas1

ABSTRACT
Objective: Evaluate the effect of glycemic index (GI) on biochemical parameters, food intake, energy 
metabolism, anthropometric measures and body composition in overweight subjects. Materials and 
methods: Simple blind study, in which nineteen subjects were randomly assigned to consume in the 
laboratory two daily low GI (n = 10) or high GI (n = 9) meals, for forty-five consecutive days. Habitual 
food intake was assessed at baseline. Food intake, anthropometric measures and body composition 
were assessed at each 15 days. Energy metabolism and biochemical parameters were evaluated at 
baseline and the end of the study. Results: Low GI meals increased fat oxidation, and reduced waist 
circumference and HOMA-IR, while high GI meals increased daily dietary fiber and energy intake 
compared to baseline. There was a higher reduction on waist circumference and body fat, and a 
higher increase on postprandial fat oxidation in response to the LGI meals than after high GI meals. 
High GI meals increased fasting respiratory coefficient compared to baseline and low GI meals. Con-
clusion: The results of the present study showed that the consumption of two daily low GI meals for 
forty-five consecutive days has a positive effect on obesity control, whereas, the consumption of high 
GI meals result has the opposite effect. Arch Endocrinol Metab. 2015;59(3):245-51

Keywords
Glycemic index; obesity; anthropometric measures; biochemical parameters; energy expenditure

INTRODUCTION

O besity prevalence, morbidity and mortality rates 
have significantly increased worldwide (1,2). In 

2005, World Health Organization (WHO) estimated an 
overweight and obesity prevalence of 60% and 20-30%, 
respectively (1). It is estimated that by 2015, the current 
number of obese people will double worldwide (1). 

Several strategies have been proposed to prevent 
and treat obesity. However, diet is still the major thera-
peutic base against this disease (3). The results of sev-
eral studies indicate a positive association between the 
consumption of high glycemic index (GI) diets versus 
obesity and related diseases manifestation (2,3).

High GI foods are quickly digested and absorbed, 
resulting in high glycemic response, which in turn 
stimulates higher insulin secretion. High glycemic and 
insulinemic responses can affect appetite and energy 
metabolism, favoring body weight and body fat gain. 
On the other hand, low GI foods are digested and ab-
sorbed at slower rates, leading to lower glycemic and 
insulinemic responses, which in turn reduces satiety, 
food intake and increases adipose tissue mobilization. 

Thus, GI has been considered as a possible tool to be 
used on obesity control (2). 

The consumption of two low GI daily meals may 
lead to beneficial effects on body weight and body 
composition (4-7). Therefore, in the present study we 
assessed the effect of the consumption of two daily high 
or low GI meals on obesity control. 

MATERIALS AND METHODS

Subjects 

Eligibility included body mass index (BMI) between 27 
and 35 kg/m2 (8); stable body weight (±3 kg) during the 
previous 3 months; age between 19 and 40 years; non-di-
abetic; not following any special diet; not using any medi-
cation that can affect energy metabolism or food intake; 
non-smoker, non-pregnant non-lactating; no allergy or 
intolerance to the foods supplied during the study. 

All participants signed an informed consent form, 
filled out a recruitment questionnaire and the Interna-
tional Physical Activity Questionnaire (IPAQ) (9). 
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The study was conducted in accordance with the 
guidelines set by the Declaration of Helsinki and the 
study protocol was approved by the Committee of 
Ethics in Human Research of the Federal University 
of Viçosa, following the Resolution 196/96 of the Na-
tional Health Council, 10/10/1996, on human expe-
rimentation.

Experimental design

Sample size was calculated (10) considering a 7% differ-
ence in waist circumference, and a statistical power of 
80%. The criterion for statistical significance was 5%. A 
total of twenty one subjects were included in the study. 
Due to personal reasons, two of these subjects dropped 
out of the study. Nineteen subjects (four men and 
fifteen women), aged between 22 and 38 years, and 
which were overweight or obese (BMI between 27 and 
35 kg/m²) successfully completed the study. This was a 
simple blind study, in which the subjects were randomly 
assigned to one of two experimental groups: low GI 
(n = 10) or high GI (n = 9) consumed two daily high 
or low GI meals in the laboratory, for 45 consecutive 
days. The other meals were consumed under free living 
conditions, and for which the subjects were instructed 
to select mainly high or low GI foods, according to the 
experimental group to which they were assigned. All 
participants received a list discriminating low or high 
GI foods to help them in their food choice. This list 
was prepared based in the International GI Tables (11). 
Foods presenting GI ≤ 55 or ≥ 70 were considered low 
or high GI, respectively (12).

Participants’ habitual food intake was assessed at 
baseline. At each 15 days of the study, food intake, an-
thropometric parameters and body composition were 
evaluated. Energy metabolism and biochemical para-
meters were assessed at baseline and at end of the study 
(Figure 1). Participants were asked to maintain cons-
tant level of physical activity during the study. 

Test meals 

During the study 28 breakfast and afternoon snack 
preparations were served (14 high GI and 14 low GI), 
resulting in 7 different menu types per session, which 
were repeated along the experiment. The meals sup-
plied 15% of each participant daily energy requirements 

(13), considering the physical activity index estimated 
by the IPAQ (9), adopting the physical activity factors 
recommended by the IOM (13) The meals GI were 
determined, following the method proposed by Food 
and Drug Administration (14). The tested preparations 
presented similar energy density, macronutrients, and 
dietary fiber contents (15). 

Food intake assessment

Habitual food intake (before the beginning of the 
study), and food intake during the study was assessed 
using three non-consecutive days (two week days and 
a weekend day) dietary records (16). All subjects were 
trained to keep free-feeding dietary records before the 
beginning of the study, to increase reliability of the ob-
tained information. 

Each dietary record was reviewed with the subjects 
to ensure accuracy and completeness. The amounts of 
foods registered in household measures were conver-
ted into grams for the analysis of energy, macronutrient 
and dietary fiber intake, using the Diet Pro® software 
– version 5.1i (17). The diet records were analyzed by 
a single person. 

Biochemical assessments

After 12-hours overnight fasting, blood samples were 
collected immediately before (fasting condition) and at 
30, 60 and 120 minutes after breakfast consumption.

Blood glucose and insulin concentrations were as-
sessed by colorimetric-enzyme assay (Bioclin kit, Glu-
cose Monoreagent K082, Basic Quibasa Química Ltd., 
MG, Brazil), and electro chemiluminescence immuno-
assay (Cobas kit, F. Hoffmann-La Roche Ltd., Basel, 
Switzerland), respectively. Leptin concentrations were 
assessed by radioimmunoassay using a Human Leptin 
RIA kit (Linco Research Inc., St. Louis, MO, USA).

Insulin-resistance level was determined using the 
HOMA-IR index (Homeostasis Model Assessment) 

(18): HOMA-IR = fasting insulinemia (mcU/dL) x 
fasting glycemia (mmol/L) / 22.5. HOMA-IR values 
higher than 2.71 was the cutoff point for insulin re-
sistance (19). 

Figure 1. Study design. Habitual food intake (HFI) was assessed before 
the beginning of the study. Biochemical responses (BCH) and energy 
metabolism (EM) were assessed on days 1 and 45. Food intake (FI), 
anthropometric measures (ANT), and body composition (BC) were 
evaluated on days 1, 15, 30, and 45.

HFI Day 1 Day 15 Day 30 Day 45

FI, ANT, BC

BCH, FI, EM, ANT, BC BCH, FI, EM, ANT, BC
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Energy metabolism assessment

For evaluation of resting energy expenditure (REE), 
subjects reported to the laboratory after 11 hours of 
fasting and remained rested for 30 minutes, under con-
trolled environmental temperature (25ºC). REE was 
measured for 30 minutes. Next, participants consumed 
breakfast. VO2 (L/min) and VCO2 (L/min) were ana-
lyzed by indirect calorimetry (IC) (Deltatrac II, MBM-
200, Datex Instrumentarium Corporation, Helsinki, 
Finland), for the next 60 minutes, for diet-induced 
thermogenesis (DIT) determination (20). Respiratory 
coefficient (RC) value was measured during the REE 
(fasting RC) and the DIT (postprandial RC) assess-
ments. RC was obtained by dividing the produced CO2 
by the consumed VO2. 

Fat oxidation rates during the REE and DIT asses-
sments were estimated using the following equation 

(21): Fat oxidation rate (g/min) = 1.695 x VO2 – 
1.701 x VCO2. VO2 and VCO2 values expressed in ml/
min were divided by 1000, to be expressed in L/min. 

Anthropometric and body composition assessments

These evaluations were conducted in the morning, after 
at least 4-hours fasting. Body weight was assessed using 
a digital electronic scale, with 150 kg capacity and 0.05 
kg accuracy (22), with individuals wearing light clothes. 
Height was determined using an anthropometer fixed to 
the wall, with 2 m extension and 0.5 cm scale (22). In both 
procedures, participants stood up barefoot, in erect posi-
tion, with relaxed arms and head in the horizontal plan. 
BMI was calculated (23) dividing body weight by square 
height (kg/m2) and classified according to WHO (24).

Waist circumference (WC) and waist-hip ratio 
(WHR) were measured with a non-elastic, 2 m exten-
sion, 1 mm precision flexible tape measure. WC was 
obtained during normal breathing at the umbilical scar 
height. WHR was measured in the gluteal region, con-
sidering the longest horizontal perimeter between the 
waist and knees (25). The following cut-off points were 
considered as indicative of increased risk for developing 
metabolic complications associated with obesity: WC ≥ 
102 cm for men and WC > 88 cm for women (26) and 
WHR > 1.0 for men and WHR > 0.9 for women (8). 

Body composition was estimated through electrical 
bioimpedance method – 50kHz (BIA – Biodynamics, 
model 310, TBW). Measurements were taken in the ri-
ght hemibody, with participants laid in dorsal decubitus 
on an isolating surface, without shoes, socks or acces-
sories. The participant skin was cleaned with alcohol 

before placing the electrodes to the hand, wrist, foot 
and ankle. The day before evaluations, participants were 
instructed to maintain light physical activity; not to con-
sume any liquid 4 hours prior to the test and to empty 
their bladders least 30 minutes before the test (27).

Statistical analysis

The statistical analyses were performed using the soft-
ware SPSS (SPSS Inc., IL, USA), version 15. Signifi-
cance level of 5% was adopted. Results are expressed as 
means ± SD or SE. 

Wilcoxon test was applied for comparison of varia-
bles between the pre and post intervention periods in 
each treatment. Mann-Whitney test was used to com-
pare results between the two experimental groups. The 
positive areas under the glycemic, insulinemic and lep-
tinemic response curves were calculated by the trape-
zoidal method, using the software SlideWrite 7.0 (Ad-
vanced Graphics Software, Inc.).

RESULTS

Participants were (mean ± SD) 27 ± 4 years old, and 
had a BMI of 29.61 ± 1.97 kg/m². The majority of the 
subjects were overweight (63%, n = 12), had abdomi-
nal obesity (68%; n = 13), and 37% (n = 7) presented 
type I obesity presenting increased risk for metabolic 
complications. Baseline characteristics presented by the 
participants did not differ between groups (Table 1). 
There was an increase in energy intake (P = 0,014) and 
in fiber consumption (P = 0,008) in the high GI group 
during the study compared to the participants habitual 
consumption. There were no differences in macronu-
trient consumption between groups or at the end of the 
intervention compared to the beginning of the study 
within groups (Table 2). 

Glucose, insulin and leptin responses did not differ 
in any of the assessed time points (fasting condition [0 
minute] and at 30, 60 and 120 minutes after break-
fast consumption). The area under the curves for the-
se biochemical parameters also did not differ between 
treatments or between data obtained at the end of the 
study versus baseline (Figure 2A). At baseline two sub-
jects of each experimental group had insulin resistance 
according the HOMA-IR value. Although glycemia and 
insulinemia were not affected in the study, while there 
was a reduction (P = 0.027) in insulin resistance (HO-
MA-IR) in the low GI group (Figure 2B), it increased  
(P = 0,910) in the high GI group at the end of the study. 
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While insulin resistance reduced 50% (n = 1) in the 
low GI group, it increased 50% (n = 4) in the high GI 
group at the end of the study. REE and the DIT did 
not differ in response to the treatments of this study. 
While fasting (P = 0.008) and postprandial (P = 0.012) 
fat oxidation reduced in the high GI group, in the low 
GI group it increased (P = 0.002) in the fasting period 
(Figure 3). There were no differences in the observed 
reductions (∆ post-intervention) on HOMA-IR and 
fat oxidation (fasting and post-prandial) between tre-
atments.

There was a significant WC (P = 0.037) reduction 
in response to the low GI treatment. The observed re-
ductions (∆ post-intervention) on WC (P = 0.008) and 
on WHR (P = 0.050) in the low GI group was greater 
than the ones verified for the high GI group (Figure 4). 

DISCUSSION

The quantity and quality of the ingested carbohydrate 
are the main determinants of postprandial glycemic 

Table 1. Mean ± SD characteristics presented by the study participants at baseline, according to the experimental group

Variables
Experimental group

P Value
Low glycemic index High glycemic index

Age (years) 28 ± 5 26 ± 3 0.967

BMI (kg/m2) 29.9 ± 2.1 29.1 ± 2.0 0.191

Body weight (kg) 80.0 ± 12.6 79.1 ± 12.2 0.870

Waist to hip ratio 0.85 ± 0.05 0.85 ± 0.06 0.072

Waist circunference (cm) 95.18 ± 8.51 95.17 ± 9.92 0.902

Body fat (%) 30.3 ± 7.2 27.9 ± 3.4 0.071

Body fat (kg) 22.9 ± 5.9 22.1 ± 3.3 0.825

Lean mass (kg) 56.1 ± 13.0 57.0 ± 10.9 0.791

RER (kcal/day) 1595 ± 276 1586 ± 233 0.796

Fasting glycemia (mg/dL) 82.5 ± 5.5 82.3 ± 6.3 0.838

Fasting insulinemia (mcU/dL) 9.3 ± 4.8 9.2 ± 5.9 0.806

Fasting leptinemia (ng/dL) 19.9 ± 10.4 15.2 ± 9.1 0.325

HOMA-IR 1.86 ± 0.87 1.92 ± 1.37 0.683

RER: resting energy expenditure; HOMA-IR: Homeostasis Model Assessment of Insulin Resistent. 
The data presented above are not different according to study group by Mann-Whitney Test, P ≤ 0.05.

Table 2. Mean ± SD energy, macronutrients, and dietary fiber consumption, according to study group

Variables
Low GI (n = 10) High GI (n = 9)

Habitual During the study1 Habitual During the study1

Energy (kcal/dia) 2257.7 ± 729.7 2143.6 ± 608.5 1752 ± 495.9a 2006.3 ± 540.7b

Carbohydrate (%) 47.7 ± 9.1 48.3 ± 20.1 51.1 ± 7.2 54.6 ± 9.4

Protein (%) 16.3 ± 5.9 16.1 ± 3.7 14.8 ± 2.2 12.7 ± 2.0

Protein (g/kg de peso) 1.1 ± 0.4 1.1 ± 0.3 0.8 ± 0.3 0.8 ± 0.3

Fat (%) 36.2 ± 7.5 32.8 ± 6.5 31.2 ± 4.8 34.4 ± 9.2

Dietary fiber (g/dia) 11.9 ± 4.6 12.0 ± 3.7 14.0 ± 5.8a 16.9 ± 4.9b

GI: glycemic index. 1
 
Mean of all dietary records obtained during the study. a,b Different letters in the same line indicate statistical difference (P ≤ 0.05) by Wilcoxon test.

Figure 2. Mean ± SE area under the glycemic and insulinemic curves 
(AUC) at baseline and after 45 consecutive days of consumption of low 
glycemic index (LGI) or high glycemic index (HGI) meals twice a day (A), 
and homeostasis model assessment for insulin resistance (HOMA-IR) at 
baseline and after the consumption of two daily LGI or HGI meals for 45 
consecutive days (B). LGI HOMA-IR value at baseline is higher (* P = 
0.027)than at the end of the study (Wilcoxon Test).
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res ponse, which in turn affects glycemic control (4,5). 
In the present study, although no differences were ob-
served in each assessed time point (0, 30, 60 or 120 
minutes) or in the in the area under the glycemic and 
insulinemic response curves, HOMA-IR reduced after 
45 consecutive days of consumption of two daily low 
GI meals. This result is relevant, since insulin resistance 
is considered the determining and triggering factor of 
metabolic syndrome and related diseases (28). Similar 
result was verified in a crossover study (5) in which the 
consumption of diets differing in GI by seven women 
for 20 days led to an increase in insulin sensitivity in 
response to the low GI diets. 

RC reflects the type of energy substrate oxidated. 
Fat oxidation reduces as RC increases (29). High fas-
ting RC is the major factor involved in weight gain 

(29,30). It has been suggested that the consumption 
of high GI diets leads to lower fat oxidation than of 
low GI ones (31). Such effect was noted in the present 
study. The consumption of high GI meals increased 
RC and reduced fasting and postprandial fat oxidation. 

Figure 3. Mean ± SD fasting (A) and post-prandial (B) fat oxidation at 
baseline and after 45 consecutive days of consumption of low glycemic 
index (LGI) or high glycemic index (HGI) meals twice a day. While LGI 
fasting fat oxidation increased (P = 0.002), HGI fasting (P = 0.008) and 
post-prandial (P = 0.012) fat oxidation reduced after 45 consecutive days 
of consumption of test meals (Wilcoxon Test). 

Figure 4. Mean ± SD waist circumference at baseline and after 45 
consecutive days of consumption of low glycemic index (LGI) or high 
glycemic index (HGI) meals twice a day (A), and waist circumference and 
body fat changes (∆ post-intervention) in response to the consumption of 
two daily LGI or HGI meals for 45 consecutive days (B). Waist circumference 
reduced (* P = 0.037) after the consumption LGI meal (Wilcoxon Test) (A). 
Waist circumference (*** P = 0.008) and body fat (** P = 0.050) reduced 
after the consumption of the LGI meal compared to the HGI meal (Mann-
Whitney Test) (B).
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This reduction in fat oxidation in response to the high 
GI diet may be due to an increase in postprandial insu-
lin secretion, which in turn inhibits lipolysis and favors 
lipogenesis (31). Consequently, this can be considered 
one of the mechanisms by which chronic consumption 
of high GI foods favors the increase in body fat content. 

It has been claimed that while the consumption 
of high GI meals can increase appetite in subsequent  
meals, the ingestion of low GI ones may exert the op-
posite effect (32). On the other hand, dietary fibers can 
enhance satiety and decrease food intake. These respon-
ses may be related to the fibers effect in the increase of 
stomach distension and of gut hormones release (such 
as GLP-1), enhancing satiety and decreasing energy in-
take (33). We verified an increase in daily energy intake 
in the high GI group, regardless of the dietary fiber con-
sumption increase. This result indicates that the effect 
of dietary fiber may not be strong enough to surpass the 
increasing energy intake effect of high GI meals. 

Although body weight was not significantly affected 
after the interventions, while the low GI group presen-
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ted a mean weight loss of 960 g, the high GI group 
gained 430 g. Similar result was observed in another 
crossover study (6), in which seventeen subjects con-
sumed two daily high GI or low GI meals, for 30 con-
secutive days each. A non-significant mean weight loss 
of 580 g was verified in response to the low GI meals 
compared to a mean weight gain of 130 g to the high 
GI meals. The results of these two last studies suggest 
that a longer intervention period may result in a more 
expressive body weight reduction, if this type of res-
ponse is maintained. 

A reduction in WHR and WC was also observed af-
ter the consumption of low GI meals in this study. The-
se results are particularly important, given that excess 
adipose tissue and mainly its accumulation in the abdo-
minal region is associated with several undesirable me-
tabolic diseases (34). WC has been pointed as the best 
anthropometric indicator of visceral fat accumulation. 
Excessive accumulation of this type of fat favors the oc-
currence of glycemic and insulinemic disorders, which is 
considered an important cardiovascular risk factor (35). 
In a meta-analysis (7) involving 37 prospective cohort 
studies, the consumption of low GI diets was associated 
with a reduction of chronic diseases risk, such as type 2 
diabetes and cardiovascular diseases, regardless of age, 
sex, BMI, smoking, alcohol consumption, and physical 
activity level. On the other hand, glycemia increase after 
the consumption of high GI meals was considered res-
ponsible for the progression of these diseases. 

Visceral fat presents metabolic and functional cha-
racteristics, which are distinct from those presented in 
response to fat located in other anatomical body re-
gions. Visceral fat has a higher lipolytic potential that 
causes hepatic insulin resistance by lipotoxicity, affec-
ting insulin degradation, favoring the incidence of 
hyperinsulinemia and subsequent peripheral insulin 
resistance, leading to diabetes mellitus. In addition, ex-
cessive abdominal fat, increases free fatty acids release 
and pro-inflammatory cytokines production, such as 
tumor necrosis factor-alpha (TNF-α) and interleukin-6 
(36). Hence, the reduction of body fat, especially in 
the abdominal region is of fundamental importance for 
glycemic control.

The main limitation of this study was the use of an in-
direct method to assess insulin resistance (HOMA-IR). 
However, we must highlight that the gold-standard 
method to assess insulin sensitivity (hyperinsulinemic-
euglycemic clamp) is invasive and expensive. On the 
other hand, besides being easy to use, HOMA-IR is a 

validated method to assess insulin sensitivity (37). We 
also used electrical bioimpedance, an indirect method 
to assess body composition. Although underwater den-
sitometry is the gold-standard method for that type 
of assessment it is a complex and high cost method. 
For accurate data it requires highly trained technicians, 
standardized operations and facilities, besides having 
motived subjects, which must exhale prior to submer-
sion in a water tank. On the contrary, electrical bio-
impedance is a low cost method, it does not require 
cumbersome apparatus, and it has a good correlation 
with underwater densitometry (38). 

It has been claimed that the consumption of two 
low GI meals would lead to beneficial effects on body 
weight and body composition (4-7). To test that, the 
subjects of the present study consumed in the labora-
tory two daily high or low GI meals. We also tested 
if the beneficial effect of GI would still be observed if 
meal were consumed under free living conditions. The-
refore, to test GI clinical usefulness, the subjects of our 
study were instructed to eat mainly high or low GI fo ods, 
according to the experimental group to which they 
were assigned. Even though these foods were not sup-
plied to the subjects, they received a list discriminating 
low or high GI foods to guide them to select the foods. 
This procedure was adopted to mimic what usually ha-
ppens in a regular nutrition education process. To our 
knowledge no other study adopted such design. 

The results of this study indicate that the consump-
tion of low GI foods can promote beneficial effects for 
the prevention and treatment of obesity; whereas, high 
GI foods has an opposite effect. Further well-designed 
studies are necessary to elucidate the physiologic me-
chanisms responsible for the observed effects. 

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Bone mineral density in short bowel 
syndrome: correlation with BMI 
and serum vitamins C, E and K

Camila Bitu Moreno Braga1, Letícia Bizari1, Vivian Miguel Marques Suen1,  
Júlio Sérgio Marchini1, Francisco José Albuquerque de 
Paula2, Selma Freire de Carvalho da Cunha1

ABSTRACT
Objective: Bone loss has been established as a major extra-intestinal complication of short bowel 
syndrome (SBS). The purpose of this study was to correlate bone mineral density (BMD) with body 
mass index (BMI), serum vitamin and mineral levels in patients with SBS. Material and methods: 
The study was conducted on 13 patients (8 male and 5 female, 54.7 ± 11.4 years) with SBS (residual 
small bowel length of 10 to 100 cm). We determined the food ingestion, anthropometry, serum levels 
of vitamins C, A, D, E and K, as well as serum and urinary levels of phosphorus and calcium. BMD was 
measured by dual-energy x-ray absorptiometry (DXA). Results: Osteopenia and osteoporosis was 
diagnosed in all but one SBS patient. Serum levels of vitamin D were low in all volunteers. Sixty-one 
percent of patients had vitamin E deficiency; hypovitaminosis A and C occurred in one subject. BMI 
and C, E and K vitamin serum levels correlated with T-score of BMD. Conclusions: Osteopenia and 
osteoporosis were common in SBS patients. There was a correlation between BMD and the serum 
levels of vitamins C, E and K, an indicative that such vitamins may influence bone health. Arch Endocrinol 
Metab. 2015;59(3):252-8

Keywords
Short bowel syndrome; bone density; vitamins; minerals

INTRODUCTION

Short bowel syndrome (SBS) may result from a state 
of malabsorption secondary to extensive intestinal 

resection, causing disturbances in the homeostasis of flu
ids and electrolytes, chronic diarrhea and weight loss (1). 
The nutritional therapy aims to replace nutrients and pro
vide intestinal rehabilitation and their return to social ac
tivities, with improved quality of life (2). Although there 
are several degrees of anatomical and functional adapta
tion in the remaining bowel, some patients are unable to 
keep a satisfactory nutritional status by oral route, thus 
becoming dependent on parenteral nutrition (PN) (1). 
Recently, we showed that SBS patients present deficien
cies in vitamins E, D (3,4) and K (3), regardless of venous 
infusion. Within this context, efforts are primarily devo
ted to intestinal adaptation to oral route nutrition (5). Pa
tients with severe malabsorption need home PN (5), but 
it is not a therapeutic option provided by the Brazilian 
public health system. In our service, these patients receive 
intermittent PN in periodic hospital admissions (3,4).

In the last decades, specialized nutrition therapy 
techniques resulted in a greater lifetime after extensive 
intestinal resection, enabling the onset of complications 
that were usually undiagnosed. In this context, bone 
health should be remarked, once bone pain and 
fractures decrease the quality of life in SBS patients. 
It is widely known that chronic and severe vitamin D 
deficiency impairs calcium and phosphorus absorption 
leading to disturbances in bone mineralization. Slight 
vitamin D insufficiency has been associated with 
inability to reach a proper peak bone mass and/or to 
maintain skeletal homeostasis (6). The impact of other 
nutritional deficiencies on bone health is not well 
established. Vitamins K and C, phosphorus, magnesium 
and protein are nutrients essential to bone health (7), 
although the role of such nutrients has been scarcely 
documented in SBS patients. Therefore, the present 
study was designed to evaluate the correlations between 
bone mineral density and markers of nutritional status 
in patients with SBS.
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MATERIAL AND METHODS

This transversal study was conducted in a public uni
versity hospital after approval by the institutional Ethics  
Committee (Protocol #29/2007) and all subjects 
signed an informed consent. Thirteen adults with SBS 
were included in this study, with clinical characteriza
tion showed in table 1. Hemodynamically unstable 
subjects and individuals with intestinal inflammatory 
diseases, neoplasia, hepatic failure, diagnosis of active 
infectious diseases and use of any medications that may 
impact bone health were excluded from the study. 

Among the 13 SBS patients, seven were fed orally. 
They had received PN during immediate postoperative, 
but this approach was interrupted after 2 to 6 months 
due to satisfactory evolution. Six patients were PN de
pendent at the time of the study and they were admitted 
to the hospital to receive intermittent PN, according to 
the schedule established by the Medical Nutrition Divi
sion. During each admission cycle, the patients received 
PN for 58 days, with an interval of 1040 days between 
hospitalizations, depending on diarrhea, dehydration, 
and nutritional status. PN was infused through a totally 
implantable central venous catheter. The PN mixture 
contained dextrose (Hiplex®, Fresenius Kabi, Campi
nas, Sao Paulo, Brazil), lipid emulsion (Lipofundin® 
MCT/LCT, B. Braun, Melsungen, Germany), crys
talline amino acid solutions (Soramin®, Darrow, Rio de 
Janeiro, Brazil), electrolytes, vitamins (Cerne®, Baxter, 
Florida, USA), and trace elements (Adelement®, Dar
row, Rio de Janeiro, Brazil), according to the current 

recommendations (8). All patients were followed by a 
specialized outpatient service, where they were advised 
to go on an oral diet at home and to take tablets (Cen
trum®, Wyeth, Richmond, VA, USA) containing vita
mins and minerals on a daily basis. The composition of 
the vitamin, mineral and electrolytes prescribed for SBS 
patients is presented in table 2. 

Table 1. Clinical characteristics of SBS patients

Age 
(years) Gender Diagnosis

Residual 
small 
bowel 
(cm)

Time on 
PN 

(months)

Exclusive 
oral 

feeding 

Ileocecal 
valve

Time between 
hospitalizations 

(days)

Length of 
hospitalization

 (days)

1 34 F Mesenteric ischemia 15 16 No No 10 8

2 49 F Mesenteric ischemia 20 84 No No 40 5

3 44 M Mesenteric ischemia 180 31 No Yes 20 5

4 63 M Mesenteric ischemia 10 88 No No 40 8

5 62 F Mesenteric ischemia 100 13 No No 10 8

6 47 M Mesenteric ischemia 15 21 No No 20 5

7 77 M Mesenteric ischemia 210 Yes Yes – –

8 65 F Acute abdomen 130 Yes Yes – –

9 60 F Mesenteric ischemia 110 Yes Yes – –

10 62 F Mesenteric ischemia 40 Yes Yes – –

11 45 F Mesenteric ischemia 110 Yes Yes – –

12 52 M Mesenteric ischemia 80 Yes Yes – –

13 51 F Mesenteric ischemia 100 Yes Yes – –

Table 2. Supply of micronutrients in oral and venous route

Daily oral supply Venous supply in 
intermitent PN

Ascorbic acid (mg) 45 100 

Folic acid (μg) 240 400 

Biotin (μg) 30 60 

Cyanocobalamin (μg) 2.4 5 

Pantothenic acid (mg) 5 15 

Riboflavin (mg) 1.3 3.6 

Nicotinamide (mg) 16 40 

Pyridoxine (mg) 1.3 4 

Thiamin (mg) 1.2 3 

Retinol (UI) 1467 3300 

Tocopherol (UI) 10 10 

Cholecalciferol (UI) 200 200 

Vitamin K
1 
(μg) 65 -

Zinc (mg) 7.0 2.5 

Copper (mg) 0.45 0.8 

Manganese (mg) 1.2 0.4 

Chromium (μg) 18 10 

Magnesium (mg) 100 9-27*

Phosphorus (mg) 125 310-930*

Calcium (mg) 250 198-297*

* According to the individual requirement.
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Anthropometric measurements were done using 
standard techniques. Body impedance analysis was 
performed using a bioelectrical impedance analyzer 
(BIA 101A Detroit, MI, USA) after overnight fas
ting. Analysis of the composition of the habitual diet 
was based on the SemiQuantitative Food Frequency 
Questionnaire, which assesses the food intake for the 
previous 6 months. The dietetic data was processed by 
specific software (NutWin 1.5® Professional Software; 
Federal University of São Paulo, São Paulo, Brazil). 

Serum phosphorus, as well as urinary calcium and 
phosphorus were analyzed by atomic absorption flame 
spectrophotometry. Calcium serum levels were deter
mined by colorimetry. Ascorbic acid was measured by 
colorimetric reaction with 2,4dinitrophenylhydrazine 
and spectrophotometric detection. Determination of vi
tamin D3, retinol, and αtocopherol was accomplished 
by ultraviolet high performance liquid chromatography 
(HPLCUV), whereas vitamin K was measured on an 
HPLC device equipped with an electrochemical detector. 

BMD was measured by dualenergy xray absorptio
metry (DXA) using a Hologic QDR 4500A scanner® 
(Hologic Inc, Waltham, MA) in the following sites: to
tal femur, femoral neck and lumbar spine. The results 
were expressed as TScore and analyzed in accordance 
to the World Health Organization (WHO). 

Table 3. Body composition and daily oral nutritional intake in 13 patients with short bowel syndrome

Mean ± SD Median (range) Reference range

Body composition

Weight (kg) 54 ± 12 51 (39-85) -

Height (cm) 162 ± 8 160 (147-178) -

BMI (kg/m2) 21 ± 5 20 (14-33) 18.5-25.0

Lean body mass (%) 70 ± 24 80 (18-95) M:15-19 / F:23-26

Fat body mass (%) 30 ± 23 21 (11-82) M:81-85 / F:74-77

Nutritional intake

Energy (kcal) 2216 ± 865 2095 (1052-3890) -

Energy (kcal/kg) 42 ± 16 39 (19-87) -

Protein (g) 90 ± 37 87 (56-118) M:56/F:46 (AI)

Protein (g/kg) 1.6 ± 0.5 1.6 (0.9-2.5) 0.66 (EAR)

Vitamin A (ER) 1421 ± 1155 2006 (199-3789) M:625/F:500 (EAR)

Vitamin E (mg) 11 ± 6 12 (2.3-20) 12 (EAR)

Vitamin K (µg) 146 ± 65 215 (3.6-327) M:120/F:90 (AI)

Vitamin C (mg) 173 ± 140 265 (26-359) M:75/F:60 (EAR)

Phosphorus (mg) 1288 ± 573 1057 (667-2232) 580 (EAR)

Calcium (mg) 855 ± 368 876 (240-2306) M:800/F:1000 (EAR)

Magnesium (mg) 327 ± 88 370 (205-457) M:350/F:265 (EAR)

BMI: body mass index; M: male; F: female; EAR: estimated average requirement; AI: adequate Intake.

Data are reported as mean ± SDs, and by the me
dian and range. For correlation between variables, data 
were analyzed by Spearman’s test. Statistical significan
ce was set at p < 0.05. Data analyses were performed 
with the Statistica software (version 8.0, StatSoft Inc, 
Tulsa, Oklahoma).

RESULTS

Four patients presented BMI below 18.5 kg/m2 and re
duced fat and lean body mass (Table 3). The subjects had 
an adequate intake of nutrients related to bone health, 
except for calcium (Table 3). However, considering the 
addition of daily mineral and vitamin supplement tablets, 
all nutrients exceeded the nutritional recommendations.  
Table 4 shows serum concentrations of vitamins and serum 
and urinary concentrations of calcium and phosphorus in 
SBS patients. All patients presented low vitamin D3 level. 
Vitamin E deficiency affected eight patients and hypovita
minosis A and C occurred in one subject. Furthermore, 
low calcium serum levels were documented in five patients, 
whereas hypercalciuria was observed in three individuals. 

The Tscore values were: 1.40 (range: 3.70 to 
0.20) in the total femur, 1.90 (range: 4.0 to 0.30) 
in the femoral neck and 2.20 (range: 4.20 to 0.60) 
in the lumbar spine. Only one patient presented a nor
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mal BMD; osteopenia was observed in 6 patients (46%) 
and osteoporosis in 6 individuals (46%). There was no 
correlation between the Tscore and variables such as 
patient age, the length of remaining small bowel and 
the time elapsed after intestinal resection. 

There were positive correlations between Tscore 
and BMI in the three study sites (Figure 1), although 
we could not establish any correlations between  
Tscore and lean/fat body masses. Moreover, there 
were no correlations between Tscore and serum lev
els of vitamins D and A in the three study sites. Serum 
vitamins C (Figure 2) and E (Figure 3) associated with 
the Tscores of neck and total femur. Vitamin K serum 
levels correlated with neck femoral Tscore (Figure 4). 
There was no correlation between Tscores and serum 
and urinary calcium and phosphorus. 

Figure 4. Correlation between serum vitamin K and T-score of femoral 
neck in short bowel syndrome patients. 
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Figure 1. Correlation between BMI and T-scores of total femur, femoral 
neck and lumbar spine in short bowel syndrome patients. 

Figure 2. Correlation between plasma vitamin C and T-scores of femoral 
neck in short bowel syndrome patients. 

Figure 3. Correlation between plasma vitamin E and T-scores of total 
femur and femoral neck in short bowel syndrome patients. 

Table 4. Serum concentration of vitamins and serum and urinary 
concentration of calcium and phosphorus in 13 patients with short bowel 
syndrome

Mean ± SD Median (range) Reference 
value

Serum

Vitamin C (mg/dL) 1.08 ± 0.46 1.04 (0.3-2.0) 0.6-2.0

Vitamin A (µmol/L) 2.77 ± 1.26 2.61 (0.71-5.39) 1.04-2.43

Vitamin D (µg/µL) 0.01± 0 0.01 (0.01-0.02) 0.03-0.05

Vitamin E (µmol/L) 21.4 ± 8.2 20.4 (9.8-41.9) 23-27

Vitamin K (ng/mL) 0.37 ± 0.19 0.32 (0.2-0.9) 0.09-2.22

Magnesium (mg/dL) 1.26 ± 0.29 1.29 (0.78-1.62) 1.5-2.3

Phosphorus (mg/dL) 3.62 ± 0.98 3.5 (1.5-5.8) 2.5-4.9

Total calcium (mg/dL) 9.25 ± 1.17 9.2 (7.7-11.7) 8.5-10.1

Ionic calcium (mmol/L) 1.23 ± 0.10 1.20 (1.11-1.51) 1.12-1.28

Urinary

Calcium (mg/24h) 187.2 ± 160.2 106.2 (20-480) 100-300

Phosphorus (mg/24h) 922.7 ± 337.5 946.7 (400-1600) 700-1500

DISCUSSION 

The frequency of alterations in bone mass observed in 
the present study was greater than those documented in 
previous investigations. Osteomalacia occurred in 36% 
of SBS subjects even with normal calcium and phos
phorus serum levels (9) and with daily vitamin D sup
plementation (10). Bone disease occurred in 67% (11) 
and 84% (12) of patients who were receiving PN over 
a long period. Osteoporosis was documented in 46% 
in the lumbar spine and 12.7% in the femural head; os
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teopenia occurred in 18% in the lumbar spine and 18% 
in the femoral head among patients receiving PN (13).

Disturbances in nutrient absorption may be partially 
responsible for the high frequency of osteoporosis/
osteopenia. Even after small intestinal resections (jeju
noileal bypass) there was a decrease in the serum levels 
of calcium, phosphorus, 25OH vitamin D3, and 1,25
(OH)2 vitamin D3 (10). Shortterm PN was associated 
with an improvement of bone metabolism, which evol
ved from a hyperkinetic turnover pattern to a positive 
balance on bone remodeling, whereas longterm PN 
was associated with decreased bone formation (12). 
Except for patients whose intestinal disease started 
prior to reaching the peak bone mass, longterm PN 
had no deleterious effect on cortical bone and impro
ved trabecular bone (11). Metabolic acidosis, excessive 
aminoacid infusion, insufficient vitamin D and mag
nesium supply are some other factors ascribed to the 
onset of bone disease (13). Vitamin D is not effective 
in increasing calcium absorption in patients with intes
tinal failure, and its excess may be associated with bone 
disease (14). Hypomagnesemia is common in SBS pa
tients, and may decrease the parathormone secretion 
and action, resulting in an insufficient production of 
1,25hydroxyvitamin D, thus contributing to lower 
calcium bone storage (15). 

Although we did not measure the serum levels of 
PTH, it can be hypothesized that secondary hyperpa
rathyroidism kept circulatory calcium levels within the 
normal range (16) in our SBS patients. Hypercalciuria 
(observed in 3 of our SBS patients) cannot be ascribed 
to excessive supply of calcium, protein (15) or glucose 
and sodium (17). It is possible that deficiencies of vita
mins D and K, observed in our patients may have been 
responsible for increased bone reabsorption and impai
red calcium incorporation into bone, thus resulting in 
hypercalciuria. 

In this study, there was a positive correlation between 
BMI and Tscore obtained from bone densitometry. 
Metaanalysis by Laet and cols. (18) showed nearly 
twofold increase in risk ratio for hip fracture in adults 
with a BMI of 20 kg/m² when compared with others 
with 25 kg/m². Subjects with low BMI present reduced 
muscle mass and nutritional deficiencies, which implies 
in a substantial risk for all fractures, largely indepen
dent on age and gender, but dependent on BMD (18). 
Furthermore, women with lower body weight present 
reduced peripheral conversion of gonadal hormones, 
resulting in deficiency of estrogens and its consequent 

adverse effects on bone (19). Our data are in accordan
ce with those of Raman and cols. (13), who did not 
find any correlations between Tscore and venous su
pply of aminoacid, calcium, magnesium and fosphate, 
apart from the duration of PN. In women undergoing 
PN, multiple regression showed negative correlation 
between Zscore and age when PN was initiated (20). 

No correlation was found between bone density 
and serum levels of vitamin D3, a finding which is in 
contrast with that observed in others studies (10,17). 
In our study, all patients presented low serum levels of 
vitamin D, which makes it impossible to perform cor
relation analysis of Tscores. On the other hand, there 
was correlation between BMD and serum levels of vita
mins C and K. Vitamin C takes part in the process of ly
sine and proline hydroxylation, necessary to form bone 
collagen triple helix structure (21). Apart from that, as
corbic acid stimulates alkaline phosphatase, which plays 
a role in the synthesis of type I collagen matrix, in mi
neralization and in the expression of several osteoblast 
proteins (22). It has been documented since the 1980s 
that patients with vertebral compression fractures pre
sent lower vitamin K serum levels (23). In addition to 
malabsorption, vitamin supplements used by our SBS 
patients does not contain vitamin K. The association of 
vitamin K with BMD has been recently take into con
sideration in patients under home PN (24). Vitamin 
K is essential for osteocalcin production by osteoblasts 
(25) and the stimulation of bone collagen surplus (26) 

by reducing calcium urinary excretion and inhibiting 
the production of PGE2 and IL6, compounds which 
stimulate bone reabsorption (26). 

In the present study, we could also observe a posi
tive correlation between BMD and vitamin E serum 
levels. Tocopherol inhibits epiphyseal cartilage reab
sorption and protects the membranes of chondrocytes 
by reducing free radical generation and lipidic peroxi
dation (27). In addition, alphatocopherol may reduce 
osteoclast formation and bone loss, by inhibiting the 
induction of the receptor activator of nuclear factorκB 
(RANK) (28), which is an oxidative stressresponsive 
transcription factor. 

The absence of correlation between BMD and se
rum vitamin A is in accordance with the literature, al
though researchers have not reached a consensus (29). 
Melhus and cols. (30) showed that excessive vitamin 
A supply associates negatively with BMD, even after 
adjustments in the other risk factors for osteoporosis. 
Experimental studies showed that vitamin A deficiency 
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relates to alterations in osteoclast and osteoblast activity 
(31). On the other hand, excessive vitamin A reduces 
bone collagen synthesis (32). Inadequate vitamin A su
pply is associated with compromised bone health, by 
mechanisms that are still unknown (33).

Limitations of our study include the small sample. 
However, once SBS does not have a high prevalence, 
we could consider our sample size as appropriate. Also, 
we did not perform the measurements of bone health
related hormones. Multiple hormones, including sex 
steroids, are considered regulators of bone metabo
lism and have been associated with bone density (34). 
Considering the scarcity of studies about BMD in SBS 
patients, this work is relevant for it assesses possible fac
tors associated to metabolic bone disease simultaneou
sly, including vitamin K.

In conclusion, osteopenia and osteoporosis were 
common in SBS patients and there was a correlation 
between BMD and the serum levels of vitamins C, E 
and K, an indicative that such vitamins may influence 
bone health. Continuous monitoring of Tscore and 
serum vitamin levels and supplementation with vita
mins C, K and E in SBS patients are recommended for 
a timely intervention. Further investigations involving 
larger samples could assess the effectiveness of oral and 
venous supply of vitamins C, K and E in reducing the 
progression of bone disease in SBS. 
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Pituitary apoplexy: pathophysiology, 
diagnosis and management

Andrea Glezer1, Marcello D. Bronstein1 

ABSTRACT
Pituitary apoplexy is characterized by sudden increase in pituitary gland volume secondary to is
chemia and/or necrosis, usually in a pituitary adenoma. Most cases occur during the 5th decade of 
life, predominantly in males and in previously unknown clinically nonfunctioning pituitary adeno
mas. There are some predisposing factors as arterial hypertension, anticoagulant therapy and major 
surgery. Clinical picture comprises headache, visual impairment, cranial nerve palsies and hypopitui
tarism. Most cases improve with both surgical and expectant management and the best approach in 
the acute phase is still controversial. Surgery, usually by transsphenoidal route, is indicated if cons
ciousness and/or vision are impaired, despite glucocorticoid replacement and electrolyte support. Pi
tuitary function is impaired in most patients before apoplexy and ACTH deficiency is common, which 
makes glucocorticoid replacement needed in most cases. Pituitary deficiencies, once established, 
usually do not recover, regardless the treatment. Sellar imaging and endocrinological function must 
be periodic reevaluated. Arch Endocrinol Metab. 2015;59(3):259-64

Keywords
Pituitary; apoplexy; pituitary adenoma; hypopituitarism

INTRODUCTION 

P ituitary apoplexy (PA) is characterized by acute in-
farction and/or hemorrhage of the pituitary gland. 

The term pituitary apoplexy was coined by Brougham 
in 1950, and the first index case was, in fact, described 
by Bailey, in 1898 (1). Routine imaging and histopa-
thological evaluation may detect asymptomatic pitui-
tary hemorrhage, known as subclinical apoplexy, and 
is much more frequent then PA (2). Apoplexy means 
“sudden attack” in Greek, and, as a result, an abrupt 
increase of tissue volume within the sellar region can 
cause headache, visual impairment, cranial nerve palsies 
and, even, impairment of consciousness, besides cau-
sing pituitary hormone deficiencies as ACTH. In most 
cases, apoplexy involves a previously unrecognized pi-
tuitary adenoma. Although rare, the condition must be 
recognized and properly treated, as it may in fact be life 
threatening.

EPIDEMIOLOGY 

PA is rare, with an estimated prevalence ~ 6.2 cases per 
100,000 inhabitants (3) and incidence of 0.17 episo-
des per 100,000 person-years (4). PA occurs in 0.6% 
to 10% of treated pituitary adenomas (5) and its risk in 

non-functioning pituitary adenomas is 0.2-0.6 events 
per 100 person-year (6,7). 

Usually, PA occurs in the fifth or sixth decade, with 
a discrete preponderance in males. Jankoswski and 
cols. reviewed PA in adolescents, a very rare entity (8). 
Amongst 60% to 80% of cases, pituitary adenoma was 
not a previously known condition (2). Macroadeno-
mas, especially non-functioning and prolactinomas, are 
most susceptible to apoplexy, nevertheless apoplexy in 
microadenomas has been reported (9). Cavernous si-
nus invasion may be a prognostic factor associated with 
PA (10).

Although PA usually occurs in adenomas; it has also 
been described in non-adenomatous lesions including 
hypophysitis (11,12), metastasis to pituitary, especially 
from renal cell carcinoma (13), craniopharyngioma, 
Rathke’s cleft cyst and sellar tuberculoma (14).

PHYSIOPATHOLOGY 

The precise pathophysiology is not completely unders-
tood. However, a proposed hypothesis involves tumor 
vascular occlusion due to tumor growth, tumor blood 
flux reduction and tumoral abnormal (immature) vas-
cularization. VEGF mRNA may be increased in pitui-
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tary tumors, especially in non-functioning pituitary 
adenomas, which could be related to an abnormal vas-
cularization (15). As the usual trigger is not identified, 
vasculopathy may occur in apoplectic tumors. Four ca-
tegories of triggering factors have been suggested (16):

1. Vascular flux reduction: surgery, specially cardiac 
surgery, radiotherapy, post spinal anesthesia.

2. Acute increase in blood flow: physical activity, 
systemic hypertension.

3. Pituitary stimulation: provocative pituitary 
tests, specially TRH, GnRH analogues use.

4. Coagulation disturbs: thrombocytopenia, anti-
coagulation. 

Other risk factors include pregnancy, diabetes melli-
tus, sickle cell anemia, estrogen replacement, dopamine 
agonist therapy, lymphocytic leukemia and head trauma.

Precipitating factors can be identified in about 40% 
of PA cases, with arterial hypertension the most fre-
quent (2). Other common risk factors include anticoa-
gulant therapy, and new oral anticoagulants (17). 

Dopamine agonists are considered a risk factor for 
PA. As they are largely used in prolactinomas, apoplexy 
was more frequently reported in macroprolactinomas, 
and within the first year and a half of treatment (18). In 
three series with symptomatic cases, the ratio apople-
xy/therapy varied between 1.2 to 6.67%. More recen-
tly, in 368 patients with prolactinomas: hemorrhage in 
imaging was depicted in 6.8% and symptomatic PA was 
observed in only three patients. Macroprolactinoma 
and female gender were more associated with hemor-
rhage (19). There are some case reports of PA related 

to medical treatment in acromegaly: three cases on oc-
treotide and four cases receiving lanreotide (20).

Through 2012, 34 cases of PA occurring after en-
docrine tests were described, with 93% macroadenomas 
with extrasellar extension. Most cases were associated 
with TRH and GnRH stimulation. Mechanisms are not 
clear; however increased norepinephrine levels by TRH 
may cause vasospasm; and an increase in tumor cells 
metabolic activity may be induced by GnRH (21).

In a review of PA following GnRH analog administra-
tion, of 15 cases, 14 were male and eigth presented within 
four hours after the first injection. GnRH antagonist also 
used for prostate cancer may be a safer alternative consi-
dering PA risk in patients harboring pituitary adenomas 
(22). Other uncommon risk factors as high altitude (23) 
and hemorrhagic dengue (24) were recently described.

Although major surgery, especially cardiac surgery, 
is associated with PA, minor laparoscopic surgery has 
also been described in the PA context (25).

Pregnancy is a risk factor for PA, probably due to an 
increased pituitary volume secondary to lactotroph hyper-
plasia, which returns to normal six months post-partum, 
and also due to increased pituitary blood flow induced by 
estrogens. Piantanida and cols. reviewed PA during preg-
nancy: ten prolactinomas, two GH-secre ting adenomas, 
four non-functioning pituitary adenomas and one with 
no information, most were surgically treated (26). 

And finally, socioeconomic factors such as lack of 
health insurance, had been associated with PA (27).

Mechanisms explaining clinical manifestation of PA 
are detailed in figure 1.

Figure 1. Mechanisms contributing to the clinical picture in pituitary apoplexy (5).
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DIAGNOSIS AND MANAGEMENT

Classically, symptoms evolve from hours to two days 
after the onset of apoplexy, although a subacute course 
is described (28). Most patients complain of headache, 
visual defects and ophtalmoplegia. A high degree of 
suspicion is needed to make the clinical diagnosis as 
most patients do not have a previous history of known 
pituitary adenoma. Common differential diagnoses are 
subarachnoid hemorrhage and bacterial meningitis; 
other conditions include: midbrain infarction, caver-
nous sinus thrombosis, migraine and hemorrhagic 

infarction in a Rathke’s cyst and aneurysms. It is im-
portant to stress that pituitary adenomas co-exist with 
cerebral aneurysms at a rate of 7.4%.

Eight series in the literature include more than ten 
patients and are detailed in table 1. 

Brain imaging is required to identify a pituitary le-
sion. Although cranial computed tomography (CT) 
scan is easier to obtain, it is less sensitive for diagnosis 
of pituitary lesions. In a retrospective series, a CT scan 
identified pituitary tumor in 93% and hemorrhage in 
21% of cases, whereas MRI identified 100% and 88% of 
cases, respectively (29).

Table 1. Series of patients with pituitary apoplexy 

Bills DC  
and cols., 
1993 (32)

MacCagnan P 
and cols., 
1995 (33)

Randeva HS 
and cols., 
1999 (34)

Ayuk J  
and cols., 
2004 (30)

Lubina and 
cols., 2005 

(35)

Bujawansa 
and cols., 
2014 (36)

Jho and cols., 
2014 (37)

Singh and 
cols., 2015 (38)

Patients

N 37 12 35 33 40 55 109 87

Male/female 25/12 7/5 21/14 20/13 27/13 69/40 57/30

Mean age (yr) 56.6 43 49.8 52 51.2 52.4 51 50.9

Operated 36 5 31 15 34 22 101 61

Symptoms %

Headache 95 100 97 97 63 87 87 89.7

Visual defects 64 66 71 82 61 36 39.4 33.3

Ophtalmoplegia 78 83 69 46 40 47.2 35.8 39

Predisposing factors 2 with diabetes 
mellitus, one on 
bromocriptine, 

one with a 
major surgery, 

one with 
pituitary 

radiotherapy, 
one with arterial 
hypertension, 

one with 
chronic renal 

failure

26% arterial 
hypertension, 

14% 
contraceptive 
oral pills, 9% 

on aspirin 
therapy

33% arterial 
hypertension

2 head trauma, 
2 anticoagulant 

treatment, 1 
general 

anesthesia

20% arterial 
hypertension, 

three on 
warfarin 

39% arterial 
hypertension, 

12.6% diabetes 
mellitus, 10.3% 
on anticoagulant 

therapy, one 
pregnant and 
three in post 

partum period, 
two after major 

surgery 

Adenoma type%

NFPA 52 - 61 24 63 82 29.5

Prolactinoma 17 - 5.5 - 31 11.5 13.2

Visual field deficits/
visual acuity 
recovered after 
surgery

95%/88% 62% 86%/76% 57%/NA 81%/NA 80%/NA 93.3%/94.4%

Pituitary hormone 
deficiency %

ACTH 82 25 58 78 40 72.7 60

TSH 89 33 43 60 54 52.7 62.7

LH/FSH 64 41 43 75 79 77 63.6

Diabetes insipidus 11 - 6 6 8 3 23

NA: not avaiable; NFPA: nonfunctioning pituitary adenoma.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

262 Arch Endocrinol Metab. 2015;59/3

Pituitary apoplexy

Hormonal pituitary evaluation is required to diag-
nose secreting pituitary adenomas including prolacti-
noma, somatotropinoma and corticotropinoma, as well 
as hypopituitarism. As ACTH deficiency is life-threate-
ning condition, glucocorticoid replacement is recom-
mended and a supraphysiological dose is indicated to 
control edema on parasellar structures: dexamethasone 
8 to 16 mg per day or hydrocortisone 50 mg intrave-
nously every 6 hours (30). Anterior pituitary deficien-
cies occur in nearly 80% of patients: ACTH in up to 
70%, TSH in 50% and gonadotrophin in 75% of cases 
(14,28,31). Patients with low levels of prolactin exhibit 
a lower probability of pituitary function recovery after 
surgery. Hyponatremia, observed in up to 40% of cases, 
can be secondary to hypocortisolism or inappropriate 
antidiuretic hormone secretion. Transient diabetes insi-
pidus is rarely encountered (2). 

The first intervention after PA diagnosis is hemody-
namic stabilization, correction of electrolyte disturban-
ces and corticosteroid administration. Most PA cases 
improve with both surgical and expectant management 
and the most appropriate approach in the acute phase 
is controversial (28). Although guidelines, as the one 
from UK, proposed an algorithm for PA management, 
a randomized trial comparing both strategies is needed 
for strong evidence (2,29). However, seems intuitive 
that surgery, usually by the transsphenoidal route, is 
indicated if consciousness and/or vision are impaired, 
despite glucocorticoid replacement and electrolyte su-
pport. Recovery of visual fields and acuity impairment 
is more readily obtained with surgical decompression, 
usually within seven days after the apoplectic event 
(2). Ophtalmoplegia can resolve spontaneously, with 
or without surgery. Pituitary function is impaired in 
most patients before apoplexy and ACTH deficiency is 
common, which makes glucocorticoid replacement ne-
eded in most cases. Pituitary deficiencies, once establi-
shed, usually do not recover, regardless the treatment 
(29,32). 

The decision to manage conservatively or surgically 
should be made by experts from a multidisciplinary 
team (2). Visual impairment and neurological deterio-
ration not improving with clinical management are in-
dications of surgical intervention, with a higher rate of 
visual improvement if performed within the first seven 
days of symptom. In a department in UK, PA score was 
calculated using visual acuity, visual defects, cranial ner-
ve palsies and Glasgow Coma Scale, ranging from 0 to 
10, and a score equal and more than 4 appeared to in-

fluence the management towards surgery (2). Jho and 
cols. proposed another score for PA: grade 1 asympto-
matic, grade 2 symptoms due to endocrinopathy, grade 
3 for headache, grade 4 ocular paresis and grade 5 for 
visual deficits or a low Glasgow Coma Scale. The au-
thors evaluated 109 cases of PA concluding that their 
proposed score considering clinical and imaging cha-
racteristics is useful in identifying patients who should 
be submitted to surgery (grade 5). They also observed 
that prolactinomas, hemorrhagic Rathke cleft cysts and 
the presence of significant clinical comorbidities favor 
medical treatment. The major study bias is that most 
patients (101) were treated surgically (37). 

Long-term endocrine and imaging follow-up is re-
quired for patients with pituitary apoplexy. 

Imaging follow-up

Within the first three days, hyperdensity is depicted in 
intrasellar and suprasellar regions in an uncontrasted 
CT scan. It is difficult to differentiate PA from para-
sellar aneurysm using CT, and MRI is more specific. 
As hyperdensity in the subacute and chronic phases of 
hemorrhage fades, CT sensitivity to diagnose PA di-
minishes and the lesion could be misdiagnosed as an 
abscess or cystic degeneration. In contrast, CT is su-
perior during the first three hours after apoplexy. Usu-
ally in the first week, an isointensity on T1-weighted 
scans and a hypointensity on T2-weighted images can 
be observed with MRI. Sphenoid sinus mucosa thick-
ening is suggestive of PA in the early hours. Subacutely 
(between 7th and 14th days), there is focal or hetero-
geneous increased signal on T1-weighted scans, and a 
progressive increase in signal on T2-weighted images. 
After gadolinium, a peripheral enhancement is repre-
sented by a thin peripheral rim. In the chronic phase, 
there is signal increase in both T1 and T2-weighted im-
ages (39,40). 

Fluid debris levels in a pituitary mass, hyperintense 
on T1, corresponding to extracellular meta-hemoglo-
bin and the lower layer iso-hypointense on T1 corres-
ponding to red blood remnants sediment, is suggestive 
of late subacute hemorrhage. Table 2 summarizes MRI 
changes in PA by time, for hemorrhagic findings. Ne-
crosis imaging can be detected as hypodensity by CT 
and hypointense on T1 and hyperintense on T2 on 
MRI (29).

Using serial sellar MRI, tumor reduction and even 
disappearance is common, avoiding additional treat-



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

263Arch Endocrinol Metab. 2015;59/3

Pituitary apoplexy

ment in most cases. In the long-term, imaging shows 
empty sella, partially empty sella or even normal pitui-
tary. However, tumor recurrence has been described in 
6% of patients and this risk is not increased after conser-
vative management (31).

A sellar MRI depicting signs of an acute PA is de-
picted in figure 2 and a subacute PA in a patient with 
acromegaly is depicted in figure 3. After apoplexy, se-
rum GH and IGF-1 levels were normal. 

MRI scan can be performed three to six months af-
ter apoplexy, annually in the following five years and 
then, biannual (2).

Figure 3. Sellar MRI depicting signs of a subacute pituitary apoplexy: a 
hyperintense lesion in seeing in T

1
-(a) and T

2
-(b) weighted scans.

Table 2. MRI findings in pituitary apoplexy

Pituitary 
apoplexy phase

Acute 
(until 7th day)

Subacute 
(7th to 14th day)

Chronic (more 
than 15 days)

T
1
-weighted 
scans

Isointense Increase in signal Hyperintense

T
2
-weighted 
scans

Hypointense Hypo or 
hyperintense

Hyperintense

Figure 2. Sellar MRI depicting signs of a acute pituitary apoplexy in two 
patients: (a): a hyperintense lesion impinging optical chiasm in 
noncontrasted T

1
-weighted scan and (b): a peripheral rim in a contrasted 

T
1
-weighted scan.

Endocrinological follow-up

Appropriate hormone replacement is required. For func-
tioning pituitary adenomas, hormonal secretion must be 

also evaluated: hormonal levels could be low, normal or 
remain high after apoplexy. Long-term follow-up is indi-
cated to identify tumor recurrence. A reevaluation four 
to eight weeks after apoplexy is recommended (2).

CONCLUSION
PA evolves in hours to two days and the condition 
includes acute headache, meningismus, nausea and 
vomiting, visual disturbances, blindness, ocular pal-
sies, and decreased level of consciousness. There is a 
slight male to female preponderance with a mean age 
of ~ 50 years. All pituitary adenoma types are at risk of 
apoplexy, although in some series most tumors were 
nonfunctioning. Cranial magnetic resonance imaging 
(MRI) is crucial for the diagnosis. Apoplexy patho-
physiology remains uncertain and could be associated 
with trauma, anticoagulation therapy, arterial hyperten-
sion, cardiac and other systemic surgeries and dynamic 
pituitary function tests. Treatment consists of substitu-
tion therapy with steroids and sellar decompression by 
transsphenoidal surgery in severe cases. 
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The key role of 99mTc-MIBI  
SPECT/CT in the diagnosis of 
parathyroid adenoma:  
a case report 

Qing Li1#, Jiemin Pan1#, Quanyong Luo2, Yan Wang3, Yuqian Bao1,  
Weiping Jia1

SUMMARY
The concomitant occurrence of primary hyperparathyroidism (PHPT) due to parathyroid adenoma 
and papillary thyroid carcinoma (PTC) is not common. The co-occurrence of parathyroid tumors and 
thyroid diseases can lead to misdiagnosis owing to mutual interference of imaging in the early period 
of disease. The most commonly used imaging techniques for the preoperative localization of para-
thyroid and thyroid adenomas are technetium-99m sestamibi (99mTc-MIBI) scintigraphy and ultraso-
nography of the neck. Recently, 99mTc-MIBI single-photon emission computed tomography associated 
with computed tomography scintigraphy (SPECT/CT) has been used to detect PHPT, and its diagnostic 
value is being evaluated. Herein, we report a patient with an unusual co-occurrence of parathyroid 
adenoma and multiple thyroid diseases, including papillary thyroid carcinoma, thyroid adenoma and 
lymphocytic thyroiditis, which were localized with 99mTc-MIBI SPECT/CT and confirmed surgically. 
We suggest that 99mTc-MIBI SPECT/CT can play an important role in the diagnosis of parathyroid and 
thyroid lesions. Arch Endocrinol Metab. 2015;59(3):265-9

INTRODUCTION

P rimary hyperparathyroidism (PHPT) is a common 
asymptomatic endocrine disorder, and single-

gland adenomas account for 75%-85% of all cases (1). 
Similarly, papillary thyroid carcinoma (PTC) is a com-
mon malignant tumor of the thyroid that accounts for 
approximately 70%-75% of all diagnosed thyroid carci-
nomas (2). Despite the high frequencies of these condi-
tions, the concomitant occurrence of parathyroid ade-
noma resulting in PHPT and PTC is uncommon (3). 
Based on the incidence of PHPT and PTC (1,4), the 
incidence of the co-existence of PHPT and PTC can be 
roughly estimated to be 0.0023 per 100,000 persons 
per year (5).

The most commonly used imaging techniques for 
the preoperative localization of parathyroid and thyroid 
adenomas are technetium-99m sestamibi (99mTc-MI-
BI) scintigraphy and ultrasonography of the neck (6).  

In recent years, 99mTc-MIBI single-photon emission 
computed tomography and computed tomography 

scintigraphy (SPECT/CT) have been used to detect 
parathyroid adenomas, and the diagnostic value of 
these techniques has been validated (7,8). Herein, we 
report a patient with an unusual co-occurrence of a pa-
rathyroid adenoma and multiple thyroid diseases, in-
cluding papillary thyroid carcinoma, thyroid adenoma 
and lymphocytic thyroiditis, which were localized with 
hybrid 99mTc-MIBI SPECT/CT and ultrasonography 
and confirmed operatively. 

CASE REPORT

A 64-year-old woman with a 2-month history of 
symptoms of fatigue, low spirits, palpitation and 
weight loss presented to the endocrinology clinic in 
September 2012. The patient was 1.62 meters tall and 
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weighed 58 kilograms and exhibited no trembling of 
her hands. Physical examinations revealed an enlarged 
thyroid with nodules exhibiting a tenacious quality 
and normal activity without tenderness. Examination 
of the patient’s medical history revealed that she had 
suffered from hyperthyroidism in 1972, which was re-
solved with methimazole and propranolol treatment 
after 3 years. The patient experienced a recurrence of 
hyperthyroidism in 1992 that was resolved with the 
same treatment after 8 years. The patient reported no 
history of head or neck radiation exposure. Laboratory 
examinations revealed hyperthyroidism with eleva ted 
free triiodothyronine (12.7 pmol/L; normal range: 
3.1-6.8 pmol/L) and free thyroxine (32.55 pmol/L; 
normal range: 12.0-22.0 pmol/L) and decreased thy-
roid stimulating hormone (< 0.001 mIU/L; normal 
range: 0.27-4.2 mIU/L). The patient’s thyroglobu-
lin level was slightly elevated at 94.9 ng/mL (normal 
range: 1.4-78.0 ng/mL), and her calcitonin level was 
normal at 3.92 ng/L (normal range: < 5 ng/L). Au-
to-antibody detections revealed a remarkably elevated 
thyroid peroxidase antibody concentration of > 1000 
IU/mL, a normal thyroglobulin antibody concentra-
tion of 4.44 IU/mL (normal range: 0-115 IU/mL), 
and a normal thyrotropin receptor antibody concen-
tration of 0.65 IU/mL (normal range: < 1 IU/mL). 
Her radioactive iodine uptake levels were 23% at 2 
hours, 28% at 3 hours, and 60% at 24 hours. The pa-
tient was advised to adopt a low-iodine diet without 
medication. Thyroid function was reexamined and 
had nearly recovered to normal after 2 months with a 
free triiodothyronine level of 4.0 pmol/L, a free thy-
roxine level of 14.28 pmol/L, and a thyroid stimulat-
ing hormone level of 0.01 mIU/L. Thus, the patient 
was initially diagnosed with hyperthyroidism due to 
Hashitoxicosis. Incidentally, the patient was found to 
have an elevated serum calcium level of 2.7 mmol/L 
(normal range: 2.08-2.60 mmol/L), an elevated al-
kaline phosphatase level of 130 U/L (normal range: 
15-112 U/L), and an elevated parathyroid hormone 
(PTH) level of 189.9 pg/mL (normal range: 15.0-
65.0 pg/mL). 

Thyroid ultrasonography revealed that the thyroid 
gland produced an uneven echo. A 0.6 × 0.5 cm low-
-echo lesion with obscure boundaries and weak blood 
flow signal in the isthmus was found and suspected to 
be thyroid cancer. Several low-echo lesions and cyst-
-solid mixed nodules with a maximum size of 1.0 × 
0.6 cm were detected in the right lobe of the thyroid. 

A 2.0 × 1.4 cm cyst-solid mixed-echo area with some 
blood flow signal was detected in the lower pole of 
the left thyroid gland. Additionally, several accumu-
lated 0.6 × 0.5 cm strong-echo areas with acoustic 
shadows in the rear were detected in the upper pole 
of the left thyroid gland. No significant lymph no-
des in the neck were identified via ultrasonography 
(Figure 1). Fine-needle aspiration cytology was not 
performed in this subject. The patient was suspected 
to have thyroid cancer. A cervical CT scan revealed 
multiple low-density lesions with partial calcification. 
Dual-phase 99mTc-MIBI parathyroid scintigraphy re-
vealed high radiotracer uptake at the lower pole of the 
left thyroid lobe in early and delayed imaging. Hybrid 
SPECT/CT scans revealed a nodule with high radio-
tracer uptake that was inferior and posterior to the left 
thyroid lobe and suggestive of a parathyroid adenoma 
(Figure 2). 

The patient subsequently underwent parathyroi-
dectomy. Four parathyroid glands were found poste-
rior to the thyroid gland. Moreover, a mass measuring 
1.5 × 1.0 cm with a clear boundary and medium tex-
ture was also found posterior and inferior to the left 
lobe of the thyroid gland. After performing a para-
thyroidectomy, this mass was confirmed to be a para-
thyroid adenoma. During the operation, a mass with a 
diameter of 0.5 cm, a hard texture, and a nearly clear 
boundary was palpable in the isthmus. The intraope-
rative frozen section revealed a papillary thyroid car-
cinoma. Additionally, a 2.0 × 1.5 cm mass exhibiting 
medium texture and a clear boundary was found in 
the lower pole of the left thyroid lobe. Next, isthmec-
tomy and left thyroidectomy were performed, and pa-
thological examinations confirmed the samples to be 
a papillary thyroid carcinoma and thyroid adenomas, 
respectively. PTH was normalized (16.73 ng/mL) 
15 minutes after the operation. Histopathology and 
immunohistochemistry results revealed a parathyroid 
adenoma in the left parathyroid gland that was positi-
ve for PTH expression (Figure 3), a papillary thyroid 
carcinoma in thyroid isthmus that was positive for 
CK19 and G3 expression (Figure 4), and a thyroid 
adenoma with lymphocytic thyroiditis in the left 
thyroid lobe. At 2 weeks post-operation, the follow-
-up PTH level was 43.53 pg/ml, the serum calcium 
level was 2.41 mmol/L, the free thyroxine level was 
12.85 pmol/L, and the thyroid stimulating hormone 
level was 1.08 mIU/L; all of these levels were within 
the acceptable ranges. 
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Figure 4. Higher-magnification image of papillary thyroid carcinoma 
(Hematoxylin-eosin; original magnification ×20).

Figure 1. Thyroid ultrasonography of the patient. (A) A 2.0 × 1.4 cm cyst-
solid mixed-echo area in the lower pole of the left thyroid gland. (B) A 0.6 
× 0.5 cm low-echo lesion with obscure boundaries in the isthmus of the 
thyroid gland. (C) Accumulated 0.6 × 0.5 cm strong-echo areas in the 
upper pole of the left thyroid gland. (D) A 1.0 × 0.6 cm cyst-solid mixed-
echo lesion in the right lobe of the thyroid gland.

Figure 2. Dual-phase 99mTc-sestamibi parathyroid scintigraphy and 
SPECT/CT scans of the patient. (A) Early imaging of dual-phase 99mTc-
sestamibi parathyroid scintigraphy. Thyroid gland was developed clearly, 
and high radiotracer uptake was revealed at the lower pole of the left 
thyroid lobe. (B) Delayed imaging of dual-phase 99mTc-sestamibi 
parathyroid scintigraphy. The radioactivity was decreased in the thyroid 
gland, and high radiotracer uptake was still revealed at the lower pole of 
the left thyroid lobe. (C, D, E) Hybrid SPECT/CT scans. High radiotracer 
uptake posterior to the left thyroid lobe coincided with a mass in 
parathyroid gland through CT scan. Hybrid SPECT/CT scans suggested a 
left parathyroid adenoma.

Figure 3. Pathological sections of parathyroid. (A) Histopathology section 
shown at higher magnification demonstrating typical features of a 
parathyroid adenoma (Hematoxylin-eosin; original magnification ×20). (B) 
Parathyroid hormone immunohistochemistry staining revealing positive 
PTH staining (Hematoxylin-eosin; original magnification ×20). 
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DISCUSSION

Primary hyperparathyroidism is the third most com-
mon endocrine disease. The prevalence of this disease 
depends on the population studied and the diagnostic 
methods employed. Estimation of the true incidence of 
this disease is difficult, but the overall figures are consis-
tent: between 27 and 30 per 100,000 person-years. The 
incidence of PHPT increases with age, and PHPT is 
more prevalent among women, particularly postmeno-
pausal women (1). The crude incidence of thyroid can-
cer was 4.44 per 100,000 in a Chinese population from 
2003 to 2007 (9). The relationship between concurrent 
thyroid and parathyroid disease was initially described in 
1947. The frequency of the coexistence of primary hy-
perparathyroidism and thyroid carcinoma differs based 
on the study method employed. The frequency of thy-
roid disease in patients undergoing parathyroidectomy 
has been reported to range from 2.5 to 17.6%. How-
ever, the frequency of primary hyperparathyroidism 
among patients with thyroid disease has been reported 
to range from 0.3 to 8.7% (10). To date, the pathogen-
esis of the coexistence of primary hyperparathyroidism 
and thyroid carcinoma had not been established. 

The coexistence of a parathyroid tumor and thyroid 
diseases is commonly misdiagnosed due to mutual in-
terference during imaging in the early period of dise-
ase. The specificity and sensitivity of ultrasonography 
in the diagnosis of concurrent parathyroid tumor and 
thyroid nodules are low and are even lower than tho-
se of CT scans. 99mTc-MIBI is a radiotracer with lipo-
philic cationic properties that is distributed within the 
mitochondria, most prominently in normal cardiac 
and thyroid cells. Taillefer and cols. (11) developed a 
double-phase imaging procedure using 99mTc-MIBI for 
the detection and localization of parathyroid adenomas 
based on the fact that 99mTc-MIBI washes out more ra-
pidly from the thyroid than from abnormal parathyroid 
tissue. 99mTc-MIBI scintigraphy images of parathyroid 
adenomas can be classified as intrathyroidal images 
and extrathyroidal images. Intrathyroidal images are 
characterized by increased uptakes of radioactivity in 
the thyroid gland during the early and delayed stages. 
Extrathyroidal images are characterized by an increa-
sed uptake of radioactivity superior or inferior to the 
thyroid gland at the early and delayed stages. One con-
cern associated with intrathyroidal scintigraphy images 
is whether the origin of a concentrated lesion is an in-
trathyroidal adenoma (hyperplasia) or an extrathyroidal 

adenoma (hyperplasia) posterior to the thyroid gland. 
In our case, the patient presented to the hospital with 
symptoms of weight loss and fatigue. Although the se-
rum calcium and parathyroid hormone levels were ele-
vated, a cervical ultrasound and a CT scan revealed no 
signs of a parathyroid lesion. 99mTc-MIBI double-phase 
scintigraphy imaging produced an intrathyroidal image 
with a suspected intrathyroidal parathyroid adenoma. 
However, SPECT/CT found concentrated radioactivi-
ty inferior and posterior to the left thyroid lobe that was 
suspected to be an extrathyroidal parathyroid adenoma, 
which was confirmed during operation. Our case re-
confirmed the value of 99mTc-sestamibi SPECT/CT in 
the localization of parathyroid adenomas.

The sensitivity of the dual-phase protocol for the 
diagnosis of parathyroid adenoma  is 50%-86% (12). 
Despite its high sensitivity and specificity in the detec-
tion of parathyroid adenoma, SPECT alone is limited 
by its inability to provide anatomical details. Hybrid 
SPECT/CT systems allow for both functional and 
structural imaging to be performed in a single imaging 
session and result in improved image quality compa-
red to functional imaging alone. Compared to SPECT 
alone, SPECT/CT can detect a greater number of ab-
normal lesions, particularly hyperplastic lesions. Sheng 
and cols. (13) found that 99mTc-MIBI SPECT/CT 
has significantly higher sensitivity in the detection of 
PHPT lesions than does 99mTc-MIBI dual-phase planar 
imaging (87.8% vs. 75.6%, P < 0.05). The sensitivity 
of 99mTc-MIBI SPECT/CT in the detection of para-
thyroid hyperplasic lesions was reported to be 50.0%, 
and no parathyroid hyperplasic lesions were detected 
with planar imaging in that study (P < 0.05). Addi-
tionally, 99mTc-MIBI scintigraphy imaging is susceptible 
to false positives and negatives, particularly in subjects 
with lesions smaller than 10 mm. In a study by Bu-
ral and cols., the correct detection and localization of 
hyperfunctioning parathyroid lesions with SPECT/CT 
(31 of 32 subjects) was superior to that of SPECT (22 
of 32 subjects) alone. All of the lesions that were not 
detected with SPECT alone in 10 subjects were smaller 
than 10 mm (14). SPECT/CT also play an important 
role in the localization of parathyroid adenomas in pa-
tients with ectopic adenomas in locations that include 
the carotid sheath, anterior mediastinum, retropha-
rynx, and intrathyroidal regions; these locations are ty-
pically overlooked by SPECT. Kaushal reported a case 
of a large intrathyroidal parathyroid adenoma that was 
diagnosed and accurately located preoperatively with 
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SPECT/CT (15). Kim and cols. (16) evaluated the 
efficacy of 99mTc-sestamibi SPECT/CT in minimally in-
vasive parathyroidectomy by comparing the abilities of 
99mTc-sestamib scintigraphy, SPECT and conventional 
imaging methods, including CT and ultrasonography, 
to identify the precise locations of parathyroid adeno-
mas and hyperplasias and found that 99mTc-sestamibi 
SPECT/CT was helpful for minimally invasive para-
thyroidectomy.

Ultrasonography is effective in detecting lesions of 
the neck and can guide biopsy (12). High-frequency 
ultrasound can reveal the anatomical structure, he-
modynamics, and microcirculatory perfusion of the 
thyroid gland when the gland features micronodules, 
which contributes to benign vs. malignant assessments. 
In the present case, a 0.6 × 0.5 cm low-echo lesion with 
an obscure boundary and weak blood flow signal in the 
isthmus was found and suspected to be thyroid cancer, 
which was confirmed operatively. However, investiga-
tion of the surrounding tissue, including the esopha-
gus, trachea and lymph nodes, depended on computed 
tomography. Although fine-needle aspiration cytology 
is currently the best test for preoperative evaluations of 
thyroid nodules, it is not widely performed in China. 

CONCLUSIONS

Although the co-occurrence of parathyroid adenoma, 
papillary thyroid carcinoma and thyroid adenoma with 
lymphocytic thyroiditis is rare, these conditions can and 
do coexist. Endocrinology physicians need to be aware 
of the possible simultaneous presence of thyroid and 
parathyroid lesions. The main diagnostic procedures for 
the preoperative localization of parathyroid and thyroid 
adenomas are 99mTc-MIBI scintigraphy and ultrasonog-
raphy of the neck. Hybrid 99mTc-MIBI SPECT/CT im-
aging is superior to CT and 99mTc-MIBI scintigraphy 
alone in the preoperative localization of all pathologic 
glands in patients suffering from multiglandular disease 
with primary hyperparathyroidism. The final diagnosis 
of concurrent parathyroid adenoma with thyroid carci-
noma can be established based on postoperative histo-
pathologic examinations.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Transformation of nonfunctioning 
pancreatic tumor into  
malignant insulinoma after  
3 years: an uncommon clinical 
course of insulinoma

Muyesser Sayki Arslan1, Mustafa Ozbek1, Melia Karakose1, 
Esra Tutal1, Bekir Ucan1, Demet Yilmazer2, Alper Dilli3, Salih 
Sinan Gultekin4, Erman Cakal1, Tuncay Delibasi1,5

SUMMARY
A 62-year-old man admitted to our outpatient clinic with two months of recurrent life threatening hy-
poglycemia episodes. He was diagnosed as malignant insulinoma with multiple metastases of liver 
and peripancreatic lymph nodes. Liver biopsy specimen was demonstrated grade 2 neuroendocrine 
tumor compatible with clinical and radiological results. He was followed under the treatment of con-
tinuous intravenous glucose infusion during the diagnostic procedures. He had a pancreatic lesion 
history measured 20 x 12 mm in diameter via the abdominal tomography examination approximately 
two years before the diagnosis. Unusual course of this case suggests the transformation of nonfunc-
tioning pancreatic neuroendocrine tumor into functional insulin secreting tumor with metastases. 
The patient was found inoperable and started on chemotherapy. Arch Endocrinol Metab. 2015;59(3):270-2

INTRODUCTION

I nsulinomas are the most common functioning pan-
creatic neuroendocrine tumors (PNETs) with a be-

nign, solitary and small dimension characteristics (1). 
Malignancy criterion in insulinoma is only the presence 
of metastases according to the World Health Organiza-
tion (2). Tumor size ≥ 2 cm, CK (cytokeratin) 19 status 
and tumor staging and grading (Ki 67 labelling > 2%) 
are reported as predictors of metastatic disease (3-5). 
Insulinoma diagnosed patients with distant metastases 
of liver, bone and lymph node have a median survival of 
< 2 years (6). The diagnosis of nonfunctioning PNETs 
are usually incidentally and recommended resection of 
the tumor despite conversial treatment management. 
In contrast to nonfunctioning PNETs, the symptoms 
of insulinoma are usually diagnostic however, its diag-
nosis is related to physician awareness and clinical pre-
sentation (7). 

We present a 62-year-old man with a nonfunctional 
pancreatic lesion that transformed into an insulin se-
creting malign tumor approximately three years after 
the diagnosis of lesion. To the best of our knowledge, 
the literature includes two cases about transformation 
of nonfunctional PNET into functional PNET that 
characterized hypersecretion of insulin.

CASE REPORT

A 62-year old man was admitted from our diabetes out-
patient clinic with the complain of recurrent hypoglyce-
mic episodes. His past medical history was coronary ar-
tery disease, hypertension, atrial fibrillation, peripheral 
artery disease and hypothyroidism. His treatment was 
composed of the drugs carvedilol, enoxaparin sodium, 
levothyroxine and benazepril hydrochlorir. He had neg-
ative family history for pancreatic or endocrine tumors. 
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In 2010, he was examined in another hospital for 
abdominal pain. He had no symptoms of hypoglycemia 
at that time. A computed tomography (CT) of the ab-
domen was scanned and 20 x 12 mm lesion found in 
the conjunction of the tail and body of the pancreas. 
However, his abdominal pain was relieved spontane-
ously and he had not agreed to undergo recommended 
further diagnostic tests. After 24 months he had symp-
toms of hypoglycemia like tachycardia and diaphoresis 
and his fasting blood glucose was found 71 mg/dL (74 
– 106 mg/dL). He was evaluated as prediabetes with 
oral glucose tolerance test and life style changes was 
recommended. After a month he was recruited to our 
outpatient clinic for recurrent hypoglycemia. He noted 
that he had a weight loss of 5 kilograms and his symp-
toms were becoming more frequent and severe day by 
day over the past two months. Also he was carried out 
to the emergency room with loss of consciousness two 
days before admission to our clinic. 

On physical examination, he appeared well except 
the hypoglycemic period. His vital signs were within the 
normal range and body mass index was 25,6 kg/m2. 
The blood cell count, serum liver and renal function 
tests and coagulation profile were within normal levels. 
After two hours of the meal blood glucose was mea-
sured 45 mg/dl with insulin 44,5 mU/L (3-25 mU/L, 
Direct Chemiluminescent Sandwich Immuno Test) and 
c-peptide levels of 6,3 ng/ml (0,9-7,1 ng/ml, Chemi-
luminescence Immunometric Test) respectively. In ad-
dition to these inappropriate insulin and c-peptide re-
sults at the time of hypoglycemia, the ratio of glucose 
to insulin was 1.01 compatible with insulinoma. At the 
time of hypoglycemia his serum cortisol and somato-
medin-C level was 25,9 mcg/dl (4.30 – 22.40 μg/dL, 
Direct Competitive Immunochemiluminescence Test) 
and 110 ng/ml (94 – 252 ng /ml, Chemiluminescence 
Immunometric Test) respectively. He was on conti-
nuous intravenous (iv) dextrose infusion with variable 
doses in addition to 6 times meal during the day for 
preventing the life threatening hypoglycemia episodes. 
To localize the accurate site of abnormal insulin hyper-
secretion we applied radiologic non-invasive imaging 
procedures. Abdominal ultrasonography demonstrated 
multiple liver lesions and pancreatic tumor with diam-
eter of 31 x 27 mm. An abdomen CT was scanned and 
showed multiple liver lesions with the largest one 13 
x 11 mm and a 23 x 27 mm pancreatic lesion in di-
ameter (Figure 1). He underwent a liver biopsy from 
the largest lesion and immunohistologic stains of the 

tumor for chromogranin A, synaptophysin, CD 56 and 
pan CK was positive. Ki 67 was found 10-15%. The 
diagnosis was grade 2 neuroendocrine tumor (Figure 2). 
He underwent a Ga-68 DOTANOC positron emission 
tomography scan that demonstrated an intense uptake 
in pancreas, peripancreatic lymph nodes and both of 
the liver lobes. His serum chromogranin A level was 
higher than 700 ng/mL (normal range; < 94). His se-
rum gastrin and calcium levels were within normal rang-
es excluding multiple endocrine neoplasia 1 (MEN 1).  
Also menin gene mutation was analyzed and found 
negative. His treatment management was discussed 
with experienced surgeons and was planned to give che-
motherapy. The patient was transferred to our medical 
oncology department and started on chemotherapy. 

Figure 1. Smooth contoured and contrasted focal lesion located in the 
proximal of pancreatic corpus in an arteriel phase in contrasted computed 
tomography.

Figure 2. Synaptophysin positive stained tumoral cells with a thin 
chromatin structure  and narrow cytoplasm forming rosette-like structures 
and solid groups in the liver parenchyma (Synaptophysin X 100).
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DISCUSSION

We reported an insulinoma diagnosed patient present-
ed with weight loss and life threatening recurrent hy-
poglycemia. He did not accept further evaluation about 
this lesion before. He was asymptomatic and did not at-
tend his control visits. Also he did not take any drug or 
herbal medicine and have abdominal complaints dur-
ing two years. We suggested that the pancreatic lesion 
demonstrated via the computed tomography is a non-
functioning PNET and transformed into insulinoma by 
obtaining the ability of secreting insulin.

Nonfuntional PNETs constitutes about 30% percent 
of pancreatic endocrine tumors and majority of these 
have metastases at diagnosis (8). Symptoms of our pa-
tient appeared two years after the diagnosis of pancre-
atic lesion presented as dramatic insulin and C-peptide 
hypersecretion causing recurrent hypoglycemia. We 
suggest the hypothesis of dedifferentiation of nonfunc-
tional tumor cells and also having slow growing insu-
lin components (9). Secreting insulin may be provided 
by the way of obtaining the ability of expressing the 
proinsulin gene along with prohormone convertases 
(9). Appearing of nonhormonal components like chro-
mogranin during fetal development in the pancreatic 
cells before than islet hormones support this hypo thesis 
(10). Furthermore, the pathway of platelet-derived 
growth factor was shown to control age dependent beta 
cell proliferation in human pancreatic cells (11). 

The first case about nonfunctional PNET transfor-
mation into functional PNET was reported by Vashi 
and cols. (12). The second case was described after 
2 months therapy of Sunitinib in a patient diagnosed 
with nonfunctioning PNET (13). The third case was 
reported by Koshy AA and cols. and they also discussed 
the occurrence of atrial flutter after octreotide treat-
ment (9). Our findings combined with medical history 
of the patient suggest that the nonfunctional PNET 
transformed into malignant insulinoma but we could 
not rule out any other temporary benign lesion at first 
diagnosis despite its low probability because biopsy of 
the pancreatic lesion was not available. 

In conclusion, all cases including our case suggest 
that nonfunctioning PNETs has a possibility of transfor-
mation into insulin producing cells and this might lead 
further investigations for manipulating beta cell function. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Gene expression of estrogen 
receptor-alpha in orbital fibroblasts 
in Graves’ ophthalmopathy
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SUMMARY
Graves’ ophthalmopathy (GO) is one of the most severe clinical manifestations of Graves’ disease 
(GD), and its treatment might involve high-dose glucocorticoid therapy. The higher incidence of GO 
among females, and the reported association between polymorphisms of estrogen receptor (ER) and 
GD susceptibility have led us to question the role of estrogen and its receptor in GO pathogenesis. 
We, thus, assessed estrogen receptor-alpha (ERA) gene expression in cultures of orbital fibroblasts 
from a patient with GO before (controls) and after treatment with 10 nM and 100 nM dexamethasone 
(DEX). Orbital fibroblasts showed ERA gene expression. In the cells treated with 10 nM and 100 nM 
DEX, ERA gene expression was, respectively, 85% higher and 74% lower, than in the control group. 
We concluded that ERA gene expression is found in the orbital fibroblasts of patient with GO, which 
may be affected by glucocorticoids in a dose-related manner. Arch Endocrinol Metab. 2015;59(3):273-6

INTRODUCTION

G raves’ ophthalmopathy (GO) is one dramatic 
manifestation of Graves’ disease (GD) and about 

20-30% of Graves’ patients have clinically apparent 
ophthalmopathy (1). 

GO evolves from an autoimmune process directed 
against the thyrotropin receptor (TSHR) expressed on 
orbital fibroblasts, that is recognized by TSHR autoan-
tibodies (TRAb). This results in inflammation, hyaluro-
nan deposition and adipogenesis (2). The inflammatory 
nature of GO has directed treatments against inflam-
mation, most frequently using corticoid therapy (3).

Although the overall mechanisms of GO pathoge-
nesis are established, many endocrine and molecular 
aspects of the disease remain to be explored. Some nu-
clear receptors, such as peroxisome proliferator-acti-
vated receptor gamma (PPARG) that has a regulatory 
role in adipocytic differentiation, have been more in-
vestigated (4). However, the higher prevalence of GO 
among females suggests that estrogen and its receptors 
are also involved in GO pathogenesis. 

The two main subtypes of estrogen receptors (ER), 
alpha (ERA) and beta (ERB), are expressed in several 
tissues (5), as well as in inflammatory cells and fibroblasts 
(6). Experimental studies have suggested that estradiol 
interferes with PPARG action and, consequently, with 
adipogenesis, by inhibiting adipocytic differentiation (7). 
Moreover, the relation between ER and inflammation 
has been described (5,8), with evidence that the regula-
tion of pro-inflammatory cytokines expression by corti-
costeroids might be mediated by ERA and not by glu-
cocorticoid receptor (GR) (9). These reports reinforce 
the hypothesis that ER, and particularly ERA, influences 
GO pathogenesis. However, although ERB polymor-
phism rs4986938 has been recently associated with GD 
susceptibility (5), the role of ER in GO is still uninves-
tigated. And, while broadly expressed in a wide variety 
of cells (10), it has not been found any study analyzing 
ER expression in orbital fibroblasts, neither whether the 
treatment with glucocorticoids alters such expression. 

In this study, we assessed ERA gene expression in 
cultures of orbital fibroblasts from patient with GO 
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treated with different doses of dexamethasone. We ob-
served that such expression increases as glucocorticoid 
doses decrease, suggesting a close dose-dependent re-
lation between this receptor and the main treatment 
for GO. 

MATERIALS AND METHODS

Cell culture and treatment

This study was approved by the Ethics Committee 
of Botucatu Medical School (process number 4037-
2011). Orbital fibroblasts were obtained from a female 
patient with inactive (Clinical Active Score – CAS = 2), 
moderately severe-to-severe GO, during orbital de-
compression surgery performed in the Botucatu Medi-
cal School – Hospital of São Paulo State University. 
Fibroblast specimens were collected in Falcon tubes 
filled with 199 medium (LCG®) and antibiotics. Cul-
tures were seeded in 25-cm3 bottles containing 199 
medium supplemented with 20% fetal bovine serum 
(FBS) (Gibco®) and 1% antibiotic/antimycotic (ATB) 
(Sigma®) in 5% CO2 at 37oC (Figure 1). After reaching 
approximately 80% confluence, cells were transferred 
to a 75-cm3 bottle containing 10% FBS plus 1% ATB, 
where they were kept until reaching 80% confluence 
again. Subsequently, the cells were transferred to 6-well 
plates for treatment. After reaching 80% confluence in 
the wells, fibroblasts were treated in biological tripli-
cates with either 10 nM or 100 nM of dexamethasone 
(DEX), and then assessed for ERA gene expression. 
Untreated fibroblasts were used as controls (control 
group – C group).

RNA isolation and RT-PCR 

After exposure to treatment, the culture medium was 
aspirated, and the cells were removed from the plates 
using 400 µl de Trizol® (Life Tech, USA). RNA was ex-
tracted also using Trizol®. RNA integrity was checked 
by visualization on 1% agarose gel for 30 min at 80 mV. 
RNA purity was determined by spectrophotometry; 
samples with 260/280 ratio < 1.6 were discarded for 
showing protein contamination.

Complementary deoxyribonucleic acid (cDNA) was 
synthesized from RNA using the High-capacity cDNA 
Reverse Transcription Kit (Applied Biosystems, USA). 
In Brief, RNA was added to 2 µl 10x buffer, 0.8 µl 
dNTP mix (100 mM), 2 µl randon primer, 1 µl RNase 
inhibitor, 1 µl Reverse Transcriptase, and 12.2 µl nu-
clease-free water. The samples were then incubated at 
25ºC for 10 min, at 37ºC for 120 min, at 85ºC for 5 
seconds, and kept at 4ºC.

cDNA analysis was performed by TaqMan arrays 
(Life Technologies, USA), using primers specific for 
the RNA targets (ESR1: estrogen receptor-alpha and 
cyclophilin: internal control). Each reaction contained 
10 μL TaqMan® Universal PCR Master Mix (Life Tech-
nologies, USA), 3 μL reverse transcription reaction 
product, final volume adjusted to 20 μL with nuclease-
free water. RT-qPCR experiments were performed in 
accordance with the Minimum information for Pub-
lication of Quantitative Real-Time PCR Experiment 
(MIQE) (11). Data were normalized against the cor-
responding cyclophilin internal control, and expression 
was quantified by the method 2-∆∆CT (12). The C group 
was adjusted to 1 when groups were compared. 

Statistical analysis

All data were expressed as means ± standard deviation. 
Two-way analysis of variance (ANOVA) was used to 
compare the effect of treatment within groups, fol-
lowed by the test of Tukey for multiple comparisons. 
Statistical significance was set at p < 0.05.

RESULTS

Orbital fibroblasts showed ERA gene expression. In 
the groups treated with 10 nM and 100 nM DEX, 
ERA gene expression was, respectively, 85% higher and 
74% lower, than in the control group, with receptor 
gene expression being significantly lower in the group 
treated with 100 nM than in the group treated with 10 nM 
DEX (Figure 2).

Figure 1. Culture of orbital fibroblasts from a patient with Graves’ 
ophthalmopathy (light microscopy, X20).
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autoimmune diseases (14). Although still controversial, 
the immunosuppressive role of estrogen in autoimmu-
ne diseases has been regarded as important (14). Thus, 
among the nuclear receptors possibly involved in GO, 
there are ERs, which have been associated with inflam-
matory processes, whether they are autoimmune or 
not (5,8). Although the mechanisms involved have not 
been elucidated yet, several factors seem to participate, 
such as, for instance, the IGF-1, which would exert an 
anti-inflammatory action mainly through ER, particu-
larly ERA (15).

ERA expression is found in several tissues, such as 
breast and skin fibroblasts (16), for instance. Howe-
ver, the expression of ERA in orbital fibroblasts from 
a patient with GO, as seen in this study, has not been 
previously reported. Assuming estrogen involvement in 
GO development, it seems more likely that its immu-
ne modulatory effect is mediated through these cells, 
rather than directly through inflammatory cells, which 
express low levels of ER (14). 

Furthermore, ERA and/or serum estrogen concen-
trations might be able to influence adipocyte differenti-
ation. Bonofiglio and cols. report that, in breast cancer 
cell lines, ERA physically associates and functionally in-
terferes with PPARG signaling (17). This suggests that 
ER may interfere with the adipocyte pathway, which is 
critical in GO development. In addition to adipocyte 
differentiation, peroxisome proliferator-activated re-
ceptors (PPARs) have also been associated with inflam-
matory processes (18). Thus, ERA would not only be 
involved in the onset of the inflammatory process, but 
also in the development of GO.

In this study, ERA gene expression was increased 
in orbital fibroblast cultures treated with 10 nM, and 
decreased in those treated with 100 nM DEX. This 
finding suggests a close dose-dependent relationship 
between ERA and glucorticoid, which had been des-
cribed in other tissues and experimental models. Ulisse 
and Tata reported that DEX upregulates ER’s mRNA 
(19), while Cuzzocrea and cols. demonstrated that a 
selective ERA antagonist reverses the anti-inflamma-
tory activity exhibited by DEX, suggesting that the 
anti-inflammatory effect of DEX requires the partici-
pation of ER (20). Additionally, study performed with 
mice endometrial cells observed that the suppression of 
pro-inflammatory cytokines expression by glucocorti-
coids was mediated through ERA and not through GR, 
as it would be expected (9). In our study, ERA gene 
expression was modulated according to glucocorticoid 

Figure 2. Effect of 10 nM and 100 nM dexamethasone on estrogen 
receptor alpha (ER-α) mRNA in orbital fibroblasts from a patient with 
Graves’ ophthalmopathy. The experiment was performed in triplicate. Data 
were reported as mean and standard deviation. ANOVA was used in 
conjunction with Tukey’s test (p < 0.01 or p < 0.001).

DISCUSSION

We observed ERA gene expression in cultures of or-
bital fibroblasts from patient with GO. 

GO results from the autoimmune involvement of 
the orbit, and its progress involves, mainly, the proces-
ses of inflammation, hyaluronan deposition and incre-
ased adipogenesis (2). The orbital fibroblasts represent 
the target of the autoimmune process (2), through the 
expression of TSHR, which is recognized by TRAb 
(13). Some distinct orbital fibroblasts subtypes, when 
activated by TRAb, differentiate into adipocytes, while 
others, which express thymocyte antigen-1, are stimu-
lated by cytokines to produce hyaluronan (13). The sti-
mulus of the insulin growth factor (IGF) receptor pre-
sent in such cells results in secretion of cytokines that 
increase the recruitment of activated T cells and other 
mononuclear immune cells into the orbit (13). The in-
teraction of these cells with orbital fibroblasts results 
in synthesis of prostaglandins and hydrophilic hyaluro-
nan that accumulates in the orbital tissue, expanding 
its volume (13). Moreover, prostaglandins bind to the 
nuclear receptor PPARG present in preadipocytes, thus 
stimulating its differentiation into mature adipocytes, 
further increasing orbital volume (13). 

Sex hormones and its receptors are important for 
shaping the immune system differently in females ver-
sus males, with differing susceptibility to, and possibly 
differing pathogenetic mechanisms of, inflammatory 
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concentration. However, whether other glucocorticoid 
effects could be mediated by the ER, or whether estro-
gen status could influence the response to glucocorti-
coids, remains unclear. 

The major limitation of this study is the fact that 
all orbital fibroblasts derived from a single patient with 
GO. Nonetheless, the findings reported herein, obtai-
ned using real-time PCR, confirmed the results ob-
served in a prior pilot study using conventional PCR 
(unpublished data).

In conclusion, our results indicate that ERA gene 
expression is found in the orbital fibroblasts of patient 
with GO, and suggest that this gene expression may be 
affected by glucocorticoids in a dose-related manner. 
The clinical significance of these findings remains to be 
determined and further studies are necessary. 
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An unexpected cause of severe 
and refractory PTH-independent 
hypercalcemia: case report 
and literature review

Dimitris Varvaki Rados1, Tania Weber Furlanetto1,2

SUMMARY 
Hypercalcemia is a common condition in the internal medicine practice. Sometimes its cause is not 
readily apparent, so extensive investigation is appropriate. Here we report an unexpected cause for 
hypercalcemia in an elderly woman. The case of an 82-years old woman with PTH-independent hy-
percalcemia, lymphocytosis, normal serum 1,25 (OH)vitamin D levels, and low serum PTHrp levels, 
is described. Medical history and complementary investigation were unremarkable, except for in-
creased metabolic activity in the glutei regions, as measured by whole body 18F-FDG PET-CT. Re-
viewing her medical history, her sister recalled that she had been submitted to intramuscular methyl-
methacrylate injections, for cosmetic purposes, five years before presentation, which was confirmed 
by muscle biopsy. Low calcium intake, parenteral bisphosphonates, calcitonin, and glucocorticoids 
were used to control serum calcium levels. Methylmethacrylate injections, used cosmetically, are a 
new cause for hypercalcemia, even after many years. Hypercalcemia was probably due to calcitriol 
overproduction in foreign body granulomas. Persistent reactive lymphocytosis could be a clue for 
this inflammatory cause of hypercalcemia. Arch Endocrinol Metab. 2015;59(3):277-80

INTRODUCTION

H ypercalcemia is a relatively common problem in 
clinical practice. Sometimes the cause is not read-

ily apparent, so extensive investigation is appropriate. 
Here we report an unexpected cause for hypercalcemia 
in an elderly woman.

CASE REPORT

An 82-years old woman presented with recurrent epi-
sodes of confusion, delirium, and somnolence or stupor, 
for the past 6 months. Her previous medical history was 
unremarkable, except for previous 20 pack years smoking 
and systemic arterial hypertension. She has been using 
daily hydrochlorothiazide 25 mg, amiloride 2.5 mg, vita-
min D3 2000 IU, and calcium carbonate 2 g. There were 
no previous surgeries or hospital admissions. The physical 
exam was unremarkable, except for low BMI (17 Kg/m2). 
Initial evaluation, as shown in table 1, disclosed severe 
PTH-independent hypercalcemia, lymphocytosis, and no  

vitamin D intoxication. All her medications were stopped, 
and, as serum phosphate level was in the low reference 
range and tubular reabsorption of phosphate was low, a 
probable malignant cause was searched for. Computed to-
mography (CT) of neck, thorax, and abdomen, revealed a 
small swelling of the pyriform sinus, and simple renal and 
ovarian cysts, up to 1.2 cm; fiberoptic indirect and di-
rect laryngoscopy identified no lesion, and biopsies of the 
pyriform sinus region had no tumor; bone scintigraphy, 
bone marrow aspiration, peripheral blood cells immuno-
phenotyping, serum and urine protein electrophoresis, 
and upper gastrointestinal endoscopic study were normal. 
Transvaginal pelvic ultrasound confirmed the presence of 
a simple ovarian cyst. A whole body 18F-FDG PET-CT 
showed extensive and symmetric increased metabolic 
activity in the glutei regions, as shown in figure 1A. At 
inspection, bilateral glutei regions were normal, but ir-
regular 2-3 cm hard nodules were identified by palpation. 
The abdominal CT was reviewed with identification of 
extensive areas of increased density and loss of definition 
of both gluteus maximus, as shown in figure 1B.
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Table 1. Laboratory data at admission

Result Reference range

Hemoglobin (g/dL) 11.1 11.0 – 16.0

Hematocrit (%) 33.2 35 – 47

White cells (per mL) 9,640 3,600 – 11,000

Neutrophyls (per mL) 4,400 1,500 – 7,000

Lymphocytes (per mL) 4,300 1,000 – 2,900

Platelets (1,000/mL) 188 150 – 400

Creatinine (mg/dL) 1.32 0.6 – 1.1

Sodium (mmol/L) 142 136 – 145

Potassium (mmol/L) 3.4 3.5 – 5.1

Bicarbonate (mmol/L) 27 22 – 30

Calcium (mg/dL) 13.7 8.6 – 10.0

Phosphorus (mg/dL) 2.5 2.4 – 5.1

Magnesium (mg/dL) 1.8 1.2 – 2.7

Alkaline phosphatase (U/L) 68 20 – 130

PTH (pg/mL) 2.8 14 – 72

25-OH-vitamin D (ng/mL) 15.2 > 20

AST (U/L) 31 10 – 34

ALT (U/L) 22 10 – 49

Albumin (g/dL) 3.5 3.2 – 4.8

TRP (%) 59 85 – 100

PTH: parathyroid hormone; AST: aspartate transaminase; ALT: alanine transaminase;  
TRP: tubular reabsorption of phosphate.

Reviewing the medical history, her sister recalled 
that she has been submitted to intramuscular methylme-
thacrylate injections in the glutei regions for cosmetic 
reasons, five years before presentation. A gluteus mus-
cle biopsy showed chronic inflammation with fibrosis, 
histiocytes, lymphocytes, and giant cells around foreign 
body, compatible with methylmethacrylate (Figure 2). 
A surgical consultation was made, but resection of the 
lesions was not indicated due to its extension. At this 
point serum PTHrp and calcitriol levels were availa-
ble: PTHrp: below 0.8 pmol/L (reference range < 
1.3 pmol/L; chemiluminescence); calcitriol: 34 pg/
mL (reference range 18 – 78 pg/mL; radioimmunoas-
say). Dietary calcium was reduced to 350 mg/day, and  
40 mg of oral prednisone was prescribed for 10 days and 
increased to 80 mg/day thereafter. Two weeks later, se-
rum calcium levels were within the reference range, as 
well as blood lymphocytes, so prednisone was tapered 
to 20 mg/day. During the investigation and follow-up, 
saline infusion, calcitonin, and intravenous bisphosphona-
tes were also used. These data are depicted in figure 3.  
Twelve months later, the patient had normal serum cal-
cium levels. Written informed consent was obtained to 
report this case.

Figure 1. Abnormality of glutei regions, five years after the intramuscular 
injections of methylmethacrylate. (A) Increased metabolic activity, as shown 
by 18-FDG PET-CT Study. (B) Extensive areas of increased density and loss 
of definition of the gluteus maximus, as shown by computed tomography.

Figure 2. Fibrosis and foreign body granulomatous reaction in gluteus 
muscle, five years after the intramuscular injections of methylmethacrylate. 
Hematoxylin and eosin stain, 10x.
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Figure 3. Serum calcium corrected for albumin, peripheral blood lymphocytes, and treatment used for hypercalcemia, five years after the intramuscular 
injections of methylmethacrylate for cosmetic reasons.

DISCUSSION

In this report, a patient with PTH-independent hyper-
calcemia, and non-monoclonal persistent lymphocytosis 
is described. The investigation was negative for cancer 
and identified a PTH-independent, calcitriol-mediated 
hypercalcemia secondary to foreign body granulomas 
induced by intramuscular methylmethacrylate, with a 
good response to oral prednisone. The milk-alkali syn-
drome was excluded due to the normal serum bicar-
bonate levels at presentation. 

The most widely known granulomatous diseases 
causing hypercalcemia are tuberculosis, sarcoidosis, 
and systemic fungal infections. Hypercalcemia in the-
se situations is mostly attributed to increase in serum 
calcitriol levels, due to higher 1alfa-hydroxylase activity 
in activated macrophages (1,2), although, in some pa-
tients, hypercalcemia has been associated with PTHrp 
(3,4). In several patients with granulomatous diseases 
and hypercalcemia, serum calcitriol levels have been 
in the normal range, which are inappropriately high, 
considering the low serum PTH levels (2). In these pa-
tients, serum vitamin D levels probably did not reflect 
tissue-level vitamin D (5). 

Less commonly, other causes of granulomatous re-
actions have been associated with hypercalcemia, also 
with elevated calcitriol levels (1), as foreign body re-
action to silicone (6), paraffin (7), and talc (8). In our 
patient, hypercalcemia was very probably mediated by 
calcitriol, as serum PTH and PTHrp levels were not 
detectable (5). 

Recently four cases of hypercalcemia associated with 
methylmethacrylate injection have been described in 
Buenos Aires, Argentina (9). All patients had severe 
hypercalcemia, low or suppressed PTH levels, and high 
or inappropriately normal serum calcitriol levels (9).

Some features of the present case are not completely 
clear. Although at presentation the patient was taking 
2000 IU of vitamin D3 daily, serum 25-OH-vitamin D 
levels were low. Several factors might have contributed 
to it: irregular intake of the prescribed vitamin D, decre-
ased vitamin D absorption, and increased conversion of 
25-OH-vitamin D to its metabolites in the granulomas. 
Also, serum phosphate levels and tubular reabsorption 
of phosphate were lower than expected. Bisphosphona-
te use and malnutrition could explain the serum phos-
phate levels, but not the increased phosphate excretion. 
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At last, our patient had high normal blood lym-
phocytes count, after elevated doses of glucocorticoids, 
which are usually associated with low lymphocyte 
counts (10). As shown in figure 3, lymphocytes counts 
and serum calcium seemed to change together, which 
could be a clue to the underlying chronic inflammatory 
condition, as the cause for hypercalcemia.

In conclusion, we report a case of PTH-indepen-
dent hypercalcemia caused by foreign body granulo-
mas, five years after the cosmetic intra-muscular me-
thylmethacrylate injection in the glutei regions, with 
poor response to bisphosphonates, and good response 
to glucocorticoids and low calcium intake.

Funding source: National Council for Research and Develop-
ment, CNPq, Brazil.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Figure 2. (A-B) Correlation of full awakening index with mean glycemia (r 
= 0.5684, p = 0.0271), and with A1C (r = 0.6544, p = 0.0081), 
respectively; (C) correlation between arousal index and A1C (r = 0.5680, 
p = 0.0272); (D) full awakening index of the 25% highest glycemic 
variability (group 2), comparing to the others (75%, groups 1) (p = 
0.0092).

Figure 2. (A-B) Correlation of full awakening index with mean glycemia (r 
= 0.5684, p = 0.0271), and with A1C (r = 0.6544, p = 0.0081), 
respectively; (C) correlation between arousal index and A1C (r = 0.5680, 
p = 0.0272); (D) full awakening index of the 25% highest glycemic 
variability (group 2), comparing to the others (75%, groups 1) (p = 
0.0092).
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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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