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Metabolic syndrome in children and 
teenagers: worth assessing it, but how?

Gilberto J. Paz-Filho1

R eaven has defined metabolic syndrome (at that time, “syndrome X”) as a 
clustering of risk factors for coronary heart disease and type 2 diabetes that 

include elevated glucose, hypertension, central obesity, and dyslipidemia (1). Since 
then, significant breakthroughs have been achieved in the field, but there is still much 
controversy regarding its diagnosis, and whether it should be considered as a single 
disease at all. Several organizations have proposed different diagnostic criteria, which 
have in common many caveats, such as the fact that they treat each component in 
a dichotomous way (above or below a cutoff) rather than in a continuous manner. 
Furthermore, equal weight toward the diagnosis of the metabolic syndrome is given to 
each criterion. After a couple of decades, Reaven himself questioned the clinical utility 
of metabolic syndrome as a diagnostic category (2), and some suggested that the 
time of metabolic syndrome as a condition has already passed (3). Nevertheless, much 
research on the diagnosis of metabolic syndrome is being published: up to January 23, 
2017, 24,173 abstracts could be found on PubMed, when searching for the MeSH 
term “metabolic syndrome X”. 

Since children are also affected by all components of metabolic syndrome, it is 
nothing but natural to expand current research to a younger population. In this issue 
of AE&M, two interesting cross-sectional studies propose to determine different tests 
to diagnose metabolic syndrome in children and teenagers. In particular, Madeira and 
cols. aim to determine a cutoff value for serum leptin levels in prepubertal children, 
as a predictor of metabolic syndrome (4). Conversely, Stroescu and cols. provide a 
carotid intima media thickness (CIMT) cutoff value in children and teenagers, which 
intends to predict an increased risk of metabolic syndrome (5). 

In the paper by Madeira and cols., cross-sectional data from 340 Brazilian 
prepubertal children between ages 5-11 years were analyzed. As widely replicated in 
previous studies, several biomarkers were altered in the obese/overweight groups, 
indicating increased risk for cardiovascular disease and type 2 diabetes (6). In other 
words, children in those groups were more likely to have metabolic syndrome. In fact, 
the prevalence of metabolic syndrome (adapted IDF criteria) was higher in the group 
of obese children (n = 33, 20%), when compared to what was observed in overweight 
(n = 1, 2%) and in age-matched, normal weight children (0%). However, the most 
significant finding of that study is the determination of a serum leptin cutoff value of 
13.4 ng/mL that indicates the presence or absence of metabolic syndrome. 

Leptin has been proposed as a biomarker of metabolic syndrome due to its effects 
that contribute to the development of type 2 diabetes mellitus and cardiovascular 
disease. It has atherogenic, thrombotic, angiogenic, and proinflammatory effects. 
Furthermore, it increases oxidative stress, and promotes vascular smooth muscle 
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hypertrophy (7,8). Therefore, leptin is associated 
with the components of metabolic syndrome, and 
can contribute to the development of cardiovascular 
disease and diabetes. However, the direct role of leptin 
in the pathogenesis of some components of metabolic 
syndrome is controversial. Although leptin participates 
in the activation of the sympathetic system, it is unclear 
whether it is a causal agent of hypertension in humans 
(9). In case of plasma glucose levels (and insulin 
sensitivity), leptin seems to be beneficial only in the 
absence of leptin resistance (10,11), which could deter 
its use as a widespread biomarker of metabolic syndrome 
and all its components. Furthermore, Madeira and cols. 
consider only absolute serum leptin levels in their paper. 
It has been observed that leptin levels adjusted to fat 
mass, but not absolute leptinemia, were correlated to 
the severity of metabolic syndrome in adults, suggesting 
a state of relative leptin deficiency in obesity associated 
with more advanced stages of metabolic syndrome (12). 

The authors correctly present two receiver operating 
characteristic (ROC) curves for the determination of 
optimal cutoff values, one based on a crude model 
(i.e., obtained by pooling together all available data), 
and another based on a sex- and age-adjusted model. 
When constructing a ROC curve where the accuracy 
of a diagnostic test (leptin) is affected by covariates (sex 
and age), failure to incorporate information furnished 
by them may lead to erroneous conclusions (13). Since 
it is well-known that leptin levels behave differently 
according to both age and gender (even in prepubertal 
individuals) (14), the optimal serum leptin cutoff seems 
to be indeed 13.4 ng/mL, based on the adjusted model.

However, the construction of a ROC curve 
provides a fixed cutoff value where sensitivity and 
specificity are optimal (i.e., the point in the curve 
closest to the upper left corner, and farthest from the 
diagonal line). When applying cutoff values to public 
health, one has to take into account the prevalence of 
the disorder being tested, and the purpose of the test. 
For example, a disorder that is very low prevalent and 
that leads to an unacceptable increase in costs in case of 
false-positive diagnoses may require the selection of a 
cutoff that maximizes specificity. On the other hand, if 
a disorder is highly prevalent, and if missing a diseased 
individual leads to serious consequences, a lower cutoff 
value should be selected, to maximize sensitivity. If a 
test is used for screening purposes, then a higher cutoff 
value with higher sensitivity and negative predictive 
values must be used (15). In other words, the optimal 

cutoff depends on the prevalence of the disease in a 
target population, and the consequences of false-
positive and false-negative results. For the screening 
of metabolic syndrome in this Brazilian prepubertal 
population, a serum leptin cutoff of 13.4 ng/mL 
seems more adequate than 12.3 ng/mL; based on the 
aforementioned factors, that cutoff could, however, be 
adjusted to even higher levels. 

The study by Madeira and cols. has the merit of 
studying prepubertal young children, a population that 
is not widely assessed for metabolic syndrome and the 
components associated with it. Important descriptive 
data for that population are presented (which can be 
used as a reference in future studies), and a cutoff 
for leptin is proposed for the diagnosis of metabolic 
syndrome. However, the title may be a bit misleading, 
since the proposed cutoff does not allow the prediction 
of the development of metabolic syndrome – the cross-
sectional results are merely descriptive, and do not 
provide long-term information on the development 
of cardiovascular disease and diabetes – the outcomes 
that ultimately matter. Only long-term, prospective 
studies through late adulthood would really answer 
questions that are relevant to prepubertal children: 1) 
can their serum leptin levels predict the development 
of cardiovascular disease and diabetes? 2) if yes, what 
cutoff should be used, so early intervention can be 
adopted? At least in adults, the answer to the first 
question seems to be “probably not” (16,17).

The study by Stroescu and cols. involves cross-
sectional data on 122 obese and 42 nonobese 
Romanian children from 4 to 20 years old, who were 
further categorized as born small for gestational age 
(SGA) or appropriate for gestational age (AGA). As 
previously observed, CIMT was increased among 
obese children. When analyzing only that group, obese 
SGA children had higher CIMT values than those 
born AGA. Subsequently, the authors claimed direct 
correlation between CIMT and leptin, and between 
CIMT and high sensitivity C-reactive protein (hsCRP). 
Inverse weak correlation was described between CIMT 
and adiponectin. These correlations led the authors to 
try to determine the optimal CIMT cutoff value that is 
associated with metabolic syndrome in that population. 
In that case, a cutoff equal to 0.049 cm is proposed, 
above which obese children would have increased risk 
of developing metabolic syndrome. 

In this paper, instead of using leptin as a biomarker 
of metabolic syndrome, the authors chose to employ 
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CIMT – a marker of atherosclerosis that has been 
associated with the components of metabolic syndrome, 
and able to predict cardiovascular risk (18). In their 
statement, the Working Group on Cardiovascular 
Prevention of the Association for European Pediatric 
Cardiology “recommends use CIMT in screening 
patients with elevated cardiovascular risk, even if the 
long-term benefit of CIMT measurement on the single 
patient’s vascular health remains to be determined” 
(19). These observations strengthen the importance of 
measuring CIMT in obese children.

In the literature, there are heterogeneous results 
regarding leptin, adiponectin and hsCRP levels in 
children born SGA (20-22). In the present cohort, SGA 
obese children had increased CIMT, leptin and hsCRP, 
and decreased adiponectin, when compared to their 
obese AGA counterparts. Although the sample size is 
very small, the results strengthen the hypothesis that 
SGA babies are at higher risk of developing metabolic 
syndrome and its consequences (23), mainly due to a 
low-grade inflammatory state and to altered adipokines 
levels, independent of adiposity. 

It is unclear which criteria the authors used for the 
diagnosis of metabolic syndrome in the Romanian 
cohort. As pointed out by Madeira and cols., there is a 
lack of consensus definition for metabolic syndrome (4). 
Therefore, not outlining the criteria used to diagnose 
metabolic syndrome can seriously compromise the 
validity of the results. Similar to the points made 
herein to the article by Madeira and cols., the study 
by Stroescu and cols. is not prospective. Therefore, 
it cannot propose CIMT as a predictor for future 
development of metabolic syndrome. Furthermore, the 
presented coefficients of correlation between CIMT 
and leptin, adiponectin and hsCRP must be interpreted 
with caution, since they suggest only weak to moderate 
correlation. The accuracy of the results presented in 
Table 2 may be questioned due to the fact that the 
mean age of the obese AGA group is different from 
the mean age of the same group that is presented in 
an article based on data from the same cohort (24). 
Finally, the authors cannot answer the question posed in 
the title, due to the small sample size; indeed, they had 
to combine SGA and AGA data to construct the ROC 
curve. In their conclusion, the authors do not answer to 
their own question posed in the title; they expand the 
most potentially significant result to all obese children, 
and recommend screening for metabolic syndrome in 
all of those with CIMT above 0.049 mm, not only 

SGA. Due to the limitations of the study, it is advisable 
that this recommendation is not followed until larger, 
prospective studies are conducted.

The screening of diseases can certainly impose 
economic burden to individuals and governments. 
When proposing the use of serum leptin levels or CIMT 
for the screening of metabolic syndrome, it is necessary 
to discuss its cost-effectiveness in terms of their ability 
to predict cardiovascular disease and diabetes in that 
population. Is it viable to use those tests for the screening 
of metabolic syndrome in children, considering that 
the components of metabolic syndrome are invariably 
measured in the management of obesity (25)? Possibly 
not. Most importantly, before trying to define a new 
test for diagnosing metabolic syndrome, researchers 
should first try to solve the underlying controversy: is 
metabolic syndrome an entity per se carrying a single 
weight as a risk factor, or is it a constellation of different 
conditions carrying different risks? 

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Vitamin D: the tricky hormone

Victória Zeghbi Cochenski Borba1

I n this issue of The Archives of Endocrinology and Metabolism two papers investigated 
the impact of vitamin D in two different health conditions: one showed a negative 

result investigating the association of vitamin D levels with infertility and the other one 
the positive effect of vitamin D supplementation in the physiological lung function. 

Vitamin D, a pre-hormone produced in the skin under sunlight exposure, undergoes 
various metabolic steps until its active form, 1,25-dihydroxyvitamin D3, is formed. 
The intermediary form, 25-hydroxyvitamin D (25OHD), is the recommended form 
for monitoring vitamin D status. The presence of 1α-hydroxylase (CYP27B1) and the 
vitamin D receptor (VDR) in many cells indicates a possible local ability to synthesize 
1,25-dihydroxyvitamin D3, the active metabolite of vitamin D, which has turned the 
attention of the medical community to the noncalcemic effects of vitamin D (1). 
In recent decades, several studies have demonstrated the association of circulating 
25OHD levels with different diseases, their activity, and health conditions. A positive 
association was found in several disorders such as systemic lupus erythematosus (SLE) 
and its activity (2); chronic obstructive pulmonary disease (COPD) (3); inflammatory 
bowel disease (IBD) (4); systemic sclerosis; endocrine disorders; cancer; immune; 
cardiovascular and other chronic diseases (1,5); despite the presence of numerous 
positive observational studies, causation studies are lacking. A few good-quality 
randomized controlled studies on vitamin D supplementation in diverse disease 
endpoints show a modest effect on blood pressure, glycemic control, cancer, and 
immune response (5,6). 

Hypovitaminosis D is highly frequent worldwide and in Brazil, the prevalence 
ranges from 16% to 80% depending on the latitude and the population studied (1,7). 
Although low levels of vitamin D are present in different diseases, infertile women 
studied in the article by Lopes and cols. (8) and also by others (9) did not show lower 
levels compared to controls. The literature in the field is ambiguous, showing both 
the importance of its adequate level and the lack of effect in infertility issues, such as 
polycystic ovary syndrome, endometriosis, myoma-induced infertility, male infertility, 
premature ovary failure and in vitro fertilization techniques (10,11). Interestingly, 
however, Lopes and cols. (8) pointed out the high prevalence of hypovitaminosis D 
in a young premenopausal population, which is in agreement with the low vitamin D 
levels described for postmenopausal and older women in Brazil. Vitamin D and its 
level of impact on fertility is a matter to be defined. This controversy points out the 
wide effect of vitamin D and the need for a better understanding of its metabolism.

Nolasco and cols. (12) showed a positive effect of vitamin D on pulmonary function 
in healthy postmenopausal women participating in an aquatic exercise program. Low 
vitamin D levels were previously described in pulmonary diseases as well as their 
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impact in the beginning and disease progression (13). 
However, studies examining the effect of vitamin 
supplementation on pulmonary diseases have shown 
diverse results. The response to tuberculosis treatment 
with and without vitamin D was not different (14,15). 
Even though low vitamin D levels was associated with 
impaired lung function and to an inadequate response 
to treatment in patients with asthma, the addition of 
vitamin D did not modify the progression of the disease, 
compared to controls (16,17). The study published in 
this issue, showing improvement in pulmonary function 
with vitamin D, confirms once again the controversy 
around vitamin D.

The controversy could be explained by diverse 
factors such as the lack of assessment of long-
term, overall vitamin D intake as a dietary source, 
or a long-term evaluation of vitamin D levels; the 
sometimes unavailable measurement of inactive and 
active metabolites; the complexity of vitamin D 
metabolism and the variation of the methodology of 
measurement; and the high inter-individual variability 
in vitamin distribution between carrier proteins and 
target receptors (18). Many trials are ongoing in an 
attempt to clarify the impact of vitamin D in different 
physiological or medical aspects. Whether or not they 
succeed is a matter of debate due to the variability of 
protocols. 

Considering all these aspects, we can give Vitamin 
D the title “The Tricky Hormone”, as the medical 
community is challenged to clarify the real impact of 
this complex hormone.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Leptin as a predictor of metabolic 
syndrome in prepubertal children

Isabel Madeira1, Maria Alice Bordallo2, Nádia Cristina Rodrigues3, Cecilia 
Carvalho4, Fernanda Gazolla5, Paulo Collett-Solberg2, Clarice Medeiros5, 
Ana Paula Bordallo5, Marcos Borges5, Claudia Monteiro5, Rebeca Ribeiro6

ABSTRACT
Objective: Leptin has been suggested as a potential biomarker of cardiovascular risk. This paper 
aims to ascertain, based on a sample of prepubertal children, which serum leptin value best suited 
to identify metabolic syndrome (MS). Subjects and methods: This observational, cross-sectional 
study recruited children from the outpatient pediatrics clinic, with the purpose of validating serum 
leptin level cutoffs to identify MS. All obese and overweight children who met eligibility criteria were 
included in the study, as was a sample of normal-weight children. The sample underwent clinical 
assessment and blood fasting glucose, lipid profile, insulin, and leptin were measured. Sensitivity 
and specificity were estimated for each leptin measurement, using MS as the outcome. These values 
were used to construct a receiver operating characteristic (ROC) curve. The association between MS 
and leptin was assessed using logistic models to predict MS. Results: A total of 65 normal weight, 46 
overweight, and 164 obese children were analyzed (160 boys, 115 girls; age: 93.7 ± 17.8 months). The 
most appropriate leptin cutoff was 13.4 ng/mL (sensitivity 67.6%; specificity 68.9%; accuracy 72.1%). 
The logistic model indicated that leptin levels above 13.4 ng/dL were significantly associated with 
MS and that, for every 1 ng/dL increase in leptin levels, the odds of MS increase by 3% (p = 0.002; 
OR 1.03; 95% CI 1.01-1.05). Conclusions: Leptin may be a useful biomarker of cardiovascular risk in 
prepubertal children, with an optimal cutoff of 13.4 ng/mL. Identification of potential new risk markers 
for cardiovascular disease in children could contribute to the development of preventive strategies. 
Arch Endocrinol Metab. 2017;61(1):7-13
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INTRODUCTION

Obesity is currently a highly prevalent condition, 
including in Brazil (1,2). The most significant 

complication of obesity, atherosclerotic cardiovascular 
disease, now constitutes the leading cause of death 
in adults in the western world. The main risk factors 
for cardiovascular disease are obesity, hypertension, 
dyslipidemia, and type 2 diabetes mellitus (T2DM), which 
together compose the so-called metabolic syndrome (MS). 
In this syndrome, insulin resistance and hyperinsulinemia 
would explain the core role of obesity and its association 
with the other abnormal phenomena observed. The 
effects of these factors appear to begin in childhood (3). 

The pathophysiology of obesity involves an imbalance 
between energy intake and energy expenditure. Several 
neuroendocrine factors have been implicated in this 
energy imbalance, such as adipocytokines, proteins 
produced by adipose tissue. One of the most important 
adipocytokines is leptin.

This hormone signals, through central pathways, 
a decrease in food intake and increase in energy 
expenditure, in addition to having peripheral actions. 
In muscle, leptin stimulates fatty acid oxidation by 
activating adenosine monophosphate kinase. It also 
removes lipids from non-adipose tissue, preventing 
lipotoxicity, possibly due to its ability to block stearoyl-
coenzyme A desaturase, and inhibits hepatic triglyceride 
buildup by activating phosphatidylinositol 3-kinase (4). 

Circulating leptin levels correlate with body 
adiposity in adults and children (5), and the high 
leptin levels found in obese individuals are believed to 
indicate leptin resistance (6). Furthermore, studies in 
children have shown that high leptin levels correlate 
with greater fat mass growth over time (7). Although 
most obese children have high leptin levels, mutations 
in the leptin receptors are rare. This adipokine is 
believed to cross the blood–brain barrier by means of a 
saturable transport system, which would limit its uptake 
by central receptors (6). 
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Other aspects related to leptin have been assessed in 
the pathophysiology of obesity. Leptin may contribute 
to insulin resistance and its metabolic correlates and 
appears to have a direct pro-thrombotic effect, in 
addition to acting synergistically with insulin and 
free fatty acids to stimulate sympathetic activity and 
vasoconstriction (8). Hence, leptin and insulin interact to 
modulate vascular function, and this interaction may have 
major implications in the vascular dysfunction of MS. 

In the pediatric age range, obesity appears to be 
an important trigger of insulin resistance (3), which 
makes obese children a high-risk group and has led 
investigators to search for clinical and laboratory 
indicators in this population. Nevertheless, there is no 
consensus definition of MS in children. A review on the 
topic found 40 different definitions adapted from those 
proposed for adults (9). In 2007, the International 
Diabetes Federation (IDF) proposed the latest definition 
of MS for children over the age of 10 years, based on 
the presence of increased waist circumference plus two 
of the following elements: hypertriglyceridemia; low 
HDL cholesterol; hypertension; and impaired fasting 
glucose or T2DM (10). A systematic review on MS in 
children found 26 studies adopting this definition (11). 

In a recently published study, our group demonstrated 
that leptin is positively associated with insulin resistance 
in prepubertal children after adjusting for sex, age, and 
body mass index (BMI) Z-score (12). Other authors 
reported similar results in children (13,14), suggesting 
a role of leptin as a potential modulator of glucose 
metabolism and insulin resistance, regardless of obesity. 
These studies highlight the importance of leptin as a 
cardiovascular risk marker in this age group.

Identification of potential new risk markers for 
cardiovascular disease in children could contribute 
to the development of early intervention strategies, 
particularly preventive ones. However, no published 
studies have proposed serum leptin level cutoffs for the 
pediatric population.

Within this context, the objectives of this study are 
to ascertain, within a case series of prepubertal children 
with normal and excess weight, which serum leptin 
value best suited to identify MS, and to evaluate the 
association between leptin and MS.

SUBJECTS AND METHODS

This observational, cross-sectional study recruited 
children from the outpatient general pediatrics clinic of 

Hospital Universitário Pedro Ernesto da Universidade 
do Estado do Rio de Janeiro (HUPE-UERJ), a teaching 
hospital in Rio de Janeiro, Brazil, with the purpose of 
validating serum leptin level cutoffs to identify MS. 
All children aged 5–11 years who were prepubertal, 
overweight or obese, otherwise healthy, and were not 
taking part in any weight loss program were invited to 
take part in the study. All eligible children who met 
these criteria were included. Normal-weight, healthy, 
prepubertal children, matched by age, from the same 
Pediatric well-child care clinic were recruited as controls, 
selected in a first-come first-serve order from May 2008 
to December 2011. Study sample size, 275 children, 
was considered sufficient to achieve statistical power of 
80%, with a level of significance set at 5%, for an error 
of 5%, based on the total population of children seen at 
the clinic (15).

The children recruited for the study underwent a 
complete clinical assessment. Weight was measured 
with the participants barefoot and wearing minimal 
clothing, on a Filizola scale (Filizola, São Paulo, SP, 
Brazil) with a resolution of 100 g. Height was measured 
with a Harpenden-type wall-mounted stadiometer 
(Tonelli, Criciúma, SC, Brazil) with a resolution of 1 
mm. Waist circumference was measured at just above 
the uppermost lateral border of the right ilium, at the 
end of a normal expiration, as recommended in the 
Third National Health and Nutrition Examination 
Survey (NHANES III) Anthropometry Procedures 
Manual (16), using a Mabbis® Gulick-type tape measure 
(Cardiomed, Curitiba, PR, Brazil). 

Blood pressure was measured in the right arm using 
the auscultatory method, with each participant in the 
sitting position and at rest, using a Tycos® aneroid 
sphygmomanometer (Welch Allyn Company, Arden, 
DE, USA) with cuffs of appropriate size. 

Blood was collected for laboratory testing after a 12-
hour fast. Glucose, total cholesterol, HDL cholesterol, 
and triglycerides were measured in a Konelab analyzer 
with the BT 3000 Winer kit, which employs the following 
assay methods: for glucose, the GOD-PAP (oxidase) 
enzymatic method; for cholesterol, the CHOP-POD 
(esterase/oxidase) enzymatic method; for triglycerides, 
the GPO-PAP (oxidase) enzymatic method; and for 
HDL cholesterol, the enzymatic colorimetric method 
(Winterlab, Rosario, Santa Fe, Argentina).

Insulin was measured in a Gamma-C12 counter 
using the Coat-A-Count solid-phase 125I-labeled 
radioimmunoassay (DPC, Los Angeles, CA, USA). The 
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intra-assay and inter-assay coefficients of variation were 
3.1–9.3% and 4.9–10.0% respectively.

Leptin was also measured in the Gamma-C12 counter, 
using the double antibody PEG radioimmunoassay 
method, with a kit that uses 125I-labeled human leptin 
and human leptin antiserum (Linco Research, St. 
Charles, MO, USA). The intra-assay and inter-assay 
coefficients of variation were 3.4–8.3% and 3.0–6.2% 
respectively.

The HOMA-IR score was calculated by multiplying 
the fasting blood glucose (in mmol/L) by the fasting 
insulin level (in µIU/mL) and dividing the product by 
22.5, as noted elsewhere (17). 

Obesity, overweight, and normal weight were 
defined using the BMI for sex and age standards 
proposed by the World Health Organization (WHO). 
The criteria are as follows: a body mass index (BMI) 
Z-score greater than +2 denotes obesity; greater than 
+1 and less than or equal to +2, overweight; and greater 
than or equal to -2 and less than or equal to +1, normal 
weight (18). 

The definition of MS was adapted from the IDF 
proposal for children over the age of 10 years (10), and 
waist circumference was defined as increased when the 
measurement was within or above the 90th percentile 
for sex and age in the NHANES III table that combines 
children of African-American, European-American, and 
Mexican-American ethnicity (16). Hypertension was 
defined according to the criteria recommended in the 1st 

Brazilian Guideline on the Prevention of Atherosclerosis 
in Childhood and Adolescence (19). The cutoff points 
adopted for fasting blood glucose, HDL cholesterol, 
and triglycerides were those recommended by the 
same guideline: impaired fasting glucose, values ≥ 5.6 
mmol/L (100 mg/dL); low HDL cholesterol, values < 
1.16 nmol/L (45 mg/dL); and increased triglycerides, 
values ≥ 1.46 mmol/L (130 mg/dL) (19).

The collected data were entered into Excel 7 
spreadsheets (MapInfo Corporation, Troy, NY, USA) 
and analyzed in R-Project 3.0.1 (Free Software 
Foundation, Boston, MA, USA).

Simple and multivariate logistic models, the latter 
adjusted for sex and age and both having serum leptin 
levels as the main predictor, were used to predict 
MS. The results obtained were used to construct two 
receiver operator characteristic (ROC) curves. 

The present study was approved by the HUPE-
UERJ Research Ethics Committee with protocol no. 
173-CEP/HUPE–CAAE; 0020.0.228.000-07. It is 
also registered with the Brazilian National Research 
Ethics Commission under number 127374.

RESULTS

Table 1 describes the clinical and metabolic profile 
of study participants stratified by nutritional status is 
provided. A comparison between the MS and no MS 
groups is shown in Table 2. 

Table 1. Profile of study participants stratified by nutritional status

Parameter Obese children Overweight children Normal weight children P-value

Participants, n (%) 164 (59.6) 46 (16.7) 65 (23.6)

Age in months 94.68 ± 17.70 92.93 ± 18.68 91.85 ± 17.51 0.52

Sex

Male 104 (63.4) 21 (45.7) 35 (53.8) 0.07

Female 60 (36.6) 25 (54.3) 30 (46.2)

Metabolic syndrome 33 (97.1) 1 (2.9) 0 (0) 0.00001

Total cholesterol in mg/dL‡ 166.43 ± 30.78 166.22 ± 30.36 153.52 ± 33.75 0.02

HDL cholesterol in mg/dL§ 41.90 ± 9.00 52.48 ± 12.89 49.15 ± 11.70 0.00001

LDL cholesterol in mg/dL‡ 103.90 ± 28.67 98.22 ± 30.64 89.82 ± 30.17 0.001

Triglycerides in mg/dL§ 102.96 ± 55.35 77.96 ± 30.08 72.86 ± 28.40 0.00001

HOMA-IR† 2.15 ± 1.83 1.67 ± 1.02 0.78 ± 0.67 0.00001

Glucose in mg/dL 86.64 ± 8.72 86.78 ± 7.52 84.45 ± 7.21 0.16

Leptin in ng/mL* 18.6 ± 14.47 9.64 ± 9.05 3.29 ± 2.83 0.00001

Data expressed as absolute and relative frequencies (%) or mean ± standard deviation. Tukey test: * showed significant difference between all categories (obese, overweight, and normal weight 
children); † showed significant difference between obese and normal weight children and between overweight and normal weight children; ‡ showed significant difference between obese and normal 
weight children; § showed significant difference between obese and normal weight children and between obese and overweight children.
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Waist circumference was above the 90th percentile 
for age in 135 (49.1%) children. Hypertension was 
detected in 4 (1.45%) children, for a prevalence of 8.82% 
(n = 3) in the MS group versus 0.41% (n = 1) in the 
no MS group. Impaired fasting glucose was observed 
in 4 (1.45%) children, all of whom were obese, for a 
prevalence of 2.94% (n = 3) in the MS group versus 
1.24% (n = 1) in the no MS group.

Table 2. Profile of study participants stratified by metabolic syndrome 
status

Parameter Metabolic 
syndrome

No metabolic 
syndrome P-value

Participants, n (%) 34 (12.4) 241 (87.6)

Age in months 103.17 ± 18.6 92.4 ± 17.3 0.0009

Sex

Male 23 (67.6) 137 (56.8) 0.23

Female 11 (32.4) 104 (43.2)

BMI z-scorea 3.54 ± 1.19 1.96 ± 1.77 0.00001

Total cholesterol in mg/dL 175.6 ± 25.1 161.6 ± 32.3 0.02

HDL cholesterol in mg/dL 36.8 ± 4.6 46.6 ± 11.4 0.00001

LDL cholesterol in mg/dL 103.6 ± 24.7 99.1 ± 30.5 0.41

Triglycerides in mg/dL 176.5 ± 62.4 79.7 ± 31.4 0.00001

HOMA-IR 3.3 ± 2.7 1.5 ± 1.2 0.00001

Glucose in mg/dL 88.76 ± 7.89 85.78 ± 8.21 0.046

Leptin in ng/mL 21.2 ± 11.3 12.4 ± 13.5 0.0004

Data expressed as absolute and relative frequencies (%) or mean ± standard deviation. 
a Z-score for body mass index. 

Figure 1. ROC curves of logistic regression prediction models for metabolic syndrome (response variable) in relation to the main predictor (leptin level), 
based on observations of prepubertal children. (A) Crude model: best cutoff point, 12.3 ng/mL; area under the curve, 76.4%; Youden’s index, 48.8%.  
(B) Model adjusted for sex and age: best cutoff point, 13.4 ng/mL; area under the curve, 72.1%; Youden’s index, 36.5%. On both charts, the best cutoff 
is denoted by the intersection of the dotted lines. The area under the curve represents the overall accuracy of the test.
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Figure 1 shows two ROC curves plotted from 
the sensitivity and specificity values found for each 
leptin level measured in the study sample, with MS as 
the outcome. Curve A represents the simple logistic 
model for prediction of MS. In this model, a leptin 
value of 12.3 ng/mL (85% sensibility; 64% specificity) 
corresponded to the shoulder of the curve and had the 
best Youden’s index. Curve B represents the multiple 
logistic model, adjusted for sex and age. In this model, 
a leptin value of 13.4 ng/mL (68% sensibility; 69% 
specificity) corresponded to the shoulder of the curve 
and had the best Youden’s index. 

In the multiple logistic model for prediction of MS, 
adjusted for sex and age, a leptin level above 13.4 ng/
dL was significantly associated with MS (p = 0.002). 
Figure 2 shows the odds for MS for each leptin value, 
according to simple and multiple logistic models.

DISCUSSION

The study sample was a very young group of children, 
and the substantial prevalence of metabolic syndrome 
according to the adapted IDF criteria is a concerning 
finding. We decided to use these criteria because 
they are currently the only standard for diagnosis of 
the syndrome in children and are recommended by 
authors who advocate that the use of unified criteria 
would contribute to the development of studies on the 
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Figure 2. Odds of metabolic syndrome stratified by leptin levels (ng/mL). 
(A) Crude logistic model: odds ratio (95%CI) = 1.04 (1.01-1.06); p < 
0.002; equation for the odds of metabolic syndrome = exp (- 2.51 + 0.03 
* leptin). (B) Model adjusted for sex and age: odds ratio (95%CI) = 1.03 
(1.01-1.06); p < 0.002; equation for the odds of metabolic syndrome = 
exp (-5.19 + 0.03 * leptin – 0,32 * sex + 0.03 * age in months).

topic (11,20). However, in view of the lack of scientific 
evidence for this classification in under-10 children, 
these criteria should only be used in clinical practice in 
patients who are aged 10 years or older (10).

Despite the lack of a consensus definition for MS 
in children and the fact that the syndrome is not a 
disease in itself, but rather a constellation of risk factors 
for cardiovascular disease, its presence in children has 
been reported and investigated. According to a recent 
systematic review, the prevalence of MS is nearly 3.3% in 
the whole pediatric population, 11.9% in the overweight 
pediatric population, and 29.2% in the obese pediatric 

population (11). Longitudinal studies have shown 
that children with MS components grow into adults 
with MS, and that adolescents with the syndrome are 
at greater risk of premature cardiovascular disease in 
adulthood (21). This evidence justifies the search for 
new biomarkers of cardiovascular risk in children with 
excess weight, so as to identify those at the greatest risk, 
understanding the concept of biomarker as an indicator 
of pathogenic process (22). 

Leptin is one such potential biomarker (23). In 
children, as in adults, its circulating levels correlate 
strongly with body fat (5,22), and high leptin levels are 
associated with greater fat mass growth over time (7) 
and with difficulty losing weight (24).

In a previous study conducted in the same population 
of the present study, leptin levels were positively 
associated with insulin resistance after adjusting for sex, 
age, and BMI Z-score (12). 

 Other authors reported similar results in studies 
of prepubertal children with normal and excess weight 
(13,14), suggesting a role of leptin as a potential 
modulator of glucose metabolism and insulin resistance, 
regardless of obesity. 

Knowledge of the role of leptin within this panorama 
has grown to a point where some authors regard it as a 
programming factor for future development of obesity 
and its correlates, possibly via epigenetic mechanisms 
(25).

Within this perspective, the present study 
ascertained that, in a sample of prepubertal children 
with normal and excess weight, a circulating leptin level 
of 13.4 ng/mL was the optimal cutoff point to identify 
MS. The sensitivity and specificity of this cutoff were 
68% and 69% respectively, which means that its use in 
prepubertal children will lead to a correct diagnosis of 
MS in approximately two-thirds of cases and correctly 
rule out the syndrome in just over two-thirds of children 
who do not have it.

Use of this cutoff revealed an association between 
leptin and MS after adjusting for sex and age. The 
adjusted logistic model showed that, for every 1-ng/dL 
increase in leptin levels, the odds of MS increase by 3% 
(p < 0.002). 

This association has been described before by other 
authors, including González and cols., who recruited 
a randomized sample of 12-to-17-year-olds (26). 
Papoutsakis and cols., using the IDF definition of MS 
in a cohort of 1,138 healthy subjects (normal-weight, 
overweight, and obese) with a mean age of 11.2 years, 
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demonstrated that leptin is a predictor of the number 
of metabolic syndrome components present (27). 
Pedrosa and cols., using the definition of MS proposed 
by the National Cholesterol Education Program Adult 
Treatment Panel III (NCEP ATP-III), showed that 
presence of the syndrome was associated with high 
leptin levels in overweight and obese children aged 7 
to 9 years (28).

The novelty of the present study lies in the age 
range of the recruited participants. Other studies on 
this topic in young children are scarce, as most authors 
include adolescents in their series.

In view of their inherent peculiarities, prepubertal 
children must be studied separately from pubertal 
and postpubertal subjects, in whom the effects of sex 
steroids are already present. It has been established that 
insulin levels and the frequency of insulin resistance 
increase as puberty progresses (29). The effects of sex 
steroids are also reflected in leptin levels, which increase 
during puberty as well (26). Although studies enrolling 
prepubertal children exclusively are rare, it is known that 
some risk factors for cardiovascular disease are already 
present at this age, as shown in our investigation. This 
justifies further research into potential new biomarkers 
of cardiovascular risk in childhood, despite the technical 
difficulties inherent to study of such young subjects.

Now, more than ever, a consensus definition of 
MS is required (9). Development of such a definition 
requires proper definition of its components and of 
cutoffs for better identification of children at increased 
cardiovascular risk. 

The limitations of the present study were mainly 
those imposed by the young age of the participants, as 
there is no consensus definition of the MS in this age 
range. In addition, some cardiovascular risk markers 
representative of MS, such as hypertension, impaired 
fasting glucose, and T2DM, are rare in children 
(23,30), a finding confirmed in the present case series.

Another limitation was the areas under the curves 
of the ROC curves (Figure 1). Good values are 80-90, 
while cutoffs 70-80 are considered reasonable (15). 

Study of the behavior of potential new biomarkers of 
cardiovascular risk in childhood may facilitate strategies 
for prevention and early intervention. Children with 
high leptin levels constitute a population to which 
resources and research efforts could be directed. 
However, due to the dearth of studies in this age 
group, we must stress that leptin measurement is still 
not applicable to pediatric clinical practice. Therefore, 

caution is warranted when attempting to identify young 
children at a supposedly increased risk of cardiovascular 
disease. In this age group, the most suitable approach 
would be to continue focusing on prophylaxis, i.e., 
promoting a healthy lifestyle.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Correlation between adipokines 
and carotid intima media thickness 
in a group of obese Romanian 
children: is small for gestational 
age status an independent 
factor for cardiovascular risk?

Ramona Stroescu1,2, Teofana Bizerea1,2, Gabriela Doroş1,2, 
Monica Marazan1, Maria Lesovici1, Otilia Mãrginean1,2

ABSTRACT
Objective: To investigate the relationship between markers of adiposity and common carotid artery 
(CIMT) in obese children born small for gestational age (SGA) versus appropriate for gestational age 
(AGA), to establish cut-off values for CIMT in obese pediatric populations. Subjects and methods: 
A cross-sectional study was carried out over a 1-year period (Jul 2013 – June 2014). We analyzed 
122 obese patients aged 4-20 (mean age 14.9 ± 2.28). Twenty-six patients were born SGA. CIMT was 
measured in all the patients. Using ROC curve, cut-off values were obtained for both groups. Results: 
We demonstrated a correlation between CIMT and adiponectin, leptin and high sensitivity C-reactive 
protein (hsCRP) (r = -0.25, r = 0.279, r = 0.498) in obese children. CIMT in obese children born SGA 
were significantly increased as compared with obese children born AGA of similar age, sex and 
body mass index (BMI) (p = 0.0035). A CIMT cut off value of 0.049 cm has been obtained with a high 
sensitivity and specificity. Conclusion: CIMT is a well-known marker of subclinical atherosclerosis and 
its measurement is a noninvasive and inexpensive method of detecting subclinical atherosclerosis. 
Being born SGA increases the atherogenic risk. Obese children with CIMT above 0.049 cm should be 
screened for metabolic syndrome (MetS). Arch Endocrinol Metab. 2017;61(1):14-20

INTRODUCTION

C IMT provides an index of atherosclerosis in other 
vascular regions (1-5) and has been shown to 

be associated with most risk factors for atherosclerosis  
(6-8). Increased values of CIMT determined by 
B-mode ultrasound have been shown to be directly 
associated with an elevated risk of myocardial infarction 
and stroke in older adults without a previous history 
of cardiovascular disease (9). Thus, CIMT has been 
proposed as a risk factor that may be included in the 
algorithms for cardiovascular risk assessment (9). 

The pathogenesis of atherosclerosis as identified by 
the Pathobiological Determinants of Atherosclerosis 
in Youth trial has endothelial dysfunction as its first 
step; an accumulation of modified lipoproteins cause 
a thickening of the intima; macrophages attach to the 
lipoproteins, resulting in the formation of foam cells, 
which accumulate in the intima forming a fatty streak; 
this step is followed by proliferation of smooth muscle 

cells, developing a fibrous area (10). Atherosclerotic 
modifications of blood vessels start in childhood, 
although clinical manifestations of atherosclerosis 
mainly occur in adults. In children and adolescents, 
atherosclerosis can present itself as a diffuse thickening 
of the intima-media space rather than the common 
structure of fatty streaks and fibrous capsules (11).

CIMT is commonly used as a marker of 
atherosclerosis; a predictive association with 
cardiovascular disease has been established. In adults, 
CIMT > 0.9 mm has been shown as a marker of 
cardiovascular risk caused by atherosclerosis (12). In 
children, there are few data regarding reference values 
for CIMT.

Adipose tissue is an important endocrine organ that 
produces interleukin-6 (IL−6), tumor necrosis factor 
alpha (TNF-α), plasminogen activator inhibitor-1 and 
adipokines (leptin and adiponectin). Adipokines control 
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energy homeostasis and are involved in metabolic, 
endocrine and immunological processes.

Leptin is a hormone closely linked to adipose tissue 
and its levels are directly influenced by the amount of 
body fat mass and size of individual adipocytes; through 
its actions on the medial and lateral hypothalamus, it 
controls food intake and energy expenditure. In obesity, 
however, it was observed that high levels of leptin do not 
reduce appetite; a possible explanation may be a state of 
leptin resistance. It also has a pro-inflammatory action, 
stimulating the secretion of IL−6 and TNF-α (13,14).

Adiponectin, as opposed to leptin, is a hormone 
inversely correlated with body fat mass. Adiponectin is 
the most abundant of the adipokines and is an insulin-
sensitizing hormone with anti-inflammatory, anti-
atherogenic and anti-diabetic properties (15,16).

High sensitivity C-reactive protein (hsCRP) is a 
biomarker of the low grade chronic inflammation 
associated with atherosclerosis. Likewise, CRP is 
one of the most important inflammatory markers in 
obesity. Several studies showed that hsCRP is a strong 
independent predictor of cardiovascular risk. It has a 
role at different phases of atherosclerosis (17). Adults 
with hsCRP above 0.3 mg/dL have twice the risk of 
atherosclerosis compared to those with low levels  
(< 0.1 mg/dL) (18,19). There are also studies indicating 
the utility of hsCRP in assessing cardiovascular risk in 
obese children (20).

Chronic inflammation in obesity leads to endothelial 
dysfunction, followed by further atherosclerotic 
modifications of blood vessels.

Children and adolescents with risk factors such as 
obesity, dyslipidemia, high blood pressure and impaired 
glucose metabolism are at risk for atherosclerosis in 
adulthood (21-23). Childhood obesity correlates with 
early onset of cardiovascular disease in adults. Children 
born small for gestational age (SGA) have a high risk of 
developing MetS with all its components.

This study aimed to investigate the relationship 
between markers of adiposity, like leptin, adiponectin, 
hsCRP and CIMT in obese children, to compare values 
of CIMT and markers of adiposity between children 
born SGA and AGA, and to establish cut off values for 
CIMT in obese pediatric populations. 

SUBJECTS AND METHODS

A cross-sectional study was conducted over a period 
of 1 year, between July 2013 and June 2014, on cases 

of obesity in children diagnosed at the Emergency 
Hospital for Children “Louis Ţurcanu” Timişoara, in 
the departments of Diabetes and Nutritional Diseases, 
Endocrinology and Cardiology. 

Subjects were considered obese on the basis of 
age-specific BMI reference guidelines from Centers 
for Disease Control and Prevention Child Growth 
Standards 2000 (above 95th percentile) (24). When 
defining SGA, growth nomograms and charts proposed 
by Niklasson and cols. (25) were used; subjects whose 
birth weight was more than 2 standard deviations (SD) 
below the average for gestational age were considered 
SGA; subjects with birth weight within normal range 
for gestational age were defined as AGA.

CIMT was measured by B-mode ultrasound using 
a 10-MHz linear transducer (General Electric). The 
subjects were examined in the supine position with 
the neck extended and the probe in the antero-lateral 
position. All measurements of CIMT were made in the 
longitudinal plane at the point of maximum thickness on 
the far wall of the right common carotid artery along a 
1 cm section of the artery proximal to the carotid bulb. 
CIMT was defined as the distance between the intima-
blood interface and the adventitia-media junction. 
After freezing the image, measurements were made 
using electronic calipers. The maximal thicknesses of 
the intima-media width were measured to give three 
readings and the mean value was used for statistical 
purposes.

hsCRP was determined by immunonephelometry 
from serum samples and processed in a BN ProSpec® 
system (Siemens Healthcare Diagnostics Inc.) 
(undetected if < 0.02 mg/dL).

Quantitative measurements of serum leptin and 
adiponectin levels were performed using commercially 
available enzyme-linked immunosorbent assay kits 
(Antisel and Diamedix).

Exclusion criteria were evidenced for endocrine 
or syndromal disorders of obesity, systemic disease or 
acute illness.

We analyzed 122 patients diagnosed with obesity: 
96 patients born AGA and 26 patients born SGA. Both 
groups were matched for age, sex and BMI. CIMT 
was also measured in members of a control group of 
42 nonobese patients matched for age, sex and birth 
weight with the obese group (SGA+AGA).

The data are expressed as means ± standard deviation 
or as frequencies. Statistical analysis was performed with 
MedCalc. Pearson’s correlation was used to establish 
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correlations between the parameters in the study group. 
A p < 0.05 was considered statistically significant. ROC 
curve was used for determining the optimal cut-off 
value for CIMT in obese children. 

Consent was obtained from the parents and the 
Ethical Committee of the hospital.

RESULTS

CIMT values measured in the nonobese group were 
significantly lower than those in the obese group (0.035 
cm vs 0.046 cm, p < 0.01) as shown in Table 1.

The anthropometric and metabolic characteristics 
and CIMT values of the obese group are shown in 
Table 2.

The SGA group had significantly higher levels of 
leptin and hsCRP (p = 0.036, p = 0.017, respectively) 
and lower levels of adiponectin (p = 0.04). CIMT 

Table 1. The anthropometric characteristics and CIMT values of the nonobese group and of the obese group

Total number
Obese group (SGA+AGA)

122
Non obese group

42 P value
Mean SD Range Mean SD Range

Age (years) 14.9 2.3 4-20 14.5 2.48 4-18 0.68

Birth weight (grams) 3231.72 610 970-4300 3032.87 388.31 2350-3800 0.57

Sex (%)

   Male

   Female

40.3%

59.7%

36.5%

63.5%

0.68

Antropometric data BMI (kg/m2) 32.8 7.27 19-54.5 16.09 3.31 7.43-21.85 < 0.01

CIMT (cm) 0.046 0.01 0.03-0.09 0.035 0.005 0.025-0.05 < 0.01

BMI: body mass index; CIMT: carotid intima media thickness.

Table 2. Anthropometric and metabolic characteristics and CIMT values of AGA versus SGA group

Total number
Obese SGA-group I

26
Obese AGA-group II

96 P value
Mean SD Range Mean SD Range

Age (years) 14.41 3.3 5-17 15.05 2.28 4-20 0.22

Birth weight (grams) 2550 403.5 970-2860 3446.25 461.4 2400-4300 < 0.01

Gestational age (weeks) 38 2.9 30-41 39.368 1.14902 34-41 0.025

Sex (%)

    Male

    Female

42.3%

57.7%

36.5%

63.5% 0.78

Residence urban/rural 57%/43% 60%/40% 0.79

Antropometric data BMI (kg/m2) 29.6 8.13 19-54.5 30.6 6.3 17-47 0.5

CIMT (cm) 0.057 0.008 0.04-0.09 0.043 0.008 0.03-0.07 < 0.01

Biological data Leptin (ng/mL) 29.5 14.23 15.2-43.7 26 13.08 12.9-39.1 0.036

Adiponectin (ug/mL) 16.4 2.27 1-48 19.9 2.34 2.4-64 0.04

hsCRP (mg/dL) 0.9 0.24 0.6-1.1 0.7 0.32 0.39-1 0.017

BMI: body mass index; CIMT: carotid intima media thickness; hsCRP: high sensitive C reactive protein.

was significantly increased in the SGA group (mean  
0.057 cm vs 0.043 cm) (Figure 1); there were significant 
differences between the two groups (p = 0.0035).

Figure 1. CIMT histogram in SGA and AGA group.
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The relationship between CIMT and adypokines

We further aimed to determine correlations between 
CIMT and the other variables.

CIMT was directly weakly correlated with leptin 
(r  =  0.279; p < 0.05) and strongly with hsCRP 
(r = 0.498; p = 0.01), and inversely and weakly correlated 
with adiponectin (r = -0.25; p = 0.04) (Table 3).

Table 3. Correlation between CIMT and other variables  

  Leptin Adiponectin hsCRP

CIMT Pearson’s correlation 0.279  -0.25 0.498

p 0.01 0.04 0.031

hs-CRP: high-sensitivity C-reactive protein.

Establishing cut-off values using ROC curve in obese 
children

We have determined cut-off values for the SGA group 
using ROC curve (Figure 2). The limited size of the 
SGA sample (26 patients) compelled us to establish a 
cut-off value using CIMT measurements from both 
groups (Figure 3). This cut-off value of CIMT acts as a 
designated limit; higher values indicate an increased risk 
of developing MetS.

Using ROC curve, we obtained for the obese group 
a cut-off CIMT value of 0.049 cm with a sensitivity of 
100% and a specificity of 84%.

DISCUSSION

Previous reports indicate that the presence of obesity 
in childhood is associated with increased adult CIMT 
(22,23). CIMT is a well-known marker of subclinical 
atherosclerosis and it can also indicate future cardio-
cerebrovascular disease (26-28). 

In a recent study, we demonstrated a relationship 
between CIMT, MetS and its components in obese 
children (29). 

Obesity is a chronic inflammatory disorder in which 
leptin, adiponectin and CRP play an important role (30). 
In this study, a correlation between CIMT adiponectin, 
leptin and hsCRP was observed. In healthy individuals, 
adiponectin has anti-atherogenic properties and studies 
have shown that, in adults, a low level of adiponectin 
correlates with coronary lesions and is an independent 
risk factor for the progression of type 2 diabetes 
(31,32). Previous research suggests that elevated 
leptin levels are involved in cardio-cerebrovascular 
disorders such as myocardial infarction and stroke (33). 

CIMT
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Specificity: 84,0
Criterion: > 0.049
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Figure 2. ROC curve SGA group.
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Figure 3. ROC curve SGA+AGA groups.

Leptin induces smooth muscle cell hypertrophy and 
proliferation through endothelin-1 and angiotensin II 
dependent mechanisms (34). Angiotensin II increases 
the production of reactive oxygen species and induces 
the release of the vasoconstrictor endothelin-1 (35,36). 
Leptin also stimulates the secretion of inflammatory 
markers such as CRP, TNF-α and IL-6, which are 
directly involved in the development of endothelial 
dysfunction and atherosclerosis (37,38).

Winer and cols. established that low levels of 
adiponectin are associated with higher CRP levels 
(39). Also, a direct correlation between CIMT and 
leptin was demonstrated in obese individuals (40). 
The weak correlation between CIMT, adiponectin 
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and leptin detected in our study was an indicator of 
further cumulative risk factors leading to changes in 
CIMT values. A stronger correlation has been observed  
between CIMT and hsCRP, suggesting an inflammatory 
process in obesity. Endothelial dysfunction is considered 
the earliest step in the atherosclerotic process and 
precedes any morphological changes in the walls of 
blood vessels.

The catch-up growth in children born SGA has been 
associated with a high risk of developing MetS with all 
its components: obesity, impaired glucose tolerance, 
insulin resistance with subsequent development of 
diabetes, arterial hypertension and dyslipidemia. There 
is also a risk of developing adrenal and reproductive 
disorders (41). These changes have been related to 
intrauterine life environments and linked to epigenetic 
fetal programming.

Visentin and cols., in a study examining relationships 
between levels of adipokines (adiponectin and leptin), 
inflammatory markers (CRP, TNF-α and IL-6) and 
vascular remodeling in pregnancies with intrauterine 
growth restriction, found higher CIMT values, high 
serum concentrations of proinflamatory cytokines 
(leptin, hsCRP, TNF-α and IL-6) and low levels of 
adiponectin in fetuses (42). 

In our study, there was a significant statistical 
difference between AGA and SGA groups regarding 
CIMT, adiponectin, leptin and hsCRP as shown in 
Table 1.

Reference values for CIMT in adults are 0.04-0.07 cm 
(43). An increase in CIMT with each decade of age 
(0.066 cm/decade) was observed, with CIMT values 
as high as 0.0733 cm in the 70-79 years group   (44). An 
increase of 0.1 mm in CIMT is known to raise the risk 
of myocardial infarction by 11% (45). 

In children, there are very few studies on CIMT; 
normal CIMT is considered to be 0.04 cm (46). A 
study assessing CIMT in children aged 6-14 found a 
median CIMT of 0.048 cm in nonobese children and 
0.055 cm in obese children (47). Another study, which 
enrolled 128 patients aged 6-18 years, showed a CIMT of 
0.043 cm in nonobese children versus 0.051 cm in obese 
children (48). In our control group – the nonobese 
group – we obtained a median CIMT value as low as 
0.035 cm. A significant difference from previous results 
can be clearly observed. An explanation might be the 
number of adolescents enrolled in the study group; as 
we know, CIMT value increases with age. 

We found little literature data regarding reference 
values   for CIMT in obese children; with this study we 
achieved threshold values   of CIMT maintaining high 
sensitivity and specificity. For both groups we obtained 
a cut-off value of 0.049 cm, with a sensitivity of 100% 
and a specificity of 84%. 

It is our belief that these cut-off CIMT values for 
assessing metabolic risk are “pilot” results. In order 
to refine these values and offer a reliable tool for 
determining cardiovascular risk in obese children, 
further extensive population studies are recommended.

Limitation

Data from our small clinical samples and the limited 
number may not be representative for general 
populations. CIMT may also be influenced by other risk 
factors that have not been tested in our study.

CONCLUSION

CIMT is a well-known marker of subclinical 
atherosclerosis and its measurement is a noninvasive 
and inexpensive method of detecting subclinical 
atherosclerosis; it is in relationship to adiponectin, leptin 
and hsCRP. Being born SGA increases the atherogenic 
risk. Obese children having CIMT > 0.049 cm should 
be tested for MetS. Further population studies that 
look into CIMT values in obese and nonobese children 
are necessary.
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ABSTRACT
Objective: Vitamin D has several metabolic functions and possible reproductive functions. This study 
aimed to determine the prevalence of vitamin D deficiency among Brazilian women of reproductive 
age, and to evaluate the relationship between serum 25-hydroxyvitamin D [25(OH)D] concentrations 
and infertility causes. Subjects and methods: This retrospective cross-sectional study evaluated 
data from a private Brazilian assisted reproduction center that were collected between January 1 
and May 5, 2012. Serum 25(OH)D concentrations were measured and compared for infertile and 
fertile women. Concentrations of 25(OH)D that were < 20 ng/mL were defined as deficiency and 
concentrations of 21-30 ng/mL were defined as hypovitaminosis D. Results: Among the 369 evaluated 
women, 81.1% exhibited hypovitaminosis D and 32.0% exhibited deficiency. The infertile and control 
patients did not exhibit any significant differences in the prevalence of vitamin D deficiency (30.2% 
vs. 35%, respectively; p = 0.33) or in the mean 25(OH)D concentrations (24.3 ± 7.9 ng/mL vs. 23.8 ± 
8.7 ng/mL, respectively; p = 0.51). Furthermore, there were no significant differences in the mean 
25(OH)D concentrations among subgroups of patients with single infertility factors, or between 
these subgroups and the control group. Conclusions: A high proportion of Brazilian women of 
reproductive age exhibited vitamin D deficiency, regardless of their fertility status. Thus, it may be 
useful to evaluate this population for vitamin D deficiency, although future studies are needed to 
determine whether this deficiency might affect the outcomes of treatments for infertility. Arch Endocrinol 
Metab. 2017;61(1):21-7
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Vitamin D; infertility; prevalence; vitamin D deficiency; polycystic ovary syndrome

INTRODUCTION

V itamin D is a secosteroid (similar to a steroid, 
but with a “broken” carbon ring) that plays 

an important role in several metabolic processes and 
may influence women’s reproductive physiology (1). 
For example, the cervical and uterine tissues, vaginal 
and cervical epithelia, endometrial and epithelial cells 
of the fallopian tubes, ovaries, and pituitary glands 
contain receptors and enzymes that are involved in 
vitamin D metabolism (1). Therefore, inadequate 
serum concentrations of 25(OH)D might be associated 
with infertility factors, such as chronic anovulation, 
endometriosis, and even breast cancer (2). Several 
studies have found higher pregnancy rates in women 
with normal 25(OH)D concentrations than in women 
with low 25(OH)D concentrations (3,4). Furthermore, 
a review article concluded that vitamin D may be 

related to the pathogenesis of endometriosis because 
of its immunomodulatory and anti-inflammatory 
effects (5). However, the authors of that review also 
emphasized the need for further studies to examine the 
effect of vitamin D concentrations on the development 
of endometriosis. Several studies have also examined 
the relationship between vitamin D metabolism and the 
pathogenesis of polycystic ovary syndrome (PCOS). 
Among women with PCOS, low serum concentrations 
of 25(OH)D were associated with obesity, endocrine 
disorders, and metabolic disorders (1). Moreover, 
another study examined the effect of serum 
concentrations of 25(OH)D on endometrial thickness 
among 193 patients who were undergoing controlled 
ovarian hyperstimulation and in vitro fertilization. The 
blood samples for vitamin D testing were obtained 
on the day of oocyte retrieval, although there was no 
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significant relationship between endometrial thickness 
and different serum concentrations of 25(OH)D (6).

During the last decade, we have witnessed a global 
epidemic of vitamin D deficiency. One review examined 
195 studies of vitamin D status that included > 168,000 
people from 44 countries, and found that the prevalence 
of vitamin D deficiency (< 20 ng/mL) was 37.3% (7). 
However, studies investigating vitamin D status in low-
risk Brazilian populations are rare (8). One study found 
that the average serum 25(OH)D concentration was 
31.6 ± 12.4 ng/mL among 99 adults (average age: 67 
years) who regularly played outdoor sports (9). Other 
authors have reported that hypovitaminosis D was 
observed in 71.2% of hospitalized seniors and in 43.8% 
of seniors who were treated as outpatients, and that 
the women exhibited lower vitamin D concentrations 
compared to the men in both groups (10). These 
findings are troublesome, as vitamin D is very important 
for bone metabolism and other biological systems. For 
example, 25(OH)D concentrations exhibit moderate-
to-strong inverse associations with cardiovascular 
diseases, inflammation, reduced cognitive function, 
glucose metabolism disorders, weight gain, serum lipid 
concentrations, infectious diseases, reduced physical 
function, and all-cause mortality (11). Furthermore, 
the modern lifestyle is associated with a progressive 
increase in the prevalence of hypovitaminosis (12). 
Therefore, it is important to identify high-risk groups 
and the regional prevalences of hypovitaminosis D in 
order to implement effective health policies.

To the best of our knowledge, this is the first study 
regarding hypovitaminosis D among infertile Brazilian 
women of child-bearing age, and we have not found 
any similar studies that examined vitamin D status in 
the city of Brasilia (in Distrito Federal, the Midwest 
Region of Brazil). Therefore, this study was designed 
to determine the prevalence of hypovitaminosis D 
among women who visited an assisted reproduction 
clinic in Brasilia. Our secondary objective was to 
determine whether serum concentrations of vitamin D 
varied according to fertility status, age, or the cause(s) 
of infertility.

SUBJECTS AND METHODS

This study used a retrospective cross-sectional design to 
examine records from patients who visited a Brazilian 
assisted reproduction center between January 1, 2012 
and May 15, 2012. The study’s design was reviewed 

and approved by the institutional review boards of the 
assisted reproduction clinic and Armed Forces Hospital; 
all procedures were performed in accordance with the 
2008 revision of the Declaration of Helsinki.

Subjects

We included all infertile patients who were treated at the 
Video Endoscopy and Human Reproduction Center 
between January 1 and May 15, 2012 (the summer 
and autumn seasons in Brazil). The control group 
included 30–45-year-old women who were treated at 
the clinic, but had not complained of infertility. Both 
groups underwent vitamin D testing at the same time, 
and all tests were performed at the same laboratory. 
We excluded women who were receiving vitamin D 
supplementation or drugs that could interfere with 
the absorption, excretion, or serum concentration of 
vitamin D.

Variables and definitions  

Cases of infertility were defined as couples who failed 
to conceive after at least 1 year of regular unprotected 
intercourse. The patients’ electronic health records were 
used to collect information regarding the infertility’s 
cause(s), which was based on the patient’s recall, a 
physical examination, and additional examinations. 
We also collected data regarding the patients’ age and 
serum 25(OH)D concentration. Only couples who 
completed the full infertility evaluation were included 
in the calculations of the prevalences for each infertility 
factor (alone or in association with other factors). The 
infertility factors were defined using the following 
criteria:

1. Male factors: sperm with an abnormal pattern 
on at least two occasions, on the basis of the 
World Health Organization’s criteria (13).

2. Low ovarian reserve: an antral follicle count 
of < 11 in both ovaries, which was determined 
using transvaginal ultrasonography during days 
2–5 of the menstrual cycle.

3. PCOS: based on the Rotterdam consensus cri-
teria (14). 

4. Tubal factors: women who presented with tubal 
obstruction or peritoneal adhesions and a his-
tory of tubal ligation, hysterosalpingography, or 
videolaparoscopy.

5. Endometriosis: women who were diagnosed 
with endometriosis based on videolaparoscopy 
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and/or at least two vaginal ultrasounds  
(> 30 days apart), or women who exhibited a 
debris-containing ovarian cyst that suggested 
endometrioma.

6. Multiple factors: couples who presented with at 
least two of the infertility factors that are listed 
above.

7. Unexplained infertility: couples who did not 
exhibit any known infertility factors after com-
pleting the evaluation. 

Vitamin D deficiency was defined as 25(OH)D 
concentrations of < 20 ng/mL, vitamin D insufficiency 
was defined as 25(OH)D concentrations of 20–30 ng/mL, 
and normal vitamin D status was defined as 25(OH)
D concentrations of > 30 ng/mL (8). The 25(OH)
D assay was performed using the LIAISON® device 
and a chemiluminescence kit (DiaSorin, Stillwater, 
MN), which has a detection range of 4–150 ng/mL, 
an intra-assay variability of 3.2–8.1%, and an inter-assay 
variability of 6.9–2.7% (15).

Unless otherwise stated, we included all women 
in the analyses, regardless of whether they had 
completed the infertility evaluation, to evaluate 
the prevalence of vitamin D deficiency. We also 
compared the mean serum 25(OH)D concentrations 
among subgroups of patients who exhibited a single 
infertility factor after the full infertility evaluation. 
Furthermore, we compared the serum 25(OH)D 
concentrations between the control group and the 
subgroups with a single infertility factor, despite the 
possibility that cases might present with multiple 
infertility factors. Moreover, we compared the mean 
25(OH)D concentrations of women with and without 
laparoscopy-confirmed endometriosis. 

Statistical analysis

The chi-square test was used to evaluate the frequency 
distribution among groups. The non-parametric 
Kruskal-Wallis test was used to compare the mean serum 
concentrations of 25(OH)D. Multivariate logistic 
regression was adjusted for age and was also used to 
compare the 25(OH)D concentrations between the 
infertile and control groups; the results were reported 
as adjusted odds ratios (OR) and their respective 95% 
confidence intervals (CIs). All statistical analyses were 
performed using Stata software (StataCorp), and 
differences were considered statistically significant at a 
p-value of < 0.05.

RESULTS

In this study, the 369 eligible women (21–47 years old) 
were divided into two groups: 232 infertile women 
and 137 controls. The infertile women exhibited an 
average age of 35.5 ± 4.6 years, and the control group 
exhibited an average age of 36.5 ± 4.3 years (p = 0.1). 
A total of 116 infertile couples (50%) completed the 
infertility evaluation, and a summary of their infertility 
factors is shown in Table 1. The most common single 
factor was male factors (12.6%), although male factors 
(29.4%), tubal factors (28.6%), and low ovarian reserve 
(27.7%) exhibited similar frequencies among couples 
with multiple factors. Both male and female factors 
were observed in 35 couples (30.2%), and unexplained 
infertility was observed in 22.4% of the couples who 
completed the infertility evaluation. 

Table 2 presents the distributions of the 369 
women’s serum 25(OH)D concentrations according to 
fertility status. Approximately 81.1% of the 369 women 
exhibited some degree of hypovitaminosis D. The 232 
infertile women exhibited a 25(OH)D concentration 
range of 9.8–55 ng/mL, and 190 women (81.9%) 
exhibited some degree of hypovitaminosis D. The 
control group exhibited a 25(OH)D concentration range 
of 7.7–48 ng/mL, and 79.5% of the women exhibited 
some degree of hypovitaminosis D. When we compared 
the infertile and control groups, we found no significant 
difference in their frequencies of vitamin D deficiency  
(p = 0.33) or mean 25(OH)D concentrations (24.3 ± 7.9 
ng/mL vs. 23.8 ± 8.7 ng/mL, respectively; p = 0.51). 
There was also no significant difference in the 25(OH)
D concentrations of the control and infertile groups after 
adjustment for age (OR: 0.87; 95% CI: 0.51–1.49).

Table 1. Frequency of infertility factors alone or in association with other 
factors among 116 couples who completed the infertility evaluation

Factors Alone, n (%) Associated with 
others, n (%)

Male 15 (12.6) 35 (30.2)

Tubal 12 (10.1) 33 (28.5)

Low ovarian reserve 11 (9.2) 32 (27.6)

Polycystic ovary syndrome 12 (10.1) 21 (18.1)

Endometriosis  3 (2.5) 11 (9.2)

Unexplained infertility 26 (22.4) ----

Table 2. Distribution of women according to serum concentrations of 25(OH)D 

< 20 ng/ mL 20–30 ng/mL > 30 ng/mL

Infertile group (n = 232) 70 (30.2%) 120 (51.7%) 42 (18.1%)

Control group (n = 137) 48 (35%) 61 (44.6%) 28 (20.4%)

Total (n = 369) 118(32%) 181 (49.1%) 70 (18.9%)

Chi-square test, p = 0.41.
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Table 3. Comparing the mean 25(OH)D concentrations (ng/mL) according 
to infertility factors among couples with single-cause infertility

Infertility factors Mean ± SD1 
(n)

Mean ± SD2 
(n) P*

Male vs. tubal 26.2 ± 9.2 (15) 22.0 ± 6.2 (12) 0.34

Male vs. low ovarian reserve 26.2 ± 9.2 (15) 23.8 ± 8.6 (12) 0.46

Male vs. †PCOS 26.2 ± 9.2 (15) 23.3 ± 6.4 (13) 0.55

Male vs. unexplained infertility 26.2 ± 9.2 (15) 23.3 ± 8.6 (26) 0.37

Tubal vs. low ovarian reserve 22.0 ± 6.2 (12) 23.8 ± 8.6 (12) 0.73

Tubal vs. †PCOS 22.0 ± 6.2 (12) 23.3 ± 6.4 (13) 0.77

Tubal vs. unexplained infertility 22.0 ± 6.2 (12) 23.3 ± 8.6 (26) 0.83

Low ovarian reserve vs. †PCOS 23.8 ± 8.6 (12) 23.3 ± 6.4 (13) 0.85

Low ovarian reserve vs. 
unexplained infertility

23.8 ± 8.6 (12) 23.3 ± 8.6 (26) 0.99

†PCOS vs. unexplained 
infertility

23.3 ± 6.4 (13) 23.3 ± 8.6 (26) 0.92

1 The mean 25(OH)D concentrations for women who presented with the first factor each row.  
2 The mean 25(OH)D concentration for women who presented with the second factor in each row. 
* P-values were obtained using the Kruskal-Wallis test. † PCOS = polycystic ovarian syndrome.

Table 3 shows the mean serum 25(OH)D 
concentrations from the 116 couples who completed the 
infertility evaluation, according to the single infertility 
factors; no significant differences were observed. Table 
4 shows the relationships between the mean serum 
25(OH)D concentrations in the control group and the 
concentrations in the infertile women according to the 
infertility factors; no significant differences were observed. 
The mean 25(OH)D concentrations were not significantly 
different when we compared the 21 women with 
endometriosis (25.2 ± 7.9 ng/mL) and the 25 women 
without endometriosis (25.1 ± 8.5 ng/mL) (p = 0.81). 

Table 4. Comparing the mean 25(OH)D concentrations (ng/mL) from 
infertile patients who completed the full infertility evaluation and the 
control group

Factors Mean ± SD Cases P*

Male 26.4 ± 9.2 35 0.15

Tubal 23.9 ± 7.3 33 0.75

Low ovarian reserve 24.7 ± 7.5 32 0.48

Polycystic ovary syndrome 25.2 ± 8.7 21 0.46

Unexplained infertility 23.3 ± 8.6 26 0.83

Endometriosis 27.0 ± 9.4 11 0.27

Control 23.8 ± 8.7 137 -

* The Kruskal-Wallis test was used to compare the results from the infertile patients and the 
control group.

concentrations in both groups were < 30 ng/mL, 
which is the lowest level that is recommended by the 
American and Brazilian Societies of Endocrinology 
(8,16). Furthermore, we found that the prevalence of 
vitamin D deficiency was 35.0% among the women of 
reproductive age in this study. These results are consistent 
with the prevalence of 36% that has been reported in 
the American general population (17). In contrast, a 
Mongolian study that examined 420 women who were 
18–44 years old during the spring found that 415 
women (98.8%) exhibited 25(OH)D concentrations of 
< 20 ng/mL and that only 1 woman (0.2%) exhibited 
a 25(OH)D concentration of > 30 ng/mL (18). 
Brazil’s tropical location favors sun light exposure, 
which is the most important factor for maintaining 
vitamin D homeostasis. Therefore, it would be logical 
to assume that Brazil would have a lower prevalence of 
hypovitaminosis D compared to subtropical countries. 
Nevertheless, we found a high prevalence of vitamin D 
deficiency among Brazilian women. This may be related 
to the low levels of vitamin D in the Brazilian diet, and 
the infrequent use of multivitamin supplements (19). 
Furthermore, vitamin D deficiency may be related to 
lifestyle changes that reduce exposure to sunlight and/
or the use of sunscreen (20). Moreover, environmental 
pollution may be related to vitamin D deficiency, 
although this factor is not present in Brasilia, and this 
relationship likely does not explain the high prevalence 
of vitamin D deficiency in the present study. 

The melanin in skin acts as a natural sunscreen by 
absorbing ultraviolet radiation, and people with darker 
skin pigmentation may require prolonged sun exposure 
to synthesize the same amount of vitamin D, compared 
to people with lighter skin (21). Ethnicity may also 
influence 25(OH)D concentrations, as an American 
study of 2,972 women reproductive age found that 
the prevalences of vitamin D deficiency were 42.4 ± 
3.1% among African descendants and 4.2 ± 0.7% 
among the Caucasian participants (22). Furthermore, 
the prevalence of vitamin D deficiency is 30–90% in 
the Middle East and North Africa (23). However, it 
would be extremely difficult to account for ethnicity 
in Brazilian studies, as the Brazilian population is 
descendent from African, indigenous Indian, and 
European populations. Therefore, we did not consider 
ethnicity or skin phototype as variables of interest in the 
present study. 

In the present study, 70 infertile women (30.2%) 
exhibited vitamin D deficiency. Other studies of 

DISCUSSION 

The present study did not detect a significant difference 
in the mean serum 25(OH)D concentrations of the 
infertile and control groups. However, 25(OH)D 
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women who were undergoing in vitro fertilization 
have found a wide range of vitamin D deficiency rates, 
such as 21–27% in the US (3,4), 45.9% in Italy (24), 
and 98.8% in Iran (25). However, this wide range is 
unsurprising, as ethnicity is related to both food intake 
and the metabolism of vitamin D (26). In Brazil, a 
study of 894 adults (mean age: 58.1 ± 12.0 years) in 
the State of Pernambuco found that the mean 25(OH)
D concentration was 26.0 ± 10.3 ng/mL and that the 
prevalence of vitamin D deficiency was 28.5% (27). 
Another Brazilian study of elderly individuals (mean 
age: 79.1 years) in São Paulo during the winter found 
that the mean 25(OH)D concentration was 11.6 ng/mL 
(28). However, these discrepancies may be related to 
differences in the patients’ mean age and the season 
of the analysis. In contrast, the present study was 
conducted during the summer and autumn seasons, 
and only examined women of reproductive age, which 
would suggest that age and seasonality did not influence 
the serum 25(OH)D concentrations in the infertility 
and control groups. 

We did not identify any significant differences in 
the 25(OH)D concentrations from the infertility factor 
subgroups, although these analyses only compared 
single infertility factors. However, the highest 25(OH)
D concentrations were observed in the subgroup that 
only exhibited male factors (26.84 ± 8.61 ng/mL), 
and the greatest difference in 25(OH)D concentrations 
was observed when we compared the groups with male 
factors (26.2 ± 9.2 ng/mL) and tubal factors (22.0 ± 
6.2 ng/mL). Nevertheless, these differences were not 
statistically significant. 

To the best of our knowledge, there are no studies 
that have evaluated the association of hypovitaminosis 
D with tubal factors, unexplained infertility, or 
low ovarian reserve. However, the associations of 
hypovitaminosis D with PCOS and endometriosis 
warrant further discussion. For example, the association 
of low 25(OH)D concentrations with PCOS remains 
controversial. In the present study, women with PCOS 
exhibited low 25(OH)D concentrations (25.2 ± 8.7 
ng/mL). Similarly, a study of 196 female Iranian 
students (16–20 years old) found that women with 
PCOS exhibited lower mean 25(OH)D concentrations, 
compared to the control group (9.7 ± 4.8 ng/mL vs. 
12.3 ± 11.9 ng/mL; p = 0.04) (29), although these 
low levels may be associated with the traditional Islamic 
clothing, which can reduce women’s exposure to sun 
light. Nevertheless, we did not observe any difference 

in the 25(OH)D serum concentrations of infertile 
patients with PCOS or other infertility factors, or in 
25(OH)D concentrations of the PCOS and control 
groups. These results conflict with previous studies’ 
findings that hypovitaminosis D is associated with 
PCOS (1). Furthermore, other authors have suggested 
that vitamin D deficiency is associated with PCOS 
only among obese women (30,31). Moreover, another 
study found that hypovitaminosis D was associated with 
insulin resistance, regardless of the patient’s body mass 
index (32). Unfortunately, we were unable to evaluate 
the relationships of obesity and/or body mass index 
with hypovitaminosis D among women with PCOS, 
as these data were not included in the records that we 
retrospectively analyzed.

In the present study, 21 infertile women were 
diagnosed with endometriosis, although only 14 
women completed the infertility evaluation and only 
3 women did not exhibit other infertility factors. 
Nevertheless, we did not observe any significant 
difference in the 25(OH)D concentrations when we 
compared women who did and did not have a diagnosis 
of endometriosis. Furthermore, we did not observe any 
significant difference when we compared women with 
endometriosis and the control group. These results agree 
with the findings of Agic and cols. (33), but conflict 
with Somigliana and cols.’s findings that women with 
endometriosis had higher 25(OH)D concentrations, 
and that the severity of the endometriosis was associated 
with the 25(OH)D concentrations (34). Moreover, 
another study found high concentrations of 1,25(OH)
D in women with endometriosis, although there was 
no significant difference when their concentrations 
were compared to 25(OH)D concentrations in women 
without endometriosis (35). Therefore, our findings 
cannot definitively resolve the controversy regarding 
the possible relationship between endometriosis and 
25(OH)D concentrations.  

In conclusion, the present study revealed that only 
18% of the women of reproductive age in Brasilia 
exhibited normal 25(OH)D serum concentrations, 
and that 32.9% of the women fulfilled the criterion 
for vitamin supplementation (serum 25(OH)D 
concentrations of < 20 ng/mL). Nevertheless, we 
did not observe any significant difference in 25(OH)
D concentrations according to fertility status, which 
precludes any conclusion regarding an association 
between infertility and vitamin D status. Therefore, 
given the controversy regarding the associations of 
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vitamin D status with endometriosis and PCOS, 
larger prospective studies are needed to provide more 
definitive data.
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Effects of vitamin D supplementation 
on pulmonary function in 
postmenopausal women following 
an aquatic exercise program

Rodrigo Nolasco1, Linda D. F. Moreira1, Danilo S. Bocalini2,  
Fernanda C. A. O. Fronza3, Rosangela Villa Marin1, Marise Lazaretti-Castro1

ABSTRACT
Objective: This study sought to investigate the effects of vitamin D supplementation and aquatic 
exercise on pulmonary function in postmenopausal women. Materials and methods: This prospective 
and controlled study included 104 women (62 ± 6.5 years) divided into three groups: a control group 
lacking vitamin D and calcium supplementation which remained sedentary (CG; n = 17); a control 
group receiving vitamin D and calcium supplementation which remained sedentary (CDG, n = 33); 
and a group that completed aquatic exercises three times a week and received vitamin D and calcium 
supplementation (DTG, n = 54). Data before and after 6 months of the study were analyzed, including 
serum 25-hydroxyvitamin D (25(OH)D) and calcium concentrations, peak expiratory flow (PEF), 
forced vital capacity (FVC), and cirtometry. Results: We observed significant increases in 25(OH)D 
concentrations in CDG (52.9 ± 2.4 to 69.1 ± 2.2; nmol/L; p < 0.0001) and DTG groups (55.5 ± 3 to 71.5 ± 
3 nmol/L; p < 0.0001). PEF increased by 7 ± 2% (p = 0.0080) in CDG group and 11 ± 2% (p < 0.0001) in 
DTG group, whereas FVC increased by 7 ± 2% (p = 0.0016) in the CDG group and 10 ± 2% (p < 0.0001) 
in the DTG group, whereas CG had no changes in any of these parameters. The increment value of 
cirtometry in DTG group (+43 ± 3%) were significantly (p < 0.0001) higher than those in CG (−4 ± 8%) 
and CDG (+4 ± 9%) groups. Conclusion: Our data suggest that vitamin D supplementation improves 
pulmonary function parameters in postmenopausal women. Arch Endocrinol Metab. 2017;61(1):28-35
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INTRODUCTION

T he large increase in longevity in humans during 
the last century raised new issues in health care, 

especially the control of aging-related deterioration 
(1). Intense efforts have been exerted to obtain 
new knowledge that can lead to the progression 
of chronic degenerative diseases and to slow the 
functional impairment, including deterioration of 
lung function (2). Vitamin D and calcium are among 
the potential factors related to maintaining bone and 
muscle health, and they cannot be separated from 
osteoporosis prevention in postmenopausal women. 
Vitamin D produced in the skin via the action of 
sunlight is converted into calcitriol, a potent hormone, 
which is important for health. Although its most 

common effects are on bone metabolism and mineral 
homeostasis, its receptors have been identified in 
almost all tissues, suggesting that it might have other 
roles (3,4).

Lung function also appears to be influenced by 
vitamin D concentrations, with cross-sectional studies 
identifying associations of lower plasma concentrations 
of 25-hydroxyvitamin D (25(OH)D) with worse lung 
function parameters (5,6). During aging, a gradual 
decline in the respiratory system occurs, the related 
factors of which include increased lung compliance, a 
decreased number of alveoli, and respiratory muscle 
weakening, as well as rib cage deformities caused by 
increased thoracic kyphosis because of, among others, 
vertebral fractures (2). 
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Different regular physical activities, including water 
aerobics, have been used to preserve cardiorespiratory 
and musculoskeletal functions during aging (7). 
Moreover, research showed that the treatment of 
vitamin D deficiency in menopausal women can confer 
musculoskeletal benefits and reduce fall and vertebral 
fracture rates (8,9). In addition, aquatic exercise studies 
have also identified beneficial effects on pulmonary 
function in elderly women (10,11).

While conducting a protocol to test the effects of 
a differentiated water aerobics program (HydrOS), an 
opportunity arose to investigate the effects of vitamin D 
supplementation alone or in combination with high-
intensity aquatic exercises on pulmonary function in 
postmenopausal women.

MATERIAL AND METHODS

Subjects

This was a post hoc analysis of a protocol designed to 
evaluate the effects of a high-intensity water aerobics pro-
gram (HydrOS) in postmenopausal women (12). The 
initial study population consisted of women living in the 
city of Barueri, São Paulo who were previously sedentary 
and attending a service center for the elderly (Parque da 
Maturidade de Barueri) and who were selected from 
volunteers willing to participate in the study according 
to the following inclusion criteria: postmenopausal for 
≥ 5 years, non-institutionalized, and able to understand 
and respond to commands during the physical and cog-
nitive tests. The exclusion criteria were: any physical con-
ditions that might affect their performance in the physi-
cal tests (hypothyroidism, primary hyperparathyroidism, 
severe osteoarthritis, rheumatic arthritis, edema or ulcer 
in the lower limbs); chronic kidney disease (serum cre-
atinine > 1.4 mg/dL); diseases that could interfere with 
bone quality or neuromuscular functions; recent history 
of hip fracture (< 2 years); thyroid-stimulating hormone 
level < 0.05 or > 5.5 μIU/mL; dependence on alcohol, 
tobacco, or illicit drugs; currently receiving treatment 
with steroids, bisphosphonates, calcitonin, or vitamin D 
and its metabolites; use of estrogen or selective estrogen 
receptor modulators; use of drugs that could interfere 
with postural stability or vitamin D metabolism; uncon-
trolled high blood pressure; use of a prosthesis; regular 
physical activity in the last 6 months; serious heart dis-
ease; or complications during exercise stress testing that 
contraindicated physical activity. 

The research protocol, as well as the informed consent 
form, was duly approved by the Ethics Committee of 
Unifesp (No. 1771/2008). All volunteers who agreed to 
participate in the study provided written consent.

Design

In this prospective and controlled trial the preselec-
tion resulted in a group of 134 previously sedentary 
women. Of them, 26 were excluded on the basis of the 
described criteria (Figure 1). The 108 remaining partici-
pants (58.8 ± 6.4 years) were randomly divided into two 
groups. The vitamin D control group (CDG, n = 33) 
was maintained without regular physical training, and 
the trained group (DTG, n = 54) participated in the Hy-
drOS protocol over 6 months During the study period, 
both groups received supplementation with 1000 IU of 
vitamin D3 and 500 mg of elemental calcium daily. Ac-
cording to the same inclusion and exclusion criteria, a 
control group of 17 age-matched women with similar 
clinical characteristics was created. This group did not 
receive vitamin D nor participate in any physical activity 
program during the same period. The study design and 
the flow of subjects can be seen in Figure 1.

Figure 1. Flow of participants throughout the study. 

134 postmenopausal women participated in
the initial explanatory lecture

Randomization
108 pre-tests

Was created
control group

(CG) = 17
without any
intervention

104 women post-tests
Control Group (CG) = 17
Vitamin D Group Control

(CDG) = 33
Trained Group (DTG) = 54

Vitamin D control group (CDG) = 44
No pratice of regular 

physical exercise
1000 IU of vitamin 

D3 and 500 mg
of elemental calcium daily

CDG
11 subjects dropped out:

2 personal problems
1 moved away from the city

1 died after
Gallbladder surgery

7 were excluded due to
inadequate pulmonary

function test

DTG
10 subjects dropped out:

3 personal problems
1 was run over by a car
1 had a bowel surgery
5 were excluded due

to inadequate pulmonary
function test

Trained group (DTG) = 64
Aquatic exercise 3 times/weeks

for 24 weeks
1000 IU of vitamin D3

and 500 mg of elemental
calcium daily

26 excluded: 1 in use of bisphosphonate
1 primary hyperparathyroidism

13 restrictive osteoarthritis
8 personal problems
3 cardiovascular risk
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The post hoc analysis included only patients who 
completed the study and who met the acceptance 
criteria of the American Thoracic Society for the analysis 
of pulmonary function tests (CG, n = 17; CDG, n = 33; 
and DTG, n = 54). 

Supplementation

Prior to the start of the protocol, calcium intake in all 
groups was evaluated by a nutritionist through 24-h 
diet recall (13) and the daily calcium intake was similar 
among the groups. None of the participants received 
more than 600 mg of calcium daily. 

The volunteers in the control group were told 
to not change their lifestyle or consume any vitamin 
supplement during the observation period. Under 
medical supervision, the CDG and DTG groups 
received one tablet daily containing 1000 IU of 
cholecalciferol (vitamin D) and 500 mg of elemental 
calcium (as calcium carbonate) after breakfast. The 
participants were instructed to maintain their usual diet. 
During the intervention period with supplementation, 
the protocol adherence rate was 94% (SD ±3).

Parameters analyzed

The selected subjects were evaluated via anamnesis, 
functional capacity tests, spirometry, fasting blood 
collection, and bone densitometry tests to evaluate 
body composition. Those who did not undergo all 
procedures and measures or attend at least 85% of the 
planned sessions were excluded from the study.

Total calcium and 25(OH)D

All volunteers underwent fasting blood collection. A 
radioimmunoassay method (DiaSorin, Stillwater, MN, 
USA) was used to determine serum 25(OH)D levels. 
The intra- and interassay coefficients of variation (CVs) 
were 5.6 and 10%, respectively. An enzymatic colori-
metric method (ADVIA 1650, Bayer Ltd., Tokyo, Ja-
pan) was used to measure plasma levels of total calcium 
(CaT), with intra- and interassay CVs of 1.30 and 1.95%, 
respectively.

Anamnesis and physical examination

Medical and family history, ethnicity, diet, alcohol in-
take, smoking, and current medications were searched 
via anamnesis. The initial physical activity level of each 
participant was checked using the International Physi-

cal Activity Questionnaire, short version, already duly 
validated (14).

Body composition

Total body mass (kg) and height (cm) were obtained 
using an analog scale accurate to 0.1 kg (Filizola model 
31, Filizola, São Paulo, SP, Brazil). Body composition 
was examined via whole-body dual energy X-ray ab-
sorptiometry (DXA) using a densitometer with a dual 
emission X-ray source (Hologic Model Discovery A, 
Waltham, MA, USA). All procedures involving DXA 
were performed in the Osteometabolic Diseases Clinic 
of Unifesp Endocrinology Course, and the acquisition 
of the exams was systematically performed using the 
same technique and analyzed by the same examiner.

Pulmonary function

Pulmonary function was assessed by spirometry using a 
digital portable spirometer (One Flow; Clement Clarke 
International, England). Patients were previously in-
structed about the testing process. Each individual was 
positioned sitting while wearing a nose clip with her 
feet flat on the floor and head in a neutral and raised 
position. After the explanation, the subject immediately 
performed a maximal inspiration, followed by forced 
expiration with the tube placed on the tongue between 
the teeth and the lips clenched to prevent perioral leaks. 
At least six full spirometric maneuvers were performed 
until the difference between the latest maneuvers was 
< 5%. The best result was employed for the analyses 
following the American Thoracic Society guidelines 
and meeting the acceptability and reproducibility crite-
ria (15). The data were automatically transferred to an 
Amazon PC computer using software provided by the 
equipment manufacturer (ONE FLOW SOFT; Clem-
ent Clarke International, England). The following 
variables were considered: peak expiratory flow (PEF), 
forced expiratory volume in the first second of the ma-
neuver (FEV1), and forced vital capacity (FVC).

The chest expansion evaluation was conducted via 
dynamic cirtometry at the axillary level using a 1-cm-
wide measuring tape in 0.5-cm increments. The test 
was performed with each participant in a standing 
position, and the tape was placed at the axillary level 
around her bare chest. Each participant was instructed 
to perform a maximum expiration and inspiration, and 
the difference in centimeters between the two torso 
circumference values was recorded.
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Exercise protocol

The exercise sessions occurred three times a week 
in in a covered swimming pool with a depth of 
1.20–1.40 m and temperature of 29–31°C located in 
Parque da Maturidade de Barueri, São Paulo. During 
the lessons, we asked the participants to stand in the pool 
so that the water was near the xiphoid process. To control 
the training intensity, three heart rate sensors (RS100 
BLK; Polar, Finland) were used by three different 
students in each session so that at the end of 6 months, 
all participants had already used the heart rate sensor 
several times. In addition, the participants were taught 
how to use a Borg CR-10 category scale of perceived 
exertion (ranging from 0 – nothing at all, to 10 – very, 
very hard) used along with the measurement of the heart 
beat rate of the participants during the sessions (12).

During the lessons, we observed that the heart rate 
shown on the heart rate sensors was equivalent to the 
grade given by the participants on the Borg CR-10 
scale. At every stage of the protocol, various muscle 
groups (chest and back, biceps and triceps, shoulders, 
quadriceps and posterior thigh, hip adductors and 
abductors, and calf and abdominals) were trained. The 
workout routine was gradually changed from two to 
five repetition sets of the same exercise, e.g., two sets of 
30 s each, then moving on to three sets of 20 s each, 
followed by four sets of 15 s each, and ending with five 
sets of 10 s each. For the cardiorespiratory exercises, we 
used the Borg scale adapted as follows: 60% maximum 
heart rate (MHR), scale level 6 for 16 minutes of the 
session; 70% MHR, scale level 7 for 13 minutes of the 
session; 80% MHR, scale level 8 for 9 minutes of the 
session; and 90% MHR, scale level 9 for 7 minutes of 

the session (12). After the 6-month intervention period 
with a resistance aquatic exercise program, all tests were 
repeated in the three groups.

Statistical analysis

For all statistical analyses, the results were considered 
significant at p < 0.05. The Kolmogorov-Smirnov 
test was used to test data normality. The other nor-
mally distributed parameters were compared in two 
manners: intragroup before and after the study using 
Student’s t-test for matched samples; and intergroup 
before and after the study using Student’s t-test for 
independent samples. The chi-square test was used to 
verify the distribution of the different races of the 3 
groups. One-way analysis of variance and Tukey’s post 
hoc test were used when necessary to identify statisti-
cal differences.

RESULTS

Table 1 shows that the three groups were similar at base-
line in terms of biometric characteristics, total calcium, 
and body composition. The racial distribution (white 
and no white) did not differ between groups (p = 0.056).

After 6 months of study, serum 25(OH)D levels 
similarly increased in the two groups supplemented 
with vitamin D3 (p < 0.001). The mean value in the 
CDG group increased by 21% (from 52.9 ± 2.4 to 
69.1 ± 2.2; nmol/L, p < 0.0001), in the DTG group 
increased by 23% (from 55.5 ± 3 to 71.5 ± 3 for 3 
nmol/L, p < 0.0001), and in the CG group did not 
change significantly (from 50.1 ± 2.6 to 49.82 ± 2.4 
nmol/L, p= 0.4605) (Figure 2).

Table 1. Clinical features and anthropometric characteristics of the three groups at baseline and study completion 

Variable
Control Group (n = 17) Vitamin D Group (n = 33)  Trained Group (n = 54)

Before After % Before After % Before After %

Age 59.9 ± 2 58 ± 0.8 59 ± 6

Weight (kg) 70 ± 3 70 ± 3 0.2 ± 0.4 74 ± 2 75 ± 3 1.3 ± 0.6 73 ± 2 73 ± 2 0.7 ± 0.4

Height (cm) 1.59 ± 2 1.59 ± 2 - 0.01 ± 0.1 1.56 ± 1 1.56 ± 1 0.12 ± 1 1.56 ± 0.1 1.56 ± 0.1 0.22 ± 0.6

BMI (kg/m2) 27 ± 0.1 27 ± 0.1 0.23 ± 0.40 30 ± 0.7 30 ± 0.8 0.87 ± 0.51 29 ± 0.7 29 ± 0.7 -0.48 ± 0.78

Fat mass (kg) 26 ± 1.7 26 ± 1.8 -7.0 ± 6 29 ± 1.6 29 ± 1.7 -1.3 ± 1.3 28 ± 1.1 28 ± 1.2 -1.0 ± 2

Lean mass (kg) 42 ± 17 42 ± 16 -0.5 ± 1 42 ± 16 44 ± 12 4 ± 3 43 ± 10 43 ± 10 0.8 ± 1

Fat% 37 ± 1.3 36 ± 1.5 - 1 ± 1 38 ± 1.0 38 ± 1.1 -1.5 ± 0.8 38 ± 0.7 38 ± 0.7 -1 ± 0.8

Cirtometry (cm) 2.05 ± 0.3 2.04 ± 0.2 -4 ± 5a 2.12 ± 0.14 2.45 ± 0.16 4 ± 9a 2.21 ± 0.13 3.93 ± 0.16* 43 ± 3b

Ca T (RV: 8.5-10.5 mg/dL) 9.23 ± 0.43 9.14 ± 0.28 -0,9 ± 2 9.50 ± 0.23 9.20 ± 0.31 -3,2 ± 4 9.61 ± 0.33 9.40 ± 0.39 -2,2 ± 3

Values are expressed as the mean ± SE of the biometric measurements and total serum calcium (CaT) levels of the control (CG), control with vitamin D and calcium supplementation (CDG), and 
training (DTG) groups before and after the intervention. * p < 0.0001, indicate differences detected using Student’s t-test versus before the intervention. Different letters indicate statistically significant 
differences (p < 0.05) on one-way analysis of variance (Tukey’s post hoc test) in relation to the percentage change between the groups. BMI, body mass index. RV = Reference values. * p < 0.05.
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There were similarly significant improvements in 
PEF (L/m) and FVC (L) in both groups treated with 
vitamin D3 (CDG and DTG) regardless of physical 
training, whereas changes were not observed in the 
CG group (Figure 3). Although FEV1 values were 
higher at the end of study than the baseline values 

Figure 2. Evolution of serum 25-hydroxyvitamin D (25(OH)D) levels. Values are expressed as the mean ± SE of 25(OH)D levels in the control (CG), control 
with vitamin D and calcium supplementation (CDG), and training (DTG) groups before and after the intervention. * p < 0.0001, indicate differences 
detected using Student’s t-test versus before the intervention.

CG

CG

CDG

DTG

CDG DTG

Before After

P < 0.0001 P < 0.0001

Before After Before After

80 150 150

100 100

50 50

0 0

30

20

10

0

-10

60

40

20

0

25
(O

H)
D 

(n
M

ol
/I)

25
(O

H)
D 

(%
 v

ar
ia

tio
n)

25
(O

H)
D 

(n
M

ol
/I)

25
(O

H)
D 

(n
M

ol
/I)

in the vitamin D-supplemented groups, this change 
did not reach statistical significance (Figure 3). The 
measure of chest expansion (dynamic cirtometry), 
however, revealed a significant improvement only 
in the group that underwent physical training 
(Table 1). 

Figure 3. Evolution of pulmonary function test data during the study in the three groups. Values are expressed as the mean ± SE and percentage change 
for peak expiratory flow (PEF), forced vital capacity (FVC) and forced expiratory volume in 1 s (FEV

1
) in the control (CG), control with vitamin D and calcium 

supplementation (CDG), and training (DTG) groups before and after intervention. * p < 0.0001 and # p < 0.01, indicate differences detected using 
Student’s t-test versus before the intervention.
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DISCUSSION

This study is a by-product of a broader protocol that 
assessed the effects of a high-intensity water aerobics 
program in postmenopausal women using several phys-
ical and laboratory parameters (12,16). Our results 
demonstrated that daily treatment with 1,000 IU of 
vitamin D3 for 6 months effectively produced a sig-
nificant increase in plasma 25(OH)D concentrations in 
most of the volunteers. In our study, this increase on 
25(OH)D levels was associated with an improvement 
in pulmonary function expiratory parameters (measure 
by spirometry), even in sedentary women, regardless 
of no participation in the aquatic exercise program. 
The trained group, additionally, was the only group 
to display improvement in the expandability parameter 
measured by cirtometry, suggesting some effect of wa-
ter aerobics on this parameter (12). We have to point 
out that all volunteers had age-related normal values 
on spirometry at baseline, and both Vitamin D-treated 
groups improved similarly their expiratory parameters, 
not seen in the control group (CG). A possible explana-
tion for the similar results on the pulmonary function 
parameters of DTG and CDG would be related to the 
increased respiratory muscle mass. The greater dynamic 
compression (restrictive) of the airways would lead to 
the fall of the flows measured at nozzle (17). The same 
dose of supplementation (1,000 IU/day) was used in 
another study (18) which was able to induce a signifi-
cant increment on serum levels of 25(OH)D after 3 
months (+17,6 nmol/L, in average).

The correlations between vitamin D metabolism 
and respiratory function have been widely studied in 
the literature (6). However, the results are not yet 
conclusive (19); rather, they remain rare in prospective 
intervention studies, and to our knowledge, no 
study has examined postmenopausal women without 
previous lung disease. In a randomized prospective 
double-blind study, supplementation with vitamin D 
in asthmatic children reduced the risk of exacerbations 
triggered by acute respiratory infection and significantly 
improved FEV1 values (20). Another prospective study 
in patients with chronic obstructive pulmonary disease 
(COPD) and vitamin D deficiency observed increases 
in respiratory muscle strength, reductions in the degree 
of dyspnea, and superior physical performance after 1 
year of vitamin D supplementation (21).

Several studies observed an increased prevalence of 
inadequate vitamin D levels in patients with different 
respiratory diseases such as asthma, COPD, tuberculosis, 

and a number of infections of the respiratory system 
(22-24). In observational studies such as the NHANES 
cohort, a cross-evaluation of 14,000 adults uncovered 
a significant association between higher 25(OH)D 
levels and better results for FEV1 and FVC (5). Similar 
results were observed by other authors in 1315 Chinese 
children (25). A Danish longitudinal study that 
followed 18,507 patients of different age groups for 20 
years found that lower serum 25(OH)D concentrations 
were associated with worse pulmonary function and an 
accelerated decline in FEV1 and FVC parameters (6).

Studies have indicated that respiratory epithelial 
cells express 1α-hydroxylase, which is responsible for 
the conversion of 25(OH)D to its biologically active 
form 1,25(OH)2D3, as well as the specific receptor 
for vitamin D (VDR) (26,27). Cross-sectional and 
prospective studies uncovered evidence associating 
the actions of vitamin D with increased surfactant 
substance levels and reduced inflammation in the 
respiratory tissues via VDR expressed in the airways 
(28,29). Besides, there is evidences for the action of 
vitamin D on the immune system, by increasing levels 
of LL-37 (cathelicidin), a peptide capable of promoting 
innate immunity and inducing the destruction of 
infectious agents, including Mycobacterium tuberculosis 
and influenza virus (19,29,30). 

In addition, some studies linked the actions 
of vitamin D to inhibited proliferation of 
metalloproteinases of the extracellular matrix (ECM) 
as well as the balance of type III collagen synthesis by 
fibroblasts (31). The ECM of lung tissue plays a key 
role in the structure and mechanical properties of the 
lungs, thus reflecting pulmonary function (5,32).

Studies in rats evaluated the direct effects of vitamin 
D on lung growth, and they observed an increased lung 
volume and improved pulmonary function in these 
animals. These results were obtained by analyzing the 
forces generated by the elastic recoil of the lungs in 
rats with vitamin D deficiency by plethysmography 
and histological analysis of the lung tissue, respectively 
(28). Rats born to females not supplemented with 
vitamin D displayed structural changes, such as a 
significant increase in airways resistance, and changes 
in mesenchymal differentiation markers of the trachea 
compared to rats born to supplemented females (33). 
The direct effects of active vitamin D on lung tissue 
observed in these experimental studies could explain 
our findings in this population of women supplemented 
with vitamin D, even in the absence of physical training 
(CDG group).
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The improvement observed via cirtometry only in 
the DTG group suggests that high-intensity aquatic 
exercises can increase chest expansion, probably 
by strengthening breathing muscles (17). This 
improvement may be associated with the influence of the 
physical properties of water, which increase voluntary 
breathing. The immersion of a subject in a liquid 
medium to the level of the xiphoid process promotes 
an increase of 60-65% in the work of breathing caused 
by increased resistance to thorax expansion produced 
by hydrostatic pressure and an increased blood volume 
in the thorax (34,35). This positive effect of the aquatic 
environment appears to favor the process of inspiratory 
force, as demonstrated by some studies in healthy 
elderly subjects (34). 

Despite these findings, this project has limitations 
such as the discrepancy among the sample sizes, 
particularly the smaller number of individuals in the 
control group. A fourth group without vitamin D 
supplementation subjected exclusively to an aquatic 
exercise program could be used to evaluate the isolated 
effects of exercise on pulmonary function. There were 
no surveys conducted on the time of sun exposure of 
the study participants. However, the samplings were 
performed all on the same occasions, therefore, we 
can suppose that the potential seasonal variations of 
Vitamin D were similar in the 3 groups, although we 
have not controlled the individual quantity of exposure 
to sunlight. Another limiting factor was the lack of 
an assessment of respiratory muscle strength through 
measurements of inspiratory and expiratory pressures. 

In conclusion, vitamin D supplementation was 
associated with improved spirometric parameters in 
postmenopausal women independent of participation 
in an aquatic exercise program. Aquatic exercises in 
turn increased chest expansion in the trained group. 
Based on our findings in addition to related literature, 
there are strong evidences that Vitamin D can play a 
role on pulmonary function. The increase of Vitamin 
D levels could also be a supporting measure for the 
strategies employed for preventing and treating diseases 
that impair pulmonary function. 
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Lifestyle intervention using the 
psychoeducational approach 
is associated with greater 
cardiometabolic benefits and  
retention of individuals with 
worse health status 
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ABSTRACT
Objective: This study aimed to compare the effects of two lifestyle intervention programs for 
type 2 diabetes mellitus (T2DM) prevention – traditional or interdisciplinary psychoeducation-
based intervention – in daily habits and cardiometabolic risk factors and investigate the role of the 
psychoeducational approach for the retention of individuals in the program. Subjects and methods: 
Between 2008 and 2010, in a public health service, 183 pre-diabetic individuals were allocated to 
two 18-month interventions involving diet and physical activity. Physical activity, diet, quality of life 
(QOL) and depression and biochemical measurements were obtained. Linear mixed-effect models 
were used to assess the effect of the interventions. A student t test was used to compare dropouts 
versus non-dropouts. Results: Improvements in energy intake and physical activity were greater in 
the interdisciplinary than the traditional intervention. A decrease in fat mass and blood pressure was 
more pronounced with interdisciplinary intervention. Dropouts from the traditional intervention only 
had higher BMI and lower fiber intake and QOL than non-dropouts. Conclusion: The interdisciplinary 
psychoeducation-based intervention revealed useful for reducing cardiometabolic risk and retaining 
individuals with worse health profiles. This approach represents a feasible strategy for motivating 
high-risk individuals to adopt a long-term healthy lifestyle. Arch Endocrinol Metab. 2017;61(1):36-44

Keywords
Diabetes prevention; depression; lifestyle; psychoeducation; retention

INTRODUCTION 

T he modern lifestyle of populations, characterized 
by high consumption of energy-dense foods and 

physical inactivity, predisposes to weight gain and favors 
a growth in obesity-related diseases. In particular, 
abdominal obesity increases the risk of cardiometabolic 
disturbances, which in turn decrease the quality of life 
(QOL) and increase mortality (1-3). 

Lifestyle interventions have yielded satisfactory 
results in preventing type 2 diabetes mellitus (T2DM) 
(4-6). In the Diabetes Prevention Program (5), 
modifications in dietary habits and physical activity 
were not only able to prevent T2DM but also induce 
greater improvement in QOL than the pharmacological 

arm, especially in individuals with considerable weight 
loss (7,8). However, long-term adherence to healthy 
behaviors remains a challenge for health professionals 
in real-life settings. This difficulty arises in part from 
the association of unhealthy habits with psychological 
problems. Among the latter, depression is highly 
prevalent and considered the number one cause of 
disability worldwide. This combination of unhealthy 
habits, excessive adiposity and mental disorders triggers 
a state of chronic low-grade inflammation and insulin 
resistance (9,10), which are underlying mechanisms of 
cardiometabolic diseases. Therefore, the management 
of psychological problems could facilitate achieving 
intervention goals and enhance QOL. 
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Psychoeducation is a therapeutic approach based on 
cognitive-behavioral theory, which involves the patients 
in solving their problems through communication and 
self-assertiveness training (11). Its effectiveness has been 
tested in prevention programs at the primary care level 
in developed countries (12,13) and was shown to be 
particularly effective when applied in interdisciplinary 
group sessions (14). Psychoeducational intervention 
was found to maintain benefits of psychiatric disease 
management with fewer relapses and higher levels of 
functioning (15-17) as well as improve the retention of 
alcohol-addicted individuals in a detoxification program 
(17). In clinical practice, the most disturbed patients and/
or chronically ill, such as those with T2DM, are those who 
often fail to maintain treatment in healthcare systems. 

In pre-diabetic conditions, psychoeducation was 
rarely applied in group sessions to promote a healthy 
lifestyle, being unclear whether this approach could 
improve retention of individuals at higher risk for 
T2DM.

Our group has reported benefits in QOL from 
lifestyle interventions in individuals at cardiometabolic 
risk treated under the Brazilian public health system 
(18). Psychoeducational techniques were applied in 
the interdisciplinary group sessions, whose participants 
showed greater improvement in QOL domains than 
those submitted to the traditional doctor-based 
intervention. A proportion of individuals interrupted 
participation in the interventions, which is worrisome 
since they are at risk for T2DM. 

We hypothesized that an interdisciplinary 
psychoeducation-based intervention could be 
associated with greater clinical and psychological 
benefits and retention of individuals with a worse 
metabolic profile compared with a traditional 
intervention. Therefore, this study aimed to compare 
the effects of two lifestyle intervention programs for 
T2DM prevention – traditional or interdisciplinary 
psychoeducation-based intervention – in daily habits 
and cardiometabolic risk factors and investigate the role 
of the psychoeducational approach for the retention of 
individuals in the program.

SUBJECTS AND METHODS 
Sample

A total of 438 individuals treated under the public health 
system in Sao Paulo, Brazil were screened for T2DM 

using a locally developed questionnaire (19) combined 
with a capillary to screen at-risk individuals. Those with 
values of random capillary glycemia > 140 mg/dL were 
invited to undergo clinical examination and laboratory 
tests. The inclusion criteria included the age range from 
21 to 79 years and the presence of pre-diabetic con-
ditions (impaired fasting glycemia and/or impaired 
glucose tolerance). Hypertensive participants had their 
blood pressure stabilized before starting the protocol, 
and anti-hypertensive schemes should be maintained 
during the intervention periods. The exclusion criteria 
included a medical history of neurological or psychia-
tric disturbances and liver, renal or infectious diseases. 
The institutional ethics committee approved the study 
and written consent was obtained from all participants. 
Those who developed diabetes were referred to medical 
treatment and pharmacological therapy. This trial was 
registered (RBR #65N292) on the ReBEC (ww.en-
saiosclinicos.gov.br), the Brazilian registry center of the 
WHO International Clinical Trials Registry Platform. 

Of the 230 eligible, 183 individuals agreed to 
participate in the interventions (www.fsp.usp.br/prevsm). 
Those who refused to participate were predominantly 
men, whereas non-participants did not differ from 
participants in terms of baseline socio-demographic, 
anthropometric and metabolic variables. Of these 183 
individuals, 129 completed the study (Figure 1). The 
reasons for refusals were distance and time constraints to 
attend the intervention during business hours. 

Figure 1. Flowchart of individuals in each stage of the study.

Screened individuals

N = 438

Eligible individual 

N = 230

Interdisciplinary intervention

N = 97

Completed 18 months

70

Traditional intervention

N = 86

Completed 18 months

59

Agreed to participate

N = 183 

20.4% refused 
(N = 47)

Dropout at  
18 months

22 (26,8%) and 
1 deceased

Dropout at  
18 months 
24 (27,9%)

T2DM onset = 4 T2DM onset = 3 
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Protocol

In this 18-month interventional study, individuals were 
randomly assigned to one of two programs of modifica-
tions in dietary habits, physical activity and stress mana-
gement. They were examined at baseline and again after 
9 and 18 months of follow-up.

The traditional intervention consisted of quarterly 
medical visits with an endocrinologist, in which 
participants received usual written guidelines for 
changing diet and physical activity advocated by 
the Brazilian public health system. In addition to 
the medical visits, the interdisciplinary intervention 
with the psychoeducational approach included an 
individual appointment with a nutritionist and 16 
group sessions conducted by a multiprofessional team 
(endocrinologist, psychologist, nutritionist and physical 
educator). Four two-hour group sessions were provided 
in the first month, two sessions in the second, followed 
by seven monthly sessions until the ninth month and 
three quarterly sessions up to the 18th month of the 
intervention (endpoint). Participants undergoing the 
interdisciplinary intervention also received printed 
materials to reinforce a healthy lifestyle. Group sessions 
dealt with issues related to daily routine, focusing on 
diet, physical activities and stressful situations and 
defining short-term targets. To enhance retention 
of the participants in the interventions, visits were 
arranged according to their convenience, and public 
transportation tickets were provided. Only for the 
interdisciplinary intervention, phone calls were made 
between sessions aimed at motivating and strengthening 
the participant-professional link. 

Compliance was defined as 70% attendance to the 
interdisciplinary group sessions. Intervention goals  
were weight loss ≥ 5%, dietary fiber intake ≥ 20 grams/
day, saturated fat ≤ 10% of total energy and moderate 
physical activity ≥ 150 minutes/week. The outcomes 
were the improvement in the risk profile, including blood 
pressure (BP) levels and glucose and lipid parameters. 

Measures and variables

Measures were obtained by trained professionals. The 
physical activity level was assessed by the long version 
of the International Physical Activity Questionnaire 
(20,21) and dietary habits by three 24-hour recalls (two 
weekdays and one weekend day). Dietary data were 
analyzed using the Nutrition Data System for Research 
software (22). The Beck Depression Inventory (BDI) 

was applied to detect depression symptoms; its scores 
ranged from 0 to 63, and a value > 11 is indicative of 
the presence of depression (23). QOL was assessed 
using the Medical Outcome Study 36-Item Short-Form 
Health Survey (SF-36). This questionnaire includes 
8 QOL domains (physical function, physical role, 
bodily pain, general health, vitality, social functioning, 
emotional role and mental health). Combined scores 
allowed calculation of the SF-36 physical and mental 
component summary health scales (24). BDI and SF-
36 were previously translated and validated for the 
Brazilian population, taking into account the degree of 
literacy (25,26).

Height was taken using a fixed stadiometer and 
weight with individuals wearing light clothes and no 
shoes on a Filizola digital scale. Body mass index (BMI) 
was calculated as weight divided by height in meters 
squared. Waist circumference was measured at the 
midpoint between the bottom of the rib cage and above 
the top of the iliac crest during minimal respiration. 
Fat mass was measured by bioelectrical impedance 
analysis using a Quantum II – BIA Analyzer (RJL 
Systems, Inc., Clinton Township, Michigan, USA). BP 
was measured in a sitting position, three times with a 
5-minute interval using an automatic blood pressure 
device (Omron HEM-712C, Omron Health Care, 
USA). The average of the last two measurements was 
used in analyses. 

Participants were submitted to a 75-gram oral 
glucose tolerance test. Plasma glucose and lipid 
profiles were immediately determined in the local 
laboratory using enzymatic methods. Aliquots were 
frozen at -80 ºC for further determinations. Insulin 
was determined by immunometric assay using a 
quantitative chemiluminescent kit (AutoDelfia, Perkin 
Elmer Life Sciences Inc, Norton, OH, USA) and 
adiponectin by ELISA (Human Adiponectin ELISA 
Kit, Millipore Corporation, MA, USA). Homeostasis 
model assessment (HOMA-IR) was used to assess 
insulin resistance (27).

Statistical analysis

Physical activity, dietary intake, depression, QOL and 
clinical data were expressed as mean and standard error 
or deviation. A student t test (or the Mann-Whitney test 
when indicated) was used to compare baseline variables 
between genders and intervention groups as well as 
to compare individuals who dropped out from each 
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intervention versus those who were retained. A chi-
square test was employed to compare retention rates. 

Generalized Linear Mixed Models (GLMMs) were 
used to examine the change differences of outcomes 
between the intervention groups, considering an 
unstructured covariance matrix, which has the 
advantage of analyzing repeated measures over time, 
even when incomplete. This method assumes the 
random effects following a normal distribution and 
that missing data are missing at random. Mixed-
effect models were built for each dependent variable 
(lifestyle, anthropometric and biochemical variables 
and QOL), considering the interaction between time 
and interdisciplinary intervention at 9 or 18 months 
of follow-up. All models were adjusted for sex and 
age as well as for the interdisciplinary intervention in 
order to control for differences between interventions 
at baseline. 

Statistical analyses were performed using SPSS 
version 17.0 for Windows (SPSS Inc., Chicago, Illinois, 
USA) and the R statistical package (R Foundation for 
Statistical Computing, Vienna, Austria). A p-value  
< 0.05 was considered significant. 

RESULTS

In the sample of 183 participants, 65% were women and 
the mean age was 54.7 ± 12.3 years. At baseline, 86% had 
a BMI ≥ 25 kg/m2 and 61% had pre-diabetes. Stratifying 
according to sex, women had significantly higher BMI 
(31.7 versus 29.1, p = 0.011), HDL-cholesterol (44.7 
versus 37.4, p < 0.001), adiponectin concentrations (16.7 
versus 10.8, p < 0.001) and depression scores (14.8 ver-
sus 6.5, p < 0.001) as well as lower QOL in both physical 
(47.0 versus 51.8, p < 0.001) and mental (41.9 versus 
49.4, p < 0.001) components than men, respectively. Se-
ven participants (three in the traditional and four in the 
interdisciplinary intervention) became diabetic during 
the period and were excluded from this analysis. 

At baseline, participants allocated to the 
interdisciplinary intervention and had a worse clinical 
profile (higher mean values of anthropometric 
measurements and diastolic BP and lower adiponectin 
concentration) than those allocated to the traditional 
intervention (Table 1). 

Interdisciplinary intervention induced lower energy 
intake along 18 months. Both groups exhibited similar 

Table 1. Baseline data according to type of intervention. Data expressed as mean (standard deviations) or percentages 

Traditional
N = 86

Interdisciplinary
N = 97 p-value

Women (%) 65.1 67.0 0.876

Schooling ≤ 8 yrs (%) 53.0 51.5 0.844

Employed (%) 65.0 59.8 0.106

QOL mental summary 44.7 (13.0) 44.2 (12.3) 0.807

QOL physical summary 49.1 (9.1) 48.3 (8.8) 0.532

Depression score# 11.4 (9.9) 12.4 (10.0) 0.441

Total energy intake (kcal) 1,754 (655) 1,861 (766) 0.315

Saturated fat intake (% total energy) 9.5 (2.6) 10.1(2.9) 0.188

Total fiber intake (per 1000 kcal) 9.2 (3.9) 9.1 (4.3) 0.883

Leisure physical activity (min/week)# 44.6 (73.4) 31.6 (61.7) 0.440

Body mass index (kg/m2) 29.9 (5.7) 31.7 (5.7) 0.041

Waist circumference (cm) 98.6 (13.4) 103.6 (11.9) 0.010

Fat mass (%) 32.9 (9.4) 35.6 (9.0) 0.053

Systolic blood pressure (mmHg) 134.3 (17.7) 137.6 (20.3) 0.240

Diastolic blood pressure (mmHg) 80.3 (10.0) 84.9 (11.2) 0.034

Fasting plasma glucose (mg/dL) 99.1 (10.9) 99.4 (12.1) 0.837

Post-load plasma glucose (mg/dL) 115.1 (26.9) 121.2 (27.6) 0.131

LDL-cholesterol (mg/dL) 124.3 (41.9) 127.6 (35.6) 0.561

HDL-cholesterol (mg/dL) 41.7 (11.7) 42.7 (11.8) 0.553

Triglycerides (mg/dL) 150.4 (71.5) 151.4 (66.5) 0.916

HOMA-IR# 2.4 (1.8) 2.6 (1.7) 0.460

Adiponectin (ng/mL)# 18.1 (17.6) 11.6 (7.2) 0.001

# Mann-Whitney test used for comparisons. QOL: quality of life.
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Table 2. Adjusted models of changes after 9 and 18 months in each 
clinical and psychological measure (outcomes) considering interaction 
between time and interdisciplinary intervention, by linear mixed models*

Coefficient 
(SE) P-value

Total energy intake (kcal)

Change at 9 months -191.8 (56.7) < 0.001

Change at 18 months -131.1 (58.1) 0.025

Interaction time 9 mo X intervention -137.6 (78.1) 0.079

Interaction time 18 mo X intervention -268.4 (80.2) < 0.001

Physical activity (min/week) 

Change at 9 months 28.1 (11.1) 0.012

Change at 18 months -9.07 (11.7) 0.439

Interaction time 9 mo X intervention 1.69 (15.3) 0.912

Interaction time 18 mo X intervention 35.9 (16.1) 0.026

Fat mass (percentage)

Change at 9 months 0.71 (0.50) 0.161

Change at 18 months 0.31 (0.55) 0.574

Interaction time 9 mo X intervention -1.56 (0.69) 0.026

Interaction time 18 mo X intervention -1.65 (0.74) 0.027

Systolic blood pressure (mmHg) 

Change at 9 months 0.48 (2.11) 0.819

Change at 18 months -1.98 (2.17) 0.362

Interaction time 9 mo X intervention -6.62 (2.92) 0.024

Interaction time 18 mo X intervention -8.78 (3.01) 0.004

Diastolic blood pressure (mmHg) 

Change at 9 months -0.46 (1.17) 0.691

Change at 18 months -1.43 (1.21) 0.234

Interaction time 9 mo X intervention -5.72 (1.62) < 0.001

Interaction time 18 mo X intervention -6.06 (1.67) < 0.001

Fasting glicemia (mg/dL) 

Change at 9 months -1.89 (1.66) 0.256

Change at 18 months -5.72 (1.71) < 0.001

Interaction time 9 mo X intervention -2.11 (2.29) 0.357

Interaction time 18 mo X intervention 4.98 (2.35) 0.040

Adiponectin (ng/mL)

Change at 9 months 0.18 (1.43) 0.899

Change at 18 months 2.71 (1.48) 0.067

Interaction time 9 mo X intervention 4.96 (1.98) 0.013

Interaction time 18 mo X intervention 2.11 (2.04) 0.301

* All models were adjusted for gender and age.

patterns of change concerning saturated fat intake 
and fiber intake during the follow-up. However, 
participants of the interdisciplinary intervention had 
greater increase in leisure physical activity levels than 
those of the traditional one at the end of the follow-up 
(Table 2).

Considering psychosocial measures, both physical 
(β = 3.91, p < 0.001) and mental (β = 5.69, p < 0.001) 
QOL components increased, and depression scores  
(β = -5.04, p < 0.001) had decreased after 18 months, 
but no difference was found when analyzing the 
interaction between time and intervention. 

Greater reductions in BMI (β = -0.79, p < 0.001) 
and waist circumference (β = -1.66, p = 0.023) were 
observed after 9 months of the interdisciplinary 
intervention, but the difference between interventions 
lost statistical significance after 18 months. A greater 
decrease in fat mass in the interdisciplinary intervention 
was maintained until the end of the follow-up. Systolic 
and diastolic blood pressure reduced significantly over 
time, and these reductions were consistently greater in 
the interdisciplinary intervention than in the traditional 
intervention when considering interaction between 
time and intervention (Table 2).

The interdisciplinary intervention induced greater 
decreases in fasting plasma glucose than the traditional 
one only after 9 months. LDL-cholesterol and 
triglyceride concentrations did not change over time 
while significant elevations in HDL-cholesterol were 
observed for both intervention groups. HOMA-IR 
values decreased after 18 months (β = -0.88, p < 0.001), 
but no difference was found between interventions. 
Only participants of the interdisciplinary intervention 
had adiponectin concentrations increased at the ninth 
month (Table 2). 

The percentage of individuals retained at the end 
of the follow-up was similar between interventions 
(traditional 70.7% and interdisciplinary 71.1%, p = 
0.95). However, comparing baseline profiles, individuals 
who dropped out of the traditional intervention 
had worse depression scores, QOL, anthropometric 
measurements and dietary habits (lower fiber intake) 
than non-dropouts (Figure 2). On the other hand, the 
lifestyle data and clinical profile of dropouts and non-
dropouts from the interdisciplinary intervention did 
not differ. 

DISCUSSION 

Translating research evidence derived from lifestyle in-
terventions into practice poses a challenge, particularly 
in populations of developing countries due to economic 
and social limitations. The strategies used to address the 
challenges identified in our intervention among Brazi-
lians may facilitate the adoption of preventive programs 
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in similar healthcare settings. The present study was 
able to demonstrate the superiority of an interdiscipli-
nary intervention involving dietary and physical acti-
vity habits, which induced more pronounced benefits 
in body fatness, blood pressure levels and adiponectin 
concentrations than the traditional medical-centered 
intervention in individuals at cardiometabolic risk. Ad-
ditionally, the psychoeducational approach retained in-

dividuals who most needed treatment, since this inter-
vention was associated with greater retention of those 
exhibiting a worse metabolic profile at baseline. 

By changing physical activity level and dietary habits, 
we sought to promote weight loss among the at-risk 
participants given the evidence of a protective effect 
against T2DM (4-6). In our study, the majority of the 
participants from the interdisciplinary intervention had 

Student t test. * p < 0.05 versus non-dropouts.

BMI: body mass index; QOL: quality of life; PCS: physical component summary of SF-36.

Figure 2. Mean values of baseline data for dropouts and non-dropouts according to type of intervention.
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increased time to do physical activity and decreased 
energy intake, suggesting that its approach could have 
encouraged this group to adopt healthier habits and 
resulting in favorable effects in body adiposity and blood 
pressure levels. During group sessions, participants had 
the opportunity to share problems and solutions by 
creating a forum for mutual help (28). 

A beneficial effect of interdisciplinary intervention 
on anthropometric variables was seen at the ninth 
month; the rate of decline in fat mass but not in BMI 
was maintained until the end of the follow-up. The 
same pattern of changes, albeit to a smaller magnitude, 
was seen in the traditional intervention. This parallelism 
of the behaviors of both interventions could partially 
reflect a physiological defense against weight loss, 
mediated by a decrease in leptin levels (29). Although 
individuals from the interdisciplinary intervention 
started treatment with greater body adiposity than that 
of the participants from the traditional group, they 
showed more pronounced weight loss after follow-up. 
Previous studies have shown that motivational 
interviewing, such as psychoeducational groups, could 
be useful for achieving the goal of weight loss (30,31). 
The inclusion in our team of a professional who was 
aware of psychological concerns may have facilitated 
the maintenance of weight loss in the long term. This 
hypothesis is reinforced upon examining the clinical 
profile of individuals who completed each intervention. 

The interdisciplinary intervention was able to retain 
a higher number of individuals with a worse clinical 
profile. By contrast, in the traditional intervention, 
individuals with lower fiber consumption, more severe 
obesity and worse QOL dropped out more frequently. 
These findings were interpreted as evidence that our 
psychoeducational approach improved motivation 
through life experience exchanges and mutual help. This 
probably helped participants manage their emotions, 
thereby facilitating behavioral changes. Healthier 
behavior and a better clinical profile were harder 
to be maintained by participants of the traditional 
group. Difficulties sustaining weight loss among obese 
individuals have been frequently reported, particularly 
in some specific populations such as low-income groups 
(32,33). 

The benefits in cardiometabolic risk profile were 
achieved at the midpoint of our intervention but were 
attenuated by the end of the study. The same pattern 
has been described in other lifestyle interventions (34). 
Notably, we observed a sustained reduction in blood 

pressure for the interdisciplinary intervention only. This 
finding is in agreement with a 6-month trial adopting a 
similar approach to change lifestyle, in which significant 
blood pressure reduction was accompanied by weight 
loss (35). Such outcomes are relevant considering that 
even small decreases in these clinical parameters are able 
to lower the risk of chronic diseases such as T2DM, 
cardiovascular disease, osteoporosis and cancer (36). 

Favorable effects in glucose and lipid metabolism 
were detected for both interventions. Plasma glucose 
and lipid concentrations decreased during the 
follow-up period, although no clear advantage of 
the interdisciplinary intervention was evident. Other 
behavioral population-based interventions have 
found clinical benefits, which were attributed to the 
mere fact that individuals had been followed up with 
(37). Unexpectedly, an increase in plasma glucose 
was detected after 18 months in the interdisciplinary  
group. Differences in the clinical characteristics of those 
retained in each intervention may have contributed to 
the more unfavorable outcomes of the participants in 
the interdisciplinary intervention. A relatively better 
metabolic profile of individuals from the traditional 
intervention at baseline might have also influenced 
the results. We speculate that this scenario may have 
attenuated the real benefits of the interdisciplinary 
intervention. 

The limitations of our study include the small 
sample size and short duration of follow-up, precluding 
the evaluation of the incidence of concrete outcomes. 
Our reference group – the traditional intervention – 
is not representative of regular medical consultation 
under public healthcare systems since a specialist 
in endocrinology is not usually available in primary 
care units of developing countries. This could have 
reduced differences between the types of interventions, 
thus masking the real impact of the interdisciplinary 
intervention in its ability to change life habits. On the 
other hand, the results of the present study point to the 
importance of a traditional intervention having access 
to a diabetes specialist as an effective preventive strategy 
for high-risk individuals. 

In conclusion, the interdisciplinary psychoeducation-
based intervention proved useful for reducing 
cardiometabolic risk profile, most likely mediated 
by beneficial effects on daily habits. Moreover, this 
approach improves retention of at-risk individuals with 
worse health profiles. Interdisciplinary intervention, 
including group sessions, represents a feasible strategy 
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for motivating individuals at a higher risk of adopting a 
long-term healthy lifestyle.

Acknowledgments: this study was supported by a grant from the 
São Paulo Foundation for Research Support – Fapesp, Sao Paulo, 
Brazil.

Sources of funding: funding was provided by the São Paulo 
Research Foundation (Fapesp process number: 11/06376-7) 
for a student (Adriana Cezaretto) and for a researcher (Sandra 
Roberta G. Ferreira; process number: 07/55120-0).

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

REFERENCES
1. Marks R, Allegrante JP, Lorig K. A review and synthesis of research 

evidence for self-efficacy-enhancing interventions for reducing 
chronic disability: implications for health education practice (part 
II). Health Promot Pract. 2005;6:148-56.

2. Slagter SN, van Vliet-Ostaptchouk JV, van Beek AP, Keers JC, 
Lutgers HL, van der Klauw MM, et al. Health-Related Quality of 
Life in Relation to Obesity Grade, Type 2 Diabetes, Metabolic 
Syndrome and Inflammation. PLoS One. 2015;16;10(10):e0140599.

3. Cameron AJ, Magliano DJ, Dunstan DW, Zimmet PZ, Hesketh 
K, Peeters A, et al. A bi-directional relationship between obesity 
and health-related quality of life: evidence from the longitudinal 
AusDiab study. Int J Obes. 2012;36(2):295-303.

4. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome--a new world-
wide definition. A Consensus Statement from the International 
Diabetes Federation. Diabet Med. 2006;23:469-80.

5. Knowler WC, Barrett-Connor E, Fowler SE, Hamman RF, Lachin 
JM, Walker EA, et al. Reduction in the incidence of type 2 
diabetes with lifestyle intervention or metformin. N Engl J Med. 
2002;346:393-403.

6. Tuomilehto J, Lindström J, Eriksson JG, Valle TT, Hämäläinen 
H, Ilanne-Parikka P, et al. Prevention of type 2 diabetes mellitus 
by changes in lifestyle among subjects with impaired glucose 
tolerance. N Engl J Med. 2001;344:1343-50.

7. Florez H, Pan Q, Ackermann RT, Marrero DG, Barrett-Connor E, 
Delahanty L, et al. Impact of lifestyle intervention and metformin 
on health-related quality of life: the diabetes prevention program 
randomized trial. J Gen Intern Med. 2012;27:1594-601.

8. Ackermann RT, Edelstein SL, Narayan KM, Zhang P, Engelgau MM, 
Herman WH, et al. Changes in health state utilities with changes 
in body mass in the Diabetes Prevention Program. Obesity (Silver 
Spring). 2009;17:2176-81.

9. Au B, Smith KJ, Gariépy G, Schmitz N. C-reactive protein, 
depressive symptoms, and risk of diabetes: results from the 
English Longitudinal Study of Ageing (ELSA). J Psychosom Res. 
2014;77(3):180-6.

10. Young JJ, Bruno D, Pomara N. A review of the relationship 
between proinflammatory cytokines and major depressive 
disorder. J Affect Disord. 2014;169:15-20.

11. Anderson CM, Hogarty GE, Reiss DJ. Family treatment of adult 
schizophrenic patients: a psycho-educational approach. Schizophr 
Bull. 1980;6:490-505.

12. Cuijpers P, Munoz RF, Clarke GN, Lewinsohn PM. 
Psychoeducational treatment and prevention of depression: the 

“Coping with Depression” course thirty years later. Clin Psychol 
Rev. 2009;29:449-58. 

13. Casañas R, Catalán R, Penadés R, Real J, Valero S, Muñoz MA, 
et al. Evaluation of the effectiveness of a psychoeducational 
intervention in treatment-naïve patients with antidepressant 
medication in primary care: a randomized controlled trial. Sci 
World J. 2015;2015:718607.

14. Pibernik-Okanović M, Hermanns N, Ajduković D, Kos J, Prašek 
M, Šekerija M, et al. Does treatment of subsyndromal depression 
improve depression-related and diabetes-related outcomes? A 
randomised controlled comparison of psychoeducation, physical 
exercise and enhanced treatment as usual. Trials. 2015;16:305. 

15. Scott J, Colom F, Vieta E. A meta-analysis of relapse rates with 
adjunctive psychological therapies compared to usual psychiatric 
treatment for bipolar disorders. Int J Neuropsychopharmacol. 
2007;10:123-9.

16. Sin J, Norman I. Psychoeducational interventions for family 
members of people with schizophrenia: a mixed-method 
systematic review. J Clin Psychiatry. 2013;74(12):e1145-62. 

17. Odenwald M, Semrau P. Reducing dropout among traumatized 
alcohol patients in detoxification treatment: a pilot intervention 
study. Eur Addict Res. 2012;18:54-63.

18. Cezaretto A, Siqueira-Catania A, de Barros CR, Salvador EP, 
Ferreira SR. Benefits on quality of life concomitant to metabolic 
improvement in intervention program for prevention of diabetes 
mellitus. Qual Life Res. 2012;21:105-13.

19. de Barros CR, Cezaretto A, Curti ML, Pires MM, Folchetti LD, 
Siqueira-Catania A, et al. Realistic changes in monounsaturated 
fatty acids and soluble fibers are able to improve glucose 
metabolism. Diabetol Metab Syndr. 2014;7;6:136.

20. Craig CL, Marshall AL, Sjöström M, Bauman AE, Booth ML, 
Ainsworth BE, et al. International physical activity questionnaire: 
12-country reliability and validity. Med Sci Sports Exerc. 
2003;35:1381-95.

21. Florindo AA, Guimaraes VV, Cesar CL, Barros MB, Alves 
MC, Goldbaum M. Epidemiology of leisure, transportation, 
occupational, and household physical activity: prevalence and 
associated factors. J Phys Act Health. 2009;6:625-32.

22. Nutrition Coordinating Center (NCC) Nutrition data system for 
research-NDS-R. Minneapolis, University of Minnesota; 2005. 

23. Beck AT, Steer RA, and Garbin MG. Psychometric properties of the 
Beck depression inventory: twenty-five years of evaluation. Clin 
Psychol Rev. 1988;8:77-100. 

24. Ware JE Jr, Gandek B, Kosinski M, Aaronson NK, Apolone G, 
Brazier J, et al. The equivalence of SF-36 summary health scores 
estimated using standard and country-specific algorithms in 10 
countries: results from the IQOLA Project. International Quality of 
Life Assessment. J Clin Epidemiol. 1998;51:1167-70.

25. 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;28:412-9.

26. Bauml J, Frobose T, Kraemer S, Rentrop M, Pitschel-Walz G. 
Psychoeducation: a basic psychotherapeutic intervention for 
patients with schizophrenia and their families. Schizophr Bull. 
2006;32 Suppl 1:S1-9.

27. Considine RV, Caro JF. Leptin and the regulation of body weight. 
Int J Biochem Cell Biol. 1997;29:1255-72.

28. Saffari M, Pakpour AH, Mohammadi-Zeidi I, Samadi M, Chen H. 
Long-term effect of motivational interviewing on dietary intake 
and weight loss in Iranian obese/overweight women. Health 
Promot Perspect. 2014;30;4(2):206-13.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

44

Greater retention by psychoeducation

Arch Endocrinol Metab. 2017;61/1

29. Wadden TA, Butryn ML, Hong PS, Tsai AG. Behavioral treatment 
of obesity in patients encountered in primary care settings: a 
systematic review. JAMA. 2014;5;312(17):1779-91.

30. West DS, DiLillo V, Bursac Z, Gore SA, Greene PG. Motivational 
interviewing improves weight loss in women with type 2 
diabetes. Diabetes Care. 2007;30:1081-7.

31. Ockene IS, Hayman LL, Pasternak RC, Schron E, Dunbar-Jacob J. 
Task force #4--adherence issues and behavior changes: achieving 
a long-term solution. 33rd Bethesda Conference. J Am Coll 
Cardiol. 2002;40:630-40.

32. Pekkarinen T, Kaukua J, Mustajoki P. Long-term weight 
maintenance after a 17-week weight loss intervention with 
or without a one-year maintenance program: a randomized 
controlled trial. J Obes. 2015;2015:651460.

33. den Boer AT, Herraets IJ, Stegen J, Roumen C, Corpeleijn E, 
Schaper NC, et al. Prevention of the metabolic syndrome in IGT 

subjects in a lifestyle intervention: Results from the SLIM study. 
Nutr Metab Cardiovasc Dis. 2013;23(11):1147-53.

34. Ilanne-Parikka P, Eriksson JG, Lindström J, Peltonen M, Aunola 
S, Hämäläinen H, et al. Effect of lifestyle intervention on the 
occurrence of metabolic syndrome and its components in the 
Finnish Diabetes Prevention Study. Diabetes Care. 2008;31:805-7.

35. Adami PE, Negro A, Lala N, Martelletti P. The role of physical 
activity in the prevention and treatment of chronic diseases. Clin 
Ter. 2010;161:537-41.

36. Reimers CD, Knapp G, Reimers AK. Does physical activity 
increase life expectancy? A review of the literature. J Aging Res. 
2012;2012:243958.

37. Almeida-Pititto B, Hirai AT, Sartorelli DS, Harima HA, Gimeno SG, 
Ferreira SR. Predictive factors of non-deterioration of glucose 
tolerance following a 2-year behavioral intervention. Diabetol 
Metab Syndr. 2010;2:52.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

45Arch Endocrinol Metab. 2017;61/1

original article

1 Programa de Pós-Graduação 
de Ciências Biomédicas, Centro 
Universitário Hermínio Ometto, 
Uniararas, Araras, SP, Brazil

Correspondence to:
Rosana Catisti
Av. Maximiliano Baruto, 500
13607-339 – Araras, SP, Brazil
rosanacatisti@uniararas.br

Received on Sept/30/2015
Accepted on Nov/29/2015

DOI: 10.1590/2359-3997000000186

Liver metabolic changes induced 
by conjugated linoleic acid 
in calorie-restricted rats

Camila de Moraes1, Camila Andrea de Oliveira1, Maria Esméria 
Corezola do Amaral1, Gabriela Arcurio Landini1, Rosana Catisti1

ABSTRACT
Objective: Complexes like conjugated linoleic acid (CLA) reduce the percentage of body fat by 
increasing energy expenditure, fat oxidation, or both. The aim of this study was to verify if CLA is able 
to mimic caloric restriction (CR), and determine the effects of CLA on liver metabolic profile of young 
adult male Wistar rats. Materials and methods: We divided 36 animals into the following groups:  
1) Control; 2) CLA (1% of daily food intake, 21 days, orogastric intubation); 3) Restr (fed 60% of the diet 
offered to controls); and 4) CLA Restr. Liver tissues were processed for biochemical and molecular or 
mitochondrial isolation (differential centrifugation) and blood samples were collected for biochemical 
analyses. Results: Treatment of the animals for 21 days with 1% CLA alone or combined with CR 
increased liver weight and respiration rates of liver mitochondria suggesting significant mitochondrial 
uncoupling. We observed a decrease in adipose tissue leading to insulin resistance, hyperinsulinemia, 
and hepatic steatosis due to increased liver cholesterol and triacylglycerol levels, but no significant 
effects on body mass. The expression of hepatic cellular connexins (43 and 26) was significantly 
higher in the CLA group compared with the Control or Restr groups. Conclusion: CLA does not 
seem to be a safe compound to induce mass loss because it upregulates the mRNA expression 
of connexins and induces hepatic mitochondrial changes and lipids disorders. Arch Endocrinol Metab. 
2017;61(1):45-53

Keywords
Trans10cis12-conjugated linoleic acid; mitochondria, liver; restriction, caloric; metabolism, liver; metabolism, connexins

INTRODUCTION

S tudies on the reduction of dietary caloric intake 
without lack of essential nutrients, called caloric 

restriction (CR), have shown that this intervention 
can modulate biochemical pathways and prevent 
molecular diseases (1). In mammals, CR stimulates 
respiration rates (1), increases biogenesis and 
mitochondrial density in tissues (2), and decreases 
the coupling between oxygen uptake and oxidative 
phosphorylation (3). CR promotes mitochondrial 
biogenesis through a pathway signaled by lower 
insulin levels, increased nitric oxide production, and 
activation of the transcriptional coactivator PGC-1α. 
In addition, CR is associated with lower mitochondrial 
reactive oxygen species (ROS) generation, possibly 
due to enhanced uncoupling promoted by this dietary 
intervention (4). The broad spectrum of actions and 
marked metabolic and hormonal changes induced by 
CR have encouraged the identification of natural and 
synthetic compounds that mimic the effects of CR.  

The discovery of compounds that attenuate diseases of 
old age could have a profound impact on public health, 
reducing the incidence of diseases, increasing quality of 
life, and extending longevity. One of these compounds 
that has been extensively studied is conjugated linoleic 
acid (CLA, dienoic isomers of linoleic acid).

Some studies (5) but not all (6) have shown that 
CLA may reduce adiposity and suppress weight gain in 
humans. The health benefits attributed to CLA include 
anticarcinogenic activity (7), antiatherosclerotic 
effects (8), modification of the composition and 
metabolism of adipose tissue (9), immune response 
modulation (10), and increased glucose and insulin 
tolerance (11). Some investigators have proposed that 
CLA reduces body fat percentage by increasing energy 
expenditure in AKR/J mice without increasing the 
uncoupling protein gene expression (12), fat oxidation, 
or both (13). However, the cause of increased fat 
oxidation remains unknown, and it is still unclear 
whether it affects ingested or endogenous fat. Some 
studies suggest that mitochondrial oxidative capacity is 
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altered in liver disease (14,15). Substantial published 
data have reported the effect in liver mitochondria 
of CLA not associated with CR (16-18). In skeletal 
muscle cells, CLA increases mitochondrial biosynthesis 
(19), a similar effect promoted by CR.

Previous studies have determined the occurrence 
of upregulation and redistribution of beta-catenin and 
E-cadherin in MCF-7 breast cancer cells (20) with CLA 
treatment. The coordinated integration of extracellular, 
intracellular, and intercellular mechanisms promotes 
the maintenance of homeostasis in higher organisms. 
The establishment of communicative networks 
between the different liver cell types is, therefore, 
indispensable. Hepatocytes, the most prominent liver 
cell population, communicate directly with each other 
through gap junctions (connexins) and adhesion 
molecules (cadherins) (21). An issue that has been 
investigated is whether treatment with CLA and/or 
CR could interfere with the cellular integrity of the liver 
tissue through modulation of connexins and cadherins 
that may impair important cellular functions, such as 
migration, adhesion, and cell cycle. 

The objective of the present study was to investigate 
the role of CLA alone or combined with CR on liver 
metabolism. We first analyzed the mitochondrial 
oxidative stress to verify if CLA, as a mitochondrial 
uncoupler, would mimic CR. We specifically studied 
energy parameters measured by mitochondrial swelling 
and oxygen uptake in hepatic mitochondria isolated 
from control rats and rats submitted to 40% CR 
supplemented or not with CLA. We also measured 
serum glucose, insulin, total protein and lipid levels, 
muscle and liver glycogen, and weight changes in 
hepatic and periepididymal adipose tissues, and 
investigated the integrity and homeostasis maintenance 
in liver tissue by analyzing the expression of connexins 
and cadherins transcripts.

MATERIALS AND METHODS 

Animal care

All experiments were conducted in strict agreement 
with the Guide for the Care and Use of Laboratory 
Animals and were approved by the local Animal Care 
and Use Committee (Permit No. 313/2009). Eight-
week-old male Wistar rats were maintained in individual 
metabolic cages on a 12-h light/12-h dark cycle at a 

controlled temperature (21 ± 1oC), with free access to 
food and water. After an adaptation period of 24 h, we 
measured the food and water intake of the animals for 
an additional 24 h. No differences in food and water 
intake between the treated and untreated groups were 
observed at any time. Thirty-six animals were randomly 
divided into four groups of nine animals each: 1) Control 
group; animals fed a standard diet (Nuvilab CR-1, 
Nuvital, Colombo, PR, Brazil) and water by orogastric 
intubation; 2) CLA group; animals fed a standard diet 
and treated with CLA; 3) Restr group; animals fed 60% 
of the diet consumed by control animals and water by 
orogastric intubation; 4) CLA Restr group; animals 
fed 60% of the diet consumed by control animals and 
treated with CLA. The groups received the commercial 
CLA mixture 75% AdvantEdge® CLA (EASTM Golden, 
CO, USA) or water at a concentration corresponding 
to 1% of daily food intake. The fatty acid composition 
of the commercial mixture 75% AdvantEdge® CLA, 
expressed in g/100 g of fatty acids, is detailed in (22). 
Briefly, fatty acid composition of CLA (g/100 g of fatty 
acids): 0.75 of C18:2 cis-9, cis-12; 40.12 of C18:2 cis-
9, trans-11 CLA; 39.15 C18:2 trans-10, cis-12 CLA. 
The animals were supplemented daily by orogastric 
intubation using disposable 1-mL syringes and gavage 
needles. The amount of supplement administered was 
calculated every 2 days based on the mean daily food 
intake in each group. The density of each supplement 
was taken into account for the calculation of the 
quantity in milliliters (approximately 0.1 to 0.6 mL). 
Body weight and food intake were recorded weekly. 

Experimental procedures

Rectal temperature was measured with a digital 
thermometer (BD Basic, Becton Dickinson, São Paulo, 
Brazil). Temperatures were recorded between 2 and  
3 pm once a week. In addition, the animals were 
weighed individually once a week. After 21 days of 
treatment, the four groups of six animals were sacrificed 
for mitochondrial isolation after a 12-h fast by cervical 
dislocation performed by a technician experienced in 
the procedure. For biochemical analysis (four groups 
of three animals), blood samples were obtained after 
anesthesia by heart puncture and sera were stored 
at -20°C. Liver tissues were collected and weighed, 
and fragments were processed for histological and 
biochemical analysis. Serum glucose, total protein, 
cholesterol, and triacylglycerol levels were measured 
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using commercial kits according to the manufacturer’s 
instructions (Laborlab, São Paulo, Brazil). Insulin was 
measured by ELISA (Linco Research, St. Charles, MO, 
USA). Hepatic and muscle glycogen were determined 
as described elsewhere (23). Liver total lipids  
were extracted according to the method of Folch and 
cols. (24). 

Histology

Livers were removed and their fragments were immersed 
in a fixative solution containing 10% formaldehyde in 
Millonig buffer, pH 7.4, for 24 h at room temperature. 
Next, the specimens were washed in buffer and 
submitted to standard procedures for embedding in 
Paraplast® (Merck, Darmstadt, Germany). Longitudinal 
6-µm thick sections were stained with hematoxylin-
eosin. The slides were analyzed and documented under 
a Leica DM2000 photomicroscope at the Laboratory 
of Micromorphology/Uniararas.

Intraperitoneal glucose tolerance test

After 21 days of treatment, the four groups of three 
animals were fasted overnight (16-18 h), weighed, 
and injected intraperitoneally with d-glucose (Sigma-
Aldrich, St. Louis, MO, USA) at a dose of 2 g/kg of 
body weight. Blood samples were collected by cutting 
the tip of the tail at 0, 30, 60, and 120 min after glucose 
injection. Serum glucose was determined using test 
tapes (MediSense Optium Xceed, Abbott Laboratories, 
CA, USA). The glucose response was calculated by 
estimating the total area under the curve using the 
trapezoidal method (25). Liver mitochondria were not 
isolated from these animals.

Isolation of rat liver mitochondria

The livers were weighed immediately after sacrifice. Rat 
liver mitochondria (RLM) were isolated from the livers 
of overnight-fasted adult Wistar rats by conventional 
differential centrifugation according to (26). RLM 
samples were homogenized for the determination 
of protein content. All experiments using isolated 
mitochondria were conducted within 1 h of isolation.

Standard incubation procedure

The RLM experiments were carried out at 28oC in a 
reaction medium containing 125 mM sucrose, 65 mM 
KCl, 10 mM HEPES buffer, pH 7.2, 1 mM inorganic 

phosphate, 2 mM sodium succinate, 5 µM rotenone, 
and 10 µM CaCl2. Rotenone, sodium succinate, and 
HEPES were purchased from Sigma-Aldrich (St. Louis, 
MO, USA).

Determination of mitochondrial swelling and oxygen 
uptake 

Mitochondrial swelling and oxygen uptake were 
performed according to established protocol (27). The 
variation in absorbance at 540 nm was measured with 
a Genesys 10UV spectrophotometer (Thermo Electron 
Corporation, Madison, WI, USA), and oxygen uptake 
was monitored with a Clark-type electrode (Oxytherm 
System, Hansatech Instruments, Norfolk, UK). Briefly, 
RLM (0.5 mg/mL) were incubated in standard 
reaction medium. Inorganic phosphate (2 mM) was 
added after 1 min of mitochondrial preincubation 
and absorbance was recorded over a period of 10 
min. The mitochondrial swelling and oxygen uptake 
experiments were performed simultaneously using the 
same preparation of isolated RLM under the same 
experimental conditions. Mitochondrial respiration 
(oxygen uptake) was recorded over a period of 10 min, 
assuming a solubility of 210 µmol/mL at 28oC. 

RNA isolation and semiquantitative reverse 
transcriptase-PCR (RT-PCR)

Total RNA was isolated from approximately 100 mg 
of rat liver with the TRIzol® reagent (Invitrogen, 
CA, USA) and digested with DNAse I, Amplification 
Grade (Invitrogen) according to the manufacturer’s 
instructions. RNA concentration was determined 
by measuring UV absorbance at 260 nm using a 
spectrophotometer, and integrity was confirmed by 
formaldehyde gel electrophoresis. The total RNA 
samples were stored at -80°C until further use for 
analysis. cDNA was synthesized from 2 µg of RNA 
in the presence of dithiothreitol, dNTP, random 
primers, RNAseOUT, and SuperScript™ II Reverse 
Transcriptase (Invitrogen) in a final volume of 20 µL. 
The mRNA levels of the E-cad, N-cad, Cx26, Cx32, 
and Cx43 genes were investigated by semiquantitative 
RT-PCR. Primer sequences used in the PCR reactions 
were chosen based on the sequences available in 
GenBank. E-cad was amplified using gene-specific 
forward (5’-GCAGTTCTGCCAGAGAAACC-3’) and 
reverse (5’-AATCCTGCTTCCAGGGAGAT-3’) 
primers with an expected amplicon of 315 bp (Tm 
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55°C). The primers for N-cad (forward primer 
5’-TGTTGCTGCAGAAAACCAAG-3’ and reverse 
primer 5’-GGCGACTCTCTGTCCAGAAC-3’) 
ampli fied a predicted amplicon of 309 bp (Tm 
53°C) while the primers used for Cx26 (forward 
primer 5’-GGTGTGGGGAGATGAGCAAG-3’ 
and 5’-GACTTCCCTGAGCAATACCT-3’) had an 
expected amplicon of 540 bp (Tm 62°C). Cx32 was 
amplified using gene-specific primers (Tm 57°C; forward 
primer 5’-AATGAGGCAGGATGAACTGG-3’ and 
reverse primer 5’-CCTCAAGCCGTAGCATTTTC-3’) 
and resulted in the amplification of the predicted 339 bp 
product. Cx43 was amplified using gene-specific forward 
(5’-GATTGAAGAGCACGGCAAGG-3’) and reverse 
(5’-GTGTAGACCGCGCTCAAG-3’) primers with an 
expected amplicon of 144 bp (Tm 58°C). ACTB (β-actin) 
was used as a housekeeping gene (Tm 57°C; forward primer 
5’-AGAGGGAAATCGTGCGTGACA-3’ and reverse 
primer 5’-CGATAGTGATGACCTGACCGTCA-3’) 
yielding an amplification product of 178 bp that was used 
to normalize connexins and cadherins mRNA levels. 

The amplified products were separated on 1.5% 
agarose gel stained with ethidium bromide, visualized, 
and photographed by the gel documentation system 
Syngene G: Box®. Signal intensities of the bands were 
measured densitometrically using the Scion Image 
software. Each value was determined as the mean of 

Figure 1. CLA treatment had no effect on body mass. Body mass was 
recorded weekly in Control (full square symbols), Restricted (Restr, full 
circle symbols), CLA-treated (CLA, empty square symbols), and restricted 
CLA-treated (CLA Restr, empty circle symbols) animals. Time 0 represents 
the start of treatment (* p < 0.05 versus Control group, n = 9).

three densitometric readings. The results are expressed 
as average ratios of the relative optical densities of 
E-cad, N-cad, Cx26, Cx32, and Cx43 PCR products 
in relation to β-actin.

Data analysis

Figures 1-3 report the mean ± standard deviation (SD) 
of measurements from six different animals. Data were 
compared by one-way ANOVA followed by Tukey’s 
post hoc test performed using GraphPad Prism software 
(GraphPad Software, Inc., La Jolla, CA, USA) adopting 
a level of significance of 5% (p < 0.05).

Figure 2. Photomicrographs of sagittal liver sections stained with hematoxylin-eosin. Tissue sections of 4.0 mm are shown in panels A (Control), B (Restr), 
C (CLA), and D (CLA Restr). Magnification X50. Arrows indicate fat vesicles.
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Figure 3. CLA increased mitochondrial swelling and oxygen consumption. Rat liver mitochondria (RLM; 0.5 mg/mL) were added to a standard reaction 
medium containing 125 mM sucrose, 65 mM KCl, 10 mM HEPES buffer, pH 7.2, 10 µM CaCl2, 1 mM iP, 2 mM succinate, 5 µM rotenone, at 28oC, and 
the (A) variation in 540-nm absorbance (B) and oxygen uptake were measured over a period of 10 min, as described in the Materials and Methods 
section. Inorganic phosphate (1 mM) was added after 1 min of mitochondrial preincubation (p < 0.05; * versus Control, # versus Restr, n = 6).

RESULTS

Characteristics of the animals

The body weight gain of the animals was analyzed 
weekly (0, 7, 14, and 21 days) during the treatment 
period (Figure 1). The results of the Restr and CLA 
Restr groups showed a significant reduction in body 
mass from day 7 to 21 of treatment compared with the 
CLA and Control groups. The ratio of liver weight and 
body weight (LW/BW) (Table 1A) showed that CLA 
treatment significantly increased the liver mass. The ratio 
of gonadal adipose tissue weight and body weight (AW/
BW) showed a significant reduction promoted by CLA 
treatment. There were no differences in total protein, 
liver glycogen, or area under the glucose curve in the 
intraperitoneal glucose tolerance test between groups. 
Glucose, insulin, liver cholesterol, and triacylglycerol 
levels were lower in rats exposed to CR when compared 
with control animals. Treatment for 21 days resulted in 
an increase in insulin and total liver cholesterol, and a 
decrease in muscle glycogen and AW/BW index in the 
CLA and CLA Restr groups compared with the Control 
group. Serum triacylglycerol and cholesterol levels did 
not differ between the CLA and CLA Restr groups.

Liver histology

Photomicrographs of livers of Control (A), Restr (B), 
CLA (C), and CLA Restr (D) rats are shown in Figure 2. 
The normal structure of the hepatocytes ducts, with 
visible improvement in tissue organization, can be seen 
in Figure 2B when compared with 2A. Some pyknotic 
nuclei and loss of cell and tissue definition, suggestive of 
mild steatosis (black arrows), were observed in the liver 
of control rats treated with CLA (Figure 2C). Discrete 
cell and structural organization were noted in the liver 
of CLA Restr (Figure 2D compared with 2C).

CLA-stimulated mitochondrial swelling and oxygen 
uptake

As seen in Figure 3A, Ca2+-induced mitochondrial 
swelling, measured by variation of absorbance in 
arbitrary units, was stimulated in RLM isolated from 
CLA (0.5340#* ± 0.012 ), Restr (0.3754* ± 0.004), 
and CLA Restr (0.5330#* ± 0.003) animals compared 
with those in the Control group (0.2970 ± 0.004) 
(* versus Control; # versus Restr, p < 0.05, n = 6). 
Under the same conditions, CR increased respiration in 
isolated mitochondrial preparations (Figure 3B). The 
results of liver oxygen uptake were 72.96 ± 3.154 nmol 
O2 mg-1 min-1 in the Control group, 109.5* ± 9.509 
nmol O2 mg-1 min-1 in CLA-treated animals, 87.02* 
± 2.171 nmol O2 mg-1 min-1 in the Restr group, and 
137.42*# ± 2.602 nmol O2 mg-1 min-1 in the CLA Restr 
group.  

Modulation of connexins and cadherins in the liver

Compared with the Control group, the CLA Restr 
group showed significant increases in mRNA expression 
levels of connexin 43 (0.65 ± 0.026 versus 1.4 ± 0.019, 
respectively), connexin 26 (0.61 ± 0.07 versus 0.98 ± 
0.022, respectively), connexin 32 (0.85 ± 0.003 versus 
1.39 ± 0.07, respectively), N-cad (0.67 ± 0.03 versus 
1.25 ± 0.06, respectively), and E-cad (0.89 ± 0.07 versus 
1.33 ± 0.08, respectively) (Figure 4). Similarly, hepatic 
mRNA expressions of connexins 43 (1.06 ± 0.025) 
and 26 (0.95 ± 0.05) were significantly increased in the 
CLA group compared with the Control group (0.65 ± 
0.026 and 0.61 ± 0.07, respectively). In contrast, CR 
caused a significant reduction in connexins 43 (0.49 
± 0.030) and 32 (0.6 ± 0.03) mRNA and an increase 
in N-cad (1.2 ± 0.06) and E-cad (1.25 ± 0.1) levels 
compared with the Control group.
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Figure 4. Liver mRNA levels of connexins (Cx) and cadherins (cad). (A) Representative semiquantitative RT-PCR of mRNA expression of Cx43, Cx32, Cx26, 
N-cad, and E-cad. (B) Bars represent densitometric analyses of connexins and cadherins mRNA expression in control and treated animals. Changes in 
mRNA are expressed as normalized densitometric units relative to β-actin mRNA. Values are represented as mean ± standard error of the mean (SEM). 
* P < 0.05 indicates statistical significance.

Table 1. Serum levels of fasting glucose, insulin, cholesterol, triacylglycerol, total protein; liver cholesterol, triacyglycerol, glycogen, and glycogen muscle 
and adipose tissue of control and of rats maintained on CR (Restr) or CLA treated (CLA and CLA Restr) for 21 days

Parameter Control Restr CLA CLA Restr

Body weight BW (g) 277.4 ± 42.06 215.40* ± 35.53 257.00 ± 53.28 215.2* ± 44.53

Liver weight LW (g) 10.12 ± 0.3481 6.565* ± 0.3951 11.41*# ± 1.285 7.685* ± 0.09152

LW/BW (%) 3.65 ± 0.02 3.05* ± 0.03 4.44* ± 0.03 3.57# ± 0.02

Gonadal adipose tissue weight AW (g) 1.1 ± 0.11 0.77* ± 0.11 0.85 ± 0.26 0.62* ± 0.15

AW/BW (%) 0.39 ± 0.02 0.35 ± 0.03 0.33* ± 0.01 0.28*# ± 0.02

Glucose (mmol/L) 5.39 ± 0.5 3.84* ± 0.23 5.11# ± 0.21 4.12 ± 0.22

Insulin (U/mL) 0.39 ± 0.12 0.21* ± 0.05 1.4* ± 0.22 1.7* ± 0.5

Cholesterol (mg/dL) 168.00 ± 9.3 129.01* ± 21.00 171.00# ± 19.00 179.00# ± 20.00

Triacylglycerol (mg/dL) 91.00 ± 18.00 70.00* ± 6.00 125.00# ± 15.01 121.01# ± 7.00

Total protein (g/dL) 8.66 ± 0.66 9.64 ± 0.56 9.02 ± 0.62 8.91 ± 0.34

Liver cholesterol (mg/g tissue) 16.9 ± 2.5 10.8* ± 2 22.7*# ± 3.9 31.4*# ± 2.6

Liver triacylglycerol (mg/g tissue) 20.01 ± 6.5 9.35* ± 3.2 27.5*# ± 3.5 23.00# ± 4.3

Muscle glycogen (g/100 g tissue) 0.44 ± 0.02 0.45 ± 0.03 0.35*# ± 0.17 0.32*# ± 0.08

Liver glycogen (g/100 g tissue) 3.34 ± 0.33 2.45 ± 0.24 3.39 ± 0.7 2.09 ± 0.9

Area under glucose curve 15830 ± 127 16100 ± 179 15480 ± 132 15840 ± 156

p < 0.05 * vs Control; # vs Restr (Mean ± SD; n = 6-9).

DISCUSSION

Body weight gain analysis of the animals in our study 
showed that those in the Restr groups lost weight 
during the treatment period. These results validate 

the CR model: Restr animals presenting lower weight 
gain compared with Control ones, but with upward 
curves indicating animal growth. Body weight gain was 
similar in Control and CLA animals during the 3-week 
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monitoring period. Weight gain was lower in Restr and 
CLA Restr animals. These results show that CLA had 
no effect on the body weight of the animals under the 
present experimental conditions. Biochemical analysis 
findings agree with the literature and suggest that CLA-
treated animals had hyperinsulinemia in the presence of 
normoglycemia and presented no changes in plasma 
cholesterol or triacylglycerol, features of insulin 
resistance (28). A small reduction in liver glycogen and a 
significant reduction in muscle glycogen were observed 
in CLA-treated animals. This glycogen reduction is 
usually seen in hyperinsulinemic animals (29).

The significant increase in the LW/BW index found 
in rats treated with CLA may indicate physiological 
changes consistent with hepatic steatosis. These data 
were demonstrated by photomicrographs of sagittal 
sections of liver stained with hematoxylin-eosin 
(Figure 2). In fact, these were confirmed by the results 
in Sprague-Dawley rats suggesting that CLA accelerates 
the decomposition of storage lipids, resulting in lipid 
peroxidation and morphological change in the liver 
(30). The presence of fat and liver cell alterations 
suggests hepatic steatosis and intoxication by CLA 
(30,31). In contrast, liver cells were intact in Restr 
animals, and CLA Restr animals showed less cell damage 
than CLA ones, suggesting a protective effect of CR. 
Our results show that the LW/BW ratio decreased in 
Restr, increased in CLA, and remained the same in 
CLA Restr animals compared with those in the Control 
group. Conversely, we observed a decrease in the AW/
BW ratio in the CLA group, an effect enhanced by the 
CR. The body weight reduction in the Restr group can 
be explained by the reduction in liver weight, and in the 
CLA Restr group, by the reduction in adipose tissue 
weight. Taken together, these data may explain the liver 
damage caused by treatment with CLA.

The study of inner mitochondrial membrane 
permeability (MMP) induced by Ca2+ can be associated 
with a nonspecific increase in membrane permeability 
that stimulates respiratory rates and decreases the 
coupling between oxygen consumption and oxidative 
phosphorylation (32). The results suggest that the 
RLM CLA, Restr, and CLA Restr groups were more 
susceptible to the same MMP transition conditions than 
animals in the Control group. With the same stimulus 
to induce oxidative damage (10 µM CaCl2 and 2 mM 
inorganic phosphate), RLM from CLA, Restr, and CLA 
Restr animals exhibited a higher respiration rate. The 
uncoupling effect of CLA treatment on mitochondrial 

respiration was confirmed by the results of liver oxygen 
uptake (Figure 2). As expected, CR increased respiration 
in isolated mitochondrial preparations, promoting mild 
mitochondrial uncoupling and proportional swelling, 
an effect that was enhanced in the CLA-treated groups. 
Kowaltowski and cols. have elegantly demonstrated 
that mild mitochondrial uncoupling is a highly effective 
in vivo antioxidant strategy, and that murine lifespan 
can be extended by low doses of the mitochondrial 
uncoupler 2,4-dinitrophenol in a manner accompanied 
by weight loss and lower serum levels of glucose, insulin, 
and triacylglycerol, as well as a pronounced decrease 
in biomarkers of oxidative damage and tissue ROS 
release (33). In the present study, the CLA-induced 
mitochondrial uncoupling activity was probably 
promoted by hepatic steatosis due to increased liver 
lipids content and had no effect on weight loss.

The increased hepatic cholesterol observed in CLA 
and CLA Rest animals may also explain the increases in 
connexin 43 and 26 mRNA expression in these groups. 
Also, the reduction in connexin 43 and 32 may be related 
to a decrease in cholesterol in the Restr group. Specific 
phospholipids are associated with different connexin 
isoforms, which suggests connexin-specific regulatory 
and/or structural interactions with lipid membranes 
and a potential role of membrane cholesterol in gap 
junction assembly and function (34). Cadherins are a 
superfamily of calcium-dependent adhesion molecules 
that play multiple roles in morphogenesis. A reduction 
in E-cadherin, in particular, is associated with invasion, 
increased cell proliferation, and metastasis (35). 
Expression levels of N-cadherin and E-cad mRNA 
were increased in Restr and CLA Restr animals 
compared with Control ones. This fact may suggest 
an antiproliferative effect of hepatocytes mediated by 
E-cadherin induced by CR, with no effect of CLA 
treatment. Therefore, our data are consistent with the 
literature and suggest that the increase in cadherins in 
animals undergoing CR contributes to decrease hepatic 
cell damage. Taken together, the present results suggest 
that CLA supplementation stimulates the accumulation 
of fat in the liver and increases insulin levels. CLA does 
not seem to be a safe mass loss compound because 
it induces hepatic mitochondrial and plasma lipid 
disorders, and upregulates the mRNA expression of 
connexins. The understanding of the biochemical 
mechanisms underlying the effect of CLA is important 
for the correct formulation of dietary interventions and 
adequate administration of food supplements.
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Is there an association between 
thyroid function abnormalities 
and breast cancer?
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Evangelia Zapanti3, Afroditi Nonni4, Eftuxios Ktenas5,  
Aimilia Mantzou6, Konstantinos Kontzoglou7, Grigorios Kouraklis8

ABSTRACT
Objective: The aim of this study was to evaluate the association between thyroid function 
abnormalities and breast cancer and, in particular, the prognostic markers of breast cancer.. Subjects 
and methods: Baseline levels of thyrotropin, free triiodothyronine, free thyroxine and thyroid 
autoantibodies were measured in 97 women with primary breast cancer, 27 women with benign 
breast disease, and 4 women with atypical ductal hyperplasia. Their baseline levels were compared 
with those in 48 healthy women with a normal mammography in the last 2 years. Results: There 
were no significant associations between history of thyroid disease and breast cancer (p = 0.33). 
The mean baseline levels of triiodothyronine and thyrotropin did not differ significantly between the 
compared groups. The mean baseline levels of free thyroxine were found to be significantly higher in 
the breast cancer group, even after adjusting for thyroid replacement therapy. The presence of thyroid 
antibodies did not differ significantly between the compared groups. In a subgroup analysis, breast 
cancer cases with thyroid disease and particularly hypothyroidism had a significantly lower incidence 
of lymph node metastases compared with breast cancer cases without thyroid disease. Conclusions: 
Our data confirmed the proliferative effect of thyroid hormones on breast cells, which had previously 
been shown in vitro. Additionally, thyroid disease and particularly hypothyroid function appeared to 
be associated with a lower incidence of lymph node metastases. Further studies to determine the 
prognostic role of thyroid hormones in breast cancer are warranted. Arch Endocrinol Metab. 2017;61(1):54-61

Keywords
Breast cancer; hypothyroidism; hyperthyroidism; thyroid antibodies

INTRODUCTION

T hyroid hormones are involved in regulating 
mammalian development, cellular differentiation 

and metabolism (1). High affinity binding sites for 3-3-5 
triiodothyronine (T3) have been identified in nuclei 
isolated from human tumors, including those in breast 
cancer (BC), suggesting that thyroid hormones may 
play a role in the development of BC at the cellular 
level (2). 

Recent studies in human breast cancer cells lines 
(MCF-7 and MDA-MB-231) have shown proliferative 
effects of thyroid hormones on breast tissue through 
the same signal cascade utilized by estrogens involving 
phosphoinositol 3-kinase (PI3K) and the mitogen-
activated protein kinase (MAPK) (3). In estrogen 

receptor positive (ER+) cell lines (MCF-7), T3 
mimics estradiol via its binding to ER and induces the 
expression of progesterone receptor (PR) and growth 
factor-alpha (TGF-α) mRNAs (3). In other human cell 
lines, T3 has been shown to have a mitogenic effect 
by increasing the expression of the epithelial growth 
factor receptor (EGF-r) gene (4). In mammary cells, 
T3 can also activate the estrogen response element 
(ERE) (5), which is necessary for gene transcription 
and cell proliferation. Similarly, thyroxine (T4), much 
like estradiol, can activate the MAPK pathway and thus 
promote cell proliferation (6). Additionally, thyroid 
stimulating hormone (TSH) has been shown to have 
a direct effect on mammary cells. Recently, TSH 
receptors have been identified in BC tissue with the use 
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of RT-PCR and were correlated to a lower grade of 
BC (7). 

The potential correlation between thyroid disease 
and BC was based on the existence of common 
pathophysiological mechanisms in both glands. 
Thyroid hyperoxidase (TPO) and lactoperoxidase 
are immunologically similar enzymes that have been 
identified in both thyroid and breast tissue (8,9). 
Sodium-iodide symporter (NIS) (10) is an intrinsic 
plasma membrane glucoprotein of thyroid follicular 
cells that is also expressed physiologically in lactating 
breast tissue (11) as well as in BC in some cases (12,13). 
Despite this pre-clinical evidence, there is a lack of 
robust clinical evidence on the association between 
BC and thyroid function abnormalities. The aim of 
this single-center case control study was to evaluate 
the association between thyroid function abnormalities 
and BC and, in particular, the prognostic markers  
of BC. 

SUBJECTS AND METHODS

Patient characteristics

One hundred thirty-three women with mammographic 
abnormalities were evaluated in the 2nd Surgical 
Department of the University of Athens (Greece) 
between June 2010 and March 2014; the women 
were evaluated before receiving any surgery or medical 
treatment (chemo and/or radiotherapy). All patients 
underwent fine needle aspiration of suspicious lesions 
followed by surgery. Three patients were excluded 
because of recurrence of known BC, and 2 patients 
were excluded because of a histological diagnosis of 
melanoma and sarcoma. 

Our cohort consisted of 97 cases of primary BC, 
27 cases of benign breast disease (BBD), primarily 
fibroadenomas and fibrocystic disease, and 4 cases 
of atypical ductal hyperplasia. Seventy-eight of the 
97 cases with BC were diagnosed with ductal breast 
cancer; 75 cases (77.3%) were invasive ductal breast 
cancer, 3 (3.1%) were ductal in situ cancer (DCIS), and 
19 (19.6%) were lobular infiltrating breast cancer. BC 
tumors were classified according to the Nottingham 
grading system and the American Joint Committee on 
Cancer stages. Fifty-nine (61%) of the 97 BC cases were 
grade I, 28 cases (29%) were grade II, and 10 cases 
(10%) were grade III. Three (3%) cases had stage 0 
tumors (in situ), 44 (45.4%) had stage I, 29 (30%) had 

stage II, and 21 (21.6%) had stage III tumors. Seventy-
five cases (77.6%) with primary BC showed positive ER 
and PR. 

The control group consisted of 48 non-hospitalized 
healthy women who were recruited from the family 
members of the patients in the geriatric clinic of our 
hospital. All women were from the same geographical 
area as the cases, and they were required to have had a 
normal mammogram within the past 2 years. 

Women (cases and controls) with a personal history 
of a previous cancer were excluded from the study. 
History of thyroid disease was retrieved from the 
patient’s medical records and/or patient history.

Written informed consent was obtained for each 
patient and control. The protocol of the study was 
reviewed and approved by the scientific board of the 
institutional research committee (Laiko hospital, 
University of Athens) and was in accordance with 
the international ethical standards (Declaration of 
Helsinski). 

Laboratory measurements 

Thyroid function tests were performed before surgery 
or treatment for breast cancer. TSH (normal range: 
0.3-4.0 mU/L) was measured with the double enzyme 
radioimmunoassay (RIA) ‘sandwich’ method (TSH-
DiaSorin – CTK-3 Kit, Italy). Free thyroxine (fT4) 
(normal range: 10-25 pmol/L) and free triiodothyronine 
(fT3) (normal range: 2.3-5.3 pg/mL) were measured 
in serum using the double enzyme radioimmunoassay 
‘sandwich’ method (ThermoScientific kit, USA). 
Autoantibodies against thyroglobulin (Tg-Abs) 
(positivity > 10 mU/L) and thyroid peroxidase (TPO-
Abs) (positivity > 50 mU/L) were measured with 
RIA (ThermoScientific kit, USA). All TSH, fT3, fT4, 
TPO-Abs and Tg-Abs measurements were performed 
in the biochemical laboratory of the ‘Laiko’ hospital in 
Athens, Greece. The TSH receptor antibodies (TRAK) 
(positivity > 2 U/L) were measured with the receptor 
radioassay (RRA) method (Thermo Fisher-BRAHMS 
101.5 kit, Germany) in the endocrinology laboratory 
of Evgenidion hospital in Athens, Greece.

Immunohistochemistry

ER and PR expression were immunohistochemically 
detected with the commercially available ER (clone 
EP1) and PR antibodies (clone PgR636) (DAKO), 
according to ASCO recommendations (14).
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Statistical analysis 

Continuous variables were initially evaluated with the 
Kolmogorov-Smirnov test. Variables with a normal 
distribution were evaluated using ANOVA. Variables 
without a normal distribution (values of fT3, fT4, TSH, 
TPO-Abs, Tg-Abs, and TRAK) were analyzed using the 
Kruskall-Wallis test. The categorical parameters were 
evaluated with Chi-Square test. The results were considered 
significant at  p < 0.05 (95% CI). Cases with atypical  
ductal hyperplasia (n = 4) were excluded from the statistical 

analysis because of their small sample size. Statistical analyses 
were performed using SPSS software (version 20).

RESULTS 

The clinical and epidemiological characteristics of the 
participants are summarized in Table 1. The 3 groups 
(controls, BC cases and BBD cases) differed significantly 
in mean age, age of menarche, menopausal status and 
alcohol use.

Table 1. Epidemiological characteristics of the studied population

Groups/Epidemiological data Controls BC BBD Atypical 
hyperplasia 

Statistical 
significance (p)

Total number 48 97 27 4

Age (mean ± SD) 54.27 ± 12.84 64.02 ± 14.11 52.07 ± 16.93 60.31 ± 13.86 p < 0.051

BMI (kg/m2) 27.02 ± 7.53 28.00 ± 7.09 25.60 ± 5.30 27.42 ± 0.00 p = 0.2261 

Age of menarche (mean ± SD) 13.43 ± 1.55 11.85 ± 3.07 12.26 ± 3.09 12.39 ± 2.75 p = 0.0021

Menopausal status  

Premenopausal (%) 17/48 (35%) 18/90 (20%) 13/24 (54%) 2/4 p = 0.0441 (between 
pre and post-
menopausal)

Postmenopausal (%) 30/48 (62.5%) 68/90 (76%) 10/24 (42%) 2/4

Perimenopausal (%) 1/48 (2%) 4/90 (4%) 1/24 (4%) 0

History of pregnancy

Yes (%) 37/48 (78%) 80/91 (88%) 17/24 (71%) ¾
p = 0.441

No (%) 11/48 (22%) 11/91 (12%) 7/24 (29%) ¼

Parity

1-2 34/37 (92%) 65/78 (83%) 10/17 (65%)

> 3 3/37 (8%) 15/78 (17%) 4/17 (35%)

Age of 1st birth

< 20 6 8 4 0

p = 0.46121-30 11 25 6 0

> 31 10 21 2 0

Use of contraceptives 

Yes (%) 4/39 (10%) 8/79 (10%) 5/16 (31%) 0/2
p = 0.111 

No (%) 35/39 (90%) 71/79 (90%) 11/16 (69%) 2/2

Smoking

Yes (%) 12/48 (25%) 22/88 (25%) 6/25 (24%) ¼
p = 1.01

No (%) 36/48 (75%) 66/88 (75%) 19/25 (76%) ¾

Alcohol

Yes (%) 1/48 (2%) 5/83 (6%) 5/24 (21%) 0/4 p = 0.0251

 No (%) 47/48 (98%) 78/83 (94%) 19/24 (79%) 4/4

1st  degree family history of BC

Yes 7/48 (15%) 14/93 (15%) 4/24 (16.6) ¼
p = 0.951

No 41/48 (85%) 79/93 (85%) 20/24 (83.3) ¾

1 Statistical significance after comparison of controls, BC and BBD group (atypical hyperplasia group was excluding).
BC: breast cancer; BBD: breast benign disease; SD: standard deviation; BMI: body mass index.
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Association between history of thyroid disease and 
histopathological parameters of breast tissue

The overall frequency of self-reported thyroid disease 
was 32 of 97 (33%) BC cases, 8 of 27 (29.6%) BBD cases, 
3 of 4 (75%) patients in the atypical ductal hyperplasia 
group and 22 of 48 (45.8%) controls. History of thyroid 
disease did not significantly differ between the compared 
groups (p = 0.33) (Table 2). Autoimmune thyroid 
disease (Hashimoto’s) and goiter were the most frequent 
thyroid diseases in the studied groups. Hashimoto’s 
disease was more frequent in the controls than in the 
BC cases, whereas goiter was more frequent in BC cases 
than in controls; however, a statistical analysis was not 
possible because of the small sample size.

Twenty-one of the 97 patients in the BC group 
(22%), 7 of 27 in the BBD group (26%) and 7 of 47 
(15%) in the control group reported levothyroxine 
treatment at the time of screening. The statistical 
analysis found no significant differences concerning 
levothyroxine treatment between the compared groups 

(p = 0.79). Three cases reported use of antithyroid 
drugs in the past, and one case reported treatment with 
iodide (I131).

Association between thyroid function tests and 
histopathological parameters of breast tissue

The mean baseline values of TSH were 2.37 ± 2.3, 
2.07 ± 1.04, 1.88 ± 1.07 and 2.05 ± 1.6 mU/L in 
the BC, BBD, atypical ductal hyperplasia and controls 
groups, respectively. Abnormally high levels of TSH  
(> 4.0 mU/L) were recorded in 15.3% of the BC cases 
and in 5% of the BBD cases. None of the controls 
had abnormally high levels of TSH. Abnormally low 
levels of TSH (< 0.3 mU/L) were recorded in 2.6% 
of the BC cases and in 2% of the controls. None of the 
BBD patients had abnormally low levels of TSH. No 
significant association was found between the mean 
levels of TSH (p = 0.757) of the compared groups, 
although BC cases showed slightly higher mean levels 
of TSH than the other groups (Table 3). 

Table 2. Frequency of thyroid disorders and thyroid treatment in controls, BC and BBD cases

Groups/Frequency of thyroid disorder  
and treatment Controls BC BBD Atypical 

hyperplasia
Statistical 

significance (p)

History of thyroid disorders

Yes (%) 22/48 (46%) 32/97 (33%) 8/27 (30%) 3/4 p = 0.331

No (%) 26/48 (54%) 62/97 (64%) 17/27 (63%) 1/4

No data 0 3/97 (3%) 2/27 (7%) 0

Type of thyroid disorder

Hashimoto (%) 7/22 (32%) 9/32 (28%) 3/8 (37.5%) 0 nd2

Primary hypothyroidism (other causes) (%) 0 4/32 (12.5%) 0 2

Hyperthyroidism (%) 4/22 (18%) 4/32 (13%) 0 0

Goiter (%) 2/22 (9%) 9/32 (28%) 5/8 (62.5%) 1

Nodules (%) 9/22 (40%) 5/32 (16%) 0 0

No data 0 1/32 (3%) 0 0

Treatment

Yes (substitution, antithyroid drugs) 7/47 (15%)* 21/97 (22%) 3/97 (3%) 7/27 (26%) 3/4 p = 0.791

No 40/47 (85%) 73/97 (75%) 20/27 (74%) 1/4

* One patient with hyperthyroidism at the past had received I131. 1 Statistical analysis excluded the atypical hyperplasia group. 2 Statistical analysis not possible because of the small sample.  
BC: breast cancer; BBD: breast benign disease; nd: no data. 

Table 3. Mean baseline levels of thyroid hormones (fT3, fT4) and of TSH in controls, BC and BBD cases

Groups/Mean values ± 
SD, (n) Controls BC BBD Atypical hyperplasia Statistical 

significance (p)

TSH (0,3-4,0 mU/L) 2.05 ± 1.57 (n = 42) 2.37 ± 2.30 (n = 78) 2.07 ± 1.03 (n = 20) 1.88 ± 1.90 (n = 4) p = 0.7571

fT3 (2,3-5,3 pg/mL) 3.47 ± 1.93 (n = 41) 3.20 ± 0.74 (n = 69) 3.11 ± 0.83 (n = 16) 3.33 ± 0.37 (n = 3) p = 0.6221

fT4 (10-25 pmol/L) 15.50 ± 3.76 (n = 41) 17.20 ± 3.30 (n = 67) 16.97 ± 3.29 (n = 16) 18.38 ± 2.80 (n = 4) p = 0.0351

1 Analysis was performed with the use of Kruskal-Wallis test. Cases with atypical hyperplasia were excluded from the analysis.
BC: breast cancer; BBD: breast benign disease; SD: standard deviation; TSH: thyroid stimulating hormone; fT3: free triiodothyronine; fT4: free thyroxine.
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The mean baseline values of fT3 were 3.18 ±  
0.74, 3.11 ± 0.83, 3.33 ± 0.37 and 3.47 ± 1.93 pg/mL 
in the BC, BBD, atypical ductal hyperplasia and 
controls groups, respectively. Abnormally low levels  
(< 2.3 pg/mL) of fT3 were recorded in 10% of the BC 
cases, 6% of the BBD cases and in 12% of the controls. 
Abnormally higher levels of fT3 (> 5.3 pg/mL) were 
recorded in only 2% of the controls. None of the cases 
(BC and BBD) had abnormally higher levels of fT3. No 
significant association was found between the compared 
groups’ mean values of fT3 (p = 0.622) (Table 3).

The mean baseline values of fT4 were 17.2 ± 3.28, 
16.9 ± 3.29, 18.38 ± 2.8 and 15.5 ± 3.76 pmol/L in 
the BC, BBD, atypical ductal hyperplasia and control 
groups, respectively. All BC cases and controls had 
normal levels of fT4. The mean values of fT4 were 
significantly higher in the BC group than in the 
other groups (p = 0.035). This statistical significance, 
although attenuated (p = 0.055), remained present 
when patients with levothyroxine treatment were 
excluded. 

Association between thyroid autoantibodies and 
histopathological parameters of breast tissue

The frequency of positive TPO-Abs was 21.4% in the BC 
group, 33.3% in the BBD group, and 18% in controls. 
Positive Tg-Abs were found in 65% of the cases in the 

BC group, 55.5% in the BBD group and 16.6% in the 
control group. The levels of TPO-Abs and Tg-Abs did 
not significantly differ between the compared groups  
(p = 0.43 for TPO-Abs and p = 1.00 for Tg-Abs)  
(Table 4). The tests for TRAK antibodies were negative 
for the whole study population (cases and controls) 
(positivity > 2 U/L). The mean values of TRAK did 
not differ significantly (p = 0.42) between the groups.

Association between thyroid function and hormone 
dependent BC (ER and/or PR positivity)

Fifty-nine BC cases out of a total of 76 (77.6%) were 
found positive for estrogen and/or progesterone 
receptors through immunohistochemistry analysis 
(Table 5). Statistical analysis found no significant 
differences in the prevalence of history of thyroid 
disease between the hormone-dependent and hormone-
independent BC cases (p = 0.47). Further analyses 
(not shown in Table 5) did not show any significant 
difference between hormone-dependent BC and 
positive thyroid autoantibodies (7 out of 25 hormone-
dependent BC cases were positive for TPO-Abs, p = 
0.15 and 6 of 11 hormone-dependent BC cases had 
positive Tg-Abs, p = 1.00) nor between the mean levels 
of thyroid hormones (p = 0.486 for TSH levels, p = 
0.229 for fT3 levels and p = 0.15 for fT4 levels) and 
hormone-dependent BC. 

Table 4. Frequency and mean baseline values of thyroid autoantibodies in the compared groups

Groups/Frequency and mean 
values ± SD, (n) Controls BC BBD Atypical hyperplasia Statistical 

significance

TPO-Abs

Μean values ± SD (n) 149.50 ± 495.54

(n = 39)

312 ± 810

(n = 42)

520 ± 1089

(n = 12)

20 ± 26.54 

(n = 2)

p = 0.61

Negative (< 50 mU/L) 32/39 (82%) 33/42 (78.5) 8/12 (66.6%) 2/2 p = 0.431

Positive (> 50 mU/L) 7/39 (18%) 9/42 (21.4%) 4/12 (33.3%) 0/2

Tg-Abs

Mean values ± SD (n) 28.48 ± 64

(n = 12)

132 ± 238

(n = 17)

17.41 ± 14.65

(n = 9)

nd p = 0.071

Negative (< 10 mU/L) 10/12 (83%) 6/17 (35%) 4/9 (44.4%) nd p = 1.00 

Positive (> 10 mU/L) 2/12 (16.6%) 11/17 (64.7%) 5/9 (55.5%) nd

TRAK

Mean values ± SD (n) 0.71 ± 0.23

(n = 41)

0.64 ± 0.12

(n = 20)

0.66 ± 0.20

(n = 3)

nd p = 0.421

Negative (> 2 U/L) 41/41 20/20 3/3 nd

Positive (< 2 U/L) 0 0 0 nd

1 Atypical hyperplasia was excluded from the statistical analysis. Analysis was performed with the use of Kruskal-Wallis test.
BC: breast cancer; BBD: breast benign disease; SD: standard deviation; nd: no data; TPO-Abs: thyroid hyperoxidase antibodies; TgAbs: thyroglobulin antibodies; TRAK: TSH receptors antibodies.
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Table 5. Frequency of history of thyroid disease in the differenent T, N 
stages, the different grades (I, II, III) and the ER/PR positive BC

Thyroid disease/
Prognostic 
factors of BC

History of thyroid disease Statistical 
significance 

(p)Yes No

TNM stage

pT1 14 (14.4%) 27 (28%) p = 0.805*

pT2 12 (12.4%) 24 (25%)

pT3 4 (4%) 8 (8.2%)

pT4 1 (1%) 2 (2%)

pT+ 8 (23.5%) 26 (76.5%) p = 0.034 

pT- 21 (46.6%) 24 (53.3%)

Grade 

I 2 (25%) 6 (75%) p = 0.83

II 17 (33%) 35 (66%)

III 7 (22%) 18 (78%)

Hormone-sensitivity

ER +/PR + 20 (34%) 39 (66%) p = 0.47

ER -/PR- 5 (33.5%) 10 (66.6%)

* Cases with T4 tumors were excluded because of the small sample size.
BC: breast cancer; BBD: breast benign disease; ER: estrogen receptors; PR: progesterone 
receptors. 

Association between thyroid disease and tumor size, 
nodal involvement or grading of BC 

BC cases with a self-reported history of thyroid disease 
presented less frequently with lymph node infiltration 
(pN) than the BC cases without history of thyroid 
disease (p = 0.035) (Table 5). The frequency of 
primary hypothyroidism in BC cases with lymph node 
infiltration was 37.8% (2 patients with Hashimoto’s and 
1 with primary hypothyroidism out of 8 cases) and was 
47.6% (7 patients with Hashimoto’s and 3 with primary 
hypothyroidism out of 21 cases) in BC cases without 
lymph node infiltration. 

BC cases with tumors with lymph node infiltration 
presented lower mean TSH levels and higher fT4 levels 
(mean value of TSH = 1.97 ± 1.4 mU/L, of fT3 = 3.37 
± 0.78 pg/mL and of fT4 = 17.68 ± 3.16 pmol/L) 
than the tumors without lymph node infiltration (mean  
value of TSH = 3.99 ± 1.0 mU/L, of fT3 = 3.09 ± 0.66 
pg/mL and of fT4 = 16.33 ± 3.5 pmol/L), although 
there were no significant differences (p = 0.148 
for TSH, p = 0.26 for fT3 and p = 0.113 for fT4). 
Due to the small sample of the T4 stage (n = 3), the 
corresponding statistical analyses were not performed.

The presence of positive thyroid autoantibodies was 
not significantly associated with the pT stage of BC (p = 
0.31 for TPO-Ab and p = 1.0 for Tg-Ab), the pN stage 

of BC (p = 0.87 for TPO-Ab and p = 0.76 for Tg-Ab), 
nor the grade of BC (p = 0.803 for TPO-Ab and p = 
0.348 for Tg-Ab (Table 5). 

DISCUSSION

The present study showed that the mean baseline levels 
of fT4 were significantly higher in BC cases than in 
controls and patients with BBD. Additionally, history 
of thyroid disease was associated with a significantly 
lower frequency of lymph node metastases in BC cases. 
Recent data have shown that BC remains one of the 
most common cancers worldwide, with an estimated 
incidence of 464,000 new BC cases per 3.45 million 
new cases of cancer in Europe (15).

Previous studies are consistent with our results, 
showing no significant association between history of 
thyroid disease and histopathological characteristics 
of breast diseases (1,16-20). Nevertheless, other 
studies have demonstrated a higher (8,21,22) or a 
lower incidence of thyroid disease in BC cases (23). 
Hashimoto’s disease, with or without positive thyroid 
antibodies (TPO-Abs and Tg-Abs), has been shown to 
be associated with an increased risk of BC (8,9,24-27) 
and, according to some studies, with a better prognosis 
and increased disease-free survival in BC cases (16,28). 
In our study, it seemed that Hashimoto’s disease was 
not associated with BC; however, the small sample size 
precluded any definitive conclusions.

Our data showed that the mean baseline levels of 
fT4 were significantly higher in BC cases compared with 
the other groups, which is consistent with other studies 
in the literature (1,29). This correlation was sustained 
after exclusion of patients with levothyroxine treatment. 
Recently, it was found that fT4 levels in women without 
known thyroid disease and levothyroxine treatment 
were positively associated with risk of breast cancer, 
particularly in women with a BMI > 25 (28). However, 
hypothyroidism and low levels of fT4 (21) or only low 
levels of fT4 with normal TSH have also been shown to 
be related to an increased risk of BC risk in women (29). 

As with fT4 levels, there have been reports  
suggesting an association of higher (1,30) or lower 
levels of fT3 with risk of BC (29,31,32). Surprisingly, 
we found no significant association between the mean 
baseline levels of fT3 and BC. One possible explanation 
for this result could be the short half-life of fT3 
compared to fT4, which makes fT3 a less reliable marker 
of thyroid function. Another potential reason could be 
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the circadian rhythm and periodicity concerning TSH 
and fT3 levels in particular. This circadian variation is 
not as evident in fT4 levels (33). 

The mean baseline levels of TSH were not found 
to be significantly different between groups. Although 
there have been data associating low baseline levels of 
TSH (< 0.5 mU/l) in patients without known thyroid 
disease or treatment with a significantly increased risk 
of lung and prostate cancer, this association in BC has 
not been clearly demonstrated (34).

The association between positive thyroid 
autoantibodies and BC has been largely discussed in the 
literature (35,36). TPO-Abs are not thyroid-specific 
enzymes, and they can also be expressed in other tissues 
(24). In particular, TPO mRNA and protein have been 
found to be weakly but clearly expressed in BC tissues, 
peri-tumor tissues and in fat depots, and although 
they lack their functional activity, they maintain their 
antigenic role and can trigger B lymphocytes (37). 
Clinically, TPO-Abs have been associated with both 
an increased risk of BC (8,9,38) and a lower risk of 
BC; in some cases, TPO-Abs have even been associated 
with a lower frequency of distant metastases (39), a 
better outcome and better overall survival (27,38). 
Our data did not find an association between thyroid 
autoantibodies and risk of BC, which is consistent with 
a prospective study by Kuijpens and cols. (21). 

Few data exist regarding the role of Tg-Abs and 
TRAB in BC. Tg-Abs have been associated with 
different oncological diseases and have been found to 
be more prevalent in patients with BC (23); however, 
they are not specific and may be influenced by different 
environmental factors (40). Extrathyroidal expression 
of TSH receptor has also been demonstrated in cardiac 
muscle and adrenal and kidney tissue (41) and was 
recently confirmed in BC tissue samples using RT-PCR 
(7). In clinical studies, TRAB levels have been found to 
be significantly higher in BC cases, particularly in low-
grade BC cases (7), compared with healthy controls 
(40) and BBD cases (1). 

The data in the literature associating thyroid function 
with prognostic markers of BC are scarce. In one study, 
BC cases with primary hypothyroidism showed a more 
indolent invasive breast cancer with less frequent lymph 
node metastases compared with euthyroid BC cases (23). 
According to other data, TPO-Ab levels (27) as well as 
the presence of nuclear TR-α receptors in breast cancer 
cells in vitro (2,41) were inversely correlated with lymph 
nodes metastases. Our findings showed that a history 

of thyroid disease was significantly correlated with a 
lower incidence of lymph nodes (pN stage) metastases 
in BC cases. The frequency of primary hypothyroidism 
(mainly Hashimoto’s) was higher in BC cases with 
no lymph node involvement than in other thyroid 
diseases; however, the small sample size did not allow 
for a meaningful statistical analysis. We did not perform 
analyses for other prognostic markers such as Ki-67 and 
HER2 because of the limited data. 

These data should be analyzed with caution because 
of the small size sample and because patients with 
known thyroid disease have more frequent access to 
hospital facilities and could thus be diagnosed with 
BC in earlier stages, which would explain the absence 
of lymph node metastases. Another limitation of this 
study was that patient’s history of thyroid disease and 
treatment was based on medical interviews and files, 
and this could have led to misclassifications in the 
diagnosis of thyroid disease. 

In conclusion, our findings showed that a history 
of thyroid disease was not associated with risk of BC. 
However, a history of thyroid disease was associated 
with a significantly lower frequency of lymph node 
metastases, suggesting the potential for a better 
prognosis in these BC cases. The significantly higher 
mean baseline levels of fT4 in the BC cases compared 
with the other two groups may suggest a thyroid 
hormone pattern that is distinct from that of low T3 
syndrome. Further studies to determine the prognostic 
role of thyroid hormones in BC are warranted, as the 
small number of cases in the present study precludes 
definitive conclusions. 

Acknowledgments: we thank Maggie Meitzler and Valsamo 
Anagnostou for their assistance in writing this manuscript.

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

REFERENCES 
1. Ditsch N, Liebhardt S, Von Koch F, Lenhard M, Vogeser M, Spitz-

weg C, et al. Thyroid function in breast cancer patients. Antican-
cer Res. 2010; 30:1713-7. 

2. Lemaire M, Baugnet-Mahieu L. Nuclear thyroid hormone recep-
tors in human cancer tissues. Anticancer Res. 1986;6:695-700.

3. Nogueira CR, Brentani MM. Triiodothyronine mimics the effects 
of estrogen in breast cancer cell lines. J Steroid Biochem Mol 
Biol. 1996;59:271-9. 

4. Humes HD, Cieslinski DA, Johnson LB, Sanchez IO. Triiodothyro-
nine enhances renal tubule cell replication by stimulating EGF 
receptor gene expression. Am J Physiol. 1992;262:540-5. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

61

Thyroid dysfunction and breast cancer

Arch Endocrinol Metab. 2017;61/1

5. Hall LC, Salazar EP, Kane SR, Liu N. Effects of thyroid hormones 
on human breast cancer cell proliferation. J Steroid Biochem Mol 
Biol. 2008;109:57-66. 

6. Tang HY, Lin HY, Zhang S, Davis FB, Davis PJ. Thyroid hormone 
causes mitogen-activated protein kinase-dependent phosphorylation 
of the nuclear estrogen receptor. Endocrinology. 2004;145:3265-72. 

7. Oh HJ, Chung JK, Kang JH, Kang WJ, Noh DY, Park IA, et al. The 
relationship between expression of the sodium/iodide symporter 
gene and the status of hormonal receptors in human breast can-
cer tissue. Cancer Res Treat. 2005;37:247-50. 

8. Turken O, NarIn Y, DemIrbas S, Onde ME, Sayan O, Kandemir EG, 
et al. Breast cancer in association with thyroid disorders. Breast 
Cancer Res. 2003;5:110-3. 

9. Giani C, Fierabracci P, Bonacci R, Gigliotti A, Campani D, De Negri 
F, et al. Relationship between breast cancer and thyroid disease: 
relevance of autoimmune thyroid disorders in breast malignancy. 
J Clin Endocrinol Metab. 1996;81:990-94. 

10. Dohán O, Carrasco N. Advances in Na(+)/I(-) symporter (NIS) research 
in the thyroid and beyond. Mol Cell Endocrinol. 2003;213:59-70.

11. Tazebay UH, Wapnir IL, Levy O, Dohan O, Zuckier LS, Zhao QH, 
et al. The mammary gland iodide transporter is expressed during 
lactation and in breast cancer. Nat Med. 2000;6:871-8. 

12. Wapnir IL, van de Rijn M, Nowels K, Amenta PS, Walton K, Mont-
gomery K, et al. Immunohistochemical profile of the sodium/io-
dide symporter in thyroid, breast, and other carcinomas using 
high density tissue microarrays and conventional sections. J Clin 
Endocrinol Metab. 2003;88:1880-8. 

13. Rudnicka L, Sińczak A, Szybiński P, Huszno B, Stachura J. Expres-
sion of the Na(+)/I(-) symporter in invasive ductal breast cancer. 
Folia Histochem Cytobiol. 2003;41:37-40. 

14. Pathologists’ Guideline Recommendations for Immunohisto-
chemical Testing of Estrogen and Progesterone Receptors in 
Breast Cancer. Breast Care. 2010;5:185-7. 

15. Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coe-
bergh JW, Comber H, et al. Cancer incidence and mortality pat-
terns in Europe: estimates for 40 countries in 2012. Eur J Cancer. 
2013;49:1374-403.

16. Michalaki V, Kondi-Pafiti A, Gennatas S, Antoniou A, Primetis H, 
Gennatas C. Breast cancer in association with thyroid disorders. 
J BUON. 2009;14:425-8.

17. Goldman MB, Monson RR, Maloof F. Cancer mortality in women 
with thyroid disease. Cancer Res. 1990;50:2283-9. 

18. Kalache A, Vessey MP, McPherson K. Thyroid disease and 
breast cancer: findings in a large case-control study. Br J Surg. 
1982;69:434-5. 

19. Simon MS, Tang MT, Bernstein L, Norman SA, Weiss L, Burkman 
RT, et al. Do thyroid disorders increase the risk of breast cancer? 
Cancer Epidemiol Biomarkers Prev. 2002;11:1574-8. 

20. Hoffman DA, McConahey WM, Brinton LA, Fraumeni JF Jr. Breast 
cancer in hypothyroid women using thyroid supplements. JAMA. 
1984;251:616-19. 

21. Kuijpens JL, Nyklíctek I, Louwman MW, Weetman TA, Pop VJ, 
Coebergh JW. Hypothyroidism might be related to breast cancer 
in post-menopausal women. Thyroid. 2005;15:1253-9. 

22. Muller I, Pinchera A, Fiore E, Belardi V, Rosellini V, Giustarini E. 
High prevalence of breast cancer in patients with benign thyroid 
diseases. J Endocrinol Invest. 2011;34:349-52. 

23. Cristofanilli M, Yamamura Y, Kau SW, Bevers T, Strom S, Patan-
gan M, et al. Thyroid hormone and breast carcinoma. Primary hy-
pothyroidism is associated with a reduced incidence of primary 
breast carcinoma. Cancer. 2005;103:1122-8. 

24. Jiskra J, Barkmanova J, Limanova Z, Lánská V, Smutek D, Pot-
lukova E, et al. Thyroid autoimmunity occurs more frequently in 
women with breast cancer compared to women with colorectal 
cancer and controls but it has no impact on relapse-free and over-
all survival. Oncol Rep. 2007;18:1603-11. 

25. Giustarini E, Pinchera A, Fierabracci P, Roncella M, Fustaino L, 
Mammoli C, et al. Thyroid autoimmunity in patients with malig-
nant and benign breast diseases before surgery. Eur J Endocri-
nol. 2006;154:645-9. 

26. Hardefeldt PJ, Eslick GD, Edirimanne S. Benign thyroid disease 
is associated with breast cancer: a meta-analysis. Breast Cancer 
Res Treat. 2012;133:1169-77. 

27. Smyth PP, Shering SG, Kilbane MT, Murray MJ, McDermott EW, 
Smith DF, et al. Serum thyroid peroxidase autoantibodies, thy-
roid volume, and outcome in breast carcinoma. J Clin Endocrinol 
Metab. 1998;83:2711-6. 

28. Tosovic A, Becker C, Bondeson AG, Bondeson L, Ericsson UB, 
Malm J, et al. Prospectively measured thyroid hormones and thy-
roid peroxidase antibodies in relation to breast cancer risk. Int J 
Cancer. 2012;131:2126-33.

29. Takatani O, Okumoto T, Kosano H, Nishida M, Hiraide H, Tama-
kuma S. Relationship between the levels of serum thyroid hor-
mones or estrogen status and the risk of breast cancer genesis in 
Japanese women. Cancer Res. 1989;49:3109-12. 

30. Tosovic A, Bondeson AG, Bondeson L, Ericsson UB, Manjer J. Tri-
iodothyronine levels in relation to mortality from breast cancer 
and all causes: a population-based prospective cohort study. Eur 
J Endocrinol. 2013;168:483-90. 

31. Perry M, Goldie DJ, Self M. Thyroid function in patients with 
breast cancer. Ann R Coll Surg Engl. 1978;60:290-3. 

32. Rose DP, Davis TE. Plasma thyronine levels in carcinoma of the 
breast and colon. Arch Intern Med. 1981;141:1161-4. 

33. Russell W, Harrison RF, Smith N, Darzy K, Shalet S, Weetman AP, 
et al. Free triiodothyronine has a distinct circadian rhythm that is 
delayed but parallels thyrotropin levels. J Clin Endocrinol Metab. 
2008;93:2300-6. 

34. Hellevik AI, Asvold BO, Bjøro T, Romundstad PR, Nilsen TI, Vatten 
LJ. Thyroid function and cancer risk: a prospective population 
study. Cancer Epidemiol Biomarkers Prev. 2009;18:570-4.

35. Sandhu MK, Brezden-Masley C, Lipscombe LL, Zagorski B, Booth 
GL. Autoimmune hypothyroidism and breast cancer in the elder-
ly. Breast Cancer Res Treat. 2009;115:635-41. 

36. Brinton LA, Hoffman DA, Hoover R, Fraumeni JF Jr. Relationship 
of thyroid disease and use of thyroid supplements to breast can-
cer risk. J Chronic Dis. 1984;37:877-93. 

37. Muller I, Giani C, Zhang L, Grennan-Jones FA, Fiore E, Belardi 
V, et al. Does thyroid peroxidase provide an antigenic link be-
tween thyroid autoimmunity and breast cancer? Int J Cancer. 
2014;134:1706-14.

38. Fiore E, Giustarini E, Mammoli C, Fragomeni F, Campani D, Muller I, 
et al. Favorable predictive value of thyroid autoimmunity in high 
aggressive breast cancer. J Endocrinol Invest. 2007;30:734-8. 

39. Szychta P, Szychta W, Gesing A, Lewiński A, Karbownik-Lewińska 
M. TSH receptor antibodies have predictive value for breast can-
cer – Retrospective analysis. Thyroid Res. 2013;6:8. 

40. Dutton CM, Joba W, Spitzweg C, Heufelder AE, Bahn RS. Thyro-
tropin receptor expression in adrenal, kidney, and thymus. Thy-
roid. 1997;7:879-84. 

41. Ditsch N, Toth B, Himsl I, Lenhard M, Ochsenkühn R, Friese K, et al. 
Thyroid hormone receptor (TR)alpha and TRbeta expression in 
breast cancer. Histol Histopathol. 2013;28:227-37. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

62

original article

Arch Endocrinol Metab. 2017;61/1

1 Centro de Ciências da Saúde e 
Desporto, Universidade Federal do 
Acre (UFAC), Rio Branco, AC, Brasil 
2 Centro Universitário do Planalto de 
Araxá (Uniaraxá), Araxá, MG, Brasil
3 Instituto de Genética e Bioquímica, 
Universidade Federal de Uberlândia 
(UFU), Uberlândia, MG, Brasil

Correspondence to:
Romeu Paulo Martins Silva
Universidade Federal do Acre
Instituto de Genética e Bioquímica 
BR 364, km 04
69920-900 – Rio Branco, AC, Brasil
romeupms@gmail.com 

Received on March/5/2015
Accepted on Jan/26/2016

DOI: 10.1590/2359-3997000000200

Influence of the use of testosterone 
associated with physical training 
on some hematologic and 
physical parameters in older rats 
with alloxan-induced diabetes
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Nelson Eurípedes Matildes Junior2, Antônio Vicente Mundim3,  
Mario da Silva Garrote-Filho3, Pâmella Ferreira Rodrigues2, Nilson Penha-Silva3

ABSTRACT
Objective: This study investigated the possible blood changes in wistar rats elderly with and without 
treatment with anabolic steroids submitted physical training. Materials and methods: Elderly rats 
(32) were divided into four groups: normal (N), treated normal (NT), diabetic (D) and treated diabetic 
(DT). They were submitted to 20 sessions of swimming with overload (5% body weight), 40 min/
day for four weeks. The NT and DT groups received application of testosterone twice a week. At 
the end of the sessions, the animals were subjected to swimming until exhaustion and then killed 
for removal of blood and visceral fat. We evaluated maximum swim time, weight of visceral fat, 
erythrogram, leukogram, lipidogram and serum levels of glucose, lactate, aspartate aminotransferase 
and creatine kinase. The results were compared using one-way ANOVA followed by the post hoc 
Tukey test. Results: In elderly diabetic rats, the use of anabolic associated with physical training in 
older rats resulted in improvement in erythrogram, lipidogram and physical performance for high-
intensity aerobic exercise. However, it was related to changes in leukocyte count, probably associated 
with inflammation. Conclusion: The combination of the use of testosterone with physical training, 
followed by maximal effort test caused changes hematological and biochemical can be associated 
with improvement in physiological characteristics, with increase of the swimming time and decrease 
of visceral fat levels, improvement in aerobic metabolism of fatty acids and glucose in normal and 
diabetic animals. Arch Endocrinol Metab. 2017;61(1):62-9

Keywords
Anabolic steroid; aging; diabetes; physical training

INTRODUCTION

D iabetes mellitus is characterized by a deficiency 
in the production or action of insulin, or both, 

resulting in increased blood glucose in untreated 
individuals (1). 

Diabetes can be induced in experimental animals by 
chemical substances such as alloxan or streptozotocin. 
These substances cause irreversible lesions in the 
pancreatic cells producing insulin. This causes a large 
reduction in the production of insulin, which results in 
diabetes (2).

The deficiency of insulin causes loss of muscle mass 
due to exacerbation of the decline of proteolysis and 
protein anabolism. 

Besides insulin, protein anabolism is also stimulated 
by testosterone, androgen steroid hormone produced 

by the testes and the adrenal (3). Testosterone promotes 
increased mass (4) and muscle strength (5).

There is evidence that treatment with these 
compounds can improve the resistance of skeletal 
muscle against fatigue, which increases the tolerance of 
experimental animals to physical activity (6). 

The intense physical exercise can alter the 
concentration of blood cells and increase the use of 
glycogen, resulting in glucose fall (7,8) and increased 
production of lactic acid.

Testosterone can also assist in modulating the 
body’s immune response (9), by changing the activity 
of leukocytes and other cells of defense (10). 

Physical exercise causes numerous physiological and 
metabolic adjustments in the immediate or long term 
so that the body can supply a higher energy demand 
and to remain in homeostasis (11). 
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Although it is known that anabolic steroids can 
increase the tolerance to physical activity (6), the effects 
of the combination of many synthetic anabolic steroids 
with the exercise still need to be better known (12). 

The purpose of this study was to analyze the effects 
of anabolic steroids on physical, hematological and 
biochemical variables in diabetic rats under aerobic 
physical training.

MATERIALS AND METHODS
The study was conducted in accordance with the 
recommendations of the Brazilian College of Animal 
Experimentation (COBEA), with the National Council 
for Animal Experiments Control (CONCEA) and with 
the Federal Law guidelines, 11,794, October 8, 2008 
– Brazil.

Induction of diabetes by alloxan

Induction of experimental diabetes mellitus followed 
the protocols described in literature (13). After 24 hours 
of fasting, animals received intravenous injections (tail 
vein) of alloxan monohydrate (Sigma, St Louis, MO, 
USA) in 0.01 M citrate buffer, pH 4.5 (35 mg/kg body 
weight). The control rats underwent similar handling 
but only with injection of a citrate buffer solution. 
Two weeks after that treatment, rats that had levels of 
fasting glucose greater than or equal to 126 mg/dL were 
considered diabetic and used in the study (1). 

Experimental groups

For this study we used 32 male albino rats (12 months) 
from Wistar race (Rattus norvegicus), distributed 
randomly into four groups (eight rats in each): normal 
animals without treatment (N), untreated diabetic 
animals (D) normal animals with treatment (NT) and 
diabetic animals with treatment (DT).

Containment and nutrition 

The animals were kept in collective cages (100 x 50 x  
30 cm) with an average of 3 rats per cage. The temperature 
inside the chamber of the vivarium was maintained 
between 22-25 °C in a room with controlled photoperiod 
set to 12 h of light and 12 h of darkness. All animals were 
fed with standard balanced diet and water ad libitum.

Adaptation and physical training 

The animals were subjected to an adjustment period 
of two weeks. During this period, the animals were 

subjected to physical exercise with initial duration of 10 
min. Every three days the duration of exercise increased 
by 10 min until reach 40 min at the end of two weeks, 
with rest on Saturdays and Sundays.

After the adjustment period, the animals maintained 
the 40 min of physical exercise for six weeks, Monday 
to Friday, between 2 and 5 PM. This period of training 
was higher than achieved in other studies. The exercises 
consisted of sessions of swimming with moderate 
intensity, with 5% body weight tied to the tail. The animals 
swam in an adapted tank with depth of 48 cm and water 
temperature maintained between 30 and 36 °C (14). 

Treatment with anabolic

During the six weeks of physical training, the animals of 
the NT and DT groups received intramuscular injections 
of the mixture of esters of testosterone (testosterone 
propionate, 30 mg; testosterone phenyl propionate, 
60 mg; testosterone isocaproate, 60 mg; testosterone 
decanoate, 100 mg; benzyl alcohol, 0.1 mL; and 
peanut oil, qs 1 mL) (Durateston™, Organon, Brazil), 
with syringes of 1 mL (15 mg/kg body weight) twice a 
week (on Tuesdays and Fridays at 4h30min PM).

Animals not treated with the anabolic (groups N and 
D) received intramuscular injections of peanut oil (15).

Test of maximum effort and sacrifice of animals 

At the end of six weeks of training, the animals were 
subjected to intense physical exercise until exhaustion. 
It was considered that the exhaustion was achieved when 
the animal could not keep their noses out of the water 
for more than 10 s. Once the exhaustion was reached, 
the animals were removed from the water and placed 
on a bench. Body and tail were carefully dried with 
sterile paper towels. After the last session of exercise 
until exhaustion, the animals were anesthetized with 
ketamine and xylazine and sacrificed by decapitation 
in guillotine. Laparotomy was performed to collect 
the retroperitoneal fat, mesenteric and epididymal in 
analytical balance.

Collection of blood samples 

The blood samples were taken at the end of six weeks of 
treatment. Before and after the exhaustion test, samples 
of 25 µl of blood were transferred from the tail of 
each animal, using heparinized capillary glass, directly 
into vials containing 50 µl of 1% sodium fluoride for 
inhibition of glycolytic activity. These samples were 
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used for determination of glucose and lactate. After the 
exhaustion test, two blood aliquots were collected by 
cardiac puncture. The first sample (1 mL), collected in 
tubes containing K3EDTA as anticoagulant, was used to 
perform the hematologic analyses. The second sample 
(3 mL), collected in tubes without anticoagulant, was 
centrifuged at 720 x g and the serum was transferred to 
sealed vials and stored under refrigeration until the time 
of biochemical analysis.

Dosage of glucose and lactate

The blood glucose was determined using the Accu-Chek 
apparatus (Roche, São Paulo, SP, Brazil). The blood 
lactate was analyzed by electro-enzymatic method in 
an automatic analyzer (YSI 1500 Sport L-Lactate, USI, 
Yellow Springs, Ohio, USA).

Erythrogram 

The erythrogram, including the determination of the 
erythrocyte indices [mean corpuscular volume (MCV), 
mean corpuscular hemoglobin (MCH) and the mean 
corpuscular hemoglobin concentration (MCHC)], 
were performed in automated cell counter ABC Vet 
(ABX Diagnostics, Montpellier, France) using card 
specific to rats.

Leukogram

The leukometry was also carried out in the automatic 
cell counter ABC Vet (ABX Diagnostics, Montpellier, 
France). The identification and differential counting 
of leukocyte were performed with preparations stained 
by the method May-Grünwald-Giemsa in optical 
microscope. 

Lipidogram and determination of serum activities of 
AST and CK 

The activities of creatine kinase (CK) and aspartate 
aminotransferase (AST) and levels of total cholesterol, 
triacylglycerols (TAG) and cholesterol of high density 
lipoprotein (HDL-C) were determined by automated 
methods, using specific commercial kits (Labtest) in 
automatic multichannel analyzer (ChemWell, USA) 
previously calibrated and measured with calipers 
(Calibra 1H) and control serum (Qualitrol 1H). The 
cholesterol of lipoprotein, low-(LDL-C) was calculated 
using the equation LDL-C = total cholesterol - (HDL 
+ TAG / 5) (16).

Statistical analysis 

The results between the different groups were compared 
with use of ANOVA, with post hoc Tukey test, and were 
considered significantly different when p < 0.05. The 
tests were conducted using the application GraphPad 
Prism 5 (GraphPad Software, San Diego, CA, USA).

RESULTS

Table 1 presents the average values obtained in the 
erythrogram of different groups. The concentration 
of hemoglobin, the red cell count and hematocrit 
values were higher in treated groups NT and DT in 
relation to non-treated groups N and D (p < 0.05). But 
there was no difference in these parameters between 
diabetic and normal groups in the absence and in 
presence of treatment with anabolic (p > 0.05). The 
mean corpuscular volume (MCV) was also higher 
in treated groups (NT and DT) than in groups that 
were not treated with testosterone (N and D), being 
higher in DT group than in NT (p < 0.05). The mean 
corpuscular hemoglobin (MCH) was higher in treated 
groups (NT and DT) than in group N (p < 0.05). The 
mean corpuscular hemoglobin concentration (MCHC) 
was higher in the group of treated normal rats than in 
the other groups (p < 0.05).

Table 2 presents the results of leukocyte counts in 
different groups. The treated groups showed higher 
values of leukocytes in relation to the untreated animals 
(p < 0.05). But no difference was observed between 
diabetic and normal groups in both the absence and in 
presence of treatment with anabolic (p > 0.05). In relation 
to total neutrophils, the DT group had the highest count 
among all groups studied (p < 0.05). The situation was 
reversed in the count of lymphocytes, since it was lower 
in the DT group compared with group N (p < 0.05). 
The values of band neutrophils were lower in DT than 
in D (p < 0.05). The segmented neutrophils were higher 
only in the DT when compared with group N (p < 0.05). 
Regarding eosinophils there was no difference between 
groups (p > 0.05). For monocytes, the counts were lower 
in the DT group in comparison with D (p < 0.05).

Figure 1 shows the results obtained in lipidogram 
of rats of different groups. The concentrations of 
triacylglycerols (TAG) were significantly higher in group 
D than in all the other groups (N, NT and DT), for a  
(p < 0.05). The concentration of total cholesterol was 
higher in group D in relation to groups treated with 
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the anabolic (DT and NT), for a (p < 0.05), but not in 
relation to the healthy rats without treatment (N), for a  
(p > 0.05). The values of HDL-C showed no changes 

resulting from physical training and treatment with 
testosterone (p > 0.05). The concentration of LDL-C was 
higher in group D only in relation to group NT (p < 0.05). 

Table 1. Erythrogram of rats subjected to six weeks of regular exercise followed by maximal effort test

Variables
Without treatment With treatment

Normal Diabetic Normal Diabetic

Hemoglobin (g/dL) 12.67 ± 1.62a 12.63 ± 1.15a 14.61 ± 0.80b 14.61 ± 0.83b

Erythrocytes (106/µl) 8.09 ± 0.19a 7.78 ± 0.45a 8.85 ± 0.44b 8.69 ± 0.40b

Hematocrit (%) 45.50 ± 3.59a 44.85 ± 4.40a 51.32 ± 3.07b 51.77 ± 2.20b

MVC (µm3) 52.57 ± 1.71a 55.62 ± 2.38a 57.25 ± 2.18b,c 59.62 ± 3.50c

MCH (pg) 16.50 ± 0.38a 17.60 ± 0.55a,b 17.86 ± 0.67b 17.93 ± 0.44b

MCHC (%) 30.21 ± 0.50a 31.30 ± 0.91a 32.61 ± 0.84 30.70 ± 1.24a

Averages followed by same letter are not different (Tukey) at a significance level of 0.05. MCV: mean corpuscular volume; MCH: mean corpuscular hemoglobin; MCHC: mean corpuscular hemoglobin 
concentration.

Table 2. Leucogram of Wistar rats submitted to six weeks of regular exercise followed by maximal effort test

Variables
Without treatment With treatment

Normal Diabetic Normal Diabetic

Leukocytes (cells/µl) 4100.0 ± 486.5a 4612.5 ± 458.0a 6025.0 ± 384.5b 6000.0 ± 1192.0b

Total neutrophils (%) 37.6 ± 7.7a 45.8 ± 11.15a 41.3 ± 7.0a 52.9 ± 5.2

Band neutrophils (%) 2.9 ± 0.9a,b 7.0 ± 5.6a 2,0 ± 1.4b 2.51 ± 0.9b

Segmented neutrophils (%) 34.7 ± 7.4b 38.8 ± 12.0a,b 39.3 ± 7.7a,b 50.4 ± 5.5a

Lymphocytes (%) 58.6 ± 5.4b 46.1 ± 12.1a 55.6 ± 5.6a,b 47.5 ± 5.1a

Eosinophils (%) 1.6 ± 0.5a 0.8 ± 0.7a 1.4 ± 0.5a 1.3 ± 0.7a

Basophils 0 0 0 0

Monocytes (%) 5.6 ± 1.5a,b 6.9 ± 3.9a 5.8 ± 3.5a,b 2.2 ± 2.0b

Averages followed by same letter are not different (Tukey) at a significance level of 0.05.

Figure 1. Plasma concentrations of triacylglycerols, total cholesterol, LDL-cholesterol and HDL-cholesterol after the maximal exercise test. The symbols 
N, NT, D and DT represent normal, treated normal, diabetic and treated diabetic rats, respectively. Values with the same symbol are significantly different 
(p < 0.05) when compared by Tukey test.
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Figure 2 shows the values of glycemia and 
lactatemia before and after the test of maximal effort 
for rats of different groups. Before the test, blood 
glucose was higher in the D group, followed by 
the DT group (p < 0.05). The blood glucose values 
dropped significantly after the maximal effort test in 
all experimental groups, but still remained higher in 
group D (p < 0.05).

Figure 2. Plasma concentrations of glucose and lactate before and after 
the maximal exercise test. The symbols N, NT, D and DT represent normal, 
treated normal, diabetic and treated diabetic rats, respectively. Values with 
the same symbol are significantly different (p < 0.05) when compared by 
Tukey test.

Regarding lactatemia, there was no difference 
between groups before the effort test (Figure 2), for a  
(p > 0.05). After the test of maximum effort, the blood 
lactate concentration increased in all groups (p < 0.05). 
It increased more in group D compared to groups NT 
and DT (p < 0.05).

Figure 3. Plasma levels of activities of the enzymes aspartate 
aminotransferase (AST) and creatine kinase (CK) after the maximal 
exercise test. The symbols N, NT, D and DT represent normal, treated 
normal, diabetic and treated diabetic rats, respectively. Values with the 
same symbol are significantly different (p < 0.05) when compared by 
Tukey test.

Table 3 shows time of forced swim and weight of the 
visceral fat in rats of different groups. Animals treated 
with testosterone (NT and DT) had longer times of 
forced swimming than their respective non-treated 
controls (N and D), for a (p < 0.05). The amount of 
visceral fat was lower in groups treated with anabolic 
(NT and DT) in relation to their respective untreated 
controls (N and D), for a (p < 0.05).

Table 3. Swimming time and mass of visceral fat of rats submitted to six weeks of regular exercise followed by maximal effort test

Parameter
Without treatment With treatment

Normal (n = 8) Diabetic (n = 8) Normal (n = 8) Diabetic (n = 8)

Swimming time (min) 203.75 ± 71.92 119.16 ± 55.34 305.80 ± 34.36 163.80 ± 67.51

Visceral fat (g) 4.22 ± 1.84 (1.34%) 2.27 ± 1.72 (0.69%) 1.68 ± 0.93a (0.55%) 1.57 ± 0.65a (0.48%)

Averages followed by same letter are not different (Tukey) at a significance level of 0.05. Values between parentheses represent the percentage of visceral fat in relation to the body mass.

Figure 3 shows the activity values of AST and CK 
after the effort test in all experimental groups. The 
activity of AST was lower in animals of group NT 
compared to animals in groups D and DT. The activity 
of CK was higher in group D when compared to groups 
NT and DT.
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DISCUSSION

In the conditions considered in this study, treatment 
with testosterone produced an increase in the time 
of forced swimming in normal and diabetic rats in 
relation to their respective untreated controls. The 
hematological and biochemical records presented in 
this work should probably reflect some of the reasons 
that led to the change in performance of animals and 
any problems associated with treatment.

The decrease of CK in the diabetic rats treated 
with testosterone (Figure 3) seems a remarkable fact, 
since elevations in blood activities of CK and AST 
from the liver have been reported in athletes using 
anabolic steroids (17,18) and even in athletes who do 
not use these substances (19). It seems reasonable to 
admit, then, that the anabolic might have increased the 
resistance of skeletal muscle fibers against injury in the 
diabetic group.

Although elevation in CK had been also attributed 
to increased permeability of the sarcolemma during 
exercise (20,21), the activity levels of serum CK are 
good markers of muscle injury (22). The blood levels 
of CK are associated to the intensity of exercise when 
duration is kept constant (20). The metabolic stress 
and the actions of contraction and relaxation can cause 
mechanical stress to the point of damaging the muscle 
tissue (23). In fact, a suitable training program for the 
physical fitness should not lead to sharp increase in the 
activities of AST and CK in plasma or serum (24).

The swimming by longer time in the treated group 
could also be due to increased availability of fatty 
acids in plasma, due to the mobilization of fat stores, 
since visceral fat actually fell in the animals treated 
with the anabolic. Testosterone might be associated 
with reduction in visceral fat content (25,26), since 
that aged rats have more visceral fat and produce less 
testosterone. 

The metabolism of fatty acids involves higher 
consumption of oxygen than metabolism of glycogen 
associated with anaerobic glycolysis. It is well known that 
an increased necessity of oxygen stimulates the release 
of erythropoietin and, consequently, the production of 
red blood cells. Indeed, the quantity of erythrocytes, 
the concentration of hemoglobin and hematocrit values 
were higher in treated animals. In fact, it was reported 
that testosterone causes increased erythropoiesis in 
mice (27). This improvement in the erythrogram of 
the treated group would favor the consumption of 

oxygen and would increase the energetic efficiency of 
the aerobic catabolism. Indeed, after the exhaustion 
test, the amount of lactate in the blood of the diabetic 
rats was lower in the treated group than in non-treated 
(Figure 2). This indicates that use of anabolic steroid 
associated to physical training was effective in aerobic 
conditioning of the animals.

Furthermore, the use of anabolic was associated 
with reduction in blood glucose, especially in the 
diabetic group (Figure 2), as would be desirable. 
This could be due to the action of testosterone in the 
increase of Glut4 transcription and enzymatic activities 
of hexokinase and phosphofructokinase (28).

Further evidence of better utilization of fat induced 
by treatment with testosterone is a decrease in blood 
levels of TAG in diabetic rats (Figure 1). The use of 
steroids combined with the practice of exercise increases 
the demand for fatty acids in energy metabolism, which 
certainly must be the factor responsible for decreased 
levels of TAG in this work. 

The concentration of total cholesterol decreased 
significantly in healthy animals and in diabetic animals 
treated with testosterone, without association with 
changes in levels of HDL-cholesterol (Figure 1), what 
agrees with the results reported by (29,30). Unlike 
that article, however, there was no decrease in levels of 
LDL-cholesterol in our work. 

Some differences between the responses associated 
with our experimental design in relation to the 
literature should be the result of the complexity of the 
system. Undoubtedly, there must be differences and 
antagonisms in the results of the combination of time, 
nature and intensity of exercises with the nature, dose 
and duration of treatment with anabolic steroids.

Although the acute exercise is associated with 
elevated levels of cortisol and catecholamines, which 
would decrease the amount of leukocytes (31,33), 
and predominantly with elevation in the blood levels 
of white cells (34), studies in rats with alloxan-induced 
diabetes have shown that physical exercise causes 
changes in the immune system and decrease in serum 
glucose (35,36).

In our study the combination of anabolic with the 
program of exercise, followed by the exhaustion test, 
was associated with increased number of leukocytes 
in healthy and diabetic rats (Table 2). This change 
should not be a consequence of the exhaustion test, 
but certainly of the use of anabolic, because the levels 
of leucocytes were higher in the groups treated with 
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testosterone. These alterations could be due to decrease 
of oxygen in the blood or increase in mitotic activity of 
bone marrow cells, which may reflect exacerbation of 
the inflammatory processes, especially in the diabetic 
rats (29,37).

In conclusion, the combination of the use of 
testosterone with physical training during four weeks, 
followed by maximal effort test, produced elevations 
of hemoglobin, hematocrit and erythrocytes in healthy 
elderly rats and in elderly rats with alloxan-induced 
diabetes. Although these elevations had been greater 
in normal rats, they were associated with improvement 
in aerobic metabolism of fatty acids and glucose in 
diabetic animals. The hematological and biochemical 
changes were also associated with improvement in 
physiological characteristics, with increase of the 
swimming time and decrease of visceral fat levels in 
normal and diabetic animals. However, treatment 
with testosterone produced leukogram changes that 
may indicate exacerbation of inflammatory processes, 
especially among diabetic rats.
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Body composition, resting energy 
expenditure and inflammatory 
markers: impact in users of depot 
medroxyprogesterone acetate 
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ABSTRACT
Objective: The aim of this study was to evaluate for 12 months the changes of body weight using De-
pot Medroxyprogesterone Acetate (DMPA) and if these changes are related to inflammatory markers. 
Subjects and methods: Twenty women of childbearing age who chose the DMPA, without previous 
use of this method, BMI < 30 kg/m², and 17 women using IUD TCu 380A, participated in the study. 
At the baseline and after one year, changes in weight gain, body composition by the bioimpedance 
electric method, resting energy expenditure (REE) by the indirect calorimetry method, inflammatory 
markers and HOMA-IR were assessed. Results: After 12 months of evaluation, we could observe a 
significant increase in the DMPA group in weight (3,01 kg) and BMI, while the IUD group’s only signifi-
cant increase was observed in the BMI. Relative to REE there was an increase of basal metabolic rate 
(BMR) in both groups after one year. The sub-group DMPA that gained < 3 kg had increased signifi-
cant weight, BMI and body surface (BS) with respiratory quotient (RQ) reduction, while the sub-group 
that gained ≥ 3 kg had a significant increase in weight, BMI, BS, fat-free mass, fat mass, BMR, Leptin, 
HOMA-IR and waist circumference, with RQ significantly reduced. Conclusion: Our study found sig-
nificant changes in weight, body composition and metabolic profile of the population studied in the 
first 12 months of contraceptive use. These changes mainly increased body weight, leptin levels and 
HOMA-IR which can contribute to the development of some chronic complications, including obesity, 
insulin resistance and diabetes mellitus. Arch Endocrinol Metab. 2017;61(1):70-5
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INTRODUCTION

O besity is considered a serious public health 
problem that affects developed countries as well 

as developing ones. Globally, there are an estimated 1.5 
billion overweight adults, of which approximately 500 
million are obese (1). In Brazil, 50.8% of the population 
over 18 years old are overweight and 17.5% are obese (2). 
This complex and chronic disorder of multifactorial 
etiology is the result of positive energy balance, and 
genetic and environmental factors are involved in 
developing this metabolic disorder (3,4). In women, 
the use of hormonal contraceptives has been associated 
with weight gain and changes in body composition.

Depot medroxyprogesterone acetate (DMPA) is an 
injectable contraceptive method and in its formulation 
contains 150 mg of DMPA administered every 3 

months intramuscularly at a plasma concentration 
of approximately 1 ng/mL (5). According to the 
characteristics of contraceptive efficacy, safety and low 
cost, and ease of access due to its ready availability from 
public health systems in several countries, including 
Brazil, millions of women choose to use this method (6). 
Despite having a potential negative effect on bones, the 
most common reason for discontinuing use of DMPA is 
increased body weight (7). Most prospective studies that 
have assessed the body composition of these progestin 
users, with at least 30 months of use, show a weight gain 
associated with an increase in body fat deposits (8,9). 

In a study with HIV-infected women was evaluated 
the association between DMPA use with inflammatory 
markers (10). However, no studies in healthy 
women linking weight gain after using DMPA with 
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inflammatory markers. Therefore, the aim of this study 
was to evaluate for 12 months the changes of body 
weight using DMPA and if these changes are related to 
inflammatory markers.

SUBJECTS AND METHODS

Subjects

This was a prospective cohort study with women 
attending the family planning clinic at the Gynecology 
and Obstetrics Department, University of Campinas 
(Unicamp), Brazil. Sample size was calculated from the 
demand for women seen in the clinic who opted for 
the contraceptive DMPA method and the percentage 
of women who have segment to method use for at least 
12 months. The women were selected from February 
2011 to March 2012.

Women of childbearing age who chose the 
injectable contraceptive DMPA without previous use of 
this method, body mass index (BMI) < 30 kg/m², and 
women using the non-hormonal contraception copper 
intrauterine device (TCu 380A IUD), were invited to 
participate in the study. The participants were aged 
between 18 and 40 years. The groups were paired at 
baseline, becoming a homogeneous group in relation 
to age (± 1 year), and BMI (± 1 kg/m²).

After signing an informed consent form, they were 
interviewed to collect data and personal medical and 
family history. An administration every three months 
of 150 mg of DMPA was given and follow-up was 
maintained for one year. The women in the control 
group, TCu 380A IUD users, underwent the same 
procedures provided for inclusion into the DMPA group. 

Exclusion criteria were: women with diabetes 
mellitus (DM) type 1 or 2; those with a family history of 
diabetes; those who had fasting glucose > 100 mg/dL 
after 8 hours of fasting or after a 120 minute oral 
glucose tolerance test had 75 g glucose blood glucose 
> 140 mg/dL; women breast-feeding; those with co-
morbidities that contribute to the variation in body 
weight such as hyper- and hypothyroidism; chronic 
renal failure and transplant of any organ; use of 
medications that may be related to weight gain and/or 
development of insulin resistance such as the chronic use 
of corticosteroids, antipsychotics, diuretics and statins. 
Patients with hirsutism and/or hyperandrogenism and 
polycystic ovary syndrome were also excluded.

Initially, 49 women were evaluated. Throughout the 
monitoring period, 11 volunteers were excluded either 

for not returning for follow-up or because they became 
pregnant. One participant was excluded from the group 
by initiating physical activity after use of DMPA. At the 
end of the study we evaluated 37 women, 20 from the 
DMPA group and 17 from the IUD group (Figure 1).

This study was approved by the Ethics Committee 
of the Faculty of Medical Sciences – Unicamp, and 
all the volunteers who agreed to participate signed a 
consent form.

Figure 1. Flow chart of the study.

Baseline

(n = 49)

DMPA group

(n = 20)

IUD group

(n = 17)

Excluded for not 
returning for follow-up

(n = 11)

Excluded by initiating 
physical activity after 

use of DMPA

(n = 1)

Anthropometric measurements and body 
composition 

Anthropometric assessment was performed by a single 
examiner. Weight (kg) and height (m) were measured 
using a Welmy mechanical scale with 100 g precision and 
capacity of 200 kg. Height was measured by a stadiometer 
coupled to the scale with a precision of 0.5 cm. Waist 
circumference (WC) was measured with an inelastic  
2 m tape dimension. The anatomical point used was the 
midpoint between the last rib and the iliac crest.

Nutritional status was assessed by calculating the 
BMI, recommended by the World Health Organization 
1995 and 1997 (11).

The percent body fat (% fat), weight, fat mass (FM) 
and fat-free mass (FFM) were assessed by Bioimpedance 
Electric (BIA) using the equipment Biodynamics – 
Bioimpedance Analiser model 310.

Resting energy expenditure

The resting energy expenditure (REE), basal metabolic 
rate (BMR) and substrate used to obtain energy were 
assessed by the indirect calorimetry method. For this, 
a Vmax Encore 29 device coupled to a canopy gas 
exchange was used. 
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The consumption of oxygen (O2) and the 
elimination of carbon dioxide (CO2) in liters per minute 
as well as tidal volume were reported in this procedure. 
From these primary measures, the values   of energy 
expenditure in kilocalories per day were obtained along 
with the respiratory quotient (RQ). The mean values   
obtained in steady state, prefixed as smaller variations 
than 5% in RQ and 10% in CO2 were considered.

Biochemical assays

Serum adiponectin, interleukin (IL) – 6, visfatin, leptin, 
tumor necrosis factor-α (TNF-α), insulin and glucose 
were performed at baseline and after one year of using the 
method. The blood samples were centrifuged, and serum 
was immediately stored in small aliquots in a freezer at 
-80°C. Dosages of adipocytokines and insulin were 
performed in serum by enzyme immunoassay in duplicate 
by enzyme-linked immunosorbent assay (ELISA) using 
commercial kits with high sensitivity and specificity.

Insulin resistance

Homeostasis model assessment of insulin resistance 
(HOMA-IR) was calculated according to the formula: 
fasting insulin (µU/L) x fasting glucose (nmol/L)/22.5. 
Those considered normal values are < 2.7 (12). 

Statistical analysis

All results are expressed as mean ±SD. The Mann-
Whitney test was used to compare the variables between 
two groups. The Wilcoxon test was used for comparison 
of group time fixing. For comparison of numerical 
measurements between times and groups ANOVA was 
used for repeated measurements with transformation 
stations. The significance level for statistical tests was 
5% (P < 0.05). The SAS program for Windows version 
9.2 was used to perform the analyses.

RESULTS

After 12 months of evaluation, we could observe a 
significant increase in the DMPA group in weight 
(61.95 kg ± 9.69 x 64.96 kg ± 9.40, p = 0.0007), 
BMI (23.74 kg/m² ± 3.47 x 24.88 kg/m² ± 3.43, 
p = 0.0007) and body surface (BS) (1.65 ± 0.14 x 
1.69 ± 0.13 p = 0.0148), while the IUD group’s only 
significant increase was observed in the BMI variable 
(24.26 kg/m² ± 2.67 x 24.56 kg/m² ± 2.84, p = 
0.0007) (Table 1).

Relative to REE and RQ, there was an increase of 
BMR in both groups after one year (DMPA group: 
1087.05 kcal/d ± 252.06 x 1319.30 kcal/d ± 133.53, 
p = 0.0027, IUD group: 1187.59 kcal/d ± 246.23 x 
1303.18 kcal/d ± 104.02, p = 0.0027). The RQ was 
significantly reduced after 12 months of study in groups 
DMPA (0.91 x 0.77, p < 0.0001) and IUD (0.87 x 
0.78, p < 0.0001) (Table 2).

Table 3 shows the subdivision of the DMPA group for 
weight gain after 12 months follow-up. The sub-group 
that gained < 3 kg had a significant increase in weight 
(61.24 kg ± 10.38 x 62.51 kg ± 9.95, p = 0.0156), BMI 
(23.44 kg/m² ± 4.25 x 23.93 kg/m² ± 4.15, p = 0.0313) 
and BS (1.64 ± 0.12 x 1.66 ± 0.12 p = 0.0313) with 
RQ reduction (0.87 ± 0.09 x 0.77 ± 0.03, p = 0.0313), 
while the sub-group that gained ≥ 3 kg had a significant 
increase in weight (61.1 kg ± 8.63 x 66.63 kg ± 8.48, 
p = 0.002), BMI (23.47 kg/m² ± 3.50 x 25.55 kg/
m² ± 3.46, p = 0.002), BS (1.64 ± 0.11 x 1.71 ± 0.11,  
p = 0.002), FFM (42.01 kg ± 4.18 x 45.19 kg ± 4.74, 
p = 0.0059), FM (19.14 kg ± 5.26 x 21.44 kg ± 5.82, 
p = 0.0273), BMR (997.70 kcal/d ± 202.72 x 1318.20 
kcal/d ± 157.58, p = 0.0117), Leptin (78.05 ± 76.25 x 
236.86 ± 214.93, p = 0.0195), HOMA-IR (0.70 ± 0.41 
x 1.92 ± 1.41, p = 0.0059) and WC (75.90 cm ± 7.52 
x 79.49 cm ± 7.75, p = 0.002), with RQ significantly 
reduced (0.95 ± 0.12 x 0.77 ± 0.04, p = 0.002). 

Table 1. Characteristics of the DMPA and DIU groups

Variable

Baseline

¥ P value

12 months

¥ P valueDMPA
(n = 20))

Mean ± SD

IUD
(n = 17)

Mean ± SD

DMPA
(n = 20)

Mean ± SD

IUD
(n = 17)

Mean ± SD

Age (years) 29,7 ± 6,2 28,4 ± 5,8 0,4682 _ _

Weight (kg) 61,95 ± 9,69 61,24 ± 6,98 0,5449 64,96* ± 9,40 61,76 ± 7,53 0,0007

BMI (kg/m²) 23,74 ± 3,47 24,26 ± 2,67 0,911 24,88* ± 3,43 24,56** ± 2,84 0,0007

BS 1,65 ± 0,14 1,62 ± 0,09 0,4127 1,69* ± 0,13 1,63 ± 0,10 0,0148

WC (cm) 75,47 ±7,28 77,61 ± 7,88 0,0178 76,74 ± 6,27 75,38 ± 5,66 0,1834

¥: Mann-Whitney test. Statistical significance: p < 0,05. * Depo group difference between baseline and after 12 months. ** DIU group difference between baseline and after 12 months. BS: body 
surface; WC: waist circumference; BMI: body mass index.
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Table 3. Characteristics of DMPA group subdivided by weight gain after12 months

Baseline 12 months

+ P value

Baseline 12 months

+ P value< 3 kg (n = 7) > 3 kg (n = 10)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Weight 61,24 ± 10,38 62,51c ± 9,95 0,0156 61,1 ± 8,63 66,63d ±8,48 0,002

BMI 23,44 ± 4,25 23,93c ± 4,15 0,0313 23,47 ± 3,50 25,55d ± 3,46 0,002

BS 1,64 ± 0,12 1,66c ± 0,12 0,0313 1,64 ± 0,11 1,71d ± 0,11 0,002

% Fat 30,70 ± 5,58 29,30 ± 6,99 0,5625 30,87 ± 4,58 31,76 ± 6,12 0,7891

FFM 42,51 ± 5,32 43,94 ± 6,50 0,1406 42,01 ± 4,18 45,19d ± 4,74 0,0059

FM 19,44 ± 6,07 18,57 ± 6,20 0,7813 19,14 ± 5,26 21,44d ± 5,82 0,0273

BMR 1224,43 ±2 66,82 1334,29 ± 125,04 0,1563 997,70 ± 202,72 1318,20d ± 157,58 0,0117

RQ 0,87 ± 0,09 0,77c ± 0,03 0,0313 0,95 ± 0,12 0,77d ± 0,04 0,002

Adiponectin 10,20 ± 3,21 8,60 ± 4,82 0,375 5,89 ± 1,90 5,96 ± 2,80 0,8457

Leptin 133,53 ± 156,77 174,20 ± 184,10 0,2969 78,05 ± 76,25 236,86d ± 214,93 0,0195

Visfatin 44,78 ± 10,82 45,76 ± 21,36 0,8125 50,68 ± 31,83 43,81 ± 16,23 0,4316

IL-6 1,30 ± 0,42 1,91 ± 1,80 1 1,12 ± 0,77 2,02 ± 2,71 1

TNF-α 4,70 ± 2,11 4,28 ± 3,33 0,2969 4,31 ± 1,98 3,62 ± 1,67 0,1934

HOMA-IR 1,25 ± 1,44 1,15 ± 0,84 0,5781 0,70 ± 0,41 1,92d ± 1,41 0,0059

WC 74,14 ± 8,35 75,67 ± 8,97 0,125 75,90 ± 7,52 79,49d ± 7,75 0,002

+: Wilcoxon test. Statistical significance: p < 0,05. c: Difference sub-group weight gain < 3 kg comparing baseline and after 12 months. d: Difference sub-group weight gain > 3 kg comparing 
baseline and after 12 months.

FFM: free fat mass; FM: fat mass; BMR: basal metabolic rate.

Table 2. Resting energy expenditure and respiratory quotient baseline and after 12 months

Variable

Baseline

¥ P value

12 months

¥ P valueDMPA
(n = 20)

Mean ± SD

IUD
(n = 17)

Mean ± SD

DMPA
(n = 20)

Mean ± SD

IUD
(n = 17)

Mean ± SD

BMR (kcal/d) 1087,05 ± 252,06 1187,59 ± 246,23 0,3674 1319,30* ± 133,53 1303,18** ± 104,02 0,0027

RQ 0,91 ± 0,11 0,87 ± 0,09 0,8134 0,77* ± 0,03 0,78** ± 0,03 < 0,0001

¥: Mann-Whitney test. Statistical significance: p < 0,05. * Difference Depo group between baseline and after 12 months. ** Difference IUD group between baseline and after 12 months.  
RQ: respiratory quotient; BMR: basal metabolic rate.

DISCUSSION

We can consider that our population has a differential in 
relation to other studies evaluating the effect of DMPA, 
considering that our group was paired with the control 
group at baseline for BMI (± 1 kg/m²) and age (± 1 
year), becoming a homogeneous group. Our study 
found that after 12 months of follow-up the injectable 
DMPA users had significant weight gain (3.01 kg). As 
most prospective studies evaluating the effect of DMPA 
were for at least 30 months (6,8,9), we can consider 
that the follow-up period of our study is short compared 
to the others, but we can already observe significant 
changes in important variables studied.

To better assess changes in weight and body 
composition, we made a subdivision of the DMPA 
group for weight gain (< 3 kg and > 3 kg), and observed 

significant changes in weight and body composition in 
both groups, but the group which gained > 3 kg had 
the more pronounced changes. This group had a mean 
gain of 5.53 kg, increased fat mass (2.3 kg) and fat-free 
mass (3.18 kg) after 12 months follow-up. The increase 
in fat-free mass in users of DMPA may be explained by 
the androgenic effect of this contraceptive method (13). 

Berenson and Rahman (9), to compare changes 
in weight and body composition between different 
contraceptive methods, observed at 24 months of 
follow-up an increase of 4.4 kg and after 36 months a 
gain of 5.1 kg in the DMPA group. Of the 5.1 kg that 
the volunteers put on after 36 months, 4.1 kg were of 
fat mass. Moreover, a significant increase in total body 
lean mass after 30 months of follow-up was observed.
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The main contributing factor to the increase in 
body weight after use of DMPA reported in most 
studies is the increase in fat deposits. After 30 months 
of follow-up of users of medroxyprogesterone, Clark 
and cols. (8) observed a gain of 6.1 kg, which is fully 
represented by increased fat mass. There are two other 
possible mechanisms that might explain the weight gain 
associated with DMPA use: the first is its glucocorticoid-
like activity, which appears to be associated with increased 
fat, including visceral fat (14). However, secondly, it is 
also possible that the state of hypoestrogenism induced 
by the injectable may be another factor responsible for 
the increase in weight and body fat (15).

In our study, the subgroup that gained more weight 
at the end of the study also had a significant increase 
in waist circumference and HOMA-IR. Increased 
waist circumference is indicative of an increase in 
subcutaneous and visceral adipose tissue. HOMA-IR, 
although not yet characterized as insulin resistance 
(HOMA-IR > 2.7) in our group, indicates a probable 
trend for the development of insulin resistance with 
increased exposure time for the contraceptive method. 
Accumulation of excess fat can be a critical modulation 
factor for insulin sensitivity, since it promotes the 
release of free fatty acids into the adipocyte circulation 
(16,17). In addition, excess adiposity and adipocyte 
dysfunction result in dysregulation of adipokines, which 
may contribute to the development of various metabolic 
complications through altered glucose and lipid 
homeostasis as well as inflammatory responses (18,19). 

In relation to changes in inflammatory markers, 
we observed a slight decrease in adiponectin levels, 
although it was not significant in the DMPA group. A 
greater reduction in the levels of this marker associated 
with weight gain and increased body fat can contribute 
to the development of insulin resistance. Moreover, 
there was a significant increase in leptin levels in the 
group with greater weight gain. Leptin is directly related 
to body fat in both experimental models and in humans 
(20,21), and is also related to food intake (22). These 
alterations relative to subclinical inflammation agree 
with those present in situations of obesity. The adipose 
tissue contributes to inflammation in both obese 
vascular and non-vascular tissues (23). Abnormal levels 
of fatty acids, lipids, cytokines and activate monocytes 
adipose tissue, increased secretion of inflammatory 
cytokines such as TNF-α, leptin, interleukin (IL)-1, 
IL-6, visfatin and reduced the secretion of anti-
inflammatory cytokine adiponectin (24).

This study also has the important evaluation point 
of resting energy expenditure and respiratory quotient, 
given that data on basal metabolism with DMPA use are 
scarce, only two studies have assessed the resting energy 
expenditure in healthy women using DMPA (25,26). 
The basal metabolic rate increased significantly in the 
DMPA group and control. However, a more significant 
increase in this variable in subgroup DMPA, which 
gained more weight (> 3 kg), can be seen. This increase 
is mainly explained by an increase in fat mass and fat-free 
mass as well. In obese, the resting energy expenditure 
can be influenced mainly by fat-free mass, which is 
the largest contributing factor of variance of the basal 
metabolic rate (50-60%), and fat mass which represents 
(5-6%) of influence on the variation basal metabolic 
rate (27). The respiratory quotient of the two groups 
decreased after 12 months follow-up, indicating a change 
in metabolism of energy substrates. The volunteers at 
baseline had a characteristic respiratory quotient of high 
sugar metabolism but by the end of the study the profile 
changed with lipids starting to metabolize.

This study had the limitation of a small number of 
patients; including more patients could strengthen our 
results. Also we did not evaluate the lipid profile of the 
volunteers.

In conclusion, our study found significant changes 
in weight, body composition and metabolic profile 
of the population studied in the first 12 months of 
contraceptive use. These changes mainly increased 
body weight, leptin levels and HOMA-IR which 
can contribute to the development of some chronic 
complications, including obesity, insulin resistance and 
diabetes mellitus. According to the changes observed 
in our study, we suggest a more careful assessment of 
women who will start using the method as well as those 
who are already using this method of contraception. 
The exposure time method is considered the most 
important factor for the development of these changes. 

Acknowledgements: we thank Fapesp for funding this research, 
Cleide Silva for their assistance in the analysis and statistical 
interpretation and to all the volunteers of this research.

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

REFERENCES
1. Finucane MM, Stevens GA, Cowan MJ, Danaei G, Lin JK, 

Paciorek CJ, et al.; Global Burden of Metabolic Risk Factors of 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

75

Body composition, REE in users of DMPA

Arch Endocrinol Metab. 2017;61/1

Chronic Diseases Collaborating Group (Body Mass Index). 
National, regional, and global trends in body-mass index since 
1980: systematic analysis of health examination surveys and 
epidemiological studies with 960 country-years and 9·1 million 
participants. Lancet. 2011;377(9765):557-67. 

2. Ministério da Saúde, Secretaria de Vigilância em Saúde: Vigitel 
Brasil: vigilância de fatores de risco e proteção para doenças 
crônicas por inquérito telefônico. Brasília; 2012.

3. Aoi N, Soma M, Nakayama T, Rahmutula D, Kosuge K, Izumi Y, et 
al. Variable number of tandem repeat of the 5’-flanking region of 
type-C human natriuretic peptide receptor gene influences blood 
pressure levels in obesity-associated hypertension. Hypertens 
Res. 2004;27(10):711-6.

4. Kosuge K, Soma M, Nakayama T, Aoi N, Sato M, Haketa A, et al. 
Human uncoupling protein 2 and 3 genes are associated with 
obesity in Japanese. Endocrine. 2008;34(1-3):87-95.

5. Kahn HS, Curtis KM, Marchbanks PA. Effects of injectable or 
implantable progestin-only contraceptives on insulin-glucose 
metabolism and diabetes risk. Diabetes Care. 2003;26(1):216-25.

6. Pantoja M, Medeiros T, Baccarin MC, Morais SS, Bahamondes L, 
Fernandes AM. Variations in body mass index of users of depot-
medroxyprogesterone acetate as a contraceptive. Contraception. 
2010;81(2):107-11. 

7. Bakry S, Abdullah A. Effect of depot medroxyprogesterone 
(DMPA) on body weight and serum lipid profile in adult female 
rats. Egypt J Biochem Molec Biol. 2008;2(1):17-30.

8. Clark MK, Dillon JS, Sowers M, Nichols S. Weight, fat mass, 
and central distribution of fat increase when women use depot-
medroxyprogesterone acetate for contraception. Int J Obes 
(Lond). 2005;29(10):1252-8. 

9. Berenson AB, Rahman M. Changes in weight, total fat, percent 
body fat, and central-to-peripheral fat ratio associated with 
injectable and oral contraceptive use. Am J Obstet Gynecol. 
2009;200(3):329.e1-8. 

10. Weinberg A, Park JG, Bosch R, Cho A, Livingston E, Aweeka F, 
et al. Effect of Depot Medoxyprogesterone Acetate on Immune 
Functions and Inflammatory Markers of HIV-Infected Women. J 
Acquir Immune Defic Syndr. 2016;71(2):137-45. 

11. WHO. Obesity: preventing and managing the global epidemic. 
Genebra; 1997.

12. Geloneze B, Vasques AC, Stabe CF, Pareja JC, Rosado LE, Queiroz 
EC, et al. HOMA1-IR and HOMA2-IR indexes in identifying 
insulin resistance and metabolic syndrome: Brazilian Metabolic 
Syndrome Study (BRAMS). Arq Bras Endocrinol Metabol. 
2009;53(2):281-7. 

13. Camargos AF, Melo VH, Carneiro MM, Reis FM. Ginecologia 
ambulatorial baseada em evidências científicas. 2. ed. Belo 
Horizonte: Coopmed; 2008. p. 288-90.

14. Harte C, Henry MT, Murphy KD, Mitchell TH. Progestogens and 
Cushing’s syndrome. Ir J Med Sci. 1995;164(4):274-5. 

15. Toth MJ, Tchernof A, Sites CK, Poehlman ET. Effect of menopausal 
status on body composition and abdominal fat distribution. Int J 
Obes Relat Metab Disord. 2000;24(2):226-31.

16. Perseghin G, Ghosh S, Gerow K, Shulman GI. Metabolic defects 
in lean nondiabetic offspring of NIDDM parents: a cross-sectional 
study. Diabetes. 1997;46(6):1001-9. 

17. Boden G. Obesity and free fatty acids. Endocrinol Metab Clin 
North Am. 2008;37(3):635-46, viii-ix. 

18. Hauner H. Secretory factors from human adipose tissue and their 
functional role. Proc Nutr Soc. 2005;64(2):163-9. 

19. Halberg N, Wernstedt-Asterholm I, Scherer PE. The adipocyte as an 
endocrine cell. Endocrinol Metab Clin North Am. 2008;37(3):753-
68, x-xi. 

20. Pratley RE, Nicolson M, Bogardus C, Ravussin E. Plasma leptin 
responses to fasting in Pima Indians. Am J Physiol. 1997;273(3 
Pt 1):E644-9.

21. Considine RV, Sinha MK, Heiman ML, Kriauciunas A, 
Stephens TW, Nyce MR, et al. Serum immunoreactive-leptin 
concentrations in normal-weight and obese humans. N Engl J 
Med. 1996;334(5):292-5. 

22. Weigle DS, Duell PB, Connor WE, Steiner RA, Soules MR, Kuijper 
JL. Effect of fasting, refeeding, and dietary fat restriction on 
plasma leptin levels. J Clin Endocrinol Metab. 1997;82(2):561-5.

23. Rajala MW, Scherer PE. Minireview: The adipocyte--at the 
crossroads of energy homeostasis, inflammation, and 
atherosclerosis. Endocrinology. 2003;144(9):3765-73. 

24. Wang Z, Nakayama T. Inflammation, a link between obesity and 
cardiovascular disease. Mediators Inflamm. 2010;2010:535918. 

25. Pelkman CL, Chow M, Heinbach RA, Rolls BJ. Short-term effects 
of a progestational contraceptive drug on food intake, resting 
energy expenditure, and body weight in young women. Am J 
Clin Nutr. 2001;73(1):19-26.

26. Steward RG, Bateman LA, Slentz C, Stanczyk FZ, Price TM. The 
impact of short-term depot-medroxyprogesterone acetate treatment 
on resting metabolic rate. Contraception. 2016;93(4):317-22.

27. Johnstone AM, Murison SD, Duncan JS, Rance KA, Speakman 
JR. Factors influencing variation in basal metabolic rate include 
fat-free mass, fat mass, age, and circulating thyroxine but 
not sex, circulating leptin, or triiodothyronine. Am J Clin Nutr. 
2005;82(5):941-8. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

76

original article

Arch Endocrinol Metab. 2017;61/1

1 Departamento de Urologia, 
Hospital Universitário Evangélico 
de Curitiba, Curitiba, PR, Brasil
2 Faculdade de Medicina, 
Faculdade Evangélica do Paraná 
(Fepar), Curitiba, PR, Brasil

Correspondence to: 
Paulo Eduardo Dietrich Jaworski 
Hospital Universitário Evangélico de 
Curitiba, Departamento de Urologia 
Alameda Augusto Stellfeld, 1980, 
5º andar  
pj@paulojaworski.com.br

Received on Sept/16/2015
Accepted on Apr/25/2016

DOI: 10.1590/2359-3997000000203

Importance of abdominal 
circumference and body mass 
index values in predicting male 
hypogonadism – A practical  
approach

Paulo Eduardo Dietrich Jaworski1, Anderson Ramos1, Arthur Radaelli Nicoleit1,  
Luis Fernando de Almeida Bacarin2, Pedro Olivo Neto2

ABSTRACT
Objective: The objective of this study was to correlate the values of abdominal circumference (AC) 
and body mass index (BMI) with the levels of total testosterone (TT), free testosterone (FT) and sexual 
hormone binding globulin (SHBG). We aimed to analyze the association between the anthropometric 
values and variations in the hormonal levels. Subjects and methods: A transversal prospective 
study was conducted. A total of 159 patients were included in the study. Results: BMI was inversely 
correlated with TT and SHBG (p = 0.02 and p = 0.006, respectively). AC was also inversely correlated 
withTT and SHBG (p = 0.006 and p < 0.0001, respectively). However, BMI did not correlate signicantly 
with these hormonal levels after adjusting for age. Conclusion: This finding led to the conclusion 
that AC had a stronger inverse correlation than BMI with TT and SHBG. Our data suggested that AC 
alone can be used as an anthropometric parameter to help simplify the identification of men with low 
serum TT levels. Arch Endocrinol Metab. 2017;61(1):76-80

Keywords
Abdominal; circumference; obesity; testosterone

INTRODUCTION

P opulation aging has widespread consequences 
on all sections of organized civil society. From 

a medical perspective, clinicians are called upon to 
address the prevention, treatment and even retardation 
of the consequences of aging. Aging women experience 
a decrease in estrogen which invariably evolves into 
menopause, a very well-known condition that is 
often discussed by doctors and patients. Aging men 
usually develop a decrease in androgen levels (1). 
These biochemical findings and the associated specific 
symptoms are known as Androgen Deficiency of the 
Aging Male (ADAM). The array of associated symptoms 
include decreased libido, erectile dysfunction, decreased 
ejaculate volume, hair loss, weakness, and anemia (2). 
Low testosterone levels can also lead to decreased bone 
mineral density and lean mass, increased fat mass, and 
increased cardiovascular risk including atherosclerosis 
and the metabolic syndrome (3-6).

Despite being the subject of many studies, male 
hypogonadism and ADAM are not easily identified 
during office consultations, due to cultural and even social 
characteristics of Brazilian males, particularly among the 
elderly. A method to effectively identify these patients 
is necessary in order to expand the multidisciplinary 
treatment of the aging male population, with the aim to 
improve their global quality of life.

The objective of this study was to analyze two 
anthropometric values, abdominal circumference (AC) 
and body mass index (BMI), and compare them to 
serum levels of total testosterone (TT), free testosterone 
(FT) and sexual hormone binding globulin (SHBG). 
We aimed to identify the best anthropometric-hormonal 
correlation that could help identify patients with a 
potential diagnosis of ADAM.

SUBJECTS AND METHODS

A transversal prospective study was conducted. We 
included male outpatients in our service who were 
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greater than 40 years old in a random manner, without 
distinction by race or ethnicity. Patients were excluded if 
any other possible cause of hypogonadism was identified 
during the consultation (e.g., use of medication, testis 
affections, hyperprolactinemia). All of the subjects 
signed an informed consent form. A total of 159 men 
agreed to participate in the study. The institutional 
Ethics Committee approved the study. 

The data collection took place over 4 months, 
between April and August of 2013. The anthropometric 
data (height, weight and abdominal circumference) 
and age were measured in a preliminary interview. 
Each subject had a fasting blood sample drawn between 
8:00 h and 10:00 h. Serum levels of total testosterone, 
free testosterone and SHBG were analyzed. 

The total testosterone and SHBG levels were measured 
using chemiluminescence immunoassay (CLIA) kits, 
and the free testosterone was calculated according to 
Vermeulen’s Formula (http://www.issam.ch/freetesto.
htm). Height was measured in meters (m) and weight in 
kilograms (kg), and both measurements were obtained 
with the subject barefoot and wearing only underpants. 
The AC was measured in centimeters (cm), using the 
landmark of the average point between the 10th rib and 
the iliac crest at the axillary line. The subjects were divided 
into two groups, patients with an AC higher than 102 cm 
and patients with an AC lower than 102 cm, based on the 
AC criteria for patients at high risk for metabolic disease 
(7). The BMI was calculated and patients were also divided 
in two groups, patients with a BMI higher than 30 and 
patients with a BMI lower than 30, based on the World 
Health Organization criteria for obesity classification (8). 
The data were organized in a frequency and contingency 
table. The Kolmogorov-Smirnov test was used to 
determine the sample distribution. The central tendency 
was displayed as the average and standard deviation for 
parametric data, whereas the median and interquartile 
intervals were used for non-parametric data.

The AC and BMI were individually correlated 
with TT, FT and SHBG levels using the Spearman 
test. Multiple linear regression was used to analyze 
independent variables and to correlate age, BMI and 
AC. The ANCOVA was used to analyze correlations 
between hormonal values and the 4 groups of subjects, 
according to their BMI (higher than 30, lower than 
30) and AC (higher than 102 cm, lower than 102 cm).

All the statistical tests were deemed significant 
at a p-value lower than 0.05. The analytical software 
utilized was MedCalc v.10.0.

RESULTS

The demographic data are displayed in Table 1. The 
median age was 66.7 years. The average BMI was 28.1 
kg/m2 and the average AC was 98.7 cm.

Table 1. Demographic and hormonal data

N 159

Age 66.7 (58.4 – 71.9)*

BMI 28.1 (± 4.3)#

AC 98.7 (±11.46)#

Total testosterone 369 (291 – 423.6)*

Free testosterone 6.66 (5.17 – 8.28)*

SHBG 39.1 (30.8 – 50.8)*

* Median (inter-quartile interval); # Average (standard deviation).

BMI was inversely correlated with TT and SHBG, 
both significantly, but the correlation between BMI and 
FT was not significant. AC was also inversely correlated 
with TT and SHBG and these results were with 
statistically significant. The data are shown in Table 2.

Table 2. Anthropometric measurements and hormonal correlations*

FT TT SHBG

BMI 0.809 0.03 0.006

AC 0.895 0.006 < 0.001

* Spearman’s p-value.

An age-adjusted linear regression analysis demons-
trated correlation between the anthropometric 
parameters and hormonal levels, and the results are shown 
in Table 3. We tried to refine our analysis, knowing that 
the age range could bias the results. Again, we confirmed 
that BMI and AC both correlated with TT and SHBG.

Table 3. Adjusted partial correlation* between anthropometric 
measurements and FT, TT and SHBG

Abdominal 
circumference (AC)

Body mass index 
(BMI)

Free testosterone

Age adjustment P = 0.419 P = 0.459

AC adjustment - P = 0.669

Age and BMI adjustment P = 0.59 -

Total testosterone

Age adjustment P = 0.002 P = 0.025

Age and AC adjustment - P = 0.306

Age and BMI adjustment P = 0.019 -

SHBG

Age adjustment P < 0.001 P = 0.015

AC adjustment - P = 0.681

Age and BMI adjustment P < 0.001 -

* Multiple linear regression p-value (CI = 95%).
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The group analysis, displayed in Table 4, revealed 
that men with an AC lower than 102 cm had 
significantly lower TT and SHBG levels than men with 
an AC higher than 102 cm. When the BMI groups 
were compared, we found that men with a BMI lower 
than 30 had significantly higher SHBG levels than men 
with a BMI higher than 30. No significant differences 
were observed between the groups when TT and FT 
were analyzed.

DISCUSSION

Men’s testosterone synthesis decreases with age, 
whereas central obesity tends to increase (1,9). Many 
authors have demonstrated the existence of an inverse 
correlation between total testosterone and central obesity 
when they are analyzed in the same subject (10-12). 
The proposed pathophysiology is that visceral fat is 
associated with lower plasmatic SHBG concentration 
(13,14), which results in more testosterone in a free 
form, resulting in negative feedback to the pituitary 
gland, which inhibits the production luteinizing 
hormone and lowers its level. Therefore, the low SHBG 
levels decrease testosterone production (14). Moreover, 
abundant cytokine production within the fat tissue also 
inhibits testosterone production through intracellular 
mechanisms. Alpha tumor necrosis factor (α-TNF), 
for instance, inhibits steroid production inside Leydig 
cells, at the intracellular transcription level, whereas 
interleukine-1 (IL-1) inhibits the cholesterol side-chain 
cleavage by the p450 cytochrome inside the Leydig 
cells (15).

Central obesity and increased abdominal 
circumference are conditions that correlate to each 
other. Increased abdominal circumference has been 

Table 4. Mean free testosterone, total testosterone and SHBG in different anthropometric subgroups

AC < 102 cm AC > 102 cm
p-value*

N Mean SD N Mean SD

Free testosterone 101 7.35 0.31 58 6.96 0.41 0.324

SHBG 101 44.61 1.47 58 37.29 1.94 0.001

Total testosterone 101 394.69 13.7 58 342.74 18.2 0.007

BMI < 30 BMI > 30
p-value*

N Mean SD N Mean SD

Free testosterone 47 7.51 0.22 112 6.88 32.17 0.753

SHBG 47 48.08 1.35 112 37 0.67 0.004

Total testosterone 47 411.4 8.87 112 360 2.36 0.09

* ANCOVA’s p-value.

described as the best indicator of central obesity (14), 
total body fat (16) and visceral fat (17,18), particularly 
in men who are more than 40 years of age. When the 
production of androgenic hormones in these groups of 
patients was examined, Svartberg and cols. concluded 
in the Tromsø study that abdominal circumference 
values were inversely associated with serum levels of 
TT, FT and SHBG (11). In addition, they reported 
a higher strength of association between abdominal 
circumference and TT, FT and SHBG when compared 
to the association between BMI and TT, FT and SHBG. 
The investigators proposed that, within that patient 
population, the simple measurement of AC could be 
useful to anticipate levels of serum testosterone (19). 
Similarly, Seidell and cols. have shown that men with 
higher visceral fat values have lower total and free 
testosterone serum levels (10).

Multiple transversal and longitudinal studies 
(11,20,21) have shown that aging men experience 
progressive declines in their TT and FT levels. This 
down variation is physiological (11,20), and it is caused 
by a reduction in testicular function associated with a 
reduction in the activity of the hypothalamic-pituitary 
axis (22,23). By adjusting our data for age, we reduced 
the chance of an eventual distortion in the comparison 
of the variables and men in different ages. We found 
that, even after this adjustment, our results remained 
consistent and statistically significant.

There is controversy in the literature about the 
cause and effect theory of low androgen levels and 
obesity. Some authors have suggested that obesity has a 
causal role in the decline of androgen levels. They state 
that weight loss can partially reverse low TT and SHBG 
levels (24-26). However, Khaw and Barrett-Connor 
showed that TT and SHBG were inversely correlated 
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with visceral fat and age, suggesting that testosterone 
can mobilize abdominal fat deposits (13). During the 
15 observation years of The Massachusetts Male Aging 
Study (27), there was evidence that low testosterone 
and SHBG levels could predict the incidence of the 
metabolic syndrome. Ding and cols. concluded that 
low SHBG levels can predict the risk of developing type 
2 diabetes mellitus (28).

Within our pool of subjects, AC was inversely 
correlated with TT and SHBG levels. Moreover, AC 
correlated in a stronger and more consistent manner 
with TT and SHBG than BMI. Because we recruited a 
considerable number of men with a heterogeneous age 
profile and preformed their serum sample analysis in 
the same laboratory and during the same time interval 
of 2 hours in the morning, we eliminated diurnal 
variability in the testosterone levels and provided 
reliability to our data and results. The limitations of this 
study include the different sizes of the AC and BMI 
groups, the limited number of participants and the fact 
that all of the subjects were recruited from a tertiary 
urology outpatient clinic, so our findings may not be 
generalizable to other patient populations.

In conclusion, in this study we found that abdominal 
circumference had a stronger inverse correlation with 
TT and SHBG than body mass index. A measured 
abdominal circumference of greater than 102 cm can 
be used as anthropometric data to predict low TT and 
SHBG levels in patients evaluated in a medical office. 
This simple information can contribute to the correct 
identification of androgen deficiency symptoms in 
aging men.

Funding: the authors state no financial interest of any kind.

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

D espite the high and increasing incidence of 
differentiated thyroid carcinomas (DTCs), only 

a few patients (less than 10% of patients with clinical 
disease) will develop distant metastases. Two thirds of 
these patients will become refractory to the treatment 
with radioactive iodine (RAI), and they represent 
4-5 new cases/year/million. After the discovery of 
advanced RAI-refractory disease, the 10-year survival 
rate is usually less than 10% and the mean life expectancy 
is 3-5 years (1). Systemic chemotherapy has limited 
efficacy with a high toxicity rate (2). Multikinase 
inhibitors (MKIs) are the most investigated drugs. Two 
of these compounds, sorafenib and lenvatinib, have 
shown objective response rates and have significantly 
improved the progression-free survival rates in the 
two largest published prospective randomized trials 
performed with an MKI in patients with advanced 
refractory DTC. However, no overall survival benefit 
has been demonstrated yet. This is probably related to 
the crossover that occurs in most patients who progress 
on placebo treatment to the open treatment (3,4). 

The aim of this review is to define RAI refractori-
ness and summarize the therapies currently available. 
We also aim to analyze the most appropriate timings to 
initiate and to stop MKI treatment.

Defining RAI refractoriness

RAI treatment is the first-line systemic treatment in 
patients with advanced disease (5). Achieving a cure 
with RAI treatments is frequent in young patients with 
small metastases from well-differentiated thyroid cancer 
who have high uptake of RAI in neoplastic foci. These 
patients represent about one third of all patients with 
an advanced form of the disease. Partial response and 
long-term stabilization may be obtained, but cure is 
rarely achieved in the other two thirds of patients with 
an advanced form of the disease, who will be classified as 
refractory at some point during their life (1,6).

It is important to recognize at which point RAI 
treatment is no longer beneficial for DTC patients in 
order to avoid unnecessary treatments that may lead to 
severe adverse events (AEs) and to consider alternative 
local or systemic therapies (5,7). Indeed, the practitio-
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Radioiodine (RAI)-refractory thyroid cancer is an uncommon entity, occurring with an estimated 
incidence of 4-5 cases/year/million people. RAI refractoriness is more frequent in older patients, in 
those with large metastases, in poorly differentiated thyroid cancer, and in those tumors with high 
18-fluordeoxyglucose uptake on PET/CT. These patients have a 10-year survival rate of less than 10%. In 
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ner should ascertain that decreased RAI uptake is not 
due to iodine contamination or to insufficient TSH 
(thyrotropin) stimulation (8). When this has been ex-
cluded, there are different possible scenarios (5,6):

Metastatic disease that does not take up radioactive 
iodine at the time of the first I131 treatment

For these patients, treatment with I131 does not provide 
any benefit. This group includes patients with structurally 
evident disease with no RAI uptake on a diagnostic, 
whole-body scan. In some of these patients, RAI uptake 
may be observed on post therapy scans but usually will 
not be high enough to induce any therapeutic benefit (9).

Ability to take up RAI lost after previous evidence of 
uptake

This is frequently observed in patients with multiple 
large metastases, and it is generally due to the eradication 
of differentiated tumor cells with RAI uptake, with 
persistence of those poorly differentiated clones that will 
continue growing (6). 

RAI uptake retained in some lesions but not in others

This situation is also frequently seen in patients with 
multiple large metastases, and progression is likely to 
occur in metastases without RAI uptake, in particular 
when high 18-fluorodeoxyglucose (18FDG) uptake is 
present (10,11).

Metastatic disease that progresses despite 
substantial uptake of RAI

When structural progression occurs within 12 to 16 
months after the course of an adequate RAI treatment, 
subsequent RAI treatment, even with higher activities, 
will be ineffective (12).

Absence of complete response to treatment after  
> 600 mCi of cumulative activity of RAI

The situation is less clear in patients who still have visible 
RAI uptake in all lesions and who are not cured, despite 
several treatment courses, but in whom disease does not 
progress according to Response Evaluation Criteria  In 
Solid Tumors (RECIST) 1.1 criteria (13). The probability 
of obtaining a cure with further RAI treatment is low, and 
the risk of AEs increases with further treatments (1,5,7). 
The decision to continue RAI treatment is generally 
based on the magnitude of tumor response to previous 
treatment courses, the persistence of a significant RAI 

uptake, a low 18FDG uptake in tumor foci, and the 
absence of detectable side effects (6). 

High uptake of 18FDG on PET/CT scan

The likelihood of obtaining a complete response is 
reduced when 18FDG uptake on PET/CT scanning 
is high in the tumor foci. However, the decision to 
abandon RAI therapy should not be based only on the 
presence or intensity of 18FDG uptake (14-17). 

Advanced disease and unfeasible thyroidectomy 

When the thyroid gland has not been removed, RAI 
treatment is usually not administered and RAI uptake 
status cannot be assessed. These patients are usually 
managed as iodine-refractory patients (6).

Rationale for the use of MKIs

Genetic alterations inducing the activation of the  
RAS-RAF-MEK-ERK and PI3K/Akt/mTOR signaling 
pathways are found in the majority of DTCs (18). 
Angiogenic factors are also involved in the cellular 
control of differentiation, proliferation, and survival. 
Vascular endothelial growth factor (VEGF) stimulates 
endothelial cell proliferation and is a key to tumor 
angiogenesis. VEGF has an important role in thyroid 
cancer development, and its expression level correlates 
with advanced disease (19,20). As a consequence, MKIs 
targeting angiogenesis have recently been used with 
encouraging results in clinical trials involving patients 
with progressive and unresectable RAI-refractory disease 
(3,4,21).

When to initiate an MKI?

One main challenge is properly selecting patients for 
systemic therapy. As all these medications can cause a 
decrease in quality of life (QoL) and life-threatening, 
adverse effects, it is important to identify which patients 
may benefit from and should be placed on therapy. 
Patients with distant metastases may have a disease 
that does not progress for years. In these patients, it is 
recommended to keep TSH suppression therapy with 
levothyroxine and imaging every 3-12 months (CT 
scan, 18FDG-PET/CT scan, or MRI) based on the 
disease burden and location of lesions (5,22). Although 
serum thyroglobulin (Tg) levels are measured as a 
biomarker of the disease extent, patients should not be 
identified as having progressive disease only on the basis 
of rising levels of serum Tg. Rapidly increasing serum 
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Tg levels should, however, lead to more frequent and 
comprehensive imaging in efforts to identify structural 
correlates (23).

In general, the appropriate indications to initiate a 
MKI treatment are (5,24,25) as follow:

Rapidly progressive disease and large tumor burden

Large, multiple tumors greater than 1-2 cm in size that 
are rapidly progressing (within < 12 months) should be 
considered for treatment; in these patients, treatment 
should preferably be initiated before the occurrence of 
symptoms (6,26). 

In contrast, patients with smaller tumors (< 1 cm) 
or with only a few lesions and with no documented 
progression rarely require immediate, systemic treat-
ment with an MKI (6). 

For patients with smaller tumors that are rapidly 
progressing (< 6-12 months) or for those who have 
large tumors that progress slowly ( > 12 months), the 
decision to treat or not (or to postpone treatment) is 
less clear and should be considered on a case-by-case 
basis (6,26,27). 

Symptomatic disease and the risk of local 
complications

Dyspnea or painful bone lesions should first be submitted 
to focal therapy. Also, symptomatic treatment modalities 
are always warranted, as well as bisphosphonates or 
an anti-RANK ligand antibody in patients with bone 
metastases. Cases of ineffectiveness or with the presence 
of tumor foci near the respiratory–digestive axis or large 
vessels may be an indication to initiate treatment, even 
in patients with no demonstrated progression before 
the occurrence of tumor involvement of the trachea or 
esophagus and before encasement of great vessels that 
may contraindicate the use of an MKI with respect to the 
risk of bleeding (28). 

Good overall performance status and acceptable life 
expectancy

Before initiation, a comprehensive review is necessary 
to ascertain the patient’s suitability for therapy. An 
initial evaluation includes assessment of the patient’s 
performance status. Little is known about the tolerability 
of MKIs in patients with a poor performance status (e.g., 
ECOG 2 or more) because all trials with MKIs have 
excluded these patients (29).

Absence of comorbidities or contraindications

Cardiovascular history, poor blood pressure control, 
and hematological, renal, and hepatic abnormalities 
may contraindicate any MKI treatment or may indicate 
treatment initiation at a lower dosage (Table 1) (5,28).

Table 1. Contraindications or factors discouraging MKI treatment

Contraindications Comment

Intestinal or liver disease Active or recent diverticulitis, 
inflammatory bowel disease, or recent 
bowel resection

Laboratory: AST-ALT > 5 times the 
upper limit of normal range; increased 
bilirubin level

High risk of bleeding Recent gastrointestinal hemorrhage or 
hemoptysis, coagulopathy, or 
anticoagulant treatment

Tumor involvement of the larynx, 
trachea–bronchus axis or the 
pharyngo-esophagus axis Encasement 
of great vessels

High cardiovascular risk Unstable angina, myocardial infarction, 
or stroke within 6 months prior to MKI 
initiation

Poorly controlled hypertension Uncontrolled hypertension; start 
antihypertensive treatment first if 
blood pressure is > 140/90 mmHg

Prolonged QTc interval ≥ 450 msec 

History of ventricular arrhythmias and 
bradyarrhythmias

Renal impairment CrCl < 60 ml/min

Proteinuria ≥ 1g/24h

Recent tracheal radiation therapy Within 6 months prior to MKI initiation 
Increased risk of bleeding/fistula

Cachexia, poor nutrition, 
sarcopenia

Care should improve performance 
status

Untreated brain metastases Controversial

Recent suicidal ideation Suicide has been reported in 
depressed patients receiving MKIs

Concomitant medication that 
induces or inhibits CYP3A4 

Avoid or substitute for another drug. If 
a CYP3A4-inhibiting drug cannot be 
eliminated, consider a dose reduction 
in the MKI

Life expectancy If it is too brief systemic therapy will 
not be justified

ALT: alanine aminotransferase; AST: aspartate aminotransferase; CrCl: creatinine clearance.

Good compliance to treatment

Due to the duration of treatment, the potential for 
toxicities, and the need for regular monitoring, patients 
must be aware that the follow-up will be close and may 
be prolonged for years.
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Which agents are available?

Multikinase inhibitors 
Sorafenib 

Sorafenib targets BRAF, RET, VEGFR 1–3, PDGFR, and 
c-KIT and was the first agent approved (in 2013) for the 
treatment of refractory DTC, based on the DECISION 
trial, a randomized, placebo-controlled, phase III trial 
(30,31). A total of 417 adult patients with progressive 
advanced RAI-refractory DTC were randomized 1 to 1 
to sorafenib (800 mg daily) or a placebo. The median 
progression-free survival (PFS) of patients treated with 
sorafenib was significantly improved compared to the 
placebo (10.8 vs. 5.8 months; p < 0.0001). Disease 
control rate, including partial responses (PRs in 12% 
of patients) and stable disease (SD > 23 weeks), was 
achieved in 54% of patients treated with sorafenib. There 
was no difference in overall survival (OS), even after 
correction of the potential benefits of the crossover in 
patients from the placebo group who crossed over to 
the sorafenib treatment upon disease progression. AEs 
occurred in almost all patients, but most were grade 
1 or 2. The most frequent AEs were dermatological – 
hand–foot syndrome (76%), alopecia (67%), and rash or 
desquamation (50%) – but also included diarrhea (68%), 
fatigue (49%), weight loss (46%), and hypertension 
(40%). Serious AEs occurred in more than 30% of 
patients, the most frequent being secondary malignancy 
(4.3%), dyspnea (3.4%), and pleural effusion (2.9%). The 
dose was decreased in 64% of cases, and the drug was 
discontinued due to AEs in 19% of patients (32). 

Lenvatinib 

Lenvatinib targets VEGFR1-3, FGFR1-4, PDGFR-b, 
RET, and c-KIT and was labeled in 2014 based on 
the SELECT trial (33). SELECT, a phase III trial, 
enrolled a total of 392 patients with progressive, 
advanced RAI-refractory DTC who were randomized 
2 to 1 to lenvatinib (24 mg/day) (n = 261) or a 
placebo (n = 131). The median PFS was significantly 
improved compared to the placebo (18.3 months vs. 
3.6 months; p < 0.001). The PFS benefit was found 
among all subgroups, including patients previously 
treated with another MKI (25% of patients), distinct 
histology subtypes (i.e., papillary, poorly differentiated, 
follicular, and oncocytic), and site of metastases, and 
was independent of the BRAF and RAS mutational 
status of the tumor. In addition, a significant objective 
response rate of 64.8% was documented among 

patients treated with lenvatinib, including complete 
responses in 4 patients; furthermore, a prolonged 
stable disease (longer than 23 weeks) was observed 
in 15% of patients. Responses occurred rapidly after 
initiation of treatment, with a median time to response 
of only two months. Grade 3 or higher AEs occurred 
in 75% of patients and led to dose reductions in 67% 
and discontinuation of treatment in 14% of patients. 
The most frequent grade 3 or higher treatment-related 
AEs were hypertension (42%), proteinuria (10%), 
arterial and venous thromboembolic events (2.7% 
and 3.8%, respectively), acute renal failure (1.9%), 
QTc prolongation (1.5%), and hepatic failure (0.4%). 
Six deaths in the lenvatinib group were considered 
probably treatment related by the investigators: 3 cases 
resulted from unspecified causes and 3 were associated 
with pulmonary embolism, hemorrhagic stroke, and 
health deterioration. No significant OS benefit was 
demonstrated with lenvatinib, but after correction for 
the potential benefits of crossover in patients of the 
placebo group who were treated with lenvatinib upon 
progression with a prespecified method, the benefit in 
terms of OS became significant (3).

Direct comparison of these two treatments has not 
been performed, but lenvatinib seems to be more effec-
tive than sorafenib, both in improving PFS and in ob-
taining an objective tumor response (Table 2). These 
data are even more meaningful when considering that 
the SELECT trial enrolled patients with more advan-
ced and more aggressive disease (as shown by a shorter 
median PFS in the placebo arm), some of whom had 
been previously treated with an MKI.

Table 2. Phase III trials

Sorafenib vs. placebo
Decision

Lenvatinib vs. 
placebo
Select

Patients (n) 207 vs. 210 261 vs. 131

CR 0% vs. 0% 1.5% (n = 4) vs. 0%

PR 12.2% vs. 0.5% 63.2% vs. 1.5%

SD > 23 weeks 41.8% vs. 33.2% 15.3% vs. 29.8%

PFS months (median) 10.8 vs. 5.8

(HR 0.59 p < 0.0001)

18.3 vs. 3.6

(HR 0.21 p < 0.001)

Grade 3-4 AEs 37.2% vs. 26.3% 75.9% vs. 9.9%

OS NS* NS*

CR: complete response; PR: partial response; SD: stable disease; PFS: progression free survival; 
HR: hazard ratio; AEs: adverse events; OS: overall survival; NS: not statistically significant.
* Probably related to the crossover that occurs in most patients who progressed from the 
placebo treatment to the therapy treatment.
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Pazopanib

Pazopanib targets VEGFR1-3, PDGFR-a and -b, and 
c-KIT. In a phase II trial on involving 37 patients with 
previously treated advanced RAI-refractory thyroid 
cancer, a PR occurred in 49% of patients and SD occurred 
in 47% of patients. AEs included fatigue, hair and skin 
hypopigmentation, alopecia, diarrhea, nausea, vomiting, 
anorexia, weight loss, hypertension, elevated liver 
function tests, proteinuria, and hematologic cytopenias. 
Serious AEs were uncommon but included lower 
gastrointestinal hemorrhage (grade 3) and intracranial 
hemorrhage (grade 4). A dose reduction due to AEs was 
required in 43% of patients. Two deaths were potentially 
related to the drug. It is important to note that the 
patients included in this trial were allowed to be treated 
with up to two previous systemic treatment lines, and 
radiographic progression of the disease was requested in 
the 6 months preceding enrolment. These criteria led to 
the selection of highly aggressive RAI-refractory DTC 
patients (34).

Cabozantinib 

Cabozantinib targets c-MET, VEGFR2, and RET kinases 
and is currently approved for the treatment of advanced 
medullary thyroid cancer. Among 15 patients with 
RAI-refractory DTC, a PR was achieved in 8 (53%). 
All patients experienced at least one AE, and nearly all 
were grade 3 or higher. The most common AEs were 
diarrhea, nausea, fatigue, and decreased appetite (35).

Sunitinib

Sunitinib targets VEGFR, PDGFR, c-KIT, FLT3, and 
RET. In a phase II trial of 28 patients with advanced 
RAI-refractory DTC, sunitinib induced a PR in 28%, a 
CR in 1 patient, and SD in 46%. The most common AEs 
included fatigue, neutropenia, hand–foot syndrome, 
hypertension, and diarrhea. Four patients discontinued 
treatment due to toxicity; there were two serious 
bleeding episodes (36).

Vandetanib

Vandetanib targets RET, VEGFR, and EGFR. A 
randomized, double-blind, phase II trial enrolled 72 
patients to the vandetanib group and 73 patients to 
the placebo group. Patients who received vandetanib 
had longer median PFS than those who received the 
placebo (11 months vs. 5.9, p < 0.05). PR and SD were 
observed in 8% and 57% of patients in the vandetanib 

arm, respectively. The incidence of grade 3 AEs was 53% 
in the vandetanib group. QTc prolongation and diarrhea 
were the most common AEs, and other frequent AEs 
included hypertension, rash, acne, and decreased 
appetite (37).

Motesanib 

Motesanib targets VEGF-R, PDGF-R, and c-KIT. In a 
phase II study on 93 patients who had progressive, RAI-
resistant DTC, PR was observed in 14% and SD longer 
than 23 weeks was observed in 35%. Nearly all patients 
(94%) had at least one AE, being grade 3 or more in 
half of them. The most commonly reported AEs were 
diarrhea, hypertension, fatigue, and weight loss (38). 

Axitinib 

Axitinib is an inhibitor of VEGF-R 1-3, c-KIT, and 
PDGF-R. In a phase II study on 52 patients with 
refractory DTC, a PR was observed in 38% and SD 
in 30%. Almost all patients experienced AEs, the most 
common grade 3-4 being hypertension, proteinuria, 
diarrhea, weight loss, and fatigue (39,40). Similar results 
were found in another phase II trial (41).

Nintedanib 

Nintedanib targets VEGF-R, FGF-R, PDGF-R and 
RET, Flt-3, and Src. Based on promising efficacy and 
safety results in many other solid tumors, nintedanib is 
currently under investigation in DTC (42,26).

Other treatment modalities
Chemotherapy

The most frequently used agent is doxorubicin. Phase II 
studies provided low and transient partial responses of 0 
to 20%. Too few data exist to recommend other specific 
cytotoxic regimens, and their use within the context of a 
therapeutic clinical trial should be preferred (2,5).

Inmunotherapy

Some tumors evade immunosurveillance, which can 
occur through an inhibition of T-cell function induced 
by the expression of molecules such as CTLA-4, PD-1, 
or PD-L1 (43,44). Treatment with antibodies directed 
against checkpoint inhibitors (e.g., PD-1/PD-L1) 
has shown promise in other cancer types and is being 
investigated in advanced RAI-refractory thyroid cancer, 
used either alone or in combination with an MKI or an 
RAI (5,45).
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Selective BRAF inhibitors 

Vemurafenib: in a retrospective review of 15 patients 
with advanced PTC harboring the BRAFV600E mutation, 
a PR was observed in 47% (46). 

Dabrafenib: among 14 patients, dabrafenib induced 
4 (29%) PRs, and 64% of patients achieved at least a 
10% reduction in tumor size (47).

Crizotinib

Crizotinib is an inhibitor of anaplastic lymphoma 
kinase (ALK) and c-MET. Recently, rearrangements 
involving the ALK gene were discovered in rare, poorly 
differentiated, and anaplastic thyroid cancers and, 
more frequently, in radiation-induced DTC (48,49). 
Crizotinib may be used in patients with a demonstrated 
ALK- or c-MET-activating mutation (50).

Everolimus

Everolimus is an inhibitor of mTOR. Activation of 
the PI3 kinase pathway occurs mostly in poorly diffe-
rentiated thyroid cancers in addition to the activation 
of the MAP kinase pathway (51). In a phase II study on 
38 patients with advanced thyroid cancer of any histo-
logy, only 2 (5%) patients achieved a PR. The AEs were 
predominantly grade 1 or 2, and the most common 
was mucositis (84%) (52). Another trial investigating 
everolimus’s combination with sorafenib is ongoing, 
and preliminary results have shown a synergistic effect, 
with PR in 58% of patients (33). 

Selumetinib

Selumetinib is an MEK inhibitor that blocks the 
MAPK signaling pathway. It was used as a redifferen-
tiating agent and increased the uptake of I124 in 12 
(60%) of 20 patients with advanced refractory thyroid 
cancer; 8 of these 12 patients reached the dosimetry 
threshold for RAI therapy, and 5 of them achieved a PR 
after RAI treatment. It seems to be more effective in 
patients with RAS-mutated disease (53). Similar results 
were achieved in a phase II study with dabrafenib on 
10 patients with BRAFV600E mutated thyroid cancers: 
60% developed RAI uptake and 83% of patients showed 
a decrease in the size of target lesions after 6 months 
of RAI treatment, but only 2 patients met criteria for 
partial response (54).

Combined therapies 

Most patients eventually progress after responding to a 
first-line treatment, though some must discontinue the 

drugs due to toxicity. As a consequence, a number of 
studies have looked at sequencing MKI administration 
or the use of MKIs in the second-line setting for 
RAI-refractory DTC in patients whose cancers have 
progressed while receiving a first-line agent. These data 
suggest that a second-line TKI can be effective, with 
similar benefits in terms of PFS (55,56).

Adverse events

Education should be provided to each patient and 
to care providers. After initiation of treatment, it is 
highly recommended that clinicians follow-up with 
patients at 2-week intervals for the first 2-3 months 
and then once a month in order to proactively manage 
AEs. 

The most common AEs and their management 
are presented in Table 3 (57-59). Less common but 
serious AEs are hypertension, arterial and venous 
thrombotic events, bleeding, gastrointestinal fistula 
and perforation, acute myocardial infarction, heart 
failure, secondary malignancies (squamous cell car-
cinoma), cytopenias, hepatotoxicity, renal failure, 
and reversible posterior leukoencephalopathy syn-
drome (3,4). 

When to stop an MKI treatMent?

Therapy should be continued as long as the net benefit 
exceeds the net detriment (5). There is no general 
consensus, and the decision to withdraw any MKI is 
made on a case-by-case basis. These situations are listed 
in Table 4 (25,59,60).

CONCLUSION

RAI refractoriness is an uncommon situation, and 
many patients may survive in the absence of treatment 
for years or even decades with a stable or slowly 
progressive disease. However, a few patients may require 
treatment when the tumor burden is large and when 
progression has been documented. MKIs represent 
the first-line treatment for advanced refractory DTC: 
they significantly prolong PFS, and some induce a high 
objective response rate. However, at present there is no 
demonstrated benefit regarding overall survival, and 
the quality of life is altered during treatment. For these 
reasons, it is important to adequately select patients 
who should be treated and then manage them with an 
interdisciplinary approach.
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Table 3. Common adverse events of MKIs

MKI most 
frequently involved 
(frequency of any 

grade of AE)

Management

Fatigue and 
loss of weight

All (26-59%) Increase or at least maintain physical activity; take pills in the evening
Monitor other causes (e.g., anemia, depression, electrolyte disturbance, hypothyroidism)

Diarrhea All (30-68%) Loperamide and/or codeine
Dietary changes (eat low-fiber foods; avoid high-fat or spicy foods, alcohol, and caffeinated or carbonated drinks)

HTA All (30-67%) Monitor blood pressure at least once a week
Diuretics, ACEIs, ARBs, BBs, or CCBs alone or in combination 
Avoid diltiazem, verapamile, and nifedipine

Rash All (20-50%) Use perfume-free soaps and wear loose, natural-fabric clothing; avoid hot or cold water
Topical corticosteroids or antihistamines

TSH increase All (30-60%) Monitor TSH levels monthly and adjust thyroid-replacement medication dose

Hand-foot 
syndrome

Sorafenib (76%) Prevention: local care of feet and hands, urea cream 10% on hands and feet, use cotton socks
Treatment: Thick urea-based cream (30%), topical lidocaine
Use comfortable shoes and avoid hot/cold water
NSAIDs, codeine, or pregabalin

Alopecia Sorafenib (67%) Inform the patient that it is temporary, usually recovering after the treatment, and does not require any treatment

Proteinuria Lenvatinib (31%) If ≥ 2 g/24 hours: withhold treatment
Resume at reduced dose when proteinuria is < 2 g/24 hours
Discontinue if nephrotic syndrome

Mucositis All (30%) Mouthwash with lidocaine + sucralfate, salt and sodium bicarbonate, or chlorhexidine

Hypocalcemia Sorafenib (18%) Monitor blood calcium levels at least monthly and replace calcium + vitamin D as necessary

QTc 
prolongation

Vandetanib
(23%, G > 3 in 14%)

Serially monitor ECG and electrolytes and correct any abnormality
Avoid drugs known to prolong QTc
Discontinue MKIs if QTc ≥ 500 msec

AEs: adverse events; ACEI: angiotensin converting enzyme inhibitor; ARB: angiotensin II receptor blockers; BB: beta-blockers; CCB: calcium channel blockers; NSAID: non steroidal anti-inflammatory 
drugs. 

Table 4. Factors that lead to MKI continuation or withdrawal

Scenario Comment

Benefits of continuing treatment Maintain stable disease or slow disease progression

Magnitude of tumor reduction If after an initial significant tumor response, a slow disease progression occurs, treatment may be continued as long as the clinical 
benefit is maintained

Size and location of tumor foci Evaluate risk of local complications if the tumor progresses

Feasibility of focal treatments In patients with dissociated responses, treatment may be maintained in those who progress in a single or in a few metastases that 
may benefit from focal treatment modalities. This may occur with bone metastases that progress and may then benefit from focal 
treatment, whereas metastases in lungs, lymph nodes, or liver respond

Tolerance AEs are significant and may lead to a dose reduction in 11-73% of patients and to MKI withdrawal in 7-25%. However, AEs can 
frequently be managed without the need for dose reduction or discontinuation of treatment. Also, the tolerance is highly variable 
from patient to patient and between different MKIs

Availability of other treatment 
modalities

Availability of other drugs or possibility to include patients in international protocols of new drugs

Disclosure: Fabián Pitoia is a consultant and speaker bureau for 
Genzyme Sanofi and Bayer. Martin Schlumberger is consultant 
for AstraZeneca, Bayer, Eisai, Exelixis and Genzyme Sanofi. The 
other authors have nothing to declare.
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Sunitinib in the therapy of malignant 
paragangliomas: report on the 
efficacy in a SDHB mutation carrier 
and review of the literature

Letizia Canu1, Silvia Pradella2, Elena Rapizzi1, Rossella Fucci1, 
Andrea Valeri3, Vittorio Briganti4, Valentino Giachè1, Gabriele 
Parenti5, Tonino Ercolino1, Massimo Mannelli1

SUMMARY
Metastatic pheochromocytomas (PHEOs) and paragangliomas (sPGLs) are rare neural crest-derived 
tumors with a poor prognosis. About 50% of them are due to germ-line mutations of the SDHB 
gene. At present, there is no cure for these tumors. Their therapy is palliative and represented by 
different options among which antiangiogenic drugs, like sunitinib, have been hypothesized to be ef-
fective especially in malignant SDHB mutated tumors. We report the effects of sunitinib therapy in a 
SDHB mutation carrier affected by a malignant sPGL. During 101 weeks of therapy at different doses, 
sunitinib was able to cause a partial response and then a stable disease for a total of 78 weeks. This 
favorable response is the longest, out of the 35 so far reported in the literature, registered in a patient 
treated exclusively with sunitinib but, similarly to the other responses, the effect was limited in time. 
From our analysis of the scanty data present in the literature, the effect of sunitinib does not seem 
to be different among wild-type patients and those carrying a cluster 1 germ-line mutation. Sunitinib 
seems able to slow the disease progression in some patients with malignant PHEO/PGL and therefore 
may represent a therapeutic option, although randomized controlled studies are needed to assess 
its efficacy definitively in the treatment of these aggressive tumors. Arch Endocrinol Metab. 2017;61(1):90-7
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INTRODUCTION 

P heochromocytomas (PHEOs) and paragangliomas 
(PGLs) are neural crest-derived tumors (1). 

They are benign in about 90% of cases. Malignancy 
is diagnosed in the presence of metastases in organs 
devoid of chromaffin tissue such as bones, lymph 
nodes, liver and lungs.

Malignancy rate mostly depends on genetic 
background; about 50% of malignant PHEO/PGL are 
due to a germ-line mutation in the SDHB gene (2-3).

Patients with benign PHEOs/sPGLs are cured by 
the surgical removal of the tumor while the treatment 
of malignant PHEOs/PGLs is palliative and aimed at 
prolonging patient survival and/or improving patient’s 
quality of life (4). In the presence of a metastatic 
PHEO/PGL, 5 year survival is about 50% (5-7). 

Treatment of patients with malignant PHEOs/
sPGLs stems on several options: surgery, when 

feasible, is generally performed on the primary tumor 
and is mostly aimed at limiting the effects of high 
levels of catecholamines on target organs and, if 
radionuclide therapy is programmed, at enhancing  
I131-metaiodobenzylguanidine (MIBG) uptake by the 
remaining metastatic lesions (8). Radionuclide therapy 
using somatostatin analogs tracers has seldom proven 
to be effective (9). Chemotherapy has been employed 
mostly in progressive disease, with partial success, 
combining different drugs such as cyclophosphamide, 
vincristine and dacarbazine (CVD) (10) or with the 
alkylating drug temozolomide causing stable disease in 
up to 50% of the cases (11).

More recently other compounds have been 
proposed. Among these, drugs such as sunitinib have 
been hypothesized to be effective in SDHB mutated 
PGL in view of their genetic profile, characterized by an 
activation of the angiogenic pathway (12,13).
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In this paper, we report on the effect obtained by 
sunitinib, administered as monotherapy, in a SDHB 
mutation carrier affected by a metastatic PGL and 
review the literature reporting the response to sunitinib 
in similar cases. 

CASE REPORT
A 35 year old Caucasian male with a metastatic 
abdominal paraganglioma was referred to our Unit in 
September 2013. The patient, presenting a congenital 
right kidney hypoplasia, had already undergone surgery 
twice: at the age of 10 years, when a PGL localized near 
the left kidney was surgically removed, and at the age of 
31 when he was operated for a local recurrence.

In 2012 he started presenting symptoms of 
catecholamine excess like hypertensive crises, palpitations 
and headache. At that time, urinary normetanephrine 
(NMNu) was reported to be elevated. A 18FDG-PET 
showed persistent disease at the primary site and uptake 
in the left ischium. A I123MIBG scintigraphy resulted 
positive only at the bone level. A 111-In-Pentetrotide 
scan (Octreoscan) showed a low density of somatostatin 
receptors.

In September 2013, at admission, the laboratory 
tests showed a very high level of NMNu (8927 
mcg/24h). A CT scan showed a new large abdominal 
recurrence 46x49x59 mm in size, located in the 
left lumbar-aortic region, other smaller abdominal 
peritoneal lesions (maximum diameter 20 mm) as well 
as several liver metastases.

A 99Tc-diphosphonate bone scintigraphy resulted 
negative.

After written informed consent the patient underwent 
genetic testing, including all the major susceptibility 
genes. A heterozygous G>A transversion variant at 
position +1 of intron 4 was found in the SDHB gene.

Despite doxazosine therapy at the dose of 2 mg/
day, the patient blood pressure resulted 140/105 
mmHg. Therefore, doxazosin dosage was progressively 
increased until normotension was obtained.

In October 2013, compression of the left ureter 
by the abdominal mass caused hydronephrosis and a 
sharp increase in serum creatinine (2.40 mg/dL). The 
obstruction was resolved by a pigtail insertion. 

After two months (November 2013, t0), without 
any anticancer therapy, a CT scan showed a significant 
increase in size of the main lesion (69x56x77 mm) 
(Figure 1B). NMNu resulted further increased (10147 
mcg/24h) (Figure 2). In view of a disease progression 
(PD), the patient started Sunitinib therapy. 

Disease progression was evaluated during the 
follow up by RECIST criteria (version 1.1) (14). The 
main abdominal recurrence was considered the target 
lesion.

Sunitinib doses and time schedules are reported 
in Figure 3. Both time schedules and doses were in 
time adjusted to the maximal time length and drug 
doses accepted by the patient, depending on the drug 
induced side effects (Table 1). 

In February 2014 (t1), at first follow up, a partial 
response (PR) as documented by a reduction in size 
of the main abdominal lesion (37x35x36 mm) and the 
other abdominal and liver metastases (Figure 1C), as 
well as a significant decrease in NMNu levels (5572 
mcg/24h) were found (Figure 2). The 18FDG-PET scan 
showed a reduction in the uptake of the liver metastases 
and in the number and uptake of the abdominal lesions. 
The uptake in the main abdominal lesion didn’t change 
significantly (Figure 4B). 

In July 2014 (t2), after additional 5 months of 
therapy, the disease was found stable at CT (main 
abdominal lesion: 37x38x36 mm) (SD) (Figure 1D) 
and 18FDG-PET (Figure 4C) while NMNu levels 
continued to decline (3276 mcg/24h) (Figure 2). 

At the third follow up in December 2014 (t3), the 
main abdominal lesion was further decreased in size 
(27x34x34 mm) while the other abdominal lesions and 
the liver metastases resulted unchanged (Figure 1E).

The 18FDG-PET scan showed a lower uptake of liver 
metastases and no change in the bone lesion (Figure 4D). 
The levels of NMNu were 1907 mcg/24h (Figure 2). 
In May 2015 (t4), at the fourth follow up, the patient 
presented PD on CT (Figure 1F) and 18FDG-PET 
(Figure 4E). The main abdominal lesion had increased 
in size (51x38x60 mm) and two new peritoneal 
lesions appeared while the liver metastases resulted 
unchanged. According to these findings, NMNu was 
found increased to 9250 mcg/24h (Figure 2).

In October 2015 (t5), after almost two years of 
therapy with Sunitinib, we observed a further increase in 
the size (62x50x75 mm) of the main abdominal lesion 
and in the number of liver metastases (Figure 1G) lately 
confirmed by 18FDG-PET (Figure 4F). 

To date the patient has completed 101 weeks of 
therapy and has PD, according to the RECIST criteria 
1.1. He’s continuing Sunitinib therapy at low doses 
(25 mg/day 2 weeks on, 1 week off) with limited side 
effects. Radiosurgery on the primary tumor and the 
liver and bone metastatic lesions is ongoing. 
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Figure 1. CT scan before sunitinib therapy: Sept. ’13 (A) and Nov.’13 (B), and during the follow up: t1 (C), t2 (D), t3 (E), t4 (F) and t5 (G). In the first line 
the main abdominal lesion, in the second line another abdominal lesion and in the third line liver metastases. 

Sep. ‘13 Nov. ’13 (t0) Feb. 2014 (t1) Jul. 2014 (t2) Dec. 2014 (t3) May. 2015 (t4) Oct. 2015 (t5)

Figure 2. Trend of urinary normetanephrine (NMNu) combined with the size of tumor recurrence (mm).
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Figure 4. 18FDG-PET before (A) and during (B-F) sunitinib therapy.

Nov. 2013 (t0) Feb. 2014 (t1) Jul. 2014 (t2) Dec. 2014 (t3) May. 2015 (t4) Oct. 2015 (t5)

Table 1. Side effects evaluated by the Common Toxicity Criteria Manual version 2.0. Grade 0 no adverse event or within normal limits; grade 1 mild 
adverse event; grade 2 moderate adverse event; grade 3: severe and undesirable adverse event; grade 4 life-threatening or disabling adverse event; 
grade 5 death related to adverse event

Side effects Drugs Grades of adverse events

Fatigue - 3

Stomach pain with nausea and vomiting Ranitidine and ondansetron 3

Hypothyroidism Levothyroxine 1

Hypertriglyceridemia ω 3 and fenofibrate 2

Hypertension Doxazosin, calcium antagonist 2

Sore mouth Mouthwash with aloe or baking soda 3

DISCUSSION

In this paper we report the long lasting effect of 
sunitinib in a patient affected by a metastatic PGL. The 
surgical option on the primary lesion was discarded in 
view of the congenital right renal hypoplasia and the 
close adhesion of the tumor mass to the left kidney and 
ureter causing a high risk of postsurgical chronic renal 
failure. Radionuclide therapy with radiolabeled MIBG 
(15) or somatostatin analogs (16) was impeded by the 
insufficient uptakes of both the compounds. Therefore, 
we decided to start medical therapy using sunitinib. 

Sunitinib is an oral tyrosine kinase inhibitor that 
targets the signaling pathways of VEGF receptors 1 and 
2, PDGF-β receptor, and other tyrosine kinases (c-KIT, 
FLT3, and RET) (17).

The therapy schedule recommended in the 
treatment of advanced renal cell carcinoma or 
gastrointestinal stromal tumors is 50 mg/day 4 weeks 
on and 2 weeks off (21), but it is generally accepted 
to adapt it to patient’s tolerability. Therefore, in time, 
we reduced the doses and changed the drug schedule 
according to the side effects, mainly gastric pain and 
sore mouth, that the patient complained of. Thus, 

during the treatment, the patient’s performance 
status was maintained grade 2 according to ECOG 
performance status criteria (18). 

After an initial PD in the absence of therapy, 
Sunitinib caused a PR, as evaluated by RECIST criteria, 
lasting 3 months followed by a period of SD lasting 10 
months. 

In the following 12 months, we observed a slight 
progressive increase in the sizes of the primary lesion 
that nevertheless were still lower than those measured at 
the start of sunitinib administration (69 mm vs 62 mm). 
As a whole, sunitinib slowed the disease progression in 
the last two years, allowing the patient to have a fairly 
good quality of life. It is also possible that the slight 
progression observed in the last 12 months might 
depend on the reduction in the drug doses, decided to 
limit its side effects.

To our knowledge, at present, only other 35 patients 
affected by a malignant PHEO/sPGL and treated with 
sunitinib have been reported in the literature (12-
13,18-28). Their characteristics, as well as those of our 
patient are reported in Table 2. 
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Table 2. Summary of the literature review. 

Author Age at the 
time of 

diagnosis

Tumor Genetic 
analysis

Surgery 
before 

sunitinib

Treatment Wk of 
therapy

Outcome

Park KS and 
cols., 2009 

M (17 yr) PHEO NA Yes 37,5 mg/day for 7 weeks and 25 mg/
day for 4 weeks

11 PR* after 7 weeks  (according to 
18FDG uptake) followed by SD* 
after 11 weeks

Jimenez C and 
cols., 2009

F (32 yr) PHEO  
(10.5 cm)

VHL Yes 50 mg/day 4 weeks on, 2 weeks off 36 PR*

Joshua AM and 
cols., 2009 

M (55 yr) Abdominal 
PGL  

(14.4 cm) 

SDHB No (after 
six cycles)

50/mg day 4 weeks on, 2 weeks off 
(before surgery); 37.5 mg/ day 4 weeks 
on, 2 weeks off (after surgery)

48 PR after 36 weeks followed by PD 
after 48 weeks (+ surgery)

  M (28 yr) Abdominal 
PGL (7 cm)

SDHB Yes 50/mg day 4 weeks on, 2 weeks off** 40 PR

  F (41 yr) PHEO  
(15 cm)

Negative for 
SDHB, 

SDHD, RET 
and VHL

Yes 50 mg/day 4 weeks on, 2 weeks off** 40 PR*

Hahn NM and 
cols., 2009

F (33 yr) Abdominal 
PGL (17 cm)

SDHB Yes 50 mg/day 4 weeks on, 2 weeks off;  
50 mg/day 2 weeks on, 1 week off

16 PD*

Cirillo F, 2010 M (37 yr) Abdominal 
PGL 

(17x14x9 cm)

NA Yes 50 mg/day 4 weeks on, 2 weeks off;  
25 mg/day 4 weeks on, 2 weeks off;  
25 mg/day 2 weeks on, 1 week off

24 SD* after 15 weeks followed by 
PD* after 24 weeks  
(+ octreotide LAR)

Zukauskaite R 
and cols., 2011

M (31 yr) PGL 
thoracic-

lumbar region 
(10x15 cm) 

No somatic 
mutations

Yes 50 mg/day 4 weeks on, 2 weeks off 24 SD* after 12 weeks followed by 
PD* after 24 weeks

  F (54 yr) PHEO Sporadic Yes 50 mg/day 4 weeks on, 2 weeks off 
reduced up to 12.5 mg/day 

68 SD* after 40 weeks followed by 
PD* after 68 weeks

Ayala-Ramirez M 
and cols., 2012 F 
(8); M (9)

(33 yr) PHEO VHL No 50 mg/day 4 weeks on,  2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

24 SD

  (60 yr) PHEO Sporadic No 50 mg/day 4 weeks on,  2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

44 PR

  (55 yr) PGL SDHB No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

108 SD

  (20 yr) PGL SDHB No 50 mg/day 4 weeks on,  2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

NA SD

  (62 yr) PHEO Sporadic No 50 mg/day 4 weeks on,  2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

 1.6 PD

  (14 yr) PHEO Sporadic No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

13 PD

  (47 yr) PHEO Sporadic No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

16 PD

  (40 yr) PHEO Sporadic No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

4 PD

  (57 yr) PGL SDHB No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

NA NA (sunitinib was stopped due to 
toxicity)

  (60 yr) PGL SDHB No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

NA NA (sunitinib was stopped due to 
toxicity)

  (69 yr) PHEO Sporadic No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

NA NA (sunitinib was stopped due to 
toxicity)

continuation
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  (27 yr) PHEO SDHB No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

NA SD

  (56 yr) PHEO Sporadic No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

48 PR

  (45 yr) PGL SDHB No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

18 PR

  (40 yr) PGL SDHB No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

32 SD

  (43 yr) PHEO SDHB No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

16.4 PD

  (63 yr) PHEO Sporadic No 50 mg/day 4 weeks on, 2 weeks off or 
37.5 mg/day continously or 37.5 mg/
day 3 weeks on, 1 week off

8.4 PD

Nemoto K and 
cols., 2012 

F (41 yr) PHEO  
(10 cm)

NA Yes 50 mg/day 4 weeks on, 2 weeks off; 25 
mg/day 2 weeks on, 2 weeks off

26 PR

Sun FK and 
cols., 2012

M (32 yr) PHEO  
(18 cm)

Negative for 
SDHB, 

SDHD, RET 
and VHL

Yes 50 mg/day 4 weeks on, 2 weeks off; 
37.5 mg/day 4 weeks on, 2 weeks off

22 Enlargement in the necrosis area 
of tumor with SD*

  M (51 yr) PHEO  
(12.9 cm)

Negative for 
SDHB, 

SDHD, RET 
and VHL

Yes 50 mg/day 4 weeks on, 2 weeks off 28 Necrosis of the lesions at the CT 
scan (PR*)

  F (49 yr) PHEO  
(5 cm)

Negative for 
SDHB, 

SDHD, RET 
and VHL

Yes 50 mg/day 4 weeks on, 2 weeks off 30 PR*

Prochilo T and 
cols., 2012

F (35 yr) Abdominal 
PGL

SDHB Yes 50 mg/day 4 weeks on, 2 weeks off; 
37.5 mg daily 2 weeks on, 2 weeks off; 
25 mg daily 2 weeks on, 1 week off

More 
than 36

PR* after 12 weeks followed by 
SD* after 36 weeks and finally 
PD* (evaluated by 18FDG-PET)

Hata J and cols., 
2014 

M (23 yr) PHEO  
(8.7 cm) 

NA Yes 50 mg/day 4 weeks on, 2 weeks off 20 SD (the authors not reported how 
many weeks after) followed by 
PD* after 20 weeks

  M (60 yr) PHEO  
(7.2 cm)

NA Yes 50 mg/day 4 weeks on, 2 weeks off** 16 SD* (the authors not reported how 
many weeks after) followed by 
PD* after 16 weeks

Lebowitz-Amit R 
and cols., 2014 

M (51 yr) Abdominal 
PGL (6.9x5.9 

x 7.1 cm)

Negative for 
SDHB, 
SDHC, 
SDHD, 

TMEM127 
and NF1

Yes 50 mg/day; 37.5 mg/day; 25/37.5 mg/
day alternating 

24  SD*

Bourcier ME and 
cols., 2013

F (70 yr) Abdominal 
PGL

NA Yes 50 mg/day 4 weeks on, 2 weeks off 12 CR

Our case M (35yr) Abdominal 
PGL

SDHB yes 25 mg/day 2 weeks on, 1 week off for 
the of time

101 PR after 12 weeks followed by SD 
after 32 weeks up to 54 weeks 
and PD after 78 weeks

F: female; M: male; NA: not available; PGL: paraganglioma; PHEO: pheochromocytoma; * data deducted by the case description and not by RECIST evaluation; ** deducted data. Weeks are always 
reported from the beginning of sunitinib therapy.

Author Age at the 
time of 

diagnosis

Tumor Genetic 
analysis

Surgery 
before 

sunitinib

Treatment Wk of 
therapy

Outcome

In this series 20 patients were males and 16 females, 
aging from 14 to 70 yrs.

Genetic analysis was performed in 30 out of 36 
patients. 15 patients resulted wild-type, 2 Von Hippel 
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Lindau (VHL) mutation carriers and 13 SDHB 
mutation carriers. Therefore, a SDHB germ-line 
mutation was found in 43.3% (13/30) of genotyped 
patients, in agreement with the high frequency of 
malignancy reported in SDHB mutation carriers (29). 

Surgery on the primary tumor had been carried out 
in 50% of patients (18/36). Sunitinib was administered 
as first non surgical therapy in 33% (12/36). 

The length of sunitinib therapy has been reported 
in 31/36 patients and ranges from 16 to 108 weeks.

The outcome of sunitinib therapy has been 
reported according to different criteria: in 19 patients 
the outcome has been calculated by RECIST criteria 
while in 14 patients the outcome has been reported by 
unspecified criteria. In 3 patients the outcome was not 
reported as the treatment was interrupted shortly after 
the start of therapy because of drug toxicity.

As a whole, 7 patients experienced PD, while 
sunitinib resulted effective in 72.2% of patients (26/36), 
providing a complete response (CR) in 1 patient, a PR 
in 13 patients and a SD in 12 patients. 

CR was observed after 12 weeks. In all patients 
(13/13) with PR the length of therapy is reported and 
the drug effect was maintained after a period ranging 
from 11 to 101 weeks. In this group, PD latterly ensued 
in 3 patients, after 48, more than 36 and 78 weeks from 
the beginning of therapy. 

Among the 12 patients found with SD the length 
of therapy was reported in ten of them, ranging from 
16 to 108 weeks and 5 were reported to undergo PD 
at different times after the beginning of therapy (from 
16 to 68 weeks).

It has been hypothesized that the genetic 
background might affect the effects of antiangiogenic 
therapy, resulting more effective in PHEO/PGL 
belonging to cluster 1 (30).

When analyzing this series reported in the literature, 
among the 30 genotyped patients, the outcome 
was reported in 14 wild type (wt) patients and in 13 
mutation carriers (11 SDHB and 2 VHL). PR or SD was 
reported in 9 wt and 11 mutated patients, respectively. 
Therefore, at least from this limited series, the different 
genetic background does not seem to affect sunitinib 
efficacy.

In summary, from the scant data of the literature, 
sunitinib seems able, in some patients, to slow the 
progression of the disease and its efficacy does not 
seem to depend on tumor genetic background. 

Nevertheless, its real efficacy will be stated only after 
the results of proper controlled studies. At present, 
only two such studies are ongoing in patients with 
malignant PHEOs/sPGLs: the FIRSTMAPPP study 
(First International Randomized Study in Malignant 
Progressive Pheochromocytoma and Paraganglioma) 
and the SNIPP study (Study of Sunitinib in Patients 
with Recurrent Paraganglioma/Pheochromocytoma). 
Both are Phase II studies. 

FIRSTMAPPP is a multicenter and randomized 
study (sunitinib 37.5 mg/day versus placebo) while 
SNIPP is a non randomized study (sunitinib 50 mg/
day 4 weeks on, 2 weeks off). 

In conclusion, we describe the case of a patient with 
malignant PHEO treated only with sunitinib for a very 
long period (101 weeks). The drug was able to induce 
a PR after 12 weeks and to maintain its effects (SD) 
for an additional 66 weeks. In spite of a slow disease 
progression, at present the patient still presents a good 
quality of life. Because of PD, the patient has started 
treatment with Temozolomide.

The results we observed in our patient are similar 
to those reported in other patients similarly affected by 
malignant PHEO/PGL. As a whole, sunitinib seems 
to offer a therapeutic option in some of these patients, 
although its effect seems limited in time.
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The coexistence of hypercalcemia 
and hypoglycemia in a patient with 
a renal tumor and B cell lymphoma 

Jimena Soutelo1, Sofía Moldes1, Cielo Frisone1,  
Laura Salvá1, Cecilia Agostinis1, Gabriel Faraj1

SUMMARY
Paraneoplastic syndromes are a heterogeneous group of malignant diseases caused by events 
which involve endocrine, immune and metabolic aspects and whose symptoms vary according to 
the substance produced and the primary tumor. Hypercalcemia is a frequent complication in cancer 
patients. Prognosis of cancer patients with hypercalcemia is usually poor. A factor called parathyroid 
hormone related peptide, whose actions are similar to those of the parathyroid hormone, is thought 
to be the most common cause of malignancy associated hypercalcemia. Non-islet hypoglycemic cell 
tumor consists of a rare syndrome characterized by the presence of a solid tumor and severe fasting 
hypoglycemia determined by an insulin-independent pathway. We report a case of a 59-year-old-
man with a renal tumor and a T-cell rich large B cell lymphoma who was hospitalized due to severe 
hypercalcemia and hypoglycemia. The laboratory examination reported hypercalcemia with inhibited 
PTH and hypoglycemia with inhibited insulin secretion, arriving to the conclusion of tumoral peptide 
production. He received denosumab and corticoid therapy. The patient died one month later despite 
initial improvement after medical treatment. While a single paraneoplastic manifestation may be 
expected in most tumors, the coexistence of two or more of them is rare, except in hepatocellular 
carcinomas, and it has not yet been described in renal tumors. Arch Endocrinol Metab. 2017;61(1):98-102
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INTRODUCTION 

Tumors usually produce symptoms by invasion, 
obstruction and bulk mass on the primary 

localization of neoplasm and their regional or distant 
metastases. In addition, tumors can produce signs at 
a distance from their localization. These are the so-
called paraneoplastic syndromes (PNS) and are caused 
by substances produced by tumor and distributed 
by circulation to act on target organs. Most of these 
substances are polypeptide hormones, autoantibodies, 
growth factors, cytokines, hormones and their 
precursors (1). 

PNS presents as an heterogeneous group of 
manifestations (cutaneous, neurological, endocrine, 
hematologic, rheumatological or renal) which involve 
endocrine, immune and metabolic aspects, and whose 
symptoms vary according to the produced substance 
and the original tumor. The suspicion of these 
manifestations – which depends on the type of tumor 
and may preceed the diagnosis of cancer – enables the 
diagnosis of the oncological pathology even in earlier 

stages. The successful treatment of the underlying 
disease leads to the improvement of the PNS (2).

The most common endocrine manifestations are the 
inappropriate antidiuretic hormone secretion, Cushing’s 
syndrome, hypercalcemia and hypoglycemia as well as 
hypocalcemia, osteomalacia, hypercholesterolemia and 
hyperuricemia (2).

Hypercalcemia is a common complication in cancer 
patients and has been reported to occur in up to 20 to 
30 percent of patients with cancer and in almost 100 
percent of patients with multiple myeloma. Detection 
of hypercalcemia in an oncological patient is a poor 
prognosis factor. 

The main factor responsible for malignant 
hypercalcemia is the PTHrP, whose actions are similar 
to PTH and regulates bone resorption and renal 
handling of calcium and phosphate (3).

The tumors that more frequently cause 
hypoglycemia are mesenchymal, hepatocellular, 
gastrointestinal, lymphomas and adrenal carcinomas. 
Tumor associated hypoglycemia may be caused by 
a non-suppressible production of IGF-1, IGF-2, 
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hypermetabolism of glucose, tumor cell production 
of insulin, insulin binding to a monoclonal protein or 
insulin receptors proliferation (4).

In this case report we describe the coexistence of 
two paraneoplastic manifestations – hypoglycemia and 
hypercalcemia – in a patient with a renal tumor and B 
cell lymphoma.

CASE REPORT 
A 59-year-old male patient with a medical history of 
tobacco smoking, Chronic Kidney Disease (CKD) 
stage IV (Kidney Disease Outcome Quality Initiative) 
and T-cell histiocyte-rich large B-cell lymphoma 
diagnosed in May 2014. The patient underwent six 
courses of chemotherapy consisting of rituximab, 
cyclophosphamide, doxorubicin hydrochloride, 
vincristine and prednisolone with partial response.

During hematology controls, a PET scan was 
performed which revealed an hypermetabolic mass of 
56 X 58 mm in the anterior valve of the right kidney 
Standard uptake value (SUV) 5.2, which was in staging 
studies. As it did not improve after chemotherapy 
treatment, primary renal neoplasia was suspected and 
therefore the department of urology prescribed a 
nephrectomy. The patient refused to undergo surgery. 

In June 2015, he was admitted to our hospital 
with asthenia, dehydration and a general bad clinical 
condition. His physical examination revealed palpable 
lymph nodes with a painless hard-stone one in the 
left groin with ipsilateral lower limb lymphedema. 
Laboratory results revealed worsened renal function 
and hypercalcemia. 

During hospitalization, he was performed routine 
laboratory tests, his level of phosphorus and calcium 
were evaluated as well as his thyroid function (Table 1). 
Malignant hypercalcemia was diagnosed, and treated 
with isotonic saline hydration and 120 mg denosumab 
subcutaneous injection. Given the patient’s impaired 
renal function, oral vitamin D supplementation was 
used to avoid unwanted hypocalcaemia (5). Serum 
calcium levels decreased (Graphic 1). Daily glucose 
controls showed asymptomatic fasting hypoglycemia. 
Adrenal insufficiency and pharmacological causes 
of hypoglycemia were ruled out. Episodes of 
hypoglycemia persisted in despite of the improvement 
in the glomerular filtration rate. Laboratory workup 
was performed to determine its etiology (Table 1). 
Fasting hypoglycemia with hypoinsulinemia and 
decreased growth hormone (GH), IGF-1 and insulin 
growth factor binding protein 3 (IGFBP3) were found. 

Table 1. Laboratory tests

Test Values Reference  values

Calcium 14.12 8.5-10.5 mEq

Phosphorus 3.9 2.5-4.5 mEq

Albumin 3.6 3.5-5 g/dL

Cortisol 18.67 5-25 ug/dL

25-hydroxyvitamin D  8 > 30 ng/mL

PTH 3 11-67 pg/mL

TSH 1.8 0.5-4 uUI/mL

T4 8 4.5-12 ug/dL

FT4 1.21 0.6-2 ng/dL

T3 53 60-220 ng/dL

Glycemia 67 70-100 mg/dL

Insulin 2.1 h/18.7 uUI/mL 

Insulin/glycemia 0.031 < 0.3

C Peptide 2.03 0.8-4 ng/mL

GH 1.36 h/3 ng/mL

IGF-1 < 25 75-240 ng/mL

IGFBP3 0.9 0.9-3.7 mg/mL

PTH: parathormone; TSH: thyrotropin; T4: thyroxine; FT4: free thyroxine; T3: triiodothyronine; 
GH: growth hormone; IGF-1: insulin-like growth factor 1; IGFBP3: binding protein insulin-like 
growth factor.

A chest, abdomen and pelvis tomography (TC) 
showed moderate left pleural effusion and a 53 x 56 
mm solid mass with microcalcifications in the right 
kidney, which produced cortical atrophy, reduction 
of the kidney’s size and a 20 mm ureteropelvic 
dilatation (Figure 1). These characteristics added up 
to the hypermetabolic activity of the renal mass were 
interpreted as malignant tumor. At the retroperitoneal 
and mesenteric territory, lymphadenopathy of 
significant size, compatible with adenopathic 
conglomerate was observed. Due to hematological 
disease progression, treatment with dexamethasone 8 
mg every 12 hours was initiated with significant glycemia 
improvement (Graphic 1). During hospitalization, 
the patient developed a left lower limb subacute deep 
venous thrombosis and anticoagulation treatment 
with sodium heparin was administered. In July 2015, 
the patient passed away after a hemodynamic shock 
probably due to pulmonary tromboembolism.

Although we were unable to measure IGF-2 to 
confirm the diagnosis of non-islet hypoglycemic cell 
tumor (NICHT), biochemical data mentioned above 
and the patient’s improvement after being treated 
with glucocorticoids confirmed our suspicion. He 
also developed malignant hypercalcemia, which could 
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mean that both, hypoglycemia and hypercalcemia, were 
manifestations of paraneoplastic secretion from the 
same tumor.

electrophoresis, for possible multiple myeloma, and 
thyroid-stimulating hormone (TSH), will often lead to 
the correct diagnosis (7).

Cancer-induced hypercalcemia (CIH) occurs in 5% 
to 30% of patients with cancer during the disease course. 
Depending on the type of tumor CIH represents the 
most common paraneoplastic syndrome. Lung and 
breast cancer, and myeloma have the highest incidence 
of CIH, accounting for more than 50% with a mean 
survival rate of 2 to 3 months (7). 

Among patients with renal cell carcinoma, CIH is 
the most common paraneoplastic syndrome affecting 
between 13 to 20 percent of patients, while in patients 
with non-Hodgkin lymphoma the incidence achieves 
1 to 4 percent, except high-grade lymphomas such as 
diffuse large B cell lymphoma where up to 30 percent 
of patients may be affected. Unlike what happens in 
the RCC, hypercalcemia in lymphoma is primarily 
mediated by secretion of calcitriol (8).

Hypercalcemia associated with cancer can 
be classified into four types: 1) local osteolytic 
hypercalcemia, results from the marked increase of 
osteoclastic bone resorption in areas surrounding the 
malignant cells within the marrow space, 2) humoral 
hypercalcemia of malignancy (HHM) which is caused 
by systemic secretion of PTHrP, and causes increased 
bone resorption and enhances calcium renal retention 
3) 1,25-dihydroxyvitamin D secretion by some 
lymphomas and 4) ectopic secretion of authentic PTH, 
a rare cause of hypercalcemia (6-9). HHM is the most 
common cause associated with cancer (6-9,10).

PTHrP shares an homology of 60% in its terminal 
region with PTH and it can stimulate the same Type 
PTH/PTHrP receptor expressed in bone and kidney, 
mimicking the action of PTH by stimulating bone 
turnover through up-regulation of the expression 
of the receptor activator of nuclear factor-β k ligand 
(RANKL), and renal calcium reabsorption (9).

The optimal treatment for CIH depends on its 
severity and etiology. General measures include 
exclusion of all calcium intake and hydrosaline 
replenishment (3), patients with hypercalcemia 
are dehydrated by default due to poor oral intake 
secondary to nausea, vomiting, altered mental status, 
and hypercalcemia-induced nephrogenic diabetes 
insipidus (6). Once the non-pharmacological 
measures of the treatment of hypercalcemia are 
taken, and even simultaneously, pharmacological 
measures can be implemented (3).

Figure 1. CT, where a solid formation of 53 x 56 mm is observed in the 
right kidney with microcalcifications. Cortical atrophy and a decrease in its 
size, with ureteropelvic dilatation of 20 mm.
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Graph 1. Clinical course of hypercalcemia (black dots) and hypoglycemia 
(black stripes). Hypercalcemia begins with a value of 14.12 mg/dL, and 
decreases after denosumab was administered, with an excellent response. 
Hypoglycemia stays below values of 60 mg/dL, and increases after 
dexamethasone administration.

DISCUSSION 

Hypercalcemia is defined as an increase in the serum 
calcium level above the upper limit of normal for a 
given reference value used in a laboratory (6).

The differential diagnosis of hypercalcemia includes 
multiple pathologic entities but is focused primarily 
on primary hyperparathyroidism and hypercalcemia 
of malignancy given the highest prevalence of these 
etiologies (6) accounting for more than 90% of cases. 
Once hypercalcemia is confirmed, the next step is serum 
PTH measurement.

In presence of low serum PTH concentrations (< 20 
pg/mL), PTH-rP and vitamin D metabolites should 
be measured to assess for malignant hypercalcemia and 
vitamin D intoxication. If these are also low, another 
source for the hypercalcemia must be considered. 
Additional laboratory data including serum protein 
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Drug therapies include: bisphosphonates, loop 
diuretics, calcitonin, glucocorticoids, cinacalcet and 
monoclonal antibodies (6-8-10). 

Regarding the presented case, due to the impossibility 
of measuring PTHrP and 1,25-dihydroxyvitamin D in 
our country, we reached the diagnosis of malignant 
hypercalcemia secondary to PTHrP by confirming 
hypercalcemia with low PTH levels considering 
oncological disease. As he was refractory to intravenous 
hydration and his renal function was impaired, which 
contraindicated the use of intravenous bisphosphonates, 
subcutaneous denosumab was prescribed with a full 
response from the patient.

Hypoglycemia is defined as blood glucose below 55 
mg/dL, in patients without diabetes, associated with 
signs and symptoms of hypoglycemia, symptoms relief 
with oral intake of glucose or food (Whipple’s Triad). 
The most common causes are related to diabetic 
treatments, endocrine deficiencies and, less frequently, 
NICHT (4).

NICHT consists of a rare syndrome characterized 
by the presence of a solid tumor and severe fasting 
hypoglycemia determined by an insulin-independent 
pathway (11). In 1929, Nadler and Wolfer described 
a case of hypoglycemia associated with liver carcinoma 
for the first time (11), and Daughaday and cols. were 
the first to demonstrate the presence of IGF-2 in a 
hypoglycemia-producing tumor (12).

Data on the exact incidence and prevalence of 
NICTH are not available. It has been estimated that 
NICTH is four times less common than insulinoma. 
The renal tumor represents 1% of NICHT (4). NICTH 
is thought to be a fasting hypoglycemia characterized 
by: 1) diminished hepatic glucose production due to 
inhibition of glycogenolysis and gluconeogenesis 2) 
diminished lipolysis, 3) increased peripheral glucose 
consumption. These phenomena point to an enhanced 
insulin-like activity caused by the action of IGF-2, 
which competes for insulin and IGF-1 receptors, 
and inhibits the secretion of growth hormone (GH), 
inhibiting IGF-1 and IGFBP3 hepatic production (4). 

IGF- 2 presents great structural similarity with 
proinsulin and exists in three different forms. In NICTH, 
it is distributed as follows: a) free IGF-2 represents 
less than 1% and has a half- life of approximately 10 
minutes; b) 20-30% is bound to an IGFBP with a half-
life of 30 minutes; c) a complex binary form of higher 
molecular weight called “big IGF 2” or prohormone 
which corresponds to 70-80% (4-13). 

NICHT diagnosis is performed by the Whipple’s 
triad, low levels of insulin, C-peptide, GH, IGF-1 and 
IGFBP-3, and high levels of IGF-2 or big IGF-2, or 
a ration of IGF-2: IGF-1 greater than 3. The rapid 
response to glucocorticoids is another parameter to be 
considered (14,15).

One limitation was that our country does not have 
the resources to determine serum IGF 2. However, 
we emphasize that out of a series of 44 patients with 
NICHT, 13 were Big IGF-2 negative (11), and as in 
our case, 78 patients of the series published by Fukuda 
and cols. showed very low levels of insulin, IGF 1, 
IGFBP3 and GH, which returned to their normal levels 
after the tumor was removed (15).

Most tumors present a single paraneoplastic 
manifestation, being unusual the coexistence of two 
or more of them. That situation is fairly frequent 
in hepatocellular carcinoma where the presence of 
paraneoplastic syndromes remarkably reduces the survival 
of patients with HCC (16,17). However, these associations 
have not been previously described in renal tumors.

In the presence of a common paraneoplastic 
manifestation as hypercalcemia, other expressions, such 
as hypoglycemia, should be searched for. Paraneoplastic 
syndromes in general represent the sign of a more 
aggressive cancer and poor prognosis. Therefore, they 
are of clinical significance and deserve further study to 
provide a better treatment strategy. 

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