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Severity of COVID-19 and 
diabetes mellitus: there is 
still a lot to be learned

Melanie Rodacki1
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I n this issue of Archives of Endocrinology and Metabolism, Pinto and cols. have 
performed a meta-analysis to investigate the association between type 2 diabetes 

(T2D) and the severity of COVID-19. The outcomes show that T2D seems to be a 
major, age-independent risk factor for the severity of this infection. The authors have 
included the first 7 published articles with a total of 1592 subjects, with data collected 
exclusively in the Chinese population, where the pandemic started (1). Simultaneously, 
other meta-analysis with slightly different search terms have also been published and 
indicated the same association (2,3,4). Although one of these publications included 
not only Chinese subjects (2), they still represent the vast majority of the studied 
cases. Therefore, it is crucial to obtain data from other populations where COVID-19 
emerged most recently. Small studies in non-Chinese populations have recently became 
available and suggest that diabetes represent an important risk factor for COVID-19 
severity not only in China, but also worldwide (5,6). 

Diabetes has also been linked to an increased severity of bacterial and other 
viral infections, including H1N1 influenza (7,8). However, COVID-19 has been 
associated predominantly with T2D and, at this point, there are no reports of 
increased frequency of severe COVID-19 cases in children, adolescents and young 
patients with type 1 diabetes (T1D). Further studies are still required to clarify if 
subjects with T1D and T2D really have a difference in the severity of COVID-19 
or if this is a reflection of the larger proportion of T2D cases in comparison to T1D. 
One could suggest that the potential differentiation in risk for T1D and T2D might 
be explained exclusively by the age of the affected patients, which is generally younger 
in subjects with T1D. Interestingly, Pinto and cols. did not observe an impact of the 
patients’ age in the association between diabetes and the severity of COVID-19 in 
this population exclusively with T2D. This suggests that other factors, such as obesity, 
comorbidities, metabolic syndrome and a chronic subclinical inflammatory state might 
be responsible for a preferential association between COVID-19 and T2D rather than 
T1D (9), although it is still important to further investigate the association of age 
and severity of COVID-19 in subjects with both types of diabetes and a broader age 
range. Obesity has recently been recognized as an important independent risk factor 
for the severity of COVID-19 (10), which reinforces this possibility. The potential 
role of obesity and metabolic syndrome in the association between diabetes and the 
severity of COVID-19 could raise the question if hyperglycemia itself would have 
any influence in the outcomes of patients with COVID-19. The evidence points out 
that hyperglycemia worsens the prognosis and increases the risk of death, especially 
hyperglycemia at hospital admission (11-13). Acute hyperglycemia increases the 
production of inflammatory mediators that could potentialize the “cytokines storm” 
observed in severe COVID-19 cases (14). Although novel information is daily added 
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to the current knowledge of the association between 
diabetes and COVID-19, there is still a long pathway 
to be unveiled in order to decrease the frequency of 
severe COVID-19 and death in subjects with diabetes 
(especially in T2D), until the vaccine and treatment 
options become available for clinical use.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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We could be better if we ate better

Licio A. Velloso1
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W hen I was kindly asked by our editor-in-chief, Marcello Bronstein, to write an 
editorial about the article “Nutritional genomics, inflammation and obesity” 

(1), the first title that came to my mind was “We are what we eat”. So, I logged in 
PubMed and set the title in to browse for articles with similar wording and, to my 
surprise, there were 98 hits. So, for the sake of originality, I picked another title, as 
you see in the top of this text. I must say that I still prefer the original one I had in 
mind. However, the new title has the advantage of bringing hope. And hope is what 
we mostly need nowadays. 

Obesity is affecting a rapidly growing number of people worldwide (2). It is the 
main risk factor for diabetes, hypertension, cardiovascular diseases and some types of 
cancer (2,3). As for our new enemy, SARS-CoV 2, obesity is a major risk factor for 
severe COVID-19 (3,4). Thus, we desperately seek for advances that could result in 
optimal prevention and treatment of obesity and comorbidities. Therefore, we must 
define the mechanisms that lead to the anomalous control of caloric intake and energy 
expenditure and how this affects distinct organs and systems in our bodies (5,6). Many 
of the answers to these questions are hidden behind the mechanisms that our body 
employ to respond to nutrients. In this issue of the Archives of Endocrinology and 
Metabolism, Telma Correa and cols. lead us through the most recent advances in this 
field (1). 

The review starts with a timely definition of the term “Nutritional Genomics” 
and a description of some important historical aspects that led to the development 
of this field. We learned from these data that the Human Genome Project triggered 
a series of events that resulted in the identification of receptors, transcriptions factors 
and molecular mechanisms that are responsive to distinct components of food. Our 
cells are fully equipped with molecular tools employed not only to extract energy and 
building blocks from food, but also to regulate their function in response to signals 
generated by different nutrients.

Ingeniously, instead of going classic and presenting the physiological aspects of 
nutrigenomics, the authors go straight to the point describing how a bad choice of 
foods could trigger a systemic inflammatory response that is the epicenter of metabolic 
and cardiovascular diseases (7). In this section, they provide a very useful list of 
inflammatory markers that are mechanistically associated with metabolic diseases. 

Once the tragedy was set, the authors offer hope by describing the benefits of the 
Mediterranean diet and some of its well-known components, mono and polyunsaturated 
fats. Here we can find out depth descriptions of the mechanisms that transduce the 
effects of these dietary components, ranging from receptors, intracellular messengers 
and genes. The section is vastly supported by original references and excellent tables.
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Next, the authors discuss how genes commonly 
associated with obesity could be regulated by nutrients 
providing a broad view of the nutrient-driven regulatory 
mechanisms taking place in metabolic diseases.

In the end, there is a detailed description of 
epigenomics and the regulation of cell fate by 
microRNAs. This is a considerably new field that 
expanded our understating of how environment, 
including foods, modulate our genes expression and 
functioning on a daily basis. It is also a mechanism that 
explains how the parents’ good or bad choices impact 
on their offspring’s health. 

Thus, I deeply recommend the reading of this 
review. For clinicians, it expands the understanding of 
the roles of food in human health; for residents and 
graduate students, it provides a huge amount of hard 
data that serves the purpose of education; and for the 
experts in the field, it is a pleasant reading that may 
open collaborative perspectives with this excellent 
group of Brazilian researchers. 

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

Coronavirus disease 2019 (COVID-19) has recently emerged as a rapidly 
spreading disease, affecting more than 100 countries worldwide and reaching 

pandemic proportions. The severity of COVID-19 ranges from a mild, self-limiting 
flu-like illness to a devastating pneumonia culminating in respiratory failure and death. 
Individuals with diabetes are particularly vulnerable to some respiratory viral infections, 
such as influenza A (H1N1) infection (1), the severe acute respiratory syndrome  
(SARS) (2), and the Middle East respiratory syndrome (MERS) (3). A higher 
mortality rate was recently suggested in patients with COVID-19 who had preexisting 
diabetes (4); according to the Chinese Centers for Disease Control and Prevention, 
COVID-19 case-fatality rates in patients with diabetes were around 7.3%, versus 2.3% 
in the general Chinese population.

We aimed to investigate the magnitude of this risk and its dependency on age. We 
performed a systematic search and meta-analysis for clinical reports of COVID-19 
infection which included detailed descriptions of patients’ clinical profile – specifically, 
reporting information about the presence of diabetes at admission. The search strategy 
included the terms “clinical characteristics” AND “diabetes” AND “COVID-19” OR 
“SARS COV2” OR “coronavirus” OR “2019 n-Cov”, and yielded 7 records, all of 
them case series from China. The clinical status at admission was divided into severe 
(requiring intensive care or having an oxygen saturation <90%) or mild-to-moderate 
(not requiring ICU or oxygen saturation >90%). The meta-analysis included a total of 
1592 patients, 138 with a previous diagnosis of diabetes and 1454 without diabetes. 
Among those with diabetes, 59 (42.75%) developed severe COVID-19 compared 
to 256 (17.60%) of non-T2DM patients, resulting in an odds ratio of 3.53 (95% 
confidence interval 1.48 to 8.39; I2 64%; p for heterogeneity = 0.011) (Figure 1). 
The high heterogeneity of this analysis suggests that other factors could nonetheless 
be involved in the higher risk of this population. To address this issue, we performed 
a random meta-analysis with meta-regression using the mean age of patients as a 
covariate; there was no impact on our initial results.

Diabetes mellitus appears to be a major, age-independent risk factor for severity of 
COVID-19. Further studies are necessary to address mechanisms by which diabetes 
may affect the prognosis of COVID-19 and how improving glycemic control might 
impact the course of the disease. 

Acknowledgements: M.C.B. is the guarantor of the contents of the article, had full access to all the 
data in the study and takes responsibility for the integrity of the data and the accuracy of the data 
analysis.

Disclosure: no potential conflict of interest relevant to this article was reported.
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Figure 1. Forest-plot showing association of diabetes and severity of COVID-19, obtained from7descriptive studies.
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ABSTRACT
Objective: Autonomic nervous system, especially the sympathetic nervous system, may stimulate 
the expression of peroxisome proliferator-activated receptor γ coactivator-1α, which regulates irisin. 
This study aimed to explore whether there was any association between autonomic function as 
assessed by heart rate related indices and irisin release following acute exercise. Subjects and 
methods: Seventeen healthy adults were asked to perform an incremental exhaustive cycling as well 
as an incremental exhaustive running separately on different days. Heart rate was monitored, and 
blood samples were collected before, immediately, 10-, and 60-minutes post-exercise. Serum irisin 
was measured using ELISA kit. Results: Markers for autonomic function, such as heart rate at rest, 
peak, or recovery, heart rate reserve, heart rate recovery, and chronotropic index, were comparable 
between cycling and running (all P > 0.10). Irisin was increased immediately following both exercise. 
No significant association was observed between heart rate at rest, peak, or recovery and irisin 
level at the corresponding time-point, as well as between heart rate reserve, heart rate recovery, or 
chronotropic index and exercise induced irisin release, with or without controlling for age, body mass 
index, and glucose (all P > 0.10). Conclusions: Autonomic function might not be associated with irisin 
release in healthy adults. Arch Endocrinol Metab. 2020;64(3):201-4

Keywords
Autonomic function; irisin; heart rate; exercise

INTRODUCTION

As one of the two major components of the 
autonomic nervous system, the sympathetic 

nervous system plays an important role in modulating 
the metabolism of brown adipose tissue (1). Further 
evidence from the animal experiments suggests that 
the activation of sympathetic nervous system may 
also stimulate the peroxisome proliferator-activated 
receptor γ coactivator-1α (PGC-1α) expression (2). 
Since irisin, a newly identified hormone that drives the 
browning of white adipose tissue, was shown to be 
regulated by PGC-1α (3), it seems biologically plausible 
that the autonomic nervous system, in particular the 
sympathetic nervous system, may have a regulatory role 

pertaining to irisin. Yet this assumption has not been 
explored in adult humans. 

Heart rate is a simple and noninvasive indicator 
of autonomic function and reflects the coordinated 
interplay between sympathetic and parasympathetic tone 
(4,5). It is increased markedly during exercise mainly 
because of sympathetic activation and is decreased 
gradually post-exercise due to parasympathetic 
activation and sympathetic withdrawal, especially in 
the late recovery period (e.g., 5-min post exercise) 
(5,6). Given these and considering that irisin shows a 
similar pattern – that is, irisin is transiently increased 
following acute exercise (7), this study was aimed to 
examine whether there exists any association between 
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autonomic function as represented by heart rate related 
indices and irisin release throughout the exercise and 
recovery periods. 

SUBJECTS AND METHODS

Healthy nonobese individuals aged less than 40 years 
were recruited via notices at the Division of Sports 
and Rehabilitation Medicine, Ulm University Medical 
Center, Ulm University. This study complies with the 
standards set by the Declaration of Helsinki and was 
approved by the Research Ethics Committees of Ulm 
University. Written informed consent was obtained 
from all subjects.

The protocol of this study has been described 
previously (8). In brief, 17 subjects (8 men and 9 
women, mean age: 26.8 ± 5.7 years, mean body mass 
index: 23.9 ± 2.3 kg/m2) performed 2 different bouts 
of acute exercise (that is, incremental exhaustive cycling 
and running) on separate days with an interval of 1-week 
using a randomized cross-over design. All subjects 
were asked to have a rest following these 2 bouts of 
acute exercise for recovery for 60 minutes. Heart rate 
was monitored throughout this time-window using 
a wireless heart rate monitor (CardioPart 12 Blue, 
Amedtec, Aue, Germany). Blood samples were drawn 
before, immediately, 10-, and 60-min after the cessation 
of each exercise. Heart rate reserve was defined as the 
difference between the heart rates at peak and rest (9), 
whereas heart rate recovery was as the heart rate at 
peak minus the heart rate at 10 minutes of recovery 
after exercise in this study. Chronotropic index was 
calculated as heart rate reserve divided by (220 – age – 
heart rate at rest) (10). Serum irisin was measured using 
a commercial ELISA kit (Phoenix Pharmaceuticals, 
Burlingame, CA, USA; EK-067-52), and capillary 
glucose was determined by glucose oxidase method. 
Student t test was used to compare the differences 
between groups, and Pearson correlation analysis was 
applied to assess these associations. A 2-sided P value 
< 0.05 was considered statistically significant. All 
analyses were conducted using PASW 18.0 (SPSS, Inc., 
Chicago, Illinois).

RESULTS

The heart rate at peak was achieved at the time-point 
of immediately post-cycling or -running. Although the 
time to exhaustion was longer for cycling than running 

(0.41 versus 0.31 hours, P = 0.003), the heart rate at 
rest, peak, or recovery, heart rate reserve, heart rate 
recovery, and the chronotropic index were comparable 
(all P > 0.10). Serum irisin was increased immediately 
following incremental exhaustive cycling or running 
but began to decline gradually later (data not shown). 

Correlation analyses suggested that no association 
was observed between heart rate at rest, peak, or 
recovery and irisin level at the corresponding time-
point (all P > 0.10, Figures 1A, B, and C), even after 
controlling for age, body mass index, and capillary 
glucose at rest (all P > 0.10). In addition, exercise 
induced irisin release throughout the exercise and 60 
minutes recovery periods, which was represented as 
the area under the curve that is calculated using the 
trapezoidal method, showed no significant association 
with heart rate reserve, heart rate recovery, or 
chronotropic index (all P > 0.30, Figures 1D, E, and 
F). These associations remained still non-significant 
after adjusting for age, body mass index, and capillary 
glucose at rest (all P > 0.25). Moreover, after grouping 
heart rate reserve, heart rate recovery, and chronotropic 
index into the high (not below the median) and low 
(below the median) categories separately, no significant 
difference regarding exercise induced irisin release was 
noted across these categories (all P > 0.40, Figure 2). 

DISCUSSION

Our study suggested that none of the heart rate related 
indices in response to cycling or running was associated 
with the corresponding irisin level at rest, peak or 
recovery, or correlated with irisin release throughout 
the exercise and recovery periods, even after adjusting 
for age, body mass index, and glucose. These indicate 
that autonomic function might play a limited role in 
regulating irisin release.

Our results are in support of the findings from the 
previous report by Scalzo and cols. who observed that 
decreased sympathetic activity induced by clonidine 
and increased sympathetic activation mediated by 
hypoxia had little influence on circulating irisin (11). 
Yet our results did not correspond well with the 
hypothesis that the activation of sympathetic nervous 
system, a major component of the autonomic nervous 
system, may upregulate the expression of PGC-1α, and 
consequently induce irisin release. It is speculated that 
not all the stimulators, which could activate PGC-1α, 
are necessarily responsible for irisin release. Moreover, 
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A. Heart rate at rest and irisin
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F. Chronotropic index and irisin release
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Figure 1. Association between markers of autonomic function with irisin release following 2 different protocols of acute exercise. (A) The association of 
heart rate at rest with corresponding irisin level; (B) The association of heart rate at peak with corresponding irisin level; (C) The association of heart rate 
at 10-min recovery with corresponding irisin level; (D) The association of heart rate reserve with exercise induced irisin release; (E) The association of 
heart rate recovery with exercise induced irisin release; (F) The association of chronotropic index with exercise induced irisin release.

Figure 2. Comparison of irisin release following acute exercise between markers of autonomic function in categories.Data were expressed as means and 
their 95% confidence intervals. (A) The comparison of irisin release following incremental exhaustive cycling between markers of autonomic function in 
categories; (B) The comparison of irisin release following incremental exhaustive running between markers of autonomic function in categories.

our study may also suggest that the reduced risk of 
diabetes related to lowered resting heart rate (4) 
or increased heart rate recovery (12) cannot be well 
explained by the lowered irisin levels that coincide with 

decreased risk of diabetes (13), albeit irisin is associated 
with improved metabolic profile and could ameliorate 
insulin resistance and increase glucose uptake in skeletal 
muscles (14,15).
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Our study is the first report that examines the 
potential relationship of autonomic function as signified 
by heart rate related indices with irisin release following 
2 different acute exercise protocols. However, the 
relatively small sample size might weaken the robustness 
of our findings, which may require further validation. 
Moreover, the limited sample size did not enable us to 
perform subgroup analyses on the basis of the baseline 
characteristics of enrolled individuals such as physical 
status that is considered to affect the autonomic 
function (5).

In conclusion, autonomic function seems to have 
no association with irisin release in healthy adults. Yet it 
requires to be confirmed by future studies having larger 
sample sizes conducted in healthy adults or among 
diseased individuals such as patients with polycystic 
ovary syndrome who showed insulin resistance and 
lower irisin levels than healthy controls (16). Moreover, 
using different approaches in addition to acute exercise 
to modulate autonomic function such as Valsalva 
Maneuver or deep breathing (17) may also provide 
some insights into the investigation of the association 
between autonomic function and irisin.
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ABSTRACT
The Human Genome Project has significantly broadened our understanding of the molecular aspects 
regulating the homeostasis and the pathophysiology of different clinical conditions. Consequently, 
the field of nutrition has been strongly influenced by such improvements in knowledge – especially 
for determining how nutrients act at the molecular level in different conditions, such as obesity, 
type 2 diabetes, cardiovascular disease, and cancer. In this manner, characterizing how the genome 
influences the diet and vice-versa provides insights about the molecular mechanisms involved in 
chronic inflammation-related diseases. Therefore, the present review aims to discuss the potential 
application of Nutritional Genomics to modulate obesity-related inflammatory responses. Arch 
Endocrinol Metab. 2020;64(3):205-22

Keywords
Genetic polymorphism; Mediterranean diet; monounsaturated fatty acids; omega-3 fatty acids

NUTRITIONAL GENOMICS

The Human Genome Project (HGP), formally launched 
in 1990 and finished in 2003, triggered a relevant 

foundation for research in the health field. However, 
translating whole genome sequencing into therapies that 
will benefit an individual will require strategies to handle 
large amounts of biological and medical data and the 
ability to identify significant and clinically meaningful 
results. It should be noted that nutrition science was 
strongly influenced by HGP, through the consolidation 
of Nutritional Genomics (1-3). 

Nutritional Genomics is a field of nutrition science 
that encompasses areas such as Nutrigenomics, 
Nutrigenetics, and Nutritional Epigenomics. These 
subjects address the interactions between the 
environment, nutrients, bioactive compounds in foods, 
and genes, as well as how these interactions influence 
phenotype, including disease-development risks (1).

Nutrigenomics studies aim at verifying how 
gene expression is regulated by nutrients and food 

components, since specific nutrients and food 
components may increase or decrease the expression 
of a given gene. In this manner, interactions between 
such nutrients and genes may occur either through 
direct or indirect means. Regulation through indirect 
means occurs by the ability of nutrients and bioactive 
compounds to activate intracellular signaling pathways. 
Intracellular signaling activation, in turn, promotes 
the translocation of specific transcription factors from 
the cytoplasm to the cell nucleus. Several transcription 
factors bind to the promoter region of specific genes 
to induce gene transcription (2). On the other hand, 
regulation through direct means involves the direct 
interaction between nuclear receptors (or transcription 
factors) and nutrients or bioactive compounds, whose 
fact promotes changes in gene expression (3-5). 

Genetic variability, i.e., the differences in the 
sequence of nucleotides, influences how individuals 
interact with environmental factors. Therefore, 
Nutrigenetics assesses the influence of individual 
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genetic variability to that of diet and the resultant risk 
of developing nutrition-related diseases. Nutrigenetics 
encompasses studies on variations observed in DNA, 
such as single nucleotide polymorphisms (SNP), 
copy number variation (CNV), and insertions and 
deletions (INDELs) (1,2,6). In addition, Nutritional 
Epigenomics is the third subarea within Nutritional 
Genomics. This area deals with assessing the influence 
of diet on epigenetic mechanisms that regulate gene 
activity and expression. Epigenetics encompasses 
DNA methylation, histone modifications (histone 
methylation, acetylation, and phosphorylation), and 
noncoding RNA activity (mainly microRNAs). 

NUTRIGENOMICS, INFLAMMATION, AND OBESITY

Obesity is related to chronic low-grade inflammation. 
Macrophages and T cells infiltrate the adipose tissue 
stimulating the release of inflammatory molecules, such as 
tumor necrosis factor-α (TNF-α), plasminogen activator 
inhibitor-1 (PAI-1), interleukins (IL-6, IL-1β, IL-8) 
and inflammatory modulators, such as leptin, resistin, 
and adiponectin (7). Chronic inflammation disrupts a 
whole range of metabolic pathways – these being insulin 
signaling, glucose homeostasis, and lipid metabolism.

Dietary intake and nutritional status are relevant 
environmental factors that can modulate metabolic 
inflammation. Western diets rich in saturated fatty acids 
(SFA), sugar, and refined grains are linked to cardiovascular 
diseases, type 2 diabetes (T2D), obesity, and other 
metabolic disorders. Moreover, Western diets may increase 
postprandial expression of proinflammatory cytokines and 
the nuclear factor kappa B (NF-kB) activation in human 
peripheral blood mononuclear cells (PBMC) (8,9). 
NF-kB can regulate the expression of adhesion molecules 
in response to inflammatory stimuli such as E- and 
P-selectins, intercellular adhesion molecule-1 (ICAM-1), 
and vascular cell adhesion molecule-1 (VCAM-1). NF-kB 
also induces the expression of proinflammatory cytokines, 
including IL-6 and TNF-α (10).

Conversely, the Mediterranean diet (MedDiet) is rich 
in monounsaturated fatty acids (MUFA) and polyphenols 
(9). In a study conducted by Esmaillzadeh and cols. (11), 
a dietary pattern similar to MedDiet reduced plasma 
C-reactive protein (CRP) and sVCAM-1 levels, while 
the Western diet increased plasma serum amyloid A 
(SAA) and IL-6 levels. The results indicated that dietary 
patterns are associated with the plasma concentration 
of inflammatory biomarkers. The main inflammatory 
biomarkers related to obesity are shown in Table 1.

Table 1. Main inflammatory biomarkers in obesity-associated low-grade inflammation and associated mechanisms

Population Inflammatory biomarkers Mechanisms Ref.

Obese subjects TNF-α M1 macrophages infiltration in the adipose tissue → ↑ 
TNF-α which binds to its receptor (TNFR1) → NF-kB and 
AP-1 activation → ↑ pro-inflammatory cytokines 
production.

(24)

Obese subjects submitted to bariatric 
surgery 

IL-6 and hsCRP TNF-α and IL-1 → ↑ IL-6 which is produced from 
several sites, including adipose tissue.

IL-6 induces hepatic synthesis of CRP and fibrinogen.

Weight loss: ↓ IL-6 and CRP.

(130)

Obese women who underwent a 4-week 
caloric restriction (800 kcal/day)

hsCRP Weight loss reduced gut permeability and LBP level, 
possibly reducing plasma hsCRP.

(131)

Healthy subjects and subjects with T2D 
submitted to an oral glucose tolerance 
test (OGTT)

hsCRP, IL-6, TNF-α, sICAM-1, sVCAM-1, 
and sE-selectin

Glucose load: ↑ biomarkers of low-grade inflammation in 
both groups. 

Subjects with T2D: higher increase in TNF-α and 
sE-selectin.

(132)

Healthy subjects who received an oral fat 
load

sICAM-1, sVCAM-1, hsCRP, sE-selectin, 
IL-6, TNF-α

Fat load: ↑ inflammatory biomarkers.

Free fatty acids activate pro-inflammatory serine kinase 
cascades (IkB kinase and c-Jun N-terminal kinase) which 
stimulate adipose tissue to release IL-6.

(133)

Elderly subjects at high risk for 
cardiovascular disease

IL-6, IL-8, MCP-1 Long-term adherence to MedDiet reduced plasma 
inflammatory biomarkers probably due the inhibition of 
the NF-kB pathway activation by MedDiet polyphenols.

(13)

AP-1: hsCRP: high sensitivity C-reactive protein; IL: interleukins; LBP: lipopolysaccharide binding protein; MCP-1: monocyte chemoattractant protein-1; NF-kB: nuclear factor kappa B; sE-selectin: 
soluble E-selectin; sICAM: soluble intercellular adhesion molecule-1; sVCAM-1: soluble vascular cell adhesion molecule-1; T2D: type 2 diabetes; TNF-α: tumor necrosis factor alpha. ↑: increase.
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Mediterranean diet and gene expression

MedDiet is characterized by high consumption of olive 
oil, fruits, vegetables, whole grains, beans, nuts, seeds, 
and legumes. It also involves a moderate consumption 
of fish and wine, as well as a low intake of red meat, 
sweets, and dairy products (12). Such diet exerts 
anti-inflammatory and immunomodulating activities, 
thus decreasing pro-inflammatory molecules such 
as interleukins (IL-6, IL-8, IL-18), TNF-α and its 
receptor, CRP, monocyte chemoattractant protein-1 
(MCP-1), and endothelial adhesion molecules 
(VCAM-1, ICAM-1, and E- and P-selectins) (13). 
Accordingly, studies have also shown that MedDiet may 
reduce the risk of disorders related to oxidative stress, 
chronic inflammation, and the immune system (9,13). 

In a clinical trial conducted by Camargo and 
cols. (9), the effects of dietary fat on the postprandial 
proinflammatory gene expression were verified in twenty 
elderly subjects. The authors observed that a MedDiet 
enriched in MUFA with virgin olive oil downregulated 
NF-kB p65 gene expression and up-regulated IkBα 
gene expression in PBMC when compared with SFA-
rich and low-fat diets. The low-fat regimen was a high 
carbohydrate, n-3 polyunsaturated fatty acid-enriched diet 
(CHO-PUFA). Regarding proinflammatory cytokines, 
the individuals on MedDiet presented a downregulation 
of MCP-1 and TNF-α gene expression when compared 
with SFA and CHO-PUFA diets, respectively. 

The PREDIMED study assigned elderly subjects 
(55-80 years of age) at high cardiovascular risk to three 
diets: either the MedDiet supplemented with extra 
virgin olive oil (EVOO), MedDiet supplemented with 
nuts, or a low-fat control diet (14). In the PREDIMED 
population, MedDiet supplemented with EVOO 
attenuated the increase in cyclooxygenase-1 (COX-1) 
and low-density lipoprotein receptor-related protein 
(LRP1) gene expression. In human monocyte-derived 
macrophages, MedDiet resulted in a decreased MCP-1 
gene expression when compared to either MedDiet 
supplemented with nuts, or a control diet (15). 

The effects of both the MedDiet and the Western 
diet were tested by replacing SFA with MUFA in 
abdominally obese men and women for eight weeks. 
Consumption of MUFA on MedDiet attenuated 
oxidative phosphorylation gene expression, plasma 
connective tissue growth factor, and apolipoprotein B 
levels in PBMC when compared to the SFA diet. The 
MUFA diet also modulated gene expression involved 

in B-cell receptor signaling and endocytosis. The 
MedDiet group showed reduced plasma levels of pro-
inflammatory proteins, such as IL-1β, macrophage 
inflammatory protein 1-α, serum amyloid P, and 
vascular endothelial growth factor (VEGF) (16). 

Olive oil and inflammation in obesity 

In the MedDiet, olive oil (especially EVOO) is the 
primary source of dietary lipids and is rich in MUFA – 
especially oleic acid and phenolic compounds. Olive oil 
is also a bioactive food, which may be responsible for 
anti-atherogenic, anti-inflammatory, anti-diabetes, and 
immunomodulatory activity (12,17). 

Olive oil consumption is related to improvements 
in lipid profile, insulin resistance, oxidative damage, 
inflammatory biomarkers, endothelial function, and 
blood pressure. Some of these effects are dose-dependent 
on olive oil’s phenolic content (18-20). Furthermore, 
olive oil has also been linked to decreased levels of 
inflammatory biomarkers such as IL-6, CRP, E- and 
P-selectin, sVCAM-1, and sICAM-1 (12). Bioactive 
compounds of olive oil may modulate different levels of 
gene expression, such as transcription, maturation, and 
stability of RNA – in addition to translation in proteins, 
and other post-transcriptional events (19). 

The composition and concentration of polyphenols 
in olive oil, as well as their bioavailability and how it 
is metabolized in the human body, are all essential to 
determine their health effects. The intake of olive oil 
in the MedDiet is 30 to 50 g/day, which results in 
an intake of 4-9 mg/day of polyphenols (21). Olive 
oil has over 30 polyphenols, of which oleuropein and 
hydroxytyrosol may influence obesity-related genes. 
Hydroxytyrosol can modulate genes related to adipocyte 
maturation and differentiation. This polyphenol is also 
responsible for inhibiting lipid synthesis. In addition, 
hydroxytyrosol and oleuropein may reduce the fat-cell 
size and, consequently, decrease the risk of obesity. 
In this context, polyphenols in adipose tissue can 
downregulate genes related to adipogenesis such as 
peroxisome proliferator-activated receptor (PPAR)
γ, CCAAT enhancer-binding protein-α (C/EBPα), 
and sterol regulatory element-binding transcription  
factor 1c (SREBP-1c) transcription factors. This is also 
the case for downstream genes such as CD36, FASN, 
and glucose transporter 4 (GLUT4) (21). 

EVOO polyphenols can also reduce the risk of 
metabolic syndrome. In a study conducted with 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

208

Nutritional genomics and inflammation

Arch Endocrinol Metab. 2020;64/3 

abdominally overweight subjects at risk of metabolic 
syndrome, the replacement of SFA by MUFA (olive 
oil) led to a greater anti-inflammatory gene expression 
profile in adipose tissue. Considering that adipose tissue 
has a crucial role in lipid metabolism and inflammation, 
the replacement of SFA by MUFA prevented adipose 
tissue inflammation and consequently reduced the risk of 
inflammatory diseases, such as metabolic syndrome (22).

Eicosapentaenoic acid (EPA) and docosahexaenoic 
acid (DHA)

EPA and DHA may attenuate obesity-related 
inflammation. The proposed mechanism for this effect 
is the inhibition of the NF-kB in several tissues by 
activating PPAR-γ and other signaling proteins (23). 
PPAR-γ activation decreases the expression of genes 
that code for pro-inflammatory proteins through 
the inhibition of NF-kB activation. Also, EPA and 
DHA present another mechanism to modulate the 
inflammatory response by binding to G-protein coupled 
receptor 120 (GPR120). GPR120 activation induced 
by EPA or DHA leads to the reduced expression of 
genes with pro-inflammatory actions, such as TNF-α 
and IL-6. The interaction between EPA, DHA, and 
PPARs modulates the expression of genes involved in 
lipid metabolism, thus reducing both adipogenesis and 
fat deposition in the adipose tissue (24). 

A recent clinical trial compared the effects of EPA 
and DHA on inflammatory biomarkers in subjects 
with abdominal obesity and subclinical inflammation. 
Participants were supplemented with capsules 
containing either EPA (2.7 g/day), DHA (2.7 g/
day), or corn oil (3 g/day; control) for eight weeks. 
Both EPA and DHA were more effective than corn 
oil in reducing inflammation. However, DHA was 
more potent in modulating inflammation biomarkers 
in comparison to EPA. In this way, DHA induced a 
more significant reduction of serum IL-18 and greater 
increased adiponectin compared with EPA. DHA 
also reduced plasma levels of CRP, IL-6, IL-18, and 
TNF-α while increased plasma adiponectin levels when 
compared to the control (23).

In another study from the same group (25), 
abdominal obesity and low-grade inflammation 
subjects were supplemented with the same amounts of 
EPA, DHA, or corn oil for ten weeks. The authors did 
not observe any difference between EPA and DHA in 
the expression of inflammation-related genes in whole 

blood cells. However, EPA increased PPARα expression 
and reduced CD14 expression relative to the control, 
while DHA upregulated the expression of PPARα 
and TNFα, and downregulated CD14 expression. The 
supplementation with DHA (3 g/day) for ten weeks 
also decreased gene expression and secretion of TNF-α 
and MCP-1, while EPA increased serum IL-10 and 
reduced TNFα expression in monocytes of subjects 
with chronic inflammation (26). Despite the beneficial 
effects on inflammatory biomarkers, DHA had 
increased plasma LDL-c (26). Evidence also indicates 
that DHA is more potent than EPA in increasing 
LDL-c concentrations (27). 

The effect of olive oil on gene expression was also 
compared to EPA and DHA. Subjects with mildly 
elevated plasma lipoprotein-phospholipase A2 were 
supplemented with either olive oil (6 g/day), EPA  
(1.8 g/day), or DHA (1.8 g/day) for six weeks. Only 
EPA supplementation was associated with changes in 
gene expression in the IFN pathway and downregulation 
of cyclic adenosine monophosphate (cAMP) responsive 
element protein 1 (CREB1) and hypoxia-inducible factor 
1 alpha subunit (HIF1A) (28).

NUTRIGENETICS AND OBESITY

An individual’s genetic profile may influence the 
sensitivity to the development of obesity (29). Studies 
have identified genetic variants that participate in 
complex interactions between genes and nutritional 
factors responsible for influencing weight and body 
composition. In this context, nutrigenetics, which 
is the study of the effect of genetic variation on an 
individual’s nutritional needs, can potentially improve 
the understanding of weight control and contribute to 
personalized dietary management of obesity (30).

Obesity is a multifactorial and polygenic condition 
and represents a significant public health issue in both 
developed and developing countries. Cardiovascular 
disease, T2D, non-alcoholic fatty liver disease, 
metabolic syndrome, and cancer are among the leading 
health issues accounting for morbidity associated with 
an increased prevalence of obesity. From the 1990s 
onwards, it has been possible evidence of how obesity 
influences inflammatory conditions, which are directly 
involved in the etiology of cardiovascular disease, T2D, 
and certain types of cancer (31).

Obesity can be either monogenic, meaning it can 
be caused by genetic variations in either a single gene 
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or in a specific disease-related chromosomal region, 
or polygenic, where the sum of SNPs in several genes 
(each accounting for a minimal effect) determine 
an individual’s weight. Many genes associated with 
obesity are involved in regulating energy intake, 
lipid metabolism, adipogenesis, thermogenesis, 
adipocytokine synthesis, and transcription factors (32).

Importantly, the genetic basis of polygenic obesity 
is diffuse, multifactorial, and non-deterministic. Many 
variants are spread throughout the genome and have a 
small contribution to obesity onset – thus making it a 
challenge for clinical practice. A set of genetic variant 
information is needed to characterize susceptibility 
to obesity (33). For this reason, several authors have 
employed the “polygenic risk scores” or “genetic risk 
scores” (GRS) based on the sum of the number of 
risk alleles, sometimes multiplied by their effect sizes 
(34-36). These polygenic scores have been useful for 
risk assessment in various diseases (37,38), including 
metabolic syndrome (39), and obesity (47-49). 
Estimating an individual’s susceptibility to a disease can 
be a powerful tool for prevention and treatment if well-
communicated and understood (40).

Regarding adiposity, advances in nutrigenetics have 
sought to determine the interaction of nutritional and 
genetic factors that affect body fat deposition (41-
43). The design of nutrigenetic studies can involve an 
analysis of complete dietary patterns (44), in which the 
MedDiet stands out amongst the most studied ones. 

A study with a sample of Iranian individuals, 
using GRS from six FTO polymorphisms showed that 
higher adherence to the MedDiet decreased the risk of 
developing obesity in individuals with higher risk alleles 
when compared to those with a lower diet adherence 
and a lower genetic susceptibility to obesity. These 
results highlight the beneficial effects of this dietary 
pattern (45). These results are in accordance with the 
ones from other reports (Table 2). 

In this context, genetic factors are not only 
responsible for 45%-75% of interindividual variations 
in Body Mass Index (BMI) (46), and adiposity (which 
can be influenced at a rate of 75%-80%) (47), but 
weight loss in response to dietary interventions is also 
determined by genetic variants (35,48). The different 
strategies used in the treatment of obesity can result in 
significant weight loss; however, the individual response 
is variable, and it is possible to identify the hypo- or 
hyper-responders to specific treatments (49,50). Thus, 
according to the literature, genetic variations, including 

SNPs, may at least in part explain this interindividual 
variation in response to a dietary pattern, including the 
MedDiet (44).

As mentioned before, the GRS calculation includes 
a combination of different genetic variants at the same 
time. Although studies of interactions between genes 
and MedDiet are initial, some results are promising 
and suggest that individuals with greater genetic 
susceptibility to certain diseases may benefit from the 
effects of this diet (51,52). Corella & Ordovas (53) 
were pioneers in establishing how diet can modulate the 
genetic risk of the disease, and several authors have been 
studying the association between MedDiet and genetic 
variants in different populations and phenotypes, 
including obesity (Table 2).

Ortega-Azorin and cols. (54) investigated the 
influence of MedDiet and the effects of T2D risk alleles 
on rs9939609 SNPs for the FTO gene and rs17782313 
for the MC4R gene. The authors demonstrated that 
individuals with both poor adherence to the diet 
and allelic variants of risk had a higher risk of disease 
development. On the other hand, the same variants for 
both genes – alone or in combination – were no longer 
related to a higher risk of disease development when 
dietary compliance was high.

A study with Puerto Rican individuals living in 
Boston, USA, with risk genotypes for T2D located 
in the transcription factor 7-like 2 (TCF7L2) gene 
(rs7903146 and rs12255372), showed a better 
anthropometric profile under complete adherence to 
the MedDiet. This suggested that unfavorable genetic 
predisposition can be offset by a healthy diet. Moreover, 
haplotype analysis based on the combination of two risk 
alleles showed that individuals with higher genetic risk 
had lower BMI when adhering to the MedDiet (55).

San-Cristobal and cols. (36) evaluated associations 
and possible interactions between adherence to the 
MedDiet and the genetic background of the Food4Me 
study. The authors developed a GRS from risk alleles 
and a MedDiet score (DMS) based on food intake data. 
At the baseline, there were no correlations between 
scores and metabolic characteristics. However, after 6 
months, there was a significantly greater decrease in 
total cholesterol in individuals with low GRS when 
compared to those with high GRS. In addition, a high 
DMS was linked to greater reductions in BMI, waist 
circumference, and blood glucose. This suggested that 
increased dietary compliance induces beneficial effects 
on metabolic outcomes, which may be affected by the 
genetic profile in some specific markers.
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Within this context, studies on the interactions 
between genes and diet can better elucidate the 
heterogeneity of responses to dietary interventions, 
showing that these responses are often individual. 
Importantly, the MedDiet has interactions with several 
genes that act in both obesity-related pathways and 
other associated diseases, including cardiovascular 
disease, T2D, and cancer (51).

The authors highlighted that some existing results 
are promising and suggested that individuals with 
greater genetic susceptibility to certain diseases may 
benefit from the effects of the MedDiet, thus making 
it extremely useful for precision nutrition (52). A 
recent review has also presented an up-to-date view of 
the influence of the MedDiet on different phenotypes 
with associated diseases, including cardiovascular, 
neurodegenerative, cancer, and obesity. The report 
shows that studies involving Mediterranean gene-diet 
interactions are extraordinarily complex and scarce (51). 
In Brazil, there are also few studies evaluating the 
association between polymorphisms and MedDiet 
(56,57). 

Therefore, one of the biggest challenges of 
nutritional genomics in obesity, besides integrating 
all information from the “omic” strands (genomics, 
metabolomics, proteomics, and transcriptomics), is to 
extrapolate the findings on the interactions between 
genes and diet for different populations (58-60). There 
is already evidence that suggests the reproducibility of 
these genomic results in various cohorts (60,61). Large-
scale studies with replication in varying populations 
are likely required to provide significant and detailed 
evidence, including the various types of weight-loss 
interventions, phenotypes, obesity genetic risk scores, 
and genetic variants that determine eating preferences 
and behaviors.

In the context of gene-diet interaction and 
inflammation, variants located in ADIPOQ, CRP, 
TNF, and APOE genes are the most frequently studied, 
and the ones for which interaction with diet has been 
tested in more than one population. 

The ADIPOQ gene encodes for the adiponectin 
protein, secreted mainly in adipose tissue. This 
protein has critical hormonal functions in the muscle, 
liver, adipose tissue, hypothalamus, and vasculature 
cells, where it exerts anti-inflammatory, antioxidant, 
and insulin sensitizer effects (62). Accordingly, 
low adiponectin blood levels have been related 
to metabolic inflammation-related diseases, such 

as metabolic syndrome, T2D, and cardiovascular  
diseases (63).

Adiponectin blood levels are a heritable trait 
(heritability ranging from 42%-88%) (64-67). 
Specifically, ADIPOQ SNP, rs1501299 G>T, located 
in intron 2, which is in linkage disequilibrium 
with rs2241766 T>G, located in exon 2, has been 
positively and inversely linked to adiponectin blood 
levels depending on the studied population (68,69). 
Concerning these two ADIPOQ genetic variants, the 
number of studies aiming to investigate the influence of 
their interaction with the MedDiet or its components 
on inflammation has increased. For instance, a cross-
sectional study conducted with a representative sample 
of Greek children found an association between dietary 
fiber intake and rs1501299 G>T influencing serum 
adiponectin concentration. It should be noted that the 
T allele carriers had lower adiponectin concentration. 
However, when dietary fiber was above the highest 
tertile of intake, the effect of the T allele was no longer 
observed (70). Furthermore, a randomized clinical trial 
with Spanish obese adults observed an increase in serum 
adiponectin concentration after a 9-month intervention 
with hypocaloric diets only in GG homozygotes for the 
rs1501299 SNP (71). However, no similar interactions 
were observed in other populations (72-74). 

ADIPOQ rs2241766 T>G, in turn, seems to interact 
with omega-3 fatty acids not only impacts serum 
adiponectin concentration but other inflammatory 
biomarkers as well (72,74). In a cross-sectional 
population-based study, an adult Brazilian population 
was dichotomized into two clusters according to 
the plasma concentration of eleven inflammatory 
biomarkers. The authors found that a higher total 
plasma omega-3 fatty acids content was protective 
against inflammation only in G allele carriers of the 
rs2241766 SNP (72). Likewise, in a randomized, 
controlled trial with UK adults, TT homozygotes for 
the rs2241766 had a decrease in serum adiponectin 
concentration after a 12-month intervention with daily 
intakes of 0.9 g of highly unsaturated omega-3 fatty 
acids (EPA and DHA)

CRP is an acute-phase protein that has been 
extensively used as an important inflammatory marker, 
in addition to being a cardiovascular risk indicator 
(75). The CRP rs1205 T>C SNP, located in the 
untranslated region 3’, has been associated with higher 
levels of blood CRP in many populations (76-80). In 
a clinical trial with 1,584 US adults, the higher plasma 
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CRP concentration of CC homozygotes vs. T allele 
carriers at baseline was no longer observed after 12 
months following personalized healthy lifestyle advice 
(dietary advice based in the Dietary Approach to Stop 
Hypertension) (77). Similarly, in a cross-sectional 
population-based study with Brazilian adults, only the 
T allele carriers had lower odds for low-grade systemic 
inflammation when their highly unsaturated omega-3 
fatty acid plasma content was above the median 
(80). Nevertheless, some studies have not found any 
associations between rs1205 and diet components 
(78,79), nor MedDiet (76), in other populations.

For the TNF gene, no other SNP stands out as much 
as rs1800629 G>A. Located in the TNF gene promoter 
region, the AA genotype for the SNP has been 
associated with higher levels of its encoding protein – 
the pro-inflammatory cytokine TNF-α – in addition to 
auto-immune and inflammatory diseases susceptibility 
(81). Furthermore, when the gene-diet interaction 
was investigated for this SNP, only GG homozygotes 
had a decrease in plasma CRP concentration after a 
12-month intervention with MedDiet in metabolic 
syndrome patients from Spain (82). In a study with 
Canadian adults, the same decrease in plasma CRP 
concentration was observed in GG carriers after a 
6-week supplementation with fish oil (79). Moreover, 
in a Brazilian study group, only A allele carriers had 
higher odds for an inflammatory cluster when both 
plasma stearic acid and total saturated fatty acid contents 
were higher overall (83).

In contrast to other genes cited so far, the APOE 
gene does not encode for a protein directly involved 
with inflammation, but rather encodes for the 
apolipoprotein E. This protein is mainly related to 
lipids and lipoprotein metabolism (84). Recently, novel 
functions for the apolipoprotein E have emerged: anti-
inflammatory properties, anti-platelet aggregation, 
and maintenance of the mitochondrial function (84). 
Two SNP located in the coding region of APOE gene 
(rs7412 and rs429358) modify apolipoprotein E 
mRNA codon 112 and 158, respectively. In this case, 
cysteine is replaced by arginine in both positions, and 
hence forms three possible isoforms of the protein 
according to the resultant salt-bridges: ε2, ε3, and ε4. 
Therefore, the six possible genotype combinations 
are ε2/ ε2, ε2/ ε3, ε2/ ε4, ε3/ ε3, ε3/ ε4, and ε4/ ε4. 
However, the combinations ε2/ ε2, ε2/ ε4, and ε4/ ε4 
are very rare (84). APOE ε4 carriers have a higher risk 

for Alzheimer’s disease, while the APOE ε2 genotype 
has been associated with longevity (84).

Studies have shown that APOE ε2 and ε3/ ε3 
genotypes have been associated with higher plasma 
CRP concentration and that these variants interact with 
dietary components in the context of inflammation 
(85-87). In a cross-sectional study with 4,265 US 
adults, only APOE ε4 carriers had higher plasma 
CRP concentrations with higher intakes of alcoholic 
beverages (85). Likewise, in a crossover clinical trial 
conducted in 176 British adults, only APOE ε4 carriers 
showed an increase in plasma CRP after eight weeks 
of a high-saturated fatty acid diet (86). In another 
UK sample, there was a reduction in plasma CRP 
concentration only in APOE ε4 carriers, as opposed to 
an observed increase in APOE ε3/ ε3 carriers after a 16-
week dietary intervention with the substitution of 9.5% 
energy from saturated fatty acid with monounsaturated 
or omega-6 fatty acids (87). Thus, for APOE ε4 carriers, 
the recommendation of reducing saturated fatty acid 
intake (possibly substituting it with other unsaturated 
fatty acids) appears to be protective against metabolic 
inflammation in the British population. 

Recently, a CRP-GRS was developed to sum up 
the effect of 20 SNP with the strongest association 
with plasma CRP concentration (88). The CRP-GRS 
explains 4%-5% of the variation in plasma CRP – more 
than twice the effect of the strongest associated SNP 
alone (APOC1 rs4420638) (88). However, no GRS for 
metabolic inflammation has been tested so far in relation 
to its interaction with dietary components. Therefore, 
studies aiming to test the relationship between diet and 
GRS for inflammation are needed and may be a subject 
for future investigations.

NUTRITIONAL EPIGENOMICS, INFLAMMATION, 
AND OBESITY

Epigenetics are reversible alterations in gene expression 
that do not involve changes in DNA sequence. The 
most studied epigenetic modifications are DNA 
methylation, covalent histone modifications, and 
microRNAs (miRNAs). Epigenetic mechanisms can 
silence genes, regulate gene expression, and modify 
chromatin architecture (89). 

Epigenetic modifications are related to metabolic 
diseases such as obesity, metabolic syndrome, and 
T2D. These modifications modulate critical genes 
involved in appetite regulation, adipogenesis, glucose 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

215

Nutritional genomics and inflammation

Arch Endocrinol Metab. 2020;64/3

homeostasis, body weight, inflammatory response, and 
lipid storage. For example, the promoter of the PPARG 
gene – a key transcriptional regulator of adipogenesis 
– is hypermethylated in 3T3-L1 preadipocytes but 
is demethylated upon induction of differentiation. 
Furthermore, the expression of the insulin gene is 
regulated by cytosine methylation, which can contribute 
to the development of T2D (90). Nutrients can 
regulate DNA methylation and histone modifications 
by directly inhibiting epigenetic enzymes or changing 
the availability of substrates required for the enzymatic 
reactions (89). The MedDiet effects on epigenetic 
modifications were investigated by Arpón and cols. 
(91), who followed subjects from the PREDIMED 
study for five years. The MedDiet was linked to the 
differential methylation of inflammation-related genes 
such as EEF2, COL18A1, IL4I1, LEPR, PPARGC1B, 
MAPKAPK2, IFRD1, and PLAGL1 in peripheral 
blood cells. The authors concluded that the MedDiet 
could exert an anti-inflammatory activity that might 
be mediated by epigenetic mechanisms. A Greek study 
evaluated the effects of the ratio of PUFA to SFA, the 
ratio of MUFA to SFA, and the ratio of PUFA+MUFA 
to SFA on genome-wide DNA methylation pattern in 
whole peripheral blood of eutrophic and obese children. 
DNA methylation was related more to the quality than 
to the quantity of fat intake. In this, omega-3 (n-3) 
PUFA showed a contribution to histone modifications 
involved in leptin regulation – a pro-inflammatory 
adipokine – on obesity (92). 

miRNAs are involved in several diseases, and their 
imbalance may play a role in the development of 
obesity and other related metabolic complications. 
In this review concerning nutritional epigenomics, 
we have focused on the functions of miRNAs in their 
relationship with obesity and inflammation (93,94).

miRNAs: biogenesis and biological function

miRNAs are non-coding endogenous RNA 
molecules (~18-25 nucleotides) that are involved in 
post-transcriptional gene regulation by binding to the 
3’ untranslated region (UTR) of a target messenger 
RNA (mRNA), resulting in degradation or inhibition 
of translation (95). miRNAs can also bind to the 5’-
UTR, or coding region, and activate, rather than 
suppress, mRNA translation (96). 

Other roles of miRNAs are also described in the 
literature. miRNAs can modulate the transcriptional 

processes by interfering in histone and DNA 
methylation, where they target vital enzymes 
responsible for epigenetic reactions. These key 
enzymes are the following: DNA methyltransferases 
(DNMTs); methylation-related proteins, including 
methyl CpG binding protein 2 (MeCP2) and methyl-
CpG binding domain proteins 2 and 4 (MBD2 and 
MBD4); histone deacetylases (HDACs); and histone 
methyltransferases (EZH) (97,98). Furthermore, 
miRNAs can downregulate other types of RNAs that 
are responsible for inhibiting transcription to then 
increase gene expression (99,100). 

The biogenesis of miRNAs occurs through a 
sequential process that involves a variety of enzymes 
and proteins (101). miRNAs biogenesis is shown in 
Figure 1. Under most conditions, the mature RNA-
induced silencing complex (RISC) represses gene 
expression post-transcriptionally. This occurs by 
binding the 3’-UTR of specific mRNAs and mediating 
mRNA degradation, destabilization, or translational 
inhibition according to sequence complementarity to 
the target (101-104). 

miRNAs act not only within cells but also as 
hormones controlling gene expression in distant 
tissues. This is achieved through the transport of 
secreted miRNA by membrane-vesicles as exosomes 
(extracellular vesicles of endosomal origin), or bound 
to lipoproteins (LDL or HDL), proteins, apoptotic 
bodies, and ribonucleoprotein complexes (linked to 
Argonaut) (105,106). miRNAs are present in both 
tissues and body fluids, such as plasma, serum, urine, and 
saliva, in which they are in a stable form and protected 
from endogenous RNAse activity (107). About 10% of 
all human miRNAs’ particles can be found in plasma, 
and are called circulating miRNAs (108).

The importance of regulating gene expression 
through miRNA is highlighted because a single miRNA 
can act on several target genes, and the same mRNA 
can pair with different miRNAs. Thus, according to 
Friedman and cols. (109), more than 60% of the human 
genes can be regulated by miRNA.

microRNAs and inflammation in obesity 

Changes in miRNAs levels have been shown in several 
pathophysiological disorders related to obesity. These 
include disorders such as inflammation, oxidative stress, 
impaired adipogenesis, insulin signaling, apoptosis, and 
angiogenesis (110-114). miRNAs can act as potential 
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Figure 1.  MicroRNA biogenesis and cellular release mechanisms. MicroRNAs (miRNA) is transcribed by RNA polymerase II from miRNA genes, first 
forming the ‘primary miRNA transcript’ (pri-miRNA), which is then cleaved by the DROSHA/ DiGeorge syndrome critical region 8 (DGCR8) microprocessor 
complex to form the ‘miRNA precursor’ (pre-miRNA). Pre-miRNA is then exported from the nucleus to the cytoplasm by exportin 5 and further processed 
by DICER to originate the mature miRNA. Mature miRNA is loaded into the miRNA-induced silencing complex (miRISC), which contains Argonaute (AGO) 
proteins, that targets mRNA by sequence complementary binding and mediates gene suppression by targeted mRNA degradation. The cellular release 
mechanisms include pre-miRNA or mature miRNA associated to RNA-binding proteins, such as Ago2 or their binding to high-density lipoproteins (HDL). 
Furthermore, pre-miRNA or mature miRNA can be incorporated into small vesicles called exosomes, which are extracellular vesicles of endosomal origin 
that have emerged as key mediators of intercellular communication.

diagnostic biomarkers since they are rapidly and 
accurately detected by non-invasive methods. As such, 
they allow for early detection and have a long half-life 
in the sample (115-117). 

In this context, Lorente-Cebrián and cols. (118) 
verified that obese individuals have a different miRNA 
expression plasma profile when compared to eutrophic 
individuals. This indicates the possible role of miRNAs 
in metabolic inflammation. Such inflammation is 
characterized by a chronic, systemic, low-intensity 
inflammation which differs from that caused by external 
agents (e.g., bacterial infection and tissue injury) (24). 
For example, obese individuals have lower miR-145 
plasma levels than lean individuals, and, regarding 
the inflammatory process mediated by this miRNA, a 
higher expression of both TNF-α and IL-6 in white 
adipose tissue (WAT) was observed when this miRNA 
was downregulated (119,120). miR-181a-5p and miR-

23a-3p were reduced in adipose tissue from obese 
subjects, and its overexpression contributed to TNF-α 
downregulation in visceral WAT (121). miRNAs 
can modulate the inflammation in adipose tissue by 
regulating macrophage activation. Treatment with 
miR-10a-5p was associated with altering macrophage 
polarization to an anti-inflammatory phenotype 
(121,122). 

Overweight subjects without T2D at baseline from 
CORDIOPREV trial were followed by four years 
to evaluate whether plasma miRNAs were related to 
the risk of T2D. This study showed that deregulated 
plasma levels of miR-150, miR-30a-5p, miR-15a, and 
miR-375 were observed years before the onset of T2D 
and pre-diabetes. In this way, these miRNAs could 
be used to evaluate the risk of developing the disease, 
which may improve prediction and prevention among 
individuals at high risk for T2D (123).
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Diet and microRNAs modulation

Nutrimiromics describes the influence of diet on the 
modification of gene expression. The term refers 
specifically to the epigenetic processes relating to 
miRNAs that influence an individual’s risk of developing 
chronic diseases (104).

Nutrients and bioactive compounds of food 
can modulate the miRNAs expression, regulating 
inflammation in the WAT of obese subjects. Within 
bioactive compounds, polyphenols receive special 
attention, although the mechanism involved in this 
regulation is not precise. One hypothesis is that 
polyphenols could influence miRNA functionality by 
changing its binding to mRNA related to the target 
gene. Polyphenols could also bind to a component of 
miRNA biogenesis (7).

An interventional study with healthy Brazilian 
women showed that miR-145a-5p – which is related 
to the inflammatory pathway – was altered in the 
postprandial period after a single intake of a high-fat 
meal rich in SFA. This is an example of a potential 
biomarker for a Western diet pattern and its effect on 
inflammation (124).

In a randomized, placebo-controlled study, the 
authors observed modulation of miRNAs after 
treating 35 diabetic hypertensive men. The treatment 
was undertaken for a one-year period and involved 
administering a grape extract containing 8 mg of 
resveratrol. According to the author, these miRNAs are 
related to a regulatory role in inflammatory responses. 
Upregulation was observed for miR-21, miR-181b, 
miR-663, and miR-30c2, whereas others such as miR-
34a and miR-155 were downregulated in PBMC (125). 

Ortega and cols. (126) showed that an intake of 
nuts (30 g/day of almonds and walnuts) modulated 
the expression of plasma miRNAs. Nuts downregulated 
the expression of miR-328, miR-330-3p, miR-221, and 
miR-125a-5p, and upregulated the expression of miR-
192, miR-486-5p, miR-19b, miR-106a, miR-769-
5p, miR-130b, and miR-18a in obese subjects. Also, 
miR-130b and miR-221 were related to a reduction in 
plasma CRP levels. The downregulation of miR-125a-
5p was linked to a reduction of plasma triacylglycerols 
and increased adiponectin levels. The effect of nuts 
on circulating miRNA expression was also shown in 
a very recent study in which obese women consumed 
Brazil nut for two months. The intake of Brazil nut 
upregulated the expression of miR-454-3p and miR-
584-5p (127). 

Recently, a clinical trial (128) showed the effect of 
a hypoenergetic diet based on MedDiet (30% energy 
restriction) for eight weeks in subjects with metabolic 
syndrome. Nutritional intervention downregulated 
the expression of miR-155-3p in white blood cells 
and upregulated the let-7b expression. The increased 
expression of let-7b was linked to a low intake of lipids 
and saturated fats. 

Current studies that link nutrition to miRNAs in 
humans are scarce and do not show a cause-effect 
relationship. Thus, further studies are needed to 
elucidate the molecular mechanism by which nutrients 
and bioactive compounds modulate miRNA expression 
and the metabolic pathways affected by miRNAs (129).

We conclude that the search for nutritional 
biomarkers for applications in clinical practice remains 
a challenge. However, these findings will allow for 
the early diagnosis of diseases, facilitate appropriate 
interventions, and even predict responses to different 
types of treatment (83). In recent years, great efforts 
have been made to identify the biomarkers that 
may influence the treatment of the obesity-related 
inflammatory process. The knowledge gained from 
nutritional genomics requires an evidence-based 
approach for personalized recommendations to be 
validated and proven beneficial for individuals (7,84).

Despite the great deal of progress made so far, this 
is a relatively new field, and the use of nutrigenetic 
tests requires careful attention from professionals with 
deep knowledge, ethics, and experience. In addition, 
studies aiming at investigating gene-diet interaction 
in the context of inflammation are mainly candidate-
gene studies, and all polymorphisms that have been 
investigated in at least two independent samples still 
need replication. This lack of replication is often 
attributed to the large variation in study designs and 
the small effect of a single genetic variant on complex 
outcomes, such as inflammation. Therefore, it is 
important to highlight the use of GRS as an important 
tool in the application, handling, and administration of 
personalized nutrition (identifying a diet based on this 
score), thus bringing significant benefits to the obese.
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final version.
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ABSTRACT
Prader-Willi syndrome (PWS) is a genetic disorder caused by the absence of gene expression in the 
15q11.2-q13 paternal chromosome. Patients with PWS develop hypothalamic dysfunction that can 
lead to various endocrine changes such as: obesity, growth hormone deficiency, hypogonadism, 
hypothyroidism, adrenal insufficiency and low bone mineral density. In addition, individuals with 
PWS have increased risk of developing type 2 diabetes mellitus. This review summarizes and updates 
the current knowledge about the prevention, diagnosis and treatment of endocrine manifestations 
associated with Prader Willi syndrome, especially diagnosis of growth hormone deficiency, management 
and monitoring of adverse effects; diagnosis of central adrenal insufficiency and management in 
stressful situations; screening for central hypothyroidism; research and treatment of hypogonadism; 
prevention and treatment of disorders of glucose metabolism. Careful attention to the endocrine aspects 
of PWS contributes significantly to the health of these individuals. Arch Endocrinol Metab. 2020;64(3):223-34

Keywords 
Prader-Willi syndrome; growth hormone; hypogonadism; hypothyroidism, adrenal insufficiency; glucose abnormalities

INTRODUCTION

Prader-Willi syndrome (PWS) is a genetic syndrome, 
with no predilection for race or sex, with an 

estimated prevalence of 1: 10,000-1: 30,000 in 
different populations studied (1).

It is caused by the absence of paternal gene 
expression on chromosomal region 15q11.2-q13c (1). 
In this region, there are active genes with exclusively 
paternal expression, while these same genes in the 
maternal allele are inactivated by epigenetic mechanisms 
and are not expressed in individuals with SPW (2). 
There are 3 main classes of chromosomal abnormalities 
that lead to PWS: deletion, maternal disomy (UPD), 
and impring defect (ID). Genic mutation and balanced 
translocation can also be found (2). The most common 
genetic mechanism is a 5 to 6 Mb deletion, occuring 
in 65%-75% of individuals with SPW.[3] The second 
most common genetic mechanism is UPD, reported 
in 20%-30% of individuals and the third mechanism, 
is a genomic defect in the region that controls the 
imprinting process, occuring in 1%-3% of individuals 
with SPW1 (1-3) . 

Other genes with paternal expression located at the 
end of the 15q11-q13 region may contribute to the 

PWS phenotype, such as MKRN3, MAGEL2, NDN 
and C15orf2 (3). Several of these genes are involved 
in neural development, brain function, infertility, and 
circadian rhythm. SNORD 116 is expressed in the 
hypothalamic appetite control centers (3). Deletion 
of SNORD 116 l causes pro convertase 1 (PC1) 
deficiency (4). PCI deficiency may explain the major 
hormonal changes found in PWS: GhRH (growth 
hormone deficiency and short stature); proGnRH 
(hypogonadism); progrelin (hyperghelinemia); 
proinsulin (relative hypoinsulinemia and type 2 
diabetes mellitus); proopiomelanocortin – POMC 
(hypocortisolism); and ProTRH (hypothyroidism) 
(4). Many other hormones involved in food intake and 
energy expenditure are processed by PC1, including 
agouti gene-related peptide prohormones (AgRP), 
neuropeptide Y (NPY), oxytocin, and brain-derived 
neurotrophic factor (BDNF) (4). 

Therefore, individuals with PWS develop 
hypothalamic dysfunction that can lead to various 
endocrine disorders. This review aims to update the 
endocrinological aspects of PWS including its screening, 
diagnosis and treatment.
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PWS: MAIN CLINICAL MANIFESTATIONS

The clinical manifestations of PWS present great 
variability in clinical expression and vary according to 
the age of presentation:

• Prenatal period: reduced fetal activity (88%), 
polyhydramnios (34%) reflecting the inability 
to coordinate suction and swallowing, pelvic 
presentation, preterm delivery, small for gesta-
tional age (65%) and increased head/abdomen 
circumference ratio (43%) (5,6); 

• 0-2 years: hypotonia, poor sucking, poor crying, 
failure to thrive, difficulty feeding with need for 
gastric tube or gastrostomy (in some children), 
cryptorchidism, genital hypoplasia (scrotal 
hypoplasia, hypoplasia of the clitoris and large 
or small vaginal lips), developmental delay;

• 2-4 years: hypotonia, recovery of growth with 
onset of weight gain without change in dietary 
pattern and developmental delay;

• 4-8 years: hyperphagia, progressive obesity, de-
velopmental delay;

• > 8 years: severe hyperphagia, obsession with 
food (eating spoiled or junk food), obstruc-
tive sleep apnea, behavioral disorder (fury at-
tacks, stubbornness, kleptomania, obsessive 
disorder, affective disorder), cognitive deficit, 
nearsightedness, increased pain threshold, sel-
f-injurious skin lesions, temperature instability, 
viscous saliva, decreased ability to vomit, gastric 
distension leading to stomach rupture. Clear 
evidence of dysmorphia (dolichocepaly, almond 
shaped eyes, strabimus, hin and inverted down 
upper lip, narrow nasal bridge, dental enamel 
hypoplasia, small hands and feet), scoliosis and 
increased risk of choking (1,7). 

PWS: CLINICAL MANIFESTATIONS OF THE 
DIFFERENT GENETIC TYPES

Several studies have described clinical differences 
between genetic subtypes in PWS, which are described 
in detail, in the following topics (6-10). 

Deletion subtype

The deletion subtype can be subdivided into two types 
according to the size of the deletion: type I and type 
II. In type I deletion, the loss is 6bMb, which is 500 
kb larger than the type II deletion. Atypical deletions 

occur in 7% to 9% of cases and may be larger or smaller 
than type I or type II (2).

The type I deletion includes 4 more genes (NIPA1, 
NIPA2, CYFIP1, GCP5) (11). These 4 genes, when 
absent, are associated with worse neurological and 
cognitive development; increased food compulsion; 
difficult behavior; sleep disorders and impaired speech 
articulation (11). Therefore, patients with type I 
deletion have a more severe phenotype than type II. 

Maternal dissomy subtype

In this subtype, both chromosome 15 alleles are inherited 
from the mother, accordingly to the pathogenetic 
mechanism, it can be classified in three subtypes: 

• Maternal heterodysomy: two different maternal 
alleles due to meiosis I errors and no homolo-
gous chromosomal disjunction;

• Maternal isodisomy: two identical maternal alleles 
due to errors in meiosis II due to non-disjunction;

• Segmental isodisomy: two partially different 
mother alleles due to meiosis I errors from 
events without disjunction and crossover of 
isodisomy segments or loss of heterozygosity 
(2,7,12). 

Individuals with PWS with UPD by isodisomy 
or segmental isodisomy have a higher risk of having 
secondary genetic conditions that involve recessive 
disease genes on chromosome 15, if the mother carries 
one of these genes. Several hundred recessive genes 
are located on chromosome 15 with the potential of 
causing hearing loss, cardiac abnormalities, seizures 
or metabolic defects. In addition, women with UPD 
due to trisomic salvage in early pregnancy may develop 
X-linked genetic conditions (12-15). 

Currently, the older maternal age is more prevalent 
in westernized societies and this can also affect the 
frequency of genetics in PWS (16). One of the 
hypothesis is a greater relationship between UPD and 
advanced maternal age, attributed to non-disjunction 
during meiosis, forming a trisomic zygote with 
subsequent loss of the paternal chromosome through 
a rescue event early in pregnancy (2). 

Individuals with UPD have a higher verbal 
intelligence coefficient and milder behavioral problems 
but are more likely to have psychosis in later life (17). 

Imprinting defect subtype

Patients with imprinting defect subtype have clinical 
features similar to the UPD type (17).
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PWS: ENDOCRINE MANIFESTATIONS

The main endocrine abnormalities of PWS, detailed 
in the following paragraphs, are: growth hormone 
deficiency; gonadotrophins deficiency and/or gonadal 
disorders; obesity; metabolic syndrome; early pubarche 
and precocious puberty; central hypothyroidism; 
central adrenal insufficiency; type 2 diabetes mellitus 
and low bone mineral density (Table 1) (7,18)

GROWTH HORMONE DEFICIENCY

Growth hormone deficiency (GHD) is present in 40%-
100% of patients (19,20). In the KIGS International 
database, it was detected that 74% of the children 
with PWS had DGH (21). Short stature is common 
and without growth hormone replacement, mean 
final height is 155-160 cm for men and 145-150 cm 
for women (21). Younger children may have a normal 
growth hormone pituitary reserve but are deficient in 
the hypothalamic secretion of GH releasing hormone. 
As these children grow-up they may run out of this GH 
reserve and become disabled. Thus, GHD is considered 
to be an evolutionary process in individuals with 
PWS (22). Stimulation tests for GH dosing are not 
mandatory in children and adolescents with molecular 
diagnosis of PWS because most of them have GH 
deficiency or GH/IGF-1 axis dysfunction. However, 
whenever possible, it is recommended to evaluate the 

Table 1. Prader-Willi syndrome: diagnosis and treatment of endocrine manifestations

Endocrine findings Diagnosis Treatment

Growth hormone deficiency Height, Weight, Body mass index, Waist circumference, 
Growth velocity, IGF-1, IGFBP-3, Growth hormone stimulation 
test (if indicated), Polysomnography

Recombinant human growth hormone

Obesity and Metabolic Syndrome Height, Weight, Body mass index, Waist circumference, Blood 
pressure Lipid profile, Blood glucose, Insulin, Liver enzymes, 
Urea, Creatinine, Uric acid, C reactive protein

Caloric and carbohydrate restriction, Physical activity

Type 2 diabetes mellitus Oral glucose tolerance test, Fasting blood glucose, HbA1c Diet, Metformin, Insulin, Liraglutide, Exenatide

Hypogonadism LH, FSH, Testosterone/Estradiol, Inhibin B, Bone age –  Females: 17-Beta-estradiol (oral). When pubertal stage 
M4/M5, replace with oral hormonal contraceptive 

–  Boys: Testosterone (intramuscular)

Hypothyroidism TSH, FreeT4 Levothyroxine

Adrenal insufficiency ACTH and Cortisol during stress situations, or after ACTH 
stimulation test

Hydrocortisone acetate: continuous or during stress

Premature adrenarche DHEA, S-DHEA, Androstenedione, 17-OH progesterone Clinical follow-up

Precocious puberty LH, FSH, Testosterone/Estradiol GnRH Analog

Low bone mineral density Bone Densitometry, 25(OH) Vitamin D, Calcium, Phosphorus, 
Magnesium, Alkaline Phosphatase, Albumin

Physical activity, Vitamin D and Calcium

ACTH: adrenocorticotrophic hormone; FSH: follicle stimulating hormone; GH: growth hormone; HbA1c: glycated hemoglobin; IGF-1: insulin-like growth factor 1; LH: luteinizing hormone; GH: growth 
hormone; S-DHEA: dehydroepiandrosterone sulfate; TSH: thyrotrophic hormone; FT4: free thyroxine.

GH-IGF axis to meet individual product dispensing 
requirements. This evaluation should be done by a 
multidisciplinary team with knowledge of PWS to 
diagnose and treat comorbidities that may affect the 
safety and response to human recombinant growth 
hormone (rhGH). 

Few studies have compared the effectiveness of 
GH therapy in the different genetic types of PWS. 
Regarding the GH secretory pattern, patients with 
deletion reach higher peaks after clonidine stimulation, 
arginine test and insulin test than patients with UPD 
(23,24). Interestingly, patients in transition with 
UPD have a higher incidence of GHD than those 
with deletion (80% versus 25%) (25). Assessment of 
pituitary GH secretion shows a later GH response in 
UPD individuals (26). On the other hand, stimulated 
GH and GH secretion are similar in both individuals 
with type I and type II deletion (26). The results show 
that the GH group presents significantly higher verbal 
IQ scores than the non-GH group. This suggests that 
GH therapy improves intelligence in patients with 
PWS (26). There is no significant difference in total 
IQ scores in individuals with deletion compared with 
UPD. However, GH therapy in the UPD subtype 
results in less decline in IQ scores with age (26). Verbal 
IQ scores are significantly higher in the UPD subtype 
than in the deletion, with better development of verbal 
than spatial skills. 
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Treatment with rhGH for children with PWS was 
first described in 1987. In the year 2000, rhGH for PWS 
was approved in the United States by the Federal Drug 
Administration (FDA) and in 2001 use was approved in 
Europe, by the European Medicine Agency (EMA). In 
Brazil, each state has its own protocol for the delivery 
of rhGH and, patients with PWS are not always inclued 
in these criteria.

The beneficial effects of rhGH on PWS substantially 
improved the phenotype of these individuals (21); 
including: decreased fat mass, increased muscle mass, 
increased growth rate (up to 16 cm increase in final 
height), normalization of cranial diameter, improvement 
of bone mineral density, dyslipidemia, development, 
quality of life, and physical performance (20,21).

Despite the recommendation to initiate rhGH 
replacement in PWS at a mean age of 7 years, rhGH 
treatment has been indicated earlier (27). The benefits 
of treatment with rhGH starting at 4-6 months of 
age have already been demonstrated (28). Recently, 
studies have shown positive effects on neurocognitive 
development and behavior when rhGH is started 
before 2 years of age (29,30). Infants and children 
should initiate rhGH replacement with a daily dose of 
0.5 mg/m2/day, with subsequent adjustments up to 
1.0 mg/m2/day (0.035 mg/kg/day or 0.245 mg/kg/
week) over a period of 3-6 months (31). The efficacy 
of doses of less than 1.0 mg/m2/day given over a long 
period of time is still uncertain (32). 

Patients with PWS are highly sensitive to rhGH 
in terms of IGF-1 generation and standard doses 
often result in IGF-1 levels outside the normal range, 
especially in the first 6 months of treatment (33). 
Although total IGF-1 levels are elevated, free IGF-1 
levels are similar, thus decreasing the risks associated 
with elevation of total IGF-1 (33). IGF-1 normative 
ranges for age and sex, are laboratory and assay 
dependent. An IGF-1 < 0 SDS in infants or children 
with a proven genetic diagnosis of PWS may indicate 
growth hormone deficiency (31,34). IGF-1 levels 
may be altered by nutritional status, disease, ethnicity, 
estrogen presence, physical activity, stress, insulin levels, 
and time of day. Therefore, it is also recommended to 
measure the IGFBP-3 level and calculate the IGF-1/
IGFBP-3 molar ratio to determine IGF-1 bioavailability 
(5). Children with PWS have elevated IGF-1 levels 
after 2 years of GH treatment. The GH dose should be 
assessed using the calculated level of bioavailable IGF-1 
instead of total IGF1 (5). 

Children with PWS have a higher incidence of 
central apnea and obstructive apnea. As rhGH therapy 
may lead to lymphoid tissue growth, parents should 
be informed about the potential association between 
rhGH therapy and worsening obstructive apnea. 
Therefore, polysomnography should be performed 
prior to initiation of therapy within the first 3-6 
months after initiation of rhGH therapy and annually 
thereafter. Patients with obstructive sleep apnea should 
be evaluated by otolaryngologists to assess indication 
of adenotonsillectomy; and if they present more than 
5 central apneas/hour, they should be evaluated by a 
neurologist (35).

Although rhGH should not be initiated during 
an acute respiratory infection, it is not be necessary 
to discontinue use during subsequent episodes 
of respiratory infection. Scoliosis is a common 
complication in PWS, but neither incidence nor rate 
of progression is influenced by rhGH treatment (31). 

Adults with PWS should receive an initial dose of 
rhGH of 0.1-1.6 mg/day. Subsequent titration should 
be based on IGF-I levels, clinical response, age and sex. 
Studies indicate that, in adults with PWS, the optimal 
level of IGF-I during rhGH treatment is between 0 and 
+2 SDS for age to achieve the beneficial effects and at 
the same time the lowest possible risk of adverse events 
(30,32,36). 

The rhGH is contraindicated in the following 
situations: severe acute illness; severe obesity, 
uncontrolled diabetes mellitus, severe obstructive sleep 
apnea, active proliferative diseases; hypersensitivity to 
the product and psychosisdeal (31). 

The safety of rhGH is a major concern in people 
with PWS. A recent study evaluated 522 pre-pubertal 
children treated with rhGH for three years and 173 
children who reached final height. The safety analysis 
included 2332 children and data were collected from 
KIGS records from 1987 to 2012 (33). To date, no 
concrete association between rhGH and cancer has 
been confirmed (37). The findings showed that rhGH 
therapy is not associated with the onset of leukemia in 
patients without risk factors for leukemia (37). After 
15 years of the use of rhGH in patients with PWS, the 
conclusion was that the benefit/risk ratio is positive 
(38,39). The association between rhGH treatment 
and changes in sleep in adults with PWS is limited. A 
single study reported that one in ten individuals had 
worsened apnea/hypopnea index after 6 weeks of 
therapy (39). Obese adults with PWS were identified 
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as having hypokinetic cardiac characteristics similar 
to those observed in individuals with GH deficiency 
(i.e., lower systolic function, decreased cardiac mass 
and decreased chronotropic response to an adrenergic 
stimulus) (39). 

The side effects of rhGH treatment described in 
PWS are: peripheral edema, joint pain, sleep apnea, 
disordered breathing, snoring, respiratory pauses, 
excessive daytime sleepiness, cerebral pseudotumor, 
benign intracranial hypertension, headache, visual 
changes, nausea, dizziness, femoral head epiphysiolysis, 
hip and/or knee pain, gait disturbances, and T4 level 
decrease (29).

Tolerability of rhGH by pediatric and adult patients 
with PWS is high. For children with PWS treated with 
rhGH and followed in phase 4 post-marketing research, 
the reported rate of side effects leading to cessation of 
treatment in general trials is low (31).

HYPOGONADISM

The etiology of hypogonadism in PWS is quite 
heterogeneous and can be caused by defect in the 
hypothalamic-pituitary axis, failure of the gonad 
response or the combination of the two forms (40). 
Hypogonadism may be present in both sexes as genital 
hypoplasia, lack of pubertal development or partial 
pubertal development and infertility. 

Girls may have hypoplasia of small lips and clitoris. 
Although hypogonadism is a hallmark, there are 
reported cases of spontaneous gestation, with a higher 
risk of having children with Angelman’s syndrome 
(41,42). Therefore, sexual counseling and advice on 
contraception should be provided (41). Systematic 
studies evaluating the benefits and safety of hormone 
replacement in female adolescents or adults with PWS 
are not yet available. But the recommendation is to 
prescribe the hormonal replacement as it is done in 
Turner syndrome (5). If an estradiol patch is prescribed, 
the initial dose is 0.1 µg/kg, applying at night, and 
withdrawing in the morning. After 6 months, switch 
to 0.1 µg/kg throughout all day. After 12 months, the 
dose may be increased to 0.2 µg/kg. When bleeding 
occurs, start oral progesterone (5 mg, PO, 12 days/
month) or oral contraceptive pills (5). The initial dose 
of estradiol should not induce menstruation. In this 
occur, the estradiol dose should be increased gradually 
over a period of two years to reach the adult dose of 2-4 
mg micronized PO daily (or 100-200 mcg transdermal 

daily) (5). Evaluate mood and behavior before starting 
therapy and during titration. Evaluation with estradiol, 
gonadotropins and inhibin B may be performed as an 
indicator of fertility (5). 

Boys, commonly have cryptorchidism, hypoplastic 
scrotum, micropenis and are usually infertile (1). 
Stimulation with human chorionic gonadotrophin 
(hCG) to promote testicular descent may be 
considered in order to avoid surgical correction and 
general anesthesia (43). Administration of hCG may 
also increase testicular size and length of the penis, 
which may improve the results of orchidopexy and later 
facilitate standing urination (43). There is no published 
data on the efficacy of this practice in patients with 
PWS. Surgical correction of cryptorchidism should be 
completed on the first or at the latest in the second year 
of life (30)

Treatment of hypogonadism is initiated after the 
age of 14 years with intramuscular testosterone 50 mg, 
IM, once a month; increasing by 25-50 mg, every 6 
months, as needed; or applying it transdermally (patch 
or gel preparation) (5). 

OBESITY

Obesity is the most common cause of metabolic 
complications and worsening of quality of life in 
individuals with PWS (44). Hyperphagia and obesity 
arise after an initial phase of low weight and failure to 
grow (44). 

The PWS patients’ weight begins to increase between 
18-36 months of age, without being associated with 
a significant increase in food intake (44). The onset 
of obesity is observed before a substantial increase in 
food intake. Children with PWS require 20% to 30% 
lower energy intake than healthy children of the same 
age (44). Individuals with PWS are classified into 7 
nutritional stages that differ clinically according to age 
range (Table 2) (45). 

Several mechanisms have been proposed to 
explain the etiology of obesity in PWS, which include 
discontinuation of the satiety control hypothalamic 
pathways, changes in hormones that regulate food 
intake, and reduced basal metabolic rate. The exact 
mechanism for the development of obesity is still 
unknown (44). Changes in the satiety center; alteration 
in the hormonal circuits, food intake increased and 
hormonal deficiencies can contribute to affect the 
energy balance (46). Other factors implicated in the 
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development of obesity include impaired muscle tone 
and body composition with a higher percentage of fat 
mass (47). 

Functional resonance data suggest that patients 
with PWS present greater stimulation in post-meal sub-
cortical (hypothalamus, amygdala and hippocampus) 
and in the food activation center in the limbic and 
paralimbic region compared to lean and obese controls 
without PWS (48). Obese people without PWS have 
a significantly higher activity in the dorsolateral pre-
frontal and frontal cortex that is associated with better 
inhibition control of food intake (49). This response 
is even more intense for high-calorie foods (50). 
This indicates that the dysfunction of reward circuit 
regions associated with changes in satiety-regulating 
hypothalamic hormones is also involved in the process 
of weight gain (44). Following the hormones are altered 
in individuals with PWS and contribute to obesity:

• Ghrelin: it is synthesized mainly in the gastric 
fund and stimulates the hunger. The number 
of cells expressing ghrelin and the amount of 
ghrelin in the gastric background of people with 
PWS was 2 to 3 times higher than in the con-
trol group (51). Ghrelin is elevated in children 
with PWS, precedes the onset of obesity and is 
involved in the onset of the hyperphagic stage 
(33,52). In addition, ghrelin levels remain high 
and do not adequately suppress after food intake 
when compared to obese controls (53);

• Insulin and PYY: are reduced and result in loss 
of stimulatory signals to the POMC neurons 
and loss of inhibitory signals for NPY neurons 
in the arcuate nucleus that does not stimulate 

α-MSH and β-MSH to control satiety pathway 
MCR438 activation (53);

• Leptin: the role of leptin is still under investiga-
tion as evidence suggests no difference in leptin 
concentration in PWS and obesity (53);

• TRH-TSH: Changes in this axis result in redu-
ced energy expenditure;

• GH: Deficiency leads to reduced muscle mass 
and increased body fat;

• Obestatin: produced in the stomach by the 
post-translational modification of ghrelin. In 
contrast to ghrelin, obestatin suppresses food 
intake, inhibits gastric emptying, and decreases 
weight gain. Unlike ghrelin, obestatin binds 
to a G protein-coupled receptor, although it 
does not cross the blood-brain barrier (54). A 
significant difference was observed in plasma 
obestatin levels between patients with PWS and 
non-PWS obese;

• Pancreatic polypeptide (PP) and peptide YY 
(PYY) are reduced in children with PWS and 
have been shown to decline with age (54). Pre-
sently, the only control available for hyperpha-
gia for most people with PWS is in external con-
trol by tutors and/or health care providers who 
take care of the child. Access to food should be 
restricted to ensure reduced caloric intake.

METABOLIC SYNDROME

The development of metabolic syndrome and 
complications of obesity in children and adults with 
PWS are largely dependent on the degree of obesity 

Table 2. Prader-Willli syndrome: Clinical Characteristics of the Nutritional Phases Phases (3)

Age Nutritional
phase Clinical findings

Fetal-newborns 0 Decreased fetal movements (85%), low birth weight.

0-9 months 1 a Hypotonia with difficulty feeding, weak, uncoordinated suck, needs assistance with feeding, oral feeds are slow, severely 
decrease appetite, may develop failure to thrive.

9-25 months 1 b No difficulty feeding, growing appropriately on growth curve, normal appetite, no longer needs assisted feeding.

2.1-4.5 years 2 a Weight increasing without an increase in appetite or excessive calories, will become obese if given the recommended daily 
allowance, needs to be restricted to 60%-80% of the recommended daily allowance to prevent obesity.

4.5-8 years 2 b Increased appetite, increased interest in food, can feel full, will eat more than a typical child if allowed, will eat food in their line 
of sight if unattended, will become obese if allowed to eat what they want, will stop eating voluntarily.

8 years- adulthood 3 Hyperphagic, rarely feels full, constantly thinking about food, while eating one meal they are already thinking about the next 
meal, will continue eating if portion size is not limited, will steal to pay for food, can eat food from garbage, will gain 
considerable amount of weight if not supervised, food needs to be locked up, temper tantrums related to food, needs 
50%-60% of the recommended daily allowances to maintain weight.

Adulthood 4 Appetite may still be increased or may be normal, can feel full, improvement in the control of appetite, not as preoccupied with food. 
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(55). The frequency of insulin resistance, hyperlipidemia 
and hypertension in children with PWS is common 
but these conditions are more rare than in obese 
children without PWS (56). Some studies have shown 
that obese children with PWS have greater insulin 
sensitivity and less fatty liver disease compared to obese 
controls (57,58). These results have also been reported 
in adulthood (59). This is probably due to increased 
subcutaneous fat and decreased visceral fat deposition 
as well as the increase in adiponectin, which works as 
a protective factor in the development of metabolic 
syndrome (58).

Presently, the only control available for hyperphagia 
for most people with PWS is in external control by 
tutors and/or health care providers who take care of 
the child. Access to food should be restricted to ensure 
a reduced caloric intake.

EARLY ADRENARCHE AND PRECOCIOUS PUBERTY

The levels of androgens in PWS may be slightly 
elevated during childhood, but these normalize in 
adulthood (60,61). Early adrenarche occurs in 30%-
40% of children with PWS (58). Premature adrenarche 
in PWS is not rapidly progressive or associated with 
other signs of central puberty, and usually develops 
benignly (60). Investigations or additional treatments 
are not normally required. True precocious puberty is 
very rare in patients with PWS (60).

HYPOTHYROIDISM

In PWS, hypothalamic dysfunction may lead to 
central hypothyroidism. There are several reports on 
the prevalence of hypothyroidism in SPW; with rates 
varying from 2%-30% (21,46,62). Data on thyroid 
hormone levels in children with PWS undergoing rhGH 
therapy are very limited. Doses of free T4, T3 and TSH 
should be monitored regularly (63). Festen and cols. 
evaluated 79 children with PWS showing a decrease in 
free T4 after the onset of rhGH (although still within 
the normal range). However, TSH remained normal 
and total T3 levels were normal. This may be due to an 
increased conversion of T4 to T3, which may be caused 
by rhGH therapy (64). Treatment with levothyroxine 
at usual doses for age and weight should be initiated if 
there is evidence of hypothyroidism.

Assessment of thyroid function is advisable prior to 
initiation of rhGH therapy as well as periodically during 

treatment [5]. Biotin nutritional supplementation may 
interfere with the test, therefore, individuals should 
be without this supplement for one week prior to 
collection (5). A TSH level > 10 mUI/L combined 
with a free T4 level below the lower limit of the 
reference range indicates primary hypothyroidism. 
TSH below the lower limit of the reference or within 
the reference range combined with a low T4 level may 
indicate central hypothyroidism. Abnormal borderline 
results should be repeated for confirmation (5). 

ADRENAL INSUFFICIENCY

Children and adults with PWS have increased risk 
of adrenal insufficiency (AI) due to generalized 
hypothalamic dysfunction probably due to inappropriate 
secretion of corticotrophin releasing hormone by the 
hypothalamus (65). Adrenal insufficiency may occur in 
individuals with PWS, but its incidence is still uncertain 
(65). There is a higher occurrence of AI in obese female 
patients with the genetic deletion subtype (30). 

There is no consensus on the appropriate assessment 
and management of central adrenal insufficiency in 
PWS (66,67). During an acute illness or other stress 
situation may be useful dosing of serum cortisol and 
ACTH levels to confirm diagnostic. Most studies agree 
that some individuals with PWS have central adrenal 
insufficiency and therefore physicians should not 
hesitate to treat with hydrocortisone if there is a clinical 
suspicion of possible adrenal insufficiency, even only at 
critical times such as disease or surgery (68). However, 
an adrenal reserve assessment can be made by measuring 
cortisol and ACTH at 8 am; serum cortisol level ≥ 18 
mcg/dL (500 nmol/L) is expected (5). 

The most appropriate course in this case 
is to discuss with the family the possibility of 
adrenal insufficiency during stress and to provide 
patients with the corticosteroid card for a dose of 
hydrocortisone during an infectious process (65). 
GH inhibits 11β-hydroxysteroid dehydrogenase  
type 1 (11βHSD-1), resulting in a lower conversion 
of cortisone to active cortisol. Patients with PWS who 
using rhGH should be monitored for the possibility of 
precipitating an episode of adrenal insufficiency (65).

TYPE 2 DIABETES MELLITUS 

Type 2 diabetes mellitus (T2DM) is common in adults 
with PWS reaching up to 25% of patients and rarely 
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develops during childhood. Recommendations for 
screening for T2DM and metabolic syndrome are similar 
to general guidelines in obese adolescentes (30). Patients 
with PWS should have hemoglobin A1C, lipid profile, 
and transaminases investigated at baseline, then annually. 

Treatment for T2DM or insulin resistance in PWS 
should also follow routine guidelines for the general 
population (30). Intensive diet counseling and regular 
exercise are the first-line approach. Metformin may be 
added as adjuvant therapy (69). The addition of other 
oral hypoglycemic agents and insulin may also be required 
based on hemoglobin A1c (70). More recently, treatment 
with GLP-1 agonists (e.g., exenatide, liraglutide) has 
been shown to have beneficial effects on weight, satiety, 
and glycemic control in adult PWS with T2DM (71). 
These medications have been well tolerated, possibly 
due to the higher threshold for pain and nausea in SPW 
(72,73). However, caution should be exercised because 
of the potential side effect of delayed gastric emptying 
and the risk of gastric rupture (70,72,74).

DECREASED BONE MINERAL DENSITY

Historically, an increase in the frequency of 
osteoporosis and fractures in individuals with PWS 
has been reported. Fracture rates were reportedly to 
29% in adults with PWS (75). Many studies examining 
bone mineral density (BMD) in adults with PWS found 
lower total BMD and high rates of osteoporosis (76). 
However, recent studies have not shown differences in 
BMD when compared to controls (77). Early onset of 
rhGH treatment has been associated with better BMD 
in adolescence (77). Probably, the decrease in bone 
mineral density during adolescence and osteoporosis in 
adulthood in PWS is due to hypogonadism (30).

In children and adolescents, BMD measurement 
should be evaluated in two sites – lumbar spine (L1-L4) 
and whole body, with the results expressed in Z-scores 
(mean values compared to age-matched controls). After 
11 years of age in girls, and 14 years in boys, BMD 
should be evaluated as it correlates with low levels of 
sex hormones. Vitamin D and calcium replacement 
may be necessary (78).

TRANSITION PERIOD FROM PEDIATRIC CARE TO 
CLINICAL CARE

During the PWS adult life, there is an increase in 
endocrinological problems; behavioral disorders and 

comorbidities associated with obesity. The probability 
of mortality at 29 years is 50% and at 42 years is 75% 
(79). Fortunately, current estimates of survival for 
individuals with PWS show that they are surviving 
further into adulthood. Therefore, health care in the 
transitional phase is important to maintain continuity 
of care and optimize treatment through the exchange 
of information among health professionals. 

A recent study compared the endocrinological 
treatment and the anthropometric and metabolic 
parameters of adults with PWS, who had specialized 
pediatric follow-up and who did or did not have the 
scheduled transition. Patients in the transition group had 
improved metabolic and psychological parameters (80). 

During the transition process the presence of obesity, 
diabetes, hypertension, heart disease, osteoporosis, 
sleep apnea, difficult behavior and psychiatric problems 
should always be considered (30). Weight reduction 
during the transition phase, even though difficult to 
achieve, remains one of the key issues in the prevention 
of morbidity and mortality (80). 

The systematic endocrinological evaluation and 
neuropsychiatric evaluation at the end of the growth, 
still in the pediatric unit, before referring the patients 
to an adult department is the most indicated (80). 
Hokken-Koelega and cols. also recommend that a 
stimulus test be performed to evaluate GH secretion 
before the transition at the end of growth (between 14 
and 15 years) (81). 

In adult care, new healthcare settings should be 
centered on patient autonomy; changes in sexual 
development; psychological development; social 
problems; possibilities of work and financial aspects 
(80). It is hoped that children with PWS and their 
families will have the opportunity to meet with experts 
who can discuss and make suggestions about the 
transition into adulthood so that they continue to have 
lower prevalence of morbid obesity and mortality.

FUTURE PERSPECTIVES: PHARMACOGENOMICS

The use of pharmacogenomic testing is becoming 
more common in clinical practice to check the status 
of cytochrome p450 required for normal drug 
metabolism. Evidence of changes in the genes involved 
in drug metabolism may affect drug selection as well as 
dosage (82,83). Some medications may be helpful in 
controlling obesity-related problems, but so far there 
are no successful drugs that control mandatory food 
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intake. Depending on pharmacogenomics, weight gain 
is observed in individuals, with or without SPW, who 
use certain atypical antipsychotics as a risperidone.

Oxytocin/cabernocin

Patients with PWS have fewer neurons in the 
paraventricular nucleus of the hypothalamus, and 
studies have demonstrated that plasma levels of oxytocin 
are decreased in patients with PWS (84). Interrupted 
signaling and feedback of oxytocin are hypothesized to 
play a role in symptoms of hyperphagia, anxiety, autistic 
characteristics, and obsessive-compulsive visualizations. 
In childhood, oxytocin indicates breastfeeding and 
help to improve diet; while later, oxytocin is a potent 
anorectic hormone related to homeostatic control of 
food intake, satiety and energy balance. Preclinical 
studies showed that oxytocin increases lipolysis and fat 
oxidation using visceral fat, liver fat and triglycerides 
(85). A single dose of intranasal oxytocin causes 
increased fat oxidation (86). Oxytocin also increases 
glucose uptake in skeletal muscles by activating an 
AMP-activated protein kinase (AMPK), This may 
explain how oxytocin administration helps preserve lean 
muscle mass and maintain lower energy expenditure 
from weight loss (87,88).

Further studies are needed to determine if the effects 
of oxytocin on the hypothalamic-pituitary-adrenal axis 
lead to a better metabolic profile in humans (5,39). 

Diazoxide

Diazoxide is used to treat hyperinsulinemic 
hypoglycemia. A long-acting preparation (diazoxide 
choline) is under investigation to treat hyperphagia by 
improving leptin and insulin sensitivity, especially in 
Agouti (AgRP) and pro-opiomelanocortin (POMC) 
neurons Clinical studies showed reduced hyperphagia, 
reduced fat mass and weight, improved resting energy 
expenditure, and improved antisocial behaviors (5). 

Glucagon like peptide 1 receptor agonists 

Glucagon like peptide 1 receptor agonists (GLP-1) 
and receptor agonists (GLP1RA), such as exenatide 
and liraglutide, are used for the treatment of type 2 
diabetes. GLP1RAs promote weight loss and appetite 
suppression (89). Agonists when used in patients with 
PWS demonstrated decreased appetite scores, with 
antidiabetic effects, reduced body mass index, improved 
in satiety and decreased serum ghrelin (73).

Melanocortin-4 receptor agonists

Heterozygous and homozygous mutations of the 
melanocortin-4 receptor (MC4R) cause monogenic 
obesity. MC4R receptor agonist RM-493, increases 
resting energy expenditure in obese adults (90). Recent 
trials in obese patients with heterozygous mutations 
in MC4R and other mutations via melanocortin 
hypothalamic signaling, as well as in individuals with 
PWS, look promising. A phase II trial of this drug in 
PWS was completed, but the data found no benefit (5). 

Unacetylated ghrelin analogs

Unacetylated ghrelin analogs inhibit acylated ghrelin 
plasma levels and improve glucose metabolism. Results 
showed decreased appetite, less food-seeking behavior 
and lower waist circumference (91). 

In conclusion, PWS is a complex disorder 
involving the hypothalamic-pituitary axis, resulting in 
multiple endocrinopathies, among other problems. 
Monitoring and management of these conditions in 
children, adolescents and adults with PWS should be 
guided by endocrinologists. However, early diagnosis 
is an important issue for both endocrinologists and 
pediatricians and can change the course of the disease 
for those who have PWS. 

In recent years, developments in scientific 
knowledge have improved clinical management with 
better results than survival. Although this document has 
focused on the endocrinological aspects of PWS, these 
patients require multidisciplinary follow-up and special 
attention should be given from the time of diagnosis 
to a well-balanced diet with caloric restriction, daily 
physical activity and early initiation of rhGH. 

Several studies are investigating therapeutic 
alternatives for PWS, such as: oxytocin for better appetite 
control, weight and social skills; use of non-acetylated 
ghrelin analogs for the reduction of hyperphagia 
and the use of glucagon-like peptide analogs for the 
treatment of excess of weight and diabetes. 
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Disclosure: no potential conflict of interest relevant to this article 
was reported.

REFERENCES
1. Cassidy SB, Schwartz S, Miller JL, Driscoll DJ. Prader-Willi 

syndrome. Genet Med. 2012;14(1):10-26. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

232

Prader-Willi syndrome: endocrine manifestations

Arch Endocrinol Metab. 2020;64/3 

2. Butler MG, Hartin SN, Hossain WA, Manzardo AM, Kimonis V, 
Dykens E, et al. Molecular genetic classification in Prader-Willi 
syndrome: a multisite cohort study. J Med Genet. 2019;56(3):149-53. 

3. Muscogiuri G, Formoso G, Pugliese G, Ruggeri RM, Scarano 
E, Colao A; RESTARE. Prader-Willi syndrome: An uptodate on 
endocrine and metabolic complications. Rev Endocr Metab 
Disord. 2019;20(2):239-50. 

4. Burnett LC, LeDuc CA, Sulsona CR, Paull D, Rausch R, Eddiry 
S, et al. Deficiency in prohormone convertase PC1 impairs 
prohormone processing in Prader-Willi syndrome. J Clin Invest. 
2017;127(1):293-305. 

5. Butler MG, Miller JL, Forster JL. Prader-Willi Syndrome – Clinical 
Genetics, Diagnosis and Treatment Approaches: An Update. Curr 
Pediatr Rev. 2019;15(4):207-44. 

6. Singh P, Mahmoud R, Gold JA, Tamura RN, Miller JL, Butler 
MG, et al. Perinatal complications associated with Prader-Willi 
syndrome (PWS) – comparison to the general population and 
among the different genetic subtypes. Pediatrics. 2018;142:230.

7. Angulo MA, Butler MG, Cataletto ME. Prader-Willi syndrome: a 
review of clinical, genetic, and endocrine findings. J Endocrinol 
Invest. 2015;38(12):1249-63.

8. Salvatoni A, Moretti A, Grugni G, Agosti M, Azzolini S, Bonaita 
V, et al. Anthropometric characteristics of newborns with Prader-
Willi syndrome. Am J Med Genet A. 2019;179(10):2067-74.

9. Butler MG, Sturich J, Myers SE, Gold JA, Kimonis V, Driscoll DJ. 
Is gestation in Prader-Willi syndrome affected by the genetic 
subtype? J Assist Reprod Genet. 2009;26(8):461-6.

10. Butler MG. Benefits and limitations of prenatal screening for 
Prader-Willi syndrome. Prenat Diagn. 2017;37(1):81-94. 

11. Kim Y, Wang SE, Jiang YH. Epigenetic therapy of Prader-Willi 
syndrome. Transl Res. 2019;208:105-18.

12. Butler MG. Prader-Willi Syndrome: Obesity due to Genomic 
Imprinting. Curr Genomics. 2011;12(3):204-15.

13. Butler MG. Single Gene and Syndromic Causes of Obesity: 
Illustrative Examples. Prog Mol Biol Transl Sci. 2016;140:1-45.

14. Butler MG, Fischer W, Kibiryeva N, Bittel DC. Array comparative 
genomic hybridization (aCGH) analysis in Prader-Willi syndrome. 
Am J Med Genet A. 2008;146A(7):854-60.

15. Whittington JE, Butler JV, Holland AJ. Changing rates of genetic 
subtypes of Prader-Willi syndrome in the UK. Eur J Hum Genet. 
2007;15(1):127-30.

16. Cassidy SB, Forsythe M, Heeger S, Nicholls RD, Schork N, Benn 
P, et al. Comparison of phenotype between patients with Prader-
Willi syndrome due to deletion 15q and uniparental disomy 15. 
Am J Med Genet. 1997;68(4):433-40.

17. Roof E, Stone W, MacLean W, Feurer ID, Thompson T, Butler MG. 
Intellectual characteristics of Prader-Willi syndrome: comparison 
of genetic subtypes. J Intellect Disabil Res. 2000;44(Pt 1):25-30.

18. Jin DK. Endocrine problems in children with Prader-Willi 
syndrome: special review on associated genetic aspects and early 
growth hormone treatment. Korean J Pediatr. 2012;55(7):224-31.

19. Burman P, Ritzén EM, Lindgren AC. Endocrine dysfunction in 
Prader-Willi syndrome: a review with special reference to GH. 
Endocr Rev. 2001;22(6):787-99.

20. Bakker NE, Lindberg A, Heissler J, Wollmann HA, Camacho-
Hübner C, Hokken-Koelega AC; KIGS Steering Committee. Growth 
Hormone Treatment in Children With Prader-Willi Syndrome: 
Three Years of Longitudinal Data in Prepubertal Children and 
Adult Height Data From the KIGS Database. J Clin Endocrinol 
Metab. 2017;102(5):1702-11.

21. Tauber M, Cutfield W. KIGS highlights: growth hormone treatment 
in Prader-Willi Syndrome. Horm Res. 2007;68 Suppl 5:48-50. 

22. Cohen M, Harrington J, Narang I, Hamilton J. Growth hormone 
secretion decreases with age in paediatric Prader-Willi syndrome. 
Clin Endocrinol (Oxf). 2015;83(2):212-5. 

23. Di Giorgio G, Grugni G, Fintini D, Bocchini S, Spera S, Cuttini M, 
et al. Growth hormone response to standard provocative stimuli 
and combined tests in very young children with Prader-Willi 
syndrome. Horm Res Paediatr. 2014;81(3):189-95. 

24. Whitman B, Carrel A, Bekx T, Weber C, Allen D, Myers S. Growth 
hormone improves body composition and motor development 
in infants with Prader-Willi syndrome after six months. J Pediatr 
Endocrinol Metab; 2004;17(4):591-600.

25. Grugni G, Crinò A, Pagani S, Meazza C, Buzi F, De Toni T, et 
al.; Genetic Obesity Study Group, Italian Society of Pediatric 
Endocrinology and Diabetology. Growth hormone secretory 
pattern in non-obese children and adolescents with Prader-Willi 
syndrome. J Pediatr Endocrinol Metab. 2011;24(7-8):477-81.

26. Butler MG, Matthews NA, Patel N, Surampalli A, Gold JA, Khare 
M, et al. Impact of genetic subtypes of Prader-Willi syndrome 
with growth hormone therapy on intelligence and body mass 
index. Am J Med Genet A. 2019;179(9):1826-35.

27. Colmenares A, Pinto G, Taupin P, Giuseppe A, Odent T, Trivin C, 
et al. Effects on growth and metabolism of growth hormone 
treatment for 3 years in 36 children with Prader-Willi syndrome. 
Horm Res Paediatr. 2011;75(2):123-30. 

28. Festen DA, Wevers M, Lindgren AC, Böhm B, Otten BJ, Wit JM, 
et al. Mental and motor development before and during growth 
hormone treatment in infants and toddlers with Prader-Willi 
syndrome. Clin Endocrinol (Oxf). 2008;68(6):919-25. 

29. Myers SE, Whitman BY, Carrel AL, Moerchen V, Bekx MT, Allen 
DB. Two years of growth hormone therapy in young children 
with Prader-Willi syndrome: physical and neurodevelopmental 
benefits. Am J Med Genet A. 2007;143A(5):443-8. 

30. Goldstone AP, Holland AJ, Hauffa BP, Hokken-Koelega AC, Tauber 
M; speakers contributors at the Second Expert Meeting of the 
Comprehensive Care of Patients with PWS. Recommendations 
for the diagnosis and management of Prader-Willi syndrome. J 
Clin Endocrinol Metab. 2008;93(11):4183-97. 

31. Deal CL, Tony M, Höybye C, Allen DB, Tauber M, Christiansen 
JS; 2011 Growth Hormone in Prader-Willi Syndrome Clinical 
Care Guidelines Workshop Participants. GrowthHormone 
Research Society workshop summary: consensus guidelines for 
recombinant human growth hormone therapy in Prader-Willi 
syndrome. J Clin Endocrinol Metab. 2013;98(6):E1072-87. 

32. Carrel AL, Myers SE, Whitman BY, Allen DB. Benefits of long-
term GH therapy in Prader-Willi syndrome: a 4-year study. J Clin 
Endocrinol Metab. 2002;87(4):1581-5. 

33. Feigerlová E, Diene G, Oliver I, Gennero I, Salles JP, Arnaud C, 
et al. Elevated insulin-like growth factor-I values in children 
with Prader-Willi syndrome compared with growth hormone 
(GH) deficiency children over two years of GH treatment. J Clin 
Endocrinol Metab. 2010;95(10):4600-8. 

34. Butler MG. Management of obesity in Prader-Willi syndrome. Nat 
Clin Pract Endocrinol Metab. 2006;2(11):592-3.

35. Sedky K, Bennett DS, Pumariega A. Prader Willi syndrome 
and obstructive sleep apnea: co-occurrence in the pediatric 
population. J Clin Sleep Med. 2014;10(4):403-9. 

36. Grugni G, Marzullo P. Diagnosis and treatment of GH deficiency 
in Prader-Willi syndrome. Best Pract Res Clin Endocrinol Metab. 
2016;30(6):785-94. 

37. Carel JC, Ecosse E, Landier F, Meguellati-Hakkas D, Kaguelidou 
F, Rey G, et al. Long-term mortality after recombinant growth 
hormone treatment for isolated growth hormone deficiency or 
childhood short stature: preliminary report of the French SAGhE 
study. J Clin Endocrinol Metab. 2012;97(2):416-25. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

233

Prader-Willi syndrome: endocrine manifestations

Arch Endocrinol Metab. 2020;64/3

38. Nishi Y, Tanaka T. Growth Hormone Treatment and Adverse Events. 
Pediatr Endocrinol Rev. 2017;14 Suppl 1(Suppl 1):235-9. 

39. Tauber M, Diene G, Molinas C. Sequelae of GH Treatment in 
Children with PWS. Pediatr Endocrinol Rev. 2016;14(2):138-46. 

40. Eldar-Geva T, Hirsch HJ, Benarroch F, Rubinstein O, Gross-
Tsur V. Hypogonadism in females with Prader-Willi syndrome 
from infancy to adulthood: variable combinations of a primary 
gonadal defect and hypothalamic dysfunction. Eur J Endocrinol. 
2010;162(2):377-84. 

41. Akefeldt A, Törnhage CJ, Gillberg C. ‘A woman with Prader-Willi 
syndrome gives birth to a healthy baby girl’. Dev Med Child 
Neurol. 1999;41(11):789-90. 

42. Schulze A, Mogensen H, Hamborg-Petersen B, Graem N, 
Ostergaard JR, Brøndum-Nielsen K. Fertility in Prader-Willi 
syndrome: a case report with Angelman syndrome in the 
offspring. Acta Paediatr. 2001;90(4):455-9. 

43. McCandless SE; Committee on Genetics. Clinical report-health 
supervision for children with Prader-Willi syndrome. Pediatrics. 
2011;127(1):195-204. 

44. Khan MJ, Gerasimidis K, Edwards CA, Shaikh MG. Mechanisms of 
obesity in Prader-Willi syndrome. Pediatr Obes. 2018;13(1):3-13. 

45. Miller JL. Approach to the child with prader-willi syndrome. J Clin 
Endocrinol Metab. 2012;97(11):3837-44. 

46. Butler MG, Theodoro MF, Bittel DC, Donnelly JE. Energy 
expenditure and physical activity in Prader-Willi syndrome: 
comparison with obese subjects. Am J Med Genet A. 
2007;143A(5):449-59. 

47. Castner DM, Tucker JM, Wilson KS, Rubin DA. Patterns of 
habitual physical activity in youth with and without Prader-Willi 
Syndrome. Res Dev Disabil. 2014;35(11):3081-8. 

48. Sode-Carlsen R, Farholt S, Rabben KF, Bollerslev J, Schreiner 
T, Jurik AG, et al. Body composition, endocrine and metabolic 
profiles in adults with Prader-Willi syndrome. Growth Horm IGF 
Res. 2010;20(3):179-84. 

49. Holsen LM, Savage CR, Martin LE, Bruce AS, Lepping RJ, Ko E, 
et al. Importance of reward and prefrontal circuitry in hunger 
and satiety: Prader-Willi syndrome vs simple obesity. Int J Obes 
(Lond). 2012;36(5):638-47. 

50. Dimitropoulos A, Schultz RT. Food-related neural circuitry in 
Prader-Willi syndrome: response to high- versus low-calorie 
foods. J Autism Dev Disord. 2008;38(9):1642-53. 

51. Feigerlová E, Diene G, Conte-Auriol F, Molinas C, Gennero I, 
Salles JP, et al. Hyperghrelinemia precedes obesity in Prader-Willi 
syndrome. J Clin Endocrinol Metab. 2008;93(7):2800-5. 

52. Bizzarri C, Rigamonti AE, Luce A, Cappa M, Cella SG, Berini J, et al. 
Children with Prader-Willi syndrome exhibit more evident meal-
induced responses in plasma ghrelin and peptide YY levels than 
obese and lean children. Eur J Endocrinol. 2010;162(3):499-505. 

53. Gumus Balikcioglu P, Balikcioglu M, Muehlbauer MJ, Purnell 
JQ, Broadhurst D, Freemark M, et al. Macronutrient Regulation 
of Ghrelin and Peptide YY in Pediatric Obesity and Prader-Willi 
Syndrome. J Clin Endocrinol Metab. 2015;100(10):3822-31. 

54. Zhang JV, Ren PG, Avsian-Kretchmer O, Luo CW, Rauch R, Klein C, 
et al., Obestatin, a peptide encoded by the ghrelin gene, opposes 
ghrelin’s effects on food intake. Science. 2005;310(5750):996-9. 

55. Brambilla P, Crinò A, Bedogni G, Bosio L, Cappa M, Corrias A, et 
al.; Genetic Obesity Study Group of the Italian Society of Pediatric 
Endocrinology and Diabetology (ISPED). Metabolic syndrome in 
children with Prader-Willi syndrome: the effect of obesity. Nutr 
Metab Cardiovasc Dis. 2011;21(4):269-76. 

56. Haqq AM, Muehlbauer MJ, Newgard CB, Grambow S, Freemark 
M. The metabolic phenotype of Prader-Willi syndrome (PWS) in 
childhood: heightened insulin sensitivity relative to body mass 
index. J Clin Endocrinol Metab. 2011;96(1):E225-32. 

57. Fintini D, Inzaghi E, Colajacomo M, Bocchini S, Grugni G, Brufani 
C, et al. Non-Alcoholic Fatty Liver Disease (NAFLD) in children 
and adolescents with Prader-Willi Syndrome (PWS). Pediatr 
Obes. 2016;11(3):235-8. 

58. Bedogni G, Grugni G, Nobili V, Agosti F, Saezza A, Sartorio A. Is 
non-alcoholic fatty liver disease less frequent among women 
with Prader-Willi syndrome? Obes Facts. 2014;7(1):71-6.

59. Goldstone AP, Holland AJ, Butler JV, Whittington JE. Appetite 
hormones and the transition to hyperphagia in children with 
Prader-Willi syndrome. Int J Obes (Lond). 2012;36(12):1564-70. 

60. Crinò A, Schiaffini R, Ciampalini P, Spera S, Beccaria L, Benzi F, 
et al.; Genetic Obesity Study Group of Italian Society of Pediatric 
endocrinology and diabetology (SIEDP). Hypogonadism and 
pubertal development in Prader-Willi syndrome. Eur J Pediatr. 
2003;162(5):327-33. 

61. Siemensma EP, de Lind van Wijngaarden RF, Otten BJ, 
de Jong FH, Hokken-Koelega AC. Pubarche and serum 
dehydroepiandrosterone sulphate levels in children with Prader-
Willi syndrome. Clin Endocrinol (Oxf). 2011;75(1):83-9. 

62. Sharkia M, Michaud S, Berthier MT, Giguère Y, Stewart L, Deladoëy 
J, et al. Thyroid function from birth to adolescence in Prader-Willi 
syndrome. J Pediatr. 2013;163(3):800-5. 

63. Vaiani E, Herzovich V, Chaler E, Chertkoff L, Rivarola MA, Torrado 
M, et al. Thyroid axis dysfunction in patients with Prader-Willi 
syndrome during the first 2 years of life. Clin Endocrinol (Oxf). 
2010;73(4):546-50. 

64. Festen DA, Visser TJ, Otten BJ, Wit JM, Duivenvoorden HJ, 
Hokken-Koelega AC. Thyroid hormone levels in children with 
Prader-Willi syndrome before and during growth hormone 
treatment. Clin Endocrinol (Oxf). 2007;67(3):449-56. 

65. Emerick JE, Vogt KS. Endocrine manifestations and management 
of Prader-Willi syndrome. Int J Pediatr Endocrinol. 2013;2013(1):14. 

66. Obrynba KS, Hoffman RP, Repaske DR, Anglin K, Kamboj MK. 
No central adrenal insufficiency found in patients with Prader-
Willi syndrome with an overnight metyrapone test. J Pediatr 
Endocrinol Metab. 2018;31(7):809-14. 

67. de Lind van Wijngaarden RF, Otten BJ, Festen DA, Joosten KF, 
de Jong FH, Sweep FC, et al. High prevalence of central adrenal 
insufficiency in patients with Prader-Willi syndrome. J Clin 
Endocrinol Metab. 2008;93(5):1649-54. 

68. Farholt S, Sode-Carlsen R, Christiansen JS, Østergaard JR, 
Høybye C. Normal cortisol response to high-dose synacthen 
and insulin tolerance test in children and adults with Prader-Willi 
syndrome. J Clin Endocrinol Metab. 2011;96(1):E173-80. 

69. Miller JL, Linville TD, Dykens EM. Effects of metformin in 
children and adolescents with Prader-Willi syndrome and early-
onset morbid obesity: a pilot study. J Pediatr Endocrinol Metab. 
2014;27(1-2):23-9. 

70. Fintini D, Grugni G, Bocchini S, Brufani C, Di Candia S, Corrias 
A, et al.; Genetic Obesity Study Group of the Italian Society of 
Pediatric Endocrinology and Diabetology (ISPED). Disorders 
of glucose metabolism in Prader-Willi syndrome: Results of a 
multicenter Italian cohort study. Nutr Metab Cardiovasc Dis. 
2016;26(9):842-7. 

71. Sze L, Purtell L, Jenkins A, Loughnan G, Smith E, Herzog H, et al. 
Effects of a single dose of exenatide on appetite, gut hormones, 
and glucose homeostasis in adults with Prader-Willi syndrome. J 
Clin Endocrinol Metab. 2011;96(8):E1314-9. 

72. Fintini D, Grugni G, Brufani C, Bocchini S, Cappa M, Crinò A. Use 
of GLP-1 receptor agonists in Prader-Willi Syndrome: report of six 
cases. Diabetes Care. 2014;37(4):e76-7. 

73. Seetho IW, Jones G, Thomson GA, Fernando DJ. Treating diabetes 
mellitus in Prader-Willi syndrome with Exenatide. Diabetes Res 
Clin Pract. 2011;92(1):e1-2. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

234

Prader-Willi syndrome: endocrine manifestations

Arch Endocrinol Metab. 2020;64/3 

74. Arenz T, Schwarzer A, Pfluger T, Koletzko S, Schmidt H. Delayed 
gastric emptying in patients with Prader Willi Syndrome. J Pediatr 
Endocrinol Metab. 2010;23(9):867-71. 

75. Butler JV, Whittington JE, Holland AJ, Boer H, Clarke D, Webb T. 
Prevalence of, and risk factors for, physical ill-health in people 
with Prader-Willi syndrome: a population-based study. Dev Med 
Child Neurol. 2002;44(4):248-55. 

76. Vestergaard P, Kristensen K, Bruun JM, Østergaard JR, 
Heickendorff L, Mosekilde L, et al., Reduced bone mineral density 
and increased bone turnover in Prader-Willi syndrome compared 
with controls matched for sex and body mass index--a cross-
sectional study. J Pediatr. 2004;144(5):614-9. 

77. Bakker NE, Kuppens RJ, Siemensma EP, Tummers-de Lind 
van Wijngaarden RF, Festen DA, Bindels-de Heus GC, et al. 
Bone mineral density in children and adolescents with Prader-
Willi syndrome: a longitudinal study during puberty and 9 
years of growth hormone treatment. J Clin Endocrinol Metab. 
2015;100(4):1609-18. 

78. de Lind van Wijngaarden RF, Siemensma EP, Festen DA, Otten BJ, 
van Mil EG, Rotteveel J, et al. Efficacy and safety of long-term 
continuous growth hormone treatment in children with Prader-
Willi syndrome J Clin Endocrinol Metab. 2009;94(11):4205-15.

79. Manzardo AM, Loker J, Heinemann J, Loker C, Butler MG. Survival 
trends from the Prader-Willi Syndrome Association (USA) 40-year 
mortality survey. Genet Med. 2018;20(1):24-30. 

80. Paepegaey AC, Coupaye M, Jaziri A, Ménesguen F, Dubern 
B, Polak M, et al. Impact of transitional care on endocrine and 
anthropometric parameters in Prader-Willi syndrome. Endocr 
Connect. 2018;7(5):663-72. 

81. Hokken-Koelega A, van der Lely AJ, Hauffa B, Häusler G, 
Johannsson G, Maghnie M, et al. Bridging the gap: metabolic 
and endocrine care of patients during transition. Endocr Connect. 
2016;5(6):R44-54. 

82. Smith T, Sharp S, Manzardo AM, Butler MG. Pharmacogenetics 
informed decision making in adolescent psychiatric treatment: a 
clinical case report. Int J Mol Sci. 2015;16(3):4416-28. 

83. Espadaler J, Tuson M, Lopez-Ibor JM, Lopez-Ibor F, Lopez-Ibor 
MI. Pharmacogenetic testing for the guidance of psychiatric 
treatment: a multicenter retrospective analysis. CNS Spectr. 
2017;22(4):315-24. 

84. Johnson L, Manzardo AM, Miller JL, Driscoll DJ, Butler MG. 
Elevated plasma oxytocin levels in children with Prader-Willi 
syndrome compared with healthy unrelated siblings. Am J Med 
Genet A. 2016;170(3):594-601. 

85. Cai D, Purkayastha S. A New Horizon: Oxytocin as a Novel 
Therapeutic Option for Obesity and Diabetes. Drug Discov Today 
Dis Mech. 2013;10(1-2):e63-8. 

86. Maejima Y, Iwasaki Y, Yamahara Y, Kodaira M, Sedbazar U, 
Yada T. Peripheral oxytocin treatment ameliorates obesity by 
reducing food intake and visceral fat mass. Aging (Albany NY). 
2011;3(12):1169-77. 

87. Lee PD, Wilson DM, Rountree L, Hintz RL, Rosenfeld RG. Linear 
growth response to exogenous growth hormone in Prader-Willi 
syndrome. Am J Med Genet. 1987;28(4):865-71. 

88. Stanić D, Plećaš-Solarović B, Mirković D, Jovanović P, Dronjak 
S, Marković B, et al. Oxytocin in corticosterone-induced 
chronic stress model: Focus on adrenal gland function. 
Psychoneuroendocrinology. 2017;80:137-46. 

89. Gagnon J, Baggio LL, Drucker DJ, Brubaker PL. Ghrelin Is a Novel 
Regulator of GLP-1 Secretion. Diabetes. 2015;64(5):1513-21. 

90. Chen KY, Muniyappa R, Abel BS, Mullins KP, Staker P, Brychta 
RJ, et al. RM-493, a melanocortin-4 receptor (MC4R) agonist, 
increases resting energy expenditure in obese individuals. J Clin 
Endocrinol Metab. 2015;100(4):1639-45. 

91. Allas S, Abribat T. Clinical perspectives for ghrelin-derived 
therapeutic products. Endocr Dev. 2013;25:157-66. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

235

original article

Arch Endocrinol Metab. 2020;64/3

Nonalcoholic fatty liver disease 
in women with polycystic ovary 
syndrome: associated factors 
and noninvasive fibrosis staging 
in a single Brazilian center

Daniela Oliveira de Lima Taranto1,2

https://orcid.org/0000-0002-6641-1350

Thais Cristine Moura Guimarães2

https://orcid.org/0000-0003-1014-0296

Claudia A. Couto2,3,4

https://orcid.org/0000-0002-9776-4757

Ana Lúcia Cândido4,5

https://orcid.org/0000-0002-9080-2319

Rosana Correa Silva Azevedo5

https://orcid.org/0000-0003-4676-7672

Fernanda Souza Mattos4

https://orcid.org/0000-0003-4364-7472

Maria Luiza Cândido Elias4

https://orcid.org/0000-0003-4504-4069

Fernando M. Reis5,6

https://orcid.org/0000-0002-9258-7472

Ana Luiza L. Rocha5,6

https://orcid.org/0000-0002-4717-9541

Luciana C. Faria2,3,4

https://orcid.org/0000-0002-0226-3491

ABSTRACT 
Objective: Polycystic ovary syndrome (PCOS) is a recognized risk factor for nonalcoholic fatty liver 
disease (NAFLD). The aims of this study were to investigate the prevalence and factors associated 
with NAFLD in women with PCOS and evaluate noninvasive indices of hepatic fibrosis in patients 
with PCOS and NAFLD. Subjects and methods: Patients with PCOS (n = 87) and women without 
PCOS (n = 40; controls) were included. NAFLD was diagnosed by abdominal ultrasonography after 
exclusion of alcohol consumption and viral or autoimmune liver disease. Anthropometric, clinical 
and metabolic variables, homeostasis model assessment of insulin resistance (HOMA-IR) index, lipid 
accumulation product (LAP), FIB-4 index, NAFLD score, and transient elastography (TE; FibroScan) 
were obtained in subsets of patients with PCOS and NAFLD. Results: A total of 87 patients with PCOS 
were included (mean age: 34.4 ± 5.7 years, mean body mass index [BMI]: 34.7 ± 4.7 kg/m2). NAFLD 
was present in 67 (77.0%) patients with PCOS versus 21 of 40 (52.5%) controls (p = 0.005). Women 
with PCOS and liver steatosis, compared with their NAFLD-free counterparts, had higher values of 
BMI, waist circumference, triglycerides, total cholesterol, alanine and aspartate aminotransferases, 
and γ-glutamyltransferase, along with higher frequencies of obesity, metabolic syndrome, and insulin 
resistance. NAFLD was independently associated with waist circumference, serum triglycerides, and 
alanine aminotransferase levels. The FIB-4 index was not compatible with advanced fibrosis in any 
of the evaluated patients, while NAFLD score and TE were compatible with advanced liver fibrosis 
in 1 of 26 (3.8%) and 3 of 25 (12%) patients, respectively. Conclusion: Women with PCOS had a high 
risk of NAFLD, and a combination of both was associated with central obesity, dyslipidemia, insulin 
resistance, and metabolic syndrome. Noninvasive methods suggested low rates of severe hepatic 
fibrosis in Brazilian women with PCOS. Arch Endocrinol Metab. 2020;64(3):235-42
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a spectrum 
of clinical and pathological conditions that can 

manifest as simple steatosis, with accumulation of lipids 
in the liver parenchyma, or nonalcoholic steatohepatitis 
(NASH), characterized by hepatocyte injury, inflammation, 
and fibrosis in patients without significant alcohol 
consumption. NAFLD is the most common chronic liver 
disease in industrialized countries and is a leading cause 
of end-stage liver disease, hepatocellular carcinoma, and 
liver transplantation worldwide (1,2). It is also strongly 
associated with obesity, diabetes mellitus (DM), insulin 
resistance (IR), and metabolic syndrome (MS). 

Polycystic ovary syndrome (PCOS) is one of the 
most common endocrine disorders in premenopausal 
women, affecting 6-20% of this population, depending 
on the diagnostic criteria adopted (3). The classic 
phenotype of the syndrome includes hyperandrogenism 
and ovulatory dysfunction, while the syndrome is 
strongly associated with obesity, IR, MS, and low-
grade chronic inflammation (4,5). Multiple genetic, 
metabolic, and hormonal factors interact in PCOS. 

There is increasing evidence of an association 
between NAFLD and PCOS (6). Obesity – mainly 
central adiposity – and IR are the main factors related 
to NAFLD in PCOS (7). Androgen excess, which is the 
main feature of PCOS and is related to IR, may be an 
additional contributing factor to the development of 
NAFLD in PCOS (8,9). 

NASH and, most importantly, fibrosis severity have 
been strongly implicated in the long-term prognosis 
of NAFLD patients (10). During the last decade, 
noninvasive biomarkers have been developed and 
validated to rule out advanced fibrosis in patients, 
including the FIB-4 index (11) and NAFLD fibrosis 
score (12). However, little is known about the severity, 
comorbidities, and complications of NAFLD, such as 
liver fibrosis, in South American women with PCOS.

The current study was conducted to determine the 
prevalence, associated factors, and noninvasive fibrosis 
staging of NAFLD in a population of patients with 
PCOS at a single Brazilian center. 

SUBJECTS AND METHODS 
Subjects 

We enrolled 87 consecutive nonpregnant women 
with a diagnosis of PCOS, who were attending the 
endocrinology clinic of the Hospital das Clínicas 
at Universidade Federal de Minas Gerais between 

September 2016 and November 2018. In addition, 40 
nonpregnant women in reproductive age attending a 
gynecology clinic at the same hospital were recruited to 
serve as controls. PCOS was defined according to the 
Rotterdam criteria, which are based upon the presence 
of at least two of the following features: oligomenorrhea, 
hyperandrogenism, and polycystic ovaries (13). 

The study was approved by the Ethics Committee 
of Human Research from Universidade Federal de 
Minas Gerais (090/2016). The subjects were excluded 
if they had a history of alcohol intake greater than 20 g 
per day or other chronic liver disease, or if using drugs 
that could cause liver steatosis. 

Clinical, anthropometric, and laboratory data 

We prospectively obtained the participants’ medical 
history, including diagnosis of hypertension, DM, 
dyslipidemia, and a detailed history of alcohol 
consumption with an estimated daily intake in grams 
per day, followed by physical examination and blood 
tests. Anthropometric measurements included 
height, weight, body mass index (BMI), and waist 
circumference (WC). Obesity was defined as a BMI ≥ 
30 kg/m2 and central obesity as a WC ≥ 80 cm.

Clinical and laboratory data were recorded, 
including a modified Ferriman-Gallwey score (14) and 
phenotypic subgroup of PCOS, and levels of fasting 
plasma glucose (FPG), insulin, oral glucose tolerance 
test (OGTT), total testosterone (TT), total cholesterol 
(TC), high-density lipoprotein (HDL), low-density 
lipoprotein (LDL), triglycerides (TG), serum alanine 
aminotransferase (ALT), aspartate aminotransferase 
(AST), and γ-glutamyltransferase (GGT). 

Patients with a diagnosis of PCOS were classified into 
four phenotypes according to the 2012 Methodology 
Workshop of the National Institute of Health (15): A 
(hyperandrogenism [HA] + ovulatory dysfunction [OD] 
+ polycystic ovary [PCOM]), B (HA + OD), C (HA + 
PCOM), and D (OD + PCOM). The criteria proposed by 
the International Diabetes Federation (IDF) were used to 
define diabetes (16). Impaired fasting glucose (IFG) was 
defined as a FPG ≥ 100 mg/dL and < 126 mg/dL (17). 

IR was estimated with the homeostasis model 
assessment of insulin resistance (HOMA-IR), 
calculated as fasting insulin (µUI/mL) x fasting glucose 
(mmol/L)/22.5. The lipid accumulation product 
(LAP) was calculated as (WC – 58) x TG (mmol/L) 
(19) and the visceral adiposity index (VAI) as:

!
WC

36.58	 +	(1.89	x	BMI)3
× !

TG
0.813

× !
1.52
HDL3

  (20)
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The occurrence of IR was considered at a HOMA-
IR > 2.7, (18) LAP ≥ 34.5, (19) and VAI > 1.675 (20).

The diagnosis of MS was defined according to the 
IDF criteria (16), which require the presence of WC 
≥ 80 cm and two out of four factors: blood pressure 
≥ 130/85 mmHg or the use of antihypertensive 
medication, FPG ≥ 100 mg/dL or a diagnosis of type 
2 DM, HDL < 50 mg/dL or the use of lipid-lowering 
medication, and TG ≥ 150 mg/dL or the use of lipid-
lowering medication. 

Biochemical and clinical hyperandrogenism was 
previously defined at the moment of PCOS diagnosis 
using elevated TT levels and hirsutism assessed by the 
modified Ferriman-Gallwey score (patients with score ≥ 
8 were considered to be hirsute) (14). Oligomenorrhea 
was defined as the occurrence of less than eight 
menstrual cycles per year and polycystic ovaries as more 
than 12 follicles per ovary or an ovarian volume > 10 
mL on transvaginal ultrasonography (13). 

Levels of ALT, AST, and GGT were deemed elevated 
when above the normal reference values provided by 
the laboratory (ALT > 69 IU/L, AST > 46 IU/L, and 
GGT > 43 IU/L). 

NAFLD diagnosis and staging 

Abdominal ultrasonography was independently 
performed in all patients with PCOS by two 
radiologists with more than 15 years of experience 
in ultrasonography, who were unaware of the 
diagnosis of PCOS, using a 3.5 MHz convex probe 
(Toshiba Xario, Tochigi, Japan). Hepatic steatosis was 
considered absent when the echogenicity of the hepatic 
parenchyma was equal to that of the renal cortex. 
Fatty liver was determined in the presence of a higher 
echogenicity in the hepatic parenchyma compared with 
the renal cortex and with impaired visualization of 
the intrahepatic vessels and diaphragm. A diagnosis of 
liver steatosis was determined upon agreement of both 
examiners.

Women with PCOS and steatosis were assessed by a 
hepatologist and evaluated with clinical history taking, 
physical examination, and laboratory measurements, 
including liver enzymes, viral hepatitis serology, 
autoantibodies, protein electrophoresis, iron studies, 
ceruloplasmin, platelet count, alfa-1 antitrypsin, 
glycohemoglobin, and 25-hydroxyvitamin D.  
The NAFLD score and the FIB-4 index were calculated 
according to the following equations: 

FIB-4 = Age (years) x AST (U/L) / Platelets 
(×109/l) x √ALT (U/L) (11)

NAFLD score = -1.675 + 0.037 × age (years) + 
0.094 × BMI (kg/m2) + 1.13 × IFG/diabetes (yes 
= 1, no = 0) + 0.99 × AST/ALT ratio - 0.013 × 
platelet (×109/L) - 0.66 × albumin (g/dL) (12)

Transient elastography (TE), a noninvasive imaging 
method to evaluate hepatic fibrosis, was performed 
using FibroScan (Echosens, Paris, France) and an XL 
probe. Liver stiffness was expressed in kilopascal units 
(kPa), and the cutoff values of 7.0 kPa, 9.5 kPa, and 
12.5 kPa were used to predict significant fibrosis, severe 
fibrosis, and cirrhosis, respectively (Metavir scores F2, 
F3, and F4, respectively) (21). 

Statistical analysis 

Statistical analyses were performed using the Statistical 
Package for the Social Sciences (SPSS) for Windows, 
version 18.0 (SPSS Inc., Chicago, IL, USA). The 
Kolmogorov-Smirnov and Shapiro-Wilk tests were used 
to test the normality of the data. Continuous variables 
are presented as means and standard deviations (SDs) 
or medians and ranges, while dichotomous variables 
are presented as absolute numbers and percentages. 
Levene’s test was used to test for variance homogeneity. 

Univariate logistic regression was performed 
to assess the association between steatosis and the 
following variables: age, BMI, WC, phenotype of 
PCOS, levels of TC, LDL, HDL, TG, TT, AST, 
ALT, GGT, HOMA-IR, LAP, VAI, and presence of 
hyperandrogenism, MS, IR, hypertension, DM, IGT, 
obesity, and central adiposity. Group differences for 
continuous variables were analyzed using Student’s t 
test or the Mann–Whitney U test and for categorical 
variables, using the chi-square test or Fisher’s exact test, 
as appropriate. Multivariate logistic regression was used 
to evaluate the association of independent factors with 
steatosis. Variables with a p value lower than 0.20 in 
the univariate analysis were included in the regression 
model as independent variables. Statistical significance 
was set at two-sided p values less than 0.05. 

RESULTS 

In all, 91 patients with a diagnosis of PCOS were 
initially selected. Of these, we excluded one patient due 
to a prior diagnosis of hepatitis B and three who failed 
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to show up for abdominal ultrasonography, totaling 87 
patients. The control group included 40 participants. 

Prevalence of liver steatosis in the PCOS 
and control groups 

The clinical, anthropometric, and laboratory 
characteristics of the participants in the PCOS and 
control groups are shown in Table 1. The average 
age was lower in the PCOS group compared with the 
control group. There was no difference between the 
groups in relation to BMI, WC, prevalence of obesity, 
and prevalence of hypertension. The prevalence of 
DM was higher in the PCOS group. The prevalence 
of hepatic steatosis detected by ultrasonography was 
higher in the PCOS group (77.0%) than the control 
group (52.5%) (p = 0.005) (Table 1). 

Clinical and anthropometric characteristics of 
patients in the PCOS group and factors associated 
with liver steatosis 

The clinical, anthropometric, and laboratory 
characteristics of the participants with PCOS with 
and without associated NAFLD are shown in Table 2. 
On univariate analysis, the presence of steatosis was 
associated with BMI/obesity, WC, levels of TG, TC, 
ALT, AST and GGT, OGTT result, and presence 
of IR (evaluated by LAP) and MS (Table 2). On 
multivariate analysis, WC, serum triglycerides, and 
ALT levels were associated with the presence of 
hepatic steatosis (Table 3). 

Only two patients presented serum levels of 
aminotransferases above the upper limit of normality, 
and the levels of AST (univariate analysis) and ALT 
(univariate and multivariate analysis) were associated 
with an ultrasonographic diagnosis of hepatic steatosis. 

NAFLD staging 

The FIB-4 index was calculated in 45 patients with 
PCOS and hepatic steatosis and had an average value 
of 0.56 ± 0.17. Considering all patients (100%), the 
FIB-4 index was lower than 1.3, which is considered 
a cutoff point to exclude advanced fibrosis, with a 90% 
negative predictive value (22). 

The NAFLD score was calculated in 26 patients 
with PCOS and hepatic steatosis. In seven patients 
(27%), the score was lower than -1.455, which is 
the recommended cutoff value to rule out advanced 
fibrosis. Values considered indeterminate, between 

Table 1. Clinical, anthropometric, and laboratory characteristics of the 
participants in the polycystic ovary syndrome and control groups 

 PCOS  
(n = 87)

Controls  
(n = 40)

P 
valuea

Age (years) 34.4 ± 5.7 39.1 ± 7.6 0.001

BMI (kg/m2) 34.7 ± 4.7 33.8 ± 5.2 0.316

WC (cm) 103 (67-128) 104 (88-126) 0.310

Obesity – n (%) 75 (86.2) 31 (77.5) 0.220

Central obesity – n (%) 85 (97.7) 40 (100) 0.544

Hypertension – n (%) 22 (25.3) 11 (27.5) 0.400

DM – n (%) 11 (12.6) 3 (7.5) 0.019

Liver steatosis on 
ultrasonography – n (%) 

67 (77.0) 21 (52.5) 0.005

Metabolic syndrome – n (%) 43 (49.4) - -

Dyslipidemia – n (%) 13 (14.9) - -

Hyperandrogenism – n (%) 66 (75.8) - -

IR (HOMA-IR ≥ 2.7) – n (%) 41 (47.1) - -

IR (LAP ≥ 34.5) – n (%) 72 (82.7) - -

IR (VAI ≥ 1.675) – n (%) 82 (94.2) - -

TG (mg/dL) 134 (49 - 373) - -

TC (mg/dL) 188 (127-288) - -

LDL (mg/dL) 116 (56-203) - -

HDL (mg/dL) 45 (23-77) - -

FPG (mg/dL) 90 (68-128) - -

ALT (U/L) 22 (11-81) - -

AST (U/L) 24 (9-48) - -

GGT (U/L) 36 (11-234) - -

PCOS: polycystic ovary syndrome; BMI: body mass index; WC: waist circumference;  
DM: diabetes mellitus; IR: insulin resistance; HOMA-IR: homeostasis model assessment of 
insulin resistance; LAP: lipid accumulation product; VAI: visceral adiposity index;  
TG: triglycerides; TC: total cholesterol; LDL: low-density lipoprotein; HDL: high-density 
lipoprotein; FPG: fasting plasma glucose; ALT: alanine aminotransferase; AST: aspartate 
aminotransferase; GGT: γ-glutamyltransferase.

-1.455 and 0.676, were found in 18 patients (69%); in 
one patient (3.8%), the value was higher than 0.676, 
suggesting advanced hepatic fibrosis (Figure 1). 

Liver TE was performed in 25 patients. Hepatic 
stiffness varied between 3.1 and 12.0 kPa, and was 
lower than 7.0 kPa (Metavir F0-F1, no significant 
fibrosis) in 15 patients (60%), between 7.0 and 9.5 
kPa (F2, significant fibrosis) in seven patients (28%), 
and between 9.5 and 12.5 kPa (F3, severe fibrosis) in 
three patients (12%) (Figure 2). One of the patients 
underwent liver biopsy and had no histological 
evidence of fibrosis (Metavir F0) or NASH (NAS score 
= 2, steatosis 1, ballooning 0, inflammation 1). 
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Table 2. Clinical, anthropometric, and laboratory data of the participants 
with polycystic ovary syndrome with and without associated hepatic 
steatosis 

 

PCOS and 
hepatic 

steatosis  
(n = 67)

PCOS without 
hepatic 

steatosis  
(n = 20)

P valuea

Age (years) 35.0 ± 5.4 32.4 ± 6.4 0.07

BMI (kg/m2) 35.7 ± 4.1 31.2 ± 5.2 0.001

WC (cm) 103 (88-128) 95 (67-115) < 0.001

Obesity n (%) 61 (91.0) 14 (70.0) 0.02

Central obesity 67 (100) 18 (90) 0.051

Hyperandrogenism – 
n (%) 

53 (79.1) 13 (65.0) 0.13

Hypertension – n (%) 18 (26.9) 4 (20.0) 0.53

Metabolic syndrome – n (%) 39 (58.2) 4 (20.0) 0.007

IR (HOMA-IR ≥ 2.7) – n (%) 34 (50.7) 7 (35.0) 1.0

IR (LAP ≥ 34.5) – n (%) 61 (91.0) 11 (55.0) 0.001

IR (VAI ≥ 1.675) – n (%) 65 (97.0) 17 (85.0) 0.21

DM – n (%) 10 (14.9) 1 (5.0) 0.44

FPG (mg/dL) 89 (75-128) 85 (68-98) 0.06

OGTT (mg/dL) 123 (63-260) 107 (56-155) 0.005

Glycohemoglobin (mg/dL) 5.5 (4.9 - 6.9) 5.4 (4.8-5.7) 0.09

IFG (%) 12 (18.5) 0 (0) 0.06

Dyslipidemia n (%) 11(16.4) 2 (10.0) 0.72

TG (mg/dL) 140 (56-373) 92 (49-173) 0.003

TC (mg/dL) 195 (134 - 288) 177 (127-228) 0.01

LDL (mg/dL) 113 (59-203) 112 (56 -165) 0.17

HDL (mg/dL) 44 (23 - 77) 47 (33- 59) 0.48

Insulin (µIU/mL) 18 (8-55) 15 (3-37) 0.15

ALT (U/L) 36 (11-81) 25 (13-37) 0.001

AST (U/L) 24 (9-48) 18 (11-31) 0.001

GGT (U/L) 37 (14-234) 29 (11-68) 0.04

ALT ≥ 69 U/L n (%) 2 (2.9) 0 (0) 1.0

AST ≥ 460 U/L n (%) 2 (2.9) 0 (0) 1.0

GGT ≥ 44 U/L n (%) 23 (34.3) 2 (10.0) 0.32

Phenotype A 36 (53.7) 9 (45.0) 0.64

Phenotype B 6 (9.0) 3 (15.0)

Phenotype C 11 (16.4) 2 (10.0)

Phenotype D 14 (20.9) 6 (30.0)

PCOS: polycystic ovary syndrome; BMI: body mass index; WC: waist circumference; IR: insulin 
resistance; HOMA-IR: homeostasis model assessment of insulin resistance; LAP: lipid 
accumulation product; VAI: visceral adiposity index; FPG: fasting plasma glucose; DM: diabetes 
mellitus; OGTT: oral glucose tolerance test; IFG: impaired fasting glucose; TG: triglycerides; TC: 
total cholesterol; LDL: low-density lipoprotein; HDL: high-density lipoprotein; ALT: alanine 
aminotransferase; AST: aspartate aminotransferase; GGT: gamma-glutamyltransferase; 
phenotypes: A (hyperandrogenism [HA] + ovulatory dysfunction [OD] + polycystic ovary 
[PCOM]), B (HA + OD), C (HA + PCOM), D (OD + PCOM). 

Table 3. Results of multivariate logistic regression analysis of factors 
associated with hepatic steatosis in patients with polycystic ovary 
syndrome 

Variable OR 95% CI P valuea 

WC 1.013 1.002 – 1.024 0.025 

TG 1.002 1.0 – 1.003 0.049 

ALT 1.007 1.0 – 1.013 0.047 

OR: odds ratio; 95% CI: 95% confidence interval; WC: waist circumference; TG: triglycerides; 
ALT: alanine aminotransferase.

Figure 1. Distribution of the results of the nonalcoholic fatty liver disease 
(NALFD) score in participants in the polycystic ovary syndrome (PCOS) 
group with hepatic steatosis (n = 26).

Figure 2. Distribution of the results of liver transient elastography in 
participants with polycystic ovary syndrome (PCOS) and hepatic steatosis 
(n = 25).
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DISCUSSION 

In the present study, we compared the prevalence of 
hepatic steatosis in patients with PCOS versus a control 
group of women with similar BMI and WC and without 
a diagnosis of PCOS. Additionally, factors associated 
with the presence of steatosis in patients with diagnosed 
PCOS were investigated. We observed a high prevalence 
of liver steatosis in patients with PCOS (77.0%), which 
was associated with the following factors: WC, BMI/
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obesity, MS and IR diagnosed by LAP, and serum 
TG, TC, ALT, AST, and GGT. Multivariate analysis 
confirmed WC, TG, and ALT as independent factors 
associated with hepatic steatosis in patients with PCOS. 

In another Brazilian study, the observed prevalence 
of NAFLD in patients with PCOS was 23.8% (23), 
a rate significantly lower than the one observed in 
the present study. This discrepancy may be due to 
different clinical and metabolic profiles of the studied 
populations. Compared with the characteristics of our 
population, the patients in the other Brazilian study 
were younger (26.8 ± 5 years), had a lower BMI (28.5 
± 6 kg/m2), and a lower prevalence of MS (32.7%). 
Considering the impact of ethnic variability on the 
characteristics of PCOS and prevalence of NAFLD, as 
described by others (24), another possible explanation 
for the differences in age and BMI in both studies is the 
influence of ethnic-racial diversities in distinct Brazilian 
regions. Future studies may help to better elucidate 
the prevalence of NAFLD in patients with PCOS in 
different Brazilian populations. 

The higher prevalence of hepatic steatosis observed 
in predominantly overweight patients with PCOS 
compared with a control group with similar BMI 
corroborates the hypothesis of the association between 
NAFLD and PCOS, which has also been described in 
eutrophic patients (25). On the other hand, comparing 
the two subgroups of PCOS with and without steatosis, 
patients with steatosis presented higher BMI, WC, 
and prevalence of obesity, which was consistent with 
previous studies (7). In a longitudinal study that 
evaluated the risk of NAFLD in 63,000 women with 
PCOS and in a control group including 121,000 
women with similar age and BMI (26), women with 
PCOS presented an increased risk of NAFLD, which 
was higher than the expected due to obesity alone. 
Additionally, the diagnosis of PCOS was associated with 
a 2.0 to 2.4 times increased risk of NAFLD, including 
in nonobese women. 

Although our sample was not population-based, the 
high prevalence of obesity in our patients with PCOS 
(86.2%) compared with that in most studies performed 
in other countries is a warning of the alarming growth 
of obesity in Brazil. The association observed between 
hepatic steatosis and central adiposity, triglyceride 
levels, and prevalence of MS corroborates previous 
reports (27). According to the knowledge that the 
components of MS are risk factors for NASH and 
development of advanced liver disease (28), the 

investigation of metabolic abnormalities in patients 
with PCOS is of great importance in clinical practice. 
The high prevalence and association of IR with steatosis 
confirm the importance of IR in the pathophysiology 
of both conditions. The frequency of diagnosis of IR 
was higher when LAP (82.7%) and VAI (94.2%) were 
used compared with HOMA-IR (47.1%). LAP was 
described in 2005 as a predictor of cardiovascular risk 
(29), and subsequent studies demonstrated its role in 
assessing the presence of IR in patients with PCOS 
(19). In addition to being used as a predictor of IR and 
visceral adiposity in patients with PCOS, VAI has been 
related to the risk of NAFLD in these patients (30). 
Interestingly, IR diagnosed by LAP was associated with 
NAFLD. IR is a common finding in women with PCOS, 
even in those with normal weight. Many mechanisms 
have been proposed for the development of IR in 
PCOS. The main one is a post-binding defect in insulin 
signaling due to increased serine phosphorylation 
and decreased tyrosine phosphorylation of the insulin 
receptor. IR in PCOs patients seems to be multifactorial 
and might reflect an influence of genetics, obesity, diet, 
and sedentary lifestyle. IR with hyperinsulinemia plays 
an important role in increased secretion of androgens 
and is an essential pathophysiologic mechanism in the 
development of all metabolic complications in these 
patients. Similar to PCOS, IR is intimately involved in 
the development of NALFD. IR results in increased 
hepatic de novo lipogenesis and impaired inhibition of 
adipose tissue lipolysis, with consequently increased 
flux of fatty acids to the liver. The cause and effect 
relationship between PCOS and NALFD is complex, 
and several studies have indicated IR as a fundamental 
link associating these conditions. 

Most participants in our study had the PCOS 
phenotype A or B, which includes clinical or 
biochemical hyperandrogenism. As the present study 
was conducted in a reference center, the predominance 
of classic hyperandrogenic phenotypes may have been 
related to a selection bias, thus not representing the 
real distribution in the general population. Associations 
of steatosis with the classical phenotype and with 
hyperandrogenism, as described by other authors 
(9,31), were not detected in this study, possibly 
due to our limitation in adequately evaluating the 
occurrence of androgen excess. Hirsutism was present 
in 70.5% of the patients with PCOS, which is similar to 
previous studies (32). However, the quantification of 
hirsutism using the Ferriman-Gallwey score is affected 
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by subjectivity, interobserver variability, and ethnic 
differences. Concerning the biochemical evaluation of 
hyperandrogenism, serum SHBG measurements were 
not available and were limited to total testosterone, 
which is less sensitive than the free androgen index to 
detect subtle hyperandrogenemia. 

Only two patients (2.3%) with PCOS presented 
levels of aminotransferases above the upper limit of 
normal, both of whom had a diagnosis of NAFLD. 
Also, we observed an association between AST and 
ALT levels and the presence of hepatic steatosis. These 
findings demonstrate a low sensitivity of the routine 
cutoff values of serum aminotransferases in detecting 
NAFLD, despite the association between their increased 
levels and the diagnosis of NAFLD. 

Although several studies have shown a high 
prevalence of steatosis in patients with PCOS, the 
detection of liver disease may still be underestimated. 
Despite having an acceptable level of sensitivity to 
detect liver fat, ultrasonography has some limitations, 
including a lower accuracy in the presence of obesity. 
Considering that 86.2% of the patients with PCOS in 
our study were obese, it is possible that the prevalence of 
liver steatosis in our cohort may have been even higher.

In NAFLD, fibrosis is the characteristic associated 
with the highest mortality risk; therefore, its early 
detection has great importance. In NAFLD staging in 
the present study, few patients with PCOS presented 
evidence of advanced liver fibrosis when evaluated with 
the FIB-4 index, NAFLD score, and TE. In contrast, 
these patients presented a high prevalence of risk factors 
for NASH and fibrosis progression, such as obesity and 
MS. The natural history of NAFLD in patients with 
PCOS is poorly understood. As in this study, other 
recent studies have used noninvasive methods like TE 
and serum biomarkers such as the FIB-4 index and 
NALFD score to estimate the liver disease stage more 
accurately in patients with PCOS (33,34).

Despite the evidence of a higher prevalence of 
NAFLD in women with PCOS and its potential for 
progressive liver disease due to the concomitance of 
MS factors, the association of NAFLD in patients with 
PCOS is not widely known by physicians taking care of 
these patients (35). In addition, the recommendations 
to investigate NAFLD in women with PCOS are 
controversial and the impact of NAFLD in these patients 
is most likely underestimated. A more precise definition 
of which factors are implicated in the pathophysiology 
of NAFLD in PCOS and knowledge of the natural 

history of liver disease in these patients may allow, in 
the future, a better selection of risk groups with more 
precise interventions. 

The limitations of this study include the facts that 
alcohol consumption (considered as an exclusion 
criterion) was self-reported by the patients, the diagnosis 
of PCOS in the control group was not excluded 
by biochemical or imaging tests, and the results of 
laboratory tests were not available in all patients with 
PCOS. In addition, some patients with PCOS with an 
ultrasonographic diagnosis of steatosis did not comply 
with the proposed evaluation and staging of liver disease. 
Since this prevalence study recruited patients seeking 
medical evaluation due to symptoms related to PCOS, 
it is likely that the selected patients had more clinical 
features than the general population of patients with 
PCOS. Other limitations are inherent to a cross-sectional 
study, which fails to clarify whether the clinical conditions 
associated with the presence of NAFLD in concomitance 
with PCOS are etiological factors. Prospective cohort 
studies are required to establish the temporal sequence 
of events and elucidate the possible cause and effect 
relationship between PCOS and NAFLD. 

In conclusion, the present study evaluating the 
association between NAFLD and PCOS in a Brazilian 
center demonstrated a high prevalence of steatosis in 
patients with PCOS when compared with patients 
with similar BMI and WC but without PCOS. Central 
adiposity and serum triglyceride levels, two components 
of the MS, were identified as independent factors 
associated with steatosis. Since MS is commonly related 
to progression of liver disease, patients with PCOS 
presenting central adiposity and increased triglyceride 
levels should be screened for NAFLD. Staging of 
liver disease using serum biomarkers and TE showed 
low stages of fibrosis in these patients, indicating that 
interventions in patients with premenopausal PCOS 
can be an important measure to reduce the risk of 
progression to advanced liver disease. 

Acknowledgments: we thank Fernando Henrique Pereira for the 
support in the statistical analysis. 

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

REFERENCES 
1. Younossi Z, Henry L. Contribution of Alcoholic and Nonalcoholic 

Fatty Liver Disease to the Burden of Liver-Related Morbidity and 
Mortality. Gastroenterology. 2016;150:1778-85. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

242

NAFLD and polycystic ovary syndrome

Arch Endocrinol Metab. 2020;64/3 

2. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, 
et al. The diagnosis and management of nonalcoholic fatty liver 
disease: Practice guidance from the American Association for the 
Study of Liver Diseases. Hepatology. 2018;67:328-57. 

3. Skiba MA, Islam RM, Bell RJ, Davis SR. Understanding variation in 
prevalence estimates of polycystic ovary syndrome: a systematic 
review and meta-analysis. Hum Reprod Update. 2018;24:694-709. 

4. Ehrmann DA, Liljenquist DR, Kasza K, Legro RS, Ghazzi MN. 
Prevalence and Predictors of the Metabolic Syndrome in Women 
with Polycystic Ovary Syndrome. J Clin Endocrinol Metab. 
2006;91:48-53. 

5. Boureaux MY, Talbott EO, Kip KE, Brooks MM, Witchel SF. Risk 
of T2DM and impaired fasting glucose among PCOS subjects: 
Results of an 8-year follow-up. Curr Diab Rep. 2006;6:77-83. 

6. Rocha ALL, Faria LC, Guimarães TCM, Moreira GV, Candido AL, 
Couto CA, et al. Non-alcoholic fatty liver disease in women with 
polycystic ovary syndrome: systematic review and meta-analysis. 
J Endocrinol Invest. 2017;40:1279-88. 

7. Zhang J, HU J, Zhang C, Jiao Y, Kong X, Wang W. Analyses of 
risk factors for polycystic ovary syndrome complicated with non-
alcoholic fatty liver disease. Exp Ther Med. 2018;15:4259-64. 

8. Chen MJ, Chiu HM, Yang WS, Yang YS, HO HN. Hyperandrogenemia 
Is Independently Associated with Elevated Alanine 
Aminotransferase Activity in Young Women with Polycystic Ovary 
Syndrome. J Clin Endocrinol Metab. 2010;95:3332-41.

9. Jones H, Sprung VS, Pugh CJ, Daousi C, Irwin A, Aziz N, et al. Polycystic 
ovary syndrome with hyperandrogenism is characterized by an 
increased risk of hepatic steatosis compared to nonhyperandrogenic 
PCOS phenotypes and healthy controls, independent of obesity and 
insulin resistance. J Clin Endocrinol Metab. 2012;97:3709-16.

10. Angulo P, Kleiner DE, Dam-Larsen S, Adams LA, Bjornsson 
ES, Charatcharoenwitthaya P, et al. Liver fibrosis, but no other 
histologic features, is associated with long-term outcomes of 
patients with nonalcoholic fatty liver disease. Gastroenterology. 
2015;149:389-97. 

11. Sterling RK, Lissen E, Clumeck N, Sola R, Correa MC, Montaner 
J,et al. Development of a simple noninvasive index to predict 
significant fibrosis in patients with HIV/HCV coinfection. 
Hepatology. 2006;43:1317-25. 

12. Angulo P, Hui JM, Marchesini, G, Bugianesi E, George J, Farrell 
GC, et al. The NAFLD fibrosis score: A noninvasive system that 
identifies liver fibrosis in patients with NAFLD. Hepatology. 
2007;45:846-54. 

13. Fauser BCJM. Revised 2003 consensus on diagnostic criteria 
and long-term health risks related to polycystic ovary syndrome. 
Fertil Steril. 2004;81:19-25. 

14. Hatch R, Rosenfield RL, Kim MH, Tredway, D. Hirsutism: 
Implications, etiology, and management. Am J Obstet Gynecol. 
1981;140:815-30. 

15. Johnson TRB, Kaplan, LK, Ouyang P, Rizza RA. National Institute 
of Health Evidence-based Methodology Workshop on Polycystic 
Ovary Syndrome. Nat Institutes Heal. 2012;1-14. 

16. Alberti KG, Zimmet P, Shaw J. The metabolic syndrome – A new 
worldwide definition. Lancet. 2005;366:1059-62. 

17. Nathan DM, Davidson MB, DeFronzo RA, Heine RJ, Henry RR, 
Pratley R, et al. Impaired Fasting Glucose and Impaired Glucose 
Tolerance. Implications for care. Diabetes Care. 2007;30(3):753-59.

18. Geloneze B, Repetto EM, Geloneze SR, Tambascia MA, Ermetice 
MN. The threshold value for insulin resistance (HOMA-IR) in an 
admixture population IR in the Brazilian Metabolic Syndrome 
Study. Diabetes Res Clin Pract. 2006;72(2):219-20. 

19. Wiltgen, D, Benedetto IG, Mastella LS, Spritzer PM. Lipid 
accumulation product index: A reliable marker of cardiovascular 
risk in polycystic ovary syndrome. Hum Reprod. 2009;24:1726-31. 

20. Bron 8czyk-Puzon 8 A, Jagielski P, Kulik-Kupka K, Koszowska A, 
Nowak, J, Zubelewicz-Szkodzin 8ska B. Usefulness of a new 
anthropometric indicator – VAI (Visceral Adiposity Index) 
in the evaluation of metabolic and hormonal disorders in 
women with polycystic ovary syndrome. Adv Clin Exp Med. 
2017;26:825-28. 

21. Castera L, Forns X, Alberti A. Non-invasive evaluation of liver 
fibrosis using transient elastography. J Hepatol. 2008;48:835-47. 

22. Vilar-Gomez, Chalasani N. Non-invasive assesmente of non-
alcoholic fatty liver disease: Clinical prediction rules and blood-
based biomarkers. J Hepatol. 2017;68:305-15.

23. Romanowski MD, Parolin MB, Freitas AC, Piazza MJ, Basso J, 
Urbanetz AA. Prevalence of Non-Alcoholic Fatty Liver Disease in 
Women With Polycystic Ovary Syndrome and Its Correlation With 
Metabolic Syndrome. Arq. Gastroenterol. 2015;52:117-23. 

24. Zhao Y, Qiao J. Ethnic differences in the phenotypic expression of 
polycystic ovary syndrome. Steroids. 2013;78:755-60. 

25. Kim JJ, Kim D, Yim JY, Kang JH, Han KH, Kim SM, et al. Polycystic 
ovary syndrome with hyperandrogenism as a risk factor for non-
obese non-alcoholic fatty liver disease. Aliment Pharmacol Ther. 
2017;45:1403-12.

26. Kumarendran B, O’Reilly MW, Manolopoulos KN, Toulis KA, 
Gokhale KM, Sitch AJ, et al. Polycystic ovary syndrome, androgen 
excess, and the risk of nonalcoholic fatty liver disease in women: 
A longitudinal study based on a United Kingdom primary care 
database. PLoS Med. 2018;15:1-20. 

27. Zhang J, Hu J, Zhang C, Jiao Y, Kong X, Wang W. Analyses of risk 
factors for polycystic ovary syndrome complicated with non-
alcoholic fatty liver disease. Exp Ther Med. 2018;15:4259-64.

28. Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M, Manini R, 
et al. Nonalcoholic fatty liver, steatohepatitis, and the metabolic 
syndrome. Hepatology. 2003;37:917-23. 

29. Kahn HS. The ‘lipid accumulation product’ performs better than the 
body mass index for recognizing cardiovascular risk: A population-
based comparison. BMC Cardiovasc Disord. 2005;5:1-10. 

30.  Zheng SH, Li XL. Visceral adiposity index as a predictor of clinical 
severity and therapeutic outcome of PCOS. Gynecol Endocrinol. 
2016;32:177-83. 

31. Vassilatou E, Lafoyianni S, Vryonidou A, Ioannidis D, Kosma L, 
Katsoulis K, et al. Increased androgen bioavailability is associated 
with non-alcoholic fatty liver disease in women with polycystic 
ovary syndrome. Hum Reprod. 2010;25:212-20.

32. Wijeyaratne CN, Seneviratne Rde A, Dahanayake S, Kumarapeli 
V, Palipane E, Kuruppu N, et al. Phenotype and metabolic profile 
of South Asian women with polycystic ovary syndrome (PCOS): 
Results of a large database from a specialist Endocrine Clinic. 
Hum Reprod. 2011;26:202-13. 

33. Polyzos SA, Goulis DG, Kountouras J, Mintziori G, Chatzis P, Papadakis 
E, et al. Non-alcoholic fatty liver disease in women with polycystic 
ovary syndrome: assessment of non-invasive indices predicting 
hepatic steatosis and fibrosis. Hormones (Athens). 2014;13:519-31.

34. Sarkar M, Terrault N, Duwaerts CC, Tien P, Cedars MI, Huddleston 
H. The Association of Hispanic Ethnicity with Nonalcoholic Fatty 
Liver Disease in Polycystic Ovary Syndrome. Curr Opin Gynecol 
Obs. 2018;1:24-33. 

35. Dokras A, Saini S, Gibson-Helm M, Schulkin J, Cooney L, Teede 
H. Gaps in knowledge among physicians regarding diagnostic 
criteria and management of polycystic ovary syndrome. Fertil 
Steril. 2017;107:1380-6.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

243

original article

Arch Endocrinol Metab. 2020;64/3

1 Department of Endocrinology, 
Wuxi Hospital of Traditional 
Chinese Medicine, Wuxi Hospital 
Affiliated to Nanjing University of 
Chinese Medicine, Wuxi, China
2 Department of Thyroid and 
Breast Surgery, Nanjing First 
Hospital, Nanjing Medical 
University, Nanjing, China 
3 Department of Endocrinology, 
Nanjing First Hospital, Nanjing 
Medical University, Nanjing, China

Correspondence to: 
Xiao-ming Mao 
32 Gongqingtuan Road,
Nanjing, China, 210012
maoxming@163.com

Yun Hu
32 Gongqingtuan Road,
Nanjing, China, 210012
huyunwuxi@163.com

Received on July/27/2019
Accepted on Jan/10/2020

DOI: 10.20945/2359-3997000000244

Intrathyroid injection of 
dexamethasone inhibits Th2 
cells in Graves’ disease

Ke He1

https://orcid.org/0000-0002-6077-3713

Peng Jiang2

https://orcid.org/0000-0003-4200-3616

Bing-li Liu3

https://orcid.org/0000-0002-9682-3612

Xiao-mei Liu3

https://orcid.org/0000-0003-1070-7133

Xiao-ming Mao3

https://orcid.org/0000-0001-7485-5245

Yun Hu3

https://orcid.org/0000-0002-4477-3641

ABSTRACT
Objective: Intrathyroid injection of dexamethasone (IID) was used for decrease the relapse rate of 
hyperthyroidism in the treatment of Graves’ disease (GD), but the mechanism is still unclear. We 
aimed to explore the effect of IID on T help (Th)1/Th2 cells and their chemokine in patients with GD. 
Subjects and methods: A total of 42 patients with GD who were euthyroidism by methimazole 
were randomly divided into IID group (n = 20) and control group (n = 22). Thyroid function and 
associated antibody, Th1/Th2 cells proportion, serum CXCL10 and CCL2 levels, and CXCR3/CCR2 
mRNA expression in peripheral blood mononuclear cells before and after 3-month IID treatment were 
tested by chemiluminescence assay, Flow cytometry, ELISA, and real-time PCR, respectively. Thyroid 
follicular cells were stimulated by IFN-γ and TNF-α and treated with dexamethasone in vitro. CXCL10 
and CCL2 levels in supernatant were determined. Results: After 3-month therapy, the proportion of 
Th2 cells and serum CCL2 levels, as well as TPOAb, TRAb levels and thyroid volume decreased in 
IID group (p < 0.05). However, the proportion of Th1 and CXCL10 levels had no change in IID group 
and control (p > 0.05). The CXCR3/CCR2 ratio had no change in both groups (p > 0.05). Conclusion: 
IID therapy could inhibit peripheral Th2 cells via decreasing CCL2 level in peripheral blood, and this 
result partly explain the effects of IID therapy on prevention of relapse of GD. Arch Endocrinol Metab. 
2020;64(3):243-50

Keywords
Dexamethasone; Graves’ disease; T help cells; Chemokine

INTRODUCTION

Graves’ disease (GD) is a thyroid-specific 
autoimmune disease that thyroid-stimulating 

antibody (TSAb) stimulates thyroid-stimulating 
hormone receptor (TSHR) and leads to overproduction 
of thyroid hormones. Lymphocytic infiltration is one 
of the histopathological hallmarks of GD. Previous 
studies have suggested that the pattern of CD4+ T cell 
in thyroid tissue changes throughout the course of GD 
and is partially responsible for the pathogenesis of the 
disease. Although GD was thought to be a typically 
Th2(T help 2) cells-response-mediated disorder (1,2), 
some studies have proven that the Th1 (T help 1) cells 
were dominance in GD patients in the initial phase of 

GD (3,4), which were strongly associated with cell 
mediated immune responses, IFN-γ and TNF-α are 
secreted by Th1 cells that enhance the DNA binding 
activity of NF-κB and activate the inflammation 
reaction in thyroid follicular cells, which were deemed 
to play pivotal roles in the pathogenesis of GD (5). 
Moreover, TSAb is predominantly immuno-globulin G 
(IgG) 1 subclass, which is mediated by Th1 cytokines 
in humans (6). However, a progressive transition 
from Th1 to Th2 dominance appeared, the CXCR3 
(Th1-associated chemokine receptor)/CCR4 (Th2-
associated chemokine receptor) ratio in peripheral 
blood mononuclear cells (PBMCs) and IL-12/IL-15 
(secreted by Th1/Th2 cell respectively) were decreased 
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after treatment with methimazole (MMI) in GD 
patients (3,7). Furthermore, the relapse of GD after 
MMI treatment reported to be more frequent after an 
attack of allergic rhinitis (8), and TRAb increased in 
patients with bronchial asthma or pollen allergy (9). 
All of these diseases elevate serum IgE and interleukin 
(IL)-13 levels, which consistent with a Th2 response 
(9,10). Therefore, we supposed that Th2 cells may 
contribute to the high relapse ratio in the GD patients 
after MMI withdraw.

Several studies showed a significant increase in 
Chemokine (C-X-C motif) ligand 10 (CXCL10, also 
named IP-10) strongly associated with Th1-mediated 
immune responses in thyroid tissue specimens and 
serum obtained from recent-onset GD patients (9,10). 
The CXCL10 can be induced by IFN-γ and TNF-α in 
vitro (11,12). Chemokine (C-C motif) ligand 2 (CCL2, 
also named MCP-1) is a chemokine that attracts Th2 
cells and can be produced by thyroid follicular cells 
(13,14). Increased level of CCL2 has been observed 
both in peripheral blood of patients with autoimmune 
thyroid disease (AITD) (15) and supernatant of thyroid 
follicular cells from GD patients after stimulated by 
IFN-γ and TNF-α in vitro (12. Yamazaki and cols. 
found that CCL2 was induced by high concentration 
of iodide in thyroid follicular cells (16). 

Dexamethasone (DEX) is one of the most used 
glucocorticoids to treat Graves’ ophthalmopathy 
and hyperthyroidism crisis. In our previous study, an 
intrathyroid injection of DEX (IID) could effectively 
reduce the relapse rate in GD patients after withdrawing 
MMI treatment (17). The serum thyrotropin receptor 
antibody (TRAb) levels, the TRAb positive rate, and 
thyroid volume also decreased after the treatment (17). 
We treated peripheral blood mononuclear cells (PBMCs) 
isolated with DEX from GD patients in vitro and found 
that DEX could decrease the proportion of Th2 cells 
(18). However, the effects and mechanisms of IID on 
Th1/Th2 cells in GD patients are still unclear. The 
present trial was designed to determine the effect of IID 
on Th1/Th2 cells in patients with GD and investigated 
the modulation of CXCL10, CCL2 by DEX.

SUBJECTS AND METHODS
Patients

This study was a randomized control trial. The 
institutional review board at Nanjing First Hospital 
Affiliated to Nanjing Medical University approved the 

study protocol (available with the full text of this article 
at NEJM.org). All patients provided written informed 
consent. The methods were carried out in accordance 
with the Declaration of Helsinki guidelines, including 
any relevant details. The clinical trial registration 
number of IID therapy was NCT01534169 (https://
register.clinicaltrials.gov.)

A total of 50 eligible patients (20 to 54 years of age) 
with GD (19), including clinically and biochemically 
verified hyperthyroidism and positive thyrotrophin 
receptor antibody (TRAb), were recruited in this study 
from the Endocrine Clinic of Nanjing First Hospital 
Affiliated to Nanjing Medical University between June 
2011 and March 2012. The clinical evaluation included 
the patient’s history, physical examination, and thyroid 
ultrasound. The laboratory diagnosis included serum 
levels of free T4, (FT4), sensitive TSH (s-TSH) and 
TRAb. All of the patients received MMI treatment with 
a titration regimen for 0-18 months until a condition of 
euthyroidism was achieved (euthyroidism was defined as 
the elimination of most symptoms of hyperthyroidism 
and serum levels of TSH and FT4 in the normal range), 
and a continuing dose of MMI was given to maintain 
euthyroidism as a background therapy. Major exclusion 
criteria were patients with other coexistent endocrine or 
organ-specific autoimmune disease, taking medications 
or had a medical history (such as corticosteroids) that 
could affect the immune system, pregnancy, allergy 
to ATD, alanine aminotransferase (ALT) or aspartate 
aminotransferase (AST) levels more than two times 
the upper normal range, noncompliance because of 
psychiatric or other serious diseases, or unwillingness 
to participate in the study.

Detection of thyroid hormones and anti-thyroid 
antibodies

Fasting peripheral blood was obtained from patients 
with GD before and after the treatment, Serum TSH 
(reference range, 0.55-4.78 mIU/L) and FT4 (reference 
range, 11.5-22.7 pmol/L) levels were measured by 
chemiluminescence assay (Centaur XP automated 
chemiluminescence immunoassay analyzer, Siemens, 
Germany). TRAb (reference range, < 1.75 IU/L), 
thyroid peroxidase antibody (TPOAb) (reference range, 
< 34 IU/mL) and thyroglobulin antibody (TGAb) 
(reference range, <115 IU/mL) levels were assessed 
by electrochemical luminescence assay (Roche E170 
immune analyzer, Roche, Switzerland). Thyroid volume 
was obtained by computing the volumes of both lobes 
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by color Doppler ultrasound. Lobe (mL) = length (mm) 
× width (mm) × depth (mm) × 0.479. Nodules and/or 
cystic areas were included in the thyroid volume.

Intrathyroid injection of DEX (IID) therapy

Patients were enrolled in the trial between February, 
2012 and November 2015 at Endocrine Clinic of 
Nanjing First Hospital. In the IID treatment group, 
patients received intrathyroid injection of DEX (Tianjin 
Pharmaceutical Jiaozuo Co, China) at doses of 5 mg 
(1.0 mL) in each lobe, twice a week during the first 
month of the treatment. The treatment strategy was 
changed to once a week in the second month and twice 
a month in the third month, the dosage of DEX was the 
same as in the first month. This treatment procedure 
was conducted under ultrasound guidance, the details 
of this treatment process were the same as our previous 
study (17). In the control group, patients continued 
MMI treatment and the dose was unchanged. Blood 
from all of the patients was collected before and after 
the 3-month therapy, Th1/Th2 cells were tested 
immediately, while serum was kept frozen at –80 °C 
until the thyroid hormones, anti-thyroid antibodies, 
CXCL10 and CCL2 were tested. 

RNA isolation and real-time quantitative PCR of 
chemokine receptors in PMBCs

Total RNA was isolated from PMBCs using TRIzol 
reagent (Ambion; Life Technologies). The CXCR3 and 
CCR2 mRNA expressions were quantified by real-time 
PCR using ABI Prism 7500 Sequence Detector (Applied 
Biosystems; Life Technologies). RT and PCR were 
performed (SYBR® PrimeScript® RT-PCR Kit; Takara Bio, 
Inc., Otsu, Shiga, Japan) using primer for CXCR3 designed 
as follows: 5’- TGGCCGAGAAAGCAGGG-3’ and5’- 
AGGCGCAAGAGCAGCATC-3’. The primer set for CCR2 
consisted of 5’- AGTTCAGAAGGTATCTCTCGGTG-3’ 
and 5’- GGCGTGTTTGTTGAAGTCACT-3’. 
The primer set for β-actin consisted of 
5’-ATCTGCTGGAAGGTGGACAGCGA-3’ and 
5’-CCCAGCACAATGAAGATCAAGATCAT-3’. 
The total reaction volume was 20 μL and the PCR was 
programmed as an initial incubation for 30s at 95 °C 
followed by 40 thermal cycles of 5s at 95 °C and 34s at  
60 °C. The relative quantity of CXCR3 and CCR2 mRNA 
before and after IDD therapy was calculated by using the 
equation 2-DDCt. All reactions were confirmed by at least one 
additional independent run.

Flow cytometry analysis

Heparinized blood was collected from patients. Th1/
Th2 cells were stimulated and stained as the protocol 
of Th1/Th2 cells test kit (BD Biosciences), using anti-
CD3-PerCP-Cy5-5, anti-CD8-PE-Cy7 to identify Th 
cells. Th1 and Th2 cells were stained with anti-IFN-
γ-FITC anti-IL-4-PE, respectively.

Thyroid follicular cells

Surgical thyroid tissue was obtained from 4 patients 
(2 females and 2 males, age range 33-56 years) 
who underwent surgery for multinodular goiters in 
Nanjing First Hospital from January, 2016 to June, 
2017. Certificates of consent were obtained. Patients 
did not receive any specific treatment for thyroid 
disease; thyroid hormones and thyroid autoantibody 
measurements were in the normal range.

Thyroid follicular cells were prepared as previously 
described (20). The tissues were minced to fragments as 
small as possible and digested by 250 u/mL collagenase 
II and 0.25% trypsin (both from Gibco, USA) in 
D-Hank’s for 90 min at 37 °C. Digested tissues were 
mechanically dispersed until a homogeneous suspension 
was obtained. After washing with D-Hank’s, the cell 
suspension was cultured in DMEM medium containing 
10% fetal bovine serum (Gibco, USA), 2 mM glutamine, 
and 50 μg/mL penicillin/streptomycin at 37 °C and 
5% carbon dioxide. Cells were used within the forth to 
sixth passage.

Cytokines stimulates and DEX treatment in vitro

Thyroid follicular cells were seeded at a density of 2×104 
cells per milliliter in 96-well plates in 200 μL volume 
media. After 48 hours, the medium was removed; 
and cells were washed with phosphate-buffered saline 
(PBS) and incubated in phenol red and serum-free 
medium. Cells were incubated (24 hours) with or 
without a combination of 1,000 U/mL IFN-γ and 10 
ng/mL TNF-α (both from Sigma-Aldrich) as reported 
previously (21) in the presence or absence of DEX. The 
supernatant was harvested and kept frozen at –20 °C 
until CXCL10 and CCL2 tested.

Methylthiazol tetrazolium (MTT) assay

Methylthiazol tetrazolium (MTT) assay was used to 
determine the terminal concentrations of DEX. Thyroid 
follicular cells were seeded at a density of 2×104 cells 
per milliliter in 96-well plates in 200 μL volume media. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

246

DEX intrathyroid injection and Th2 cells

Arch Endocrinol Metab. 2020;64/3 

DEX was added in different doses (0, 10-4, 10-5, 10-6 

mol/L). The thyroid follicular cells were cultured for 
12 h, 24 h, and 48 h, and then 10 μL of MTT solution 
(5 mg/mL in PBS) was added into each well. Then cells 
were incubated at 37 ºC for 4 hours allowing the MTT 
to be metabolized. The supernatant was removed and 
100 μL of DMSO was added into each well to dissolve 
formazan crystals. The absorbance of the solutions 
with dye was measured at 492 nm on a multi-well 
spectrophotometer (BioTek, Winooski, VT, USA).

Enzyme-linked Immunol Sorbent Assay (ELISA)

CXCL10 and CCL2 levels in serum and culture 
supernatants were assayed by a quantitative sandwich 
immunoassay using an ELISA kit (R&D Systems, 
Inc., Minneapolis, MN). The intra- and inter-assay 
coefficients of variation were 3.0% and 6.7% for 
CXCL10, and 4.5% and 6.0% for CCL2, respectively.

Statistical analysis

All the experiments were run in triplicate. Statistical 
analysis was performed using SPSS 16.0 Software 
(SPSS, Inc., Chicago, IL, USA). Data are expressed 
as mean ± S.E.M. The Kolmogorov–Smirnov test 
was used to test for normal distribution of the data. 
Proportions were compared by the chi-square test. The 
differences between two groups were analyzed using 
the two-tailed Student’s t-test for normally distributed 
variables, or either the Mann-Whitney U or Wilcoxon 
test for nonparametric variables. A P value < 0.05 was 
considered significant.

RESULTS

The clinical characteristics of GD patients

A total of 42 patients finally finished the study. One 
of the patients with thyroid calcification and 3 patients 
with thyroid nodules found by ultrasound before IID 
therapy were lost. The other 4 patients were excluded 
because of incomplete data (Figure 1). The clinical 
characteristics of patients before and after the therapy 
are shown in Table 1, and there was no significant 
difference between control and IID groups at the 
beginning of the therapy. After 3-month therapy, TSH, 
FT4, TGAb, TPOAb, TRAb and thyroid volume had 
no change in control while the TPOAb, TRAb and 
thyroid volume decreased in IID group (p < 0.05).

Proportion of circulating Th1/Th2 cells in GD patients 
with IID therapy

Proportions of Th1/Th2 cells in circulating CD3+ T 
cells were tested by flow cytometry. There were no 
differences in Th1 and Th2 proportion between control 
group and IID group at the beginning of therapy. After 
3-month of therapy, the proportions of Th1 cells in 
IID group and control group were similar. However, 
Th2 cells decreased in IID group, while no significant 
difference was found before and after 3-month of 
therapy in the control group, see in Figure 2A, B. 

The CXCR3/CCR2 in PMBCs were also performed 
by PCR to show the shift of Th1/Th2 cells balance in 
peripheral blood. No significant difference was found 
between IID and control group before or after the 
treatment. The CXCR3/CCR2 ratio in control group 
and IID was 1.59 ± 0.37 and 1.17 ± 0.29, respectively 
(p > 0.05).

Modulation of serum CXCL10 and CCL2 levels in GD 
patients with IID therapy

Serum CXCL10 and CCL2 levels from GD patients 
before and after the therapy were tested by Elisa. 
Before the therapy, serum CXCL10 and CCL2  
levels were similar in control and IID groups. After 
3-month therapy, the CXCL10 level had no significant 
change in the two groups (p > 0.05), while CCL2 level 
decreased significantly in IID group (p < 0.05), see in 
Figure 2 C, D.

Effects of DEX on CXCL10 and CCL2 release of 
thyroid follicular cells in vitro

We then evaluated the effects of DEX on CXCL10 
and CCL2 release of thyroid follicular cells stimulated by 
IFN-γ and TNF-α. DEX was co-cultured with thyroid 
follicular cells for 24 h. The terminal concentrations of 
DEX were all 10-5 mol/L. The dose was determined by 
the results of the MTT assay.

The MTT assay showed that higher concentration 
of DEX caused cell death, see in Fig 3A. Both of 
CXCL10 and CCL2 levels in the supernatant of 
thyroid follicular cells increased significantly after 
IFN-γ and TNF-α stimulation (p < 0.001). There was 
no significant difference of CXCL10 level between the 
groups with or without DEX treatment. In contrast, 
CCL2 decreased significantly after DEX treatment (p < 
0.05), see in Figure 3B, C.
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Eligible patients with GD 
enrolled 
n= 50

Patients finished the 
study 
n= 42

IID group 
n= 20

Thyroid hormones, 
anti-thyroid antibodies

Serum CXCL10
and CCL2

Th1/Th2
cells

CXCR3 and CCR2 mRNA
expressions

Control group 
n= 22

8 excluded:
1 with thyroid calcification
3 with thyroid nodules
4 with incomplete data

Table 1. The clinical characteristics of patients before and after the therapy

Number

Control group IID group

Baseline After therapy Baseline After therapy

22 20

Age (year) 36.00 ± 3.06 32.80 ± 3.99

Gender (male) 13.63% 10.00%

Duration of GD (month) 12.92 ± 0.76 10.80 ± 1.48

TSH (mIU/L) 1.38 ± 0.21 1.87 ± 0.27 1.44 ± 0.25 2.40 ± 0.35

FT4 (pmol/L) 17.16 ± 0.67 15.99 ± 0.94 15.84 ± 0.74 13.79 ± 0.75

TGAb (IU/mL) 704.22 ± 329.08 618.79.26 ± 325.24 613.03 ± 302.23 465.43 ± 265.72

TPOAb (IU/mL) 228.93 ± 66.53 213.26.21 ± 66.07 220.18 ± 57.45 150.40 ± 51.54*

TRAb (IU/L) 7.44 ± 3.13 6.82 ± 2.93 9.11 ± 2.59 4.65 ± 1.62*

Thyroid volume (mL) 20.60 ± 6.06 20.82 ± 5.63 22.29 ± 3.29 18.56 ± 2.84*

* p < 0.05 vs. baseline using the two-tailed Student’s t-test. IID: intrathyroid injection of dexamethasone; GD: Graves’ disease; TSH: thyroid-stimulating hormone; FT4: free thyroxin T4;  
TGAb: thyrotrophin receptor antibody; TPOAb: thyroid peroxidase antibody; TGAb: thyroglobulin antibody.

Figure 1. Patients with GD enrolled in the study.

DISCUSSION

This study confirmed the findings of previous studies 
(12,22) that IFN-γ plus TNF-α stimulated CXCL10 
and CCL2 secretion of thyroid follicular cells in vitro. 
And this study showed, for the first time, that DEX 
inhibited IFN-γ plus TNF-α induced CCL2 secretion, 
but had no effect on CXCL10, this result was obtained 
both in GD patients after IID therapy and in primary 
thyroid follicular cells in vitro. Th2 cells decrease in 

peripheral blood by DEX after IID therapy. Meanwhile, 
the TPOAb, TRAb and thyroid volume were also 
decreased, which was found in previous study (17). 

CCL2 produced by infiltrated inflammatory cells 
and/or thyroid follicular cells may play an important 
role in thyroid immune/inflammatory responses. 
It attracts monocytes, memory T lymphocytes, and 
natural killer cells in vitro (23) and may regulate T-cell 
differentiation (24). Antonelli and cols. showed that 
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Figure 2. A. Proportion of Th1 cells in circulating CD3+ T cells before and after 3-month therapy tested with flow cytometry. B. Proportion of Th2 cells in 
circulating CD3+ T cells before and after 3-month therapy. C. Serum CXCL10 level in GD patients in control and 3-month group before and after IID therapy 
tested by ELISA. D. Serum CCL2 level in GD patients in control and IID group before and after IID therapy.

IFN-γ and TNF-α, alone or in combination, stimulated 
the secretion of the CCL2 in primary thyroid follicular 
cells from patients with GD and normal person (12). 
The results indicate that CCL2 can be produced by 
thyroid follicular cells themselves under the influence 
of cytokines such as IFN-γ or TNF-α, which are 
released by activated Th1 lymphocytes and confirm the 
hypothesis that autoimmune disorders in thyroid of 
GD patients evolve from an initial Th1 phase to a later 
Th2 prevalent immune response. 

The effect of DEX on CCL2 has been found in other 
diseases and tissues by several studies (25-27). These 
studies showed that DEX inhibited both increases of 
CCL2 and CXCL10 which could induced by hydrogen 
peroxide in neurons (25) or by IFN-γ in endothelial 
cells (26). However, DEX has no significant effect on 
CXCL10 in thyroid cells in this study. The difference 
may be contributed to the different tissues. The effect 
of DEX on CCL2 is mediated by the glucocorticoid 
receptor (GR) and involves an apparently novel 

mechanism in which the GR binds directly to CCL2 
mRNA and facilitates its degradation (28,29). As a 
result, the recruitment of Th2 cells by CCL2 in thyroid 
can be inhibited by IID therapy in GD patients, and 
Th2-mediated immune responses are decreased. Th2 
cells proportion of CD3+ cells in peripheral blood was 
lower after 3-month IID therapy, but the CCR2 (CCL2 
receptor in Th2 cells) did not decrease significantly. The 
Th2 cells, overall, were inhibited slightly in peripheral 
blood after IID therapy and may be more significant in 
thyroid, because DEX was injected into thyroid locally.

As we expected, the level of TPOAb, TRAb and 
thyroid volume decreased after IID treatment in patients 
with GD, which was in accordance with our previous 
study (17). The reduction of TPOAb and TRAb might 
be due to the immunoregulatory effects of DEX, like as 
improvement of the Tregs function (18), and inhibition 
of the Th2-mediated immune responses. The reduction 
of thyroid volume might be owing to the apoptosis-
promoting effect of DEX on thyrocyte directly which 
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Figure 3. A. Different doses of DEX (0, 10-4, 10-5, 10-6 mol/L) were treated on thyroid follicular cells after stimulated with IFN-γ and TNF-α. Then MTT 
assay was used to estimate cell growth viability at 12 h, 24 h and 48 h. B. CXCL10 concentration of thyroid follicular cells supernatant in NIT (Non IFN-γ 
and TNF-α) group and IT (IFN-γ and TNF-α stimulated) group tested by ELISA assay, with or without DEX treatment for 24h. C. CCL2 concentration of 
thyroid follicular cells supernatant in NIT group and IT group tested by ELISA assay, with or without DEX treatment for 24h.

were observed in thymocytes (30). Moreover, the Th2 
cytokine profile, which is inhibited by DEX, is associated 
with upregulation of antiapoptotic molecules, rendering 
the thyrocytes but not the infiltrating lymphocytes 
immune from apoptosis in GD (31).

There are some reasons why we use IID scheme to 
treat GD patients. The first, GD is an organ-specific 
autoimmune disease, the main pathological reaction 
occur in thyroid. The IID can keep a relative higher 
concentration of DEX in thyroid gland. The second, 
low dose of DEX was needed to perform this treatment, 
which can reduce the side effects of DEX therapy. In 
the present study, no overt systemic adverse reactions 
induced by DEX were found. 

Our study has several limitations. As well as all of the 
other studies about the shift of Th1/Th2 cell balance 
and changes in chemokine secreted by thyroid follicular 
cells, this study was conducted in peripheral blood but 
not thyroid. The changes of Th1/Th2 cells balance and 
the CCL2/CXCL10 levels in thyroid after IID therapy 

can not be observed directly. Moreover, the sample size 
was small, which frustrated the analysis of Th1/Th2 
cells balance in different gender and age. 

In conclusion, our study showed that IID therapy 
could inhibit peripheral Th2 cells via decreasing CCL2 
levels in peripheral blood, and this result partly explain 
the effects of IID therapy on prevention of relapse of GD.
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ABSTRACT 
Objective: We aimed to evaluate the impact of minimal extrathyroidal extension (mETE) alone on 
the risk of recurrence of papillary thyroid carcinoma (PTC). The impact of other factors, including 
multifocality, age, tumor size, and stimulated thyroglobulin (sTg) values was also assessed. 
Subjects and methods: We retrospectively analyzed 1,108 PTC patients from a medical institution, 
who presented tumors ≤ 4 cm without any adverse characteristics other than mETE. Patients were 
classified according to their response to initial treatment 12 to 24 months after surgery as proposed 
by the 2015 American Thyroid Association (ATA) guideline. Statistical analysis was performed using 
multivariate logistic regression and receiver operating characteristic (ROC) curve. Results: In the 
multivariate logistic regression analysis, mETE did not have an impact on the response to initial 
treatment (p = 0.44), similar to multifocality, age, and tumor size. Initial Tg value was the only variable 
associated with a poor response (p < 0.01, odds ratio = 1.303, 95% confidence interval 1.25-1.36). The 
ROC analysis revealed that Tg was significant (area under curve = 0.8750); the cutoff value of sTg as 
a predictor of poor response was 10 ng/mL (sensitivity = 72.2%, specificity = 98.5%). Conclusion: 
For low-risk PTC presenting mETE as the only aggressive feature, the initial sTg value is essential 
to identify patients who may have a poor response after initial treatment and benefit from further 
treatment. Arch Endocrinol Metab. 2020;64(3):251-6
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INTRODUCTION 

Differentiated thyroid cancer (DTC) is the most 
common type of thyroid cancer, and it represents 

approximately 90% of all thyroid malignancies (1,2); 
papillary thyroid carcinoma (PTC) is the most prevalent 
subtype of DTC. The prognosis of PTC patients 
is almost always favorable, and low-risk cases have 
an excellent prognosis with conservative treatment, 

with adequate surgery and TSH-suppressive thyroid 
hormone therapy (1,2). Approximately 3% of these 
patients present tumor recurrence during decades of 
follow-up, and in general, only 1%-2% die of these 
thyroid tumors (1-3). Therefore, radioactive iodine 
remnant ablation is not routinely recommended after 
thyroidectomy for all American Thyroid Association 
(ATA) low-risk DTC patients (2).
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According to the ATA guideline (2), some 
pathological features are responsible for increasing the 
risk of persistence and recurrence of PTC, such as minimal 
extrathyroidal extension (mETE). mETE is characterized 
by tumor extension beyond the thyroid capsule to the 
perithyroid soft tissue or sternothyroid muscle alone (4), 
and it is observed in 5%-45% of all DTC patients (2,5). 

Considering the initial risk stratification proposed 
by the ATA, the presence of mETE alone upstages 
low-risk patients to the intermediate-risk group, 
independently of age (2,6,7). It also suggests that the 
risk of recurrence related to mETE alone ranges from 
3%-9% (6,7). Therefore, even when mETE is present 
without any other adverse features, more aggressive 
initial treatment is strongly recommended (2,8,9).

The ATA (2), British Thyroid Association (10) 
and European Thyroid Association (8) are in favor of 
radioactive iodine therapy (RIT) when mETE is present, 
whereas French Societies (11) of Nuclear Medicine and 
Endocrinology only recommend RIT for tumors that 
exhibit mETE and are larger than 1 cm (11). In addition, 
some studies have shown that for patients with tumors 
exhibiting mETE, other factors such as tumor size 
(12-14) and the value of postoperative thyroglobulin 
(Tg) (12) should also be considered before making a 
decision regarding more aggressive treatment. 

Although the 8th edition of the American Joint 
Committee on Cancer/TNM staging system has 
minimized the impact of minimal extrathyroidal 
extension (mETE), down staging it from T3 to T1 
classification [compared to the 7th edition (3)] on the 
risk of death of papillary thyroid carcinoma (PTC) 
(15), some researchers have reported that mETE 
itself is related to a poor outcome (16-18), and major 
organizations (2,19,9) endorse a more aggressive 
management when mETE is present. So, the real role 
of this feature as an isolated risk factor for recurrent or 
persistent disease has still been questioned.

Therefore, this study aimed to assess the clinical 
impact of mETE as a predictor of a worse response 
to initial treatment in PTC tumors. As a second 
endpoint, we evaluated the impact of other factors such 
as multifocality, tumor size, and initial stimulated Tg 
(sTg) value on the response to initial treatment.

SUBJECTS AND METHODS 

We included PTC patients seen at the Nuclear 
Medicine Division at Santa Casa of São Paulo in this 

retrospective study. The study was approved by the 
local research ethics committee. The requirement 
for informed consent was waived, since there are no 
interventions on patients and most individuals no 
longer visit the institution. Low-risk patients and 
intermediate risk patients with tumors ≤ 4 cm were 
included. Tumors with others aggressive features as 
vascular invasion and aggressive histology and patients 
with clinically relevant lymph node metastases (cN1) 
(20,21) and positive antithyroglobulin antibodies 
were excluded. From the total database, 1,049 
patients fulfilled the criteria to be included in the 
low-risk group and 59 patients in the mETE group. 
We included the low-risk group to evaluate the 
difference in risk and prognosis between the mETE 
group (intermediate-risk patients that receive this 
classification just because tumors present mETE) and 
the lowest risk patients corresponding the low risk 
stage. All patients underwent total thyroidectomy and 
hormone therapy with levothyroxine after surgery. No 
patients underwent RIT as an additional treatment. 
Elective lymph node dissection of the central 
compartment was not performed in any patient. 
All patients were reevaluated and reclassified 12 to 
24 months after initial treatments according to the 
continuous risk stratification proposed by the 2015 
ATA guideline (2,5). Excellent and indeterminate 
responses were considered to indicate a good 
response, and incomplete response included patients 
with biochemical and structural disease. To perform 
this evaluation, we used non-stimulated Tg (non-
sTg), stimulated Tg values (sTg) and whole-body 
scan (WBS) image mainly, and other images exams as 
ultrasound and computed tomography when available. 
Since we collected data from a nuclear medicine 
department, we did not have complementary images 
from all the patients. 

Serum Tg levels were assessed at least three months 
after total thyroidectomy with thyroid-stimulating 
hormone > 30 uUI/mL using the immulite Tg assay 
(Roche Diagnosis™, Mannheim, Germany). This is a 
sensitive two-site chemiluminescent immunoassay and 
the lower limit of detection was 0.2 ng/mL. We also 
analyzed the impact of some tumors characteristics as 
multifocality, tumor size and sTg in the response to 
initial treatment.

Statistical analysis was performed using multivariate 
logistic regression and receiver operating characteristic 
curve (ROC curve).
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RESULTS

Table 1 lists the clinical features of the 1,108 PTC 
patients included in our study. Of them, 1,049 were 
low-risk patients, and 59 indeterminate risk patients 
that had tumors ≤ 4 cm without any aggressive feature 
other than mETE. Women corresponded to 90.8% of 
the group, 75.2% of the patients were below 55 years 
of age at diagnosis. Regarding tumor size, the majority 
(61.9%) of tumors was < 1 cm, 24.1% were between 1.0 
and 2.0 cm, and 14.0% were between 2.1 and 4.0 cm. 
The sTg measurement was available for 1,002 patients. 
Using the continuous risk stratification proposed by 
the ATA 2015 guideline (2), patients were reevaluated 
according to the response after 12 to 24 months from 
the initial treatment. 

Table 1. Characteristics of patients with papillary thyroid carcinoma 

Patient characteristics Nº %

Number: 1,108 patients 

Age at diagnosis

   <55 years

   ≥55 years 

Size

   <1 cm

   1-2 cm

   2-4 cm

Sex

   Female

   Male

Extrathyroidal extension

   No

   Yes

Postoperative sTg values (ng/dL)

   <1

   1-10

   >10

  Not stated

Response to initial treatment 

   Excellent

   Biochemical incomplete

   Structural incomplete

   Indeterminate 

883

275

686

267

155

1,006

102

1,049

59

412

451

139

106

29

152

35

892

75.2

24.8

61.9

24.1

14.0

90.8

9.2

94.7

5.3

37.2

40.7

12.5

9.6

2.6

13.7

3.2

80.5

sTg: stimulated thyroglobulin; RIT: radioactive iodine therapy.

Table 2. Results of multivariate logistic regression analysis

Multivariate logistic regression analysis

Variables p

Age 0.295

Tumor size 0.385

Multifocality 0.809

mETE 0.444

Initial sTg 0.000

mETE: minimal extrathyroidal invasion; sTg: stimulated thyroglobulin.

initial treatment (p = 0.44), similar to multifocality  
(p = 0.809), age (p = 0.295), and tumor size (p = 
0.385). Initial Tg value was the only variable associated 
with a poor response (p < 0.01, odds ratio = 1.303, 
95% confidence interval 1.252-1.36) (Table 2). The 
ROC curve analysis revealed that sTg was significant 
(area under the curve = 0.8750), and the cutoff value 
of sTg as a predictor of poor response was 10 ng/mL 
(sensitivity = 72.2% and specificity = 98.5%; Figure 1). 

Patients with indeterminate response had non-sTg 
values that were detectable but < 1 ng/mL and sTg values 
between 1 and 10 ng/mL with no suspicious image. 

We observed that 2.6% showed excellent response, 
80.5% indeterminate response, 13.7% incomplete 
biochemistry and 3.2% incomplete structural response. 

In the multivariate logistic regression analysis, 
mETE did not have an impact on the response to 
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Figure 1. Receiver operating characteristic curve of stimulated 
thyroglobulin value.

DISCUSSION

Our study evaluated the impact of some tumor 
characteristics as the presence of mETE, multifocality, 
tumor size, and initial sTg value in the response to the 
initial treatment of papillary thyroid cancer patients 
treated with surgery and not submited to RIT. sTg was 
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the only variable that correlated with a worse response 
to the initial treatment excluding the impact of mETE 
and suggesting that the presence of this feature alone 
does not necessarily increase the risk of recurrence in 
DTC patients.

The recognition of mETE as an isolated risk 
factor of poor prognosis was questioned for the first 
time by Ito and cols. at Kuma Hospital (22). They 
demonstrated the lack of prognostic value of mETE 
alone and suggested that upgrading the category may 
not be appropriate (22). Following the same reasoning, 
the latest American Joint Committee on Cancer edition 
released in 2017 changed the stratification criteria 
and no longer considers mETE alone as an isolated 
risk factor for mortality (15). However, the impact of 
mETE on the recurrence risk remains controversial, 
and according to the 2015 ATA guideline (2), it should 
still be considered as an isolated risk factor.

Some studies have shown that mETE without 
concomitant gross extrathyroidal extension did not 
increase the rate of recurrence, similar to microscopic 
intrathyroidal tumors (23-27). However, unlike the 
previously cited studies, some researchers have reported 
contradictory results regarding the impact of mETE. 
A recent meta-analysis found that the presence of 
mETE is a factor for recurrence and decreased disease-
free survival (16), supporting the indication of more 
aggressive management for these patients. However, 
the quality of some studies included in this systematic 
review was not much satisfactory, according to the 
Newcastle-Ottawa Scale score. In contrast, our results 
showed that mETE alone was not associated with 
a worse response to initial treatment suggesting that 
the presence of this feature alone does not necessarily 
increase the risk of recurrence in DTC patients.

A highlight of this study is that we analyzed a 
subgroup of patients with mETE and no other known 
aggressive feature. Furthermore, all patients analyzed, 
independently of sTg value, did not undergo additional 
treatment after surgery. This is especially important 
when we consider the controversy of RIT necessity 
in patients that presented positive sTg after surgery. 
The 2015 ATA guideline states that RIT treatment 
is generally favored for patients with T3 tumors 
demonstrating mETE, considered as “ATA low-to-
intermediate risk” (2). Chow and cols. (28) described 
a cohort of 352 patients with mETE and demonstrated 
that RIT provided a good local control rate. In 
contrast, a systematic review by Lamartina and cols. 

(29) concluded that mETE alone is not a sufficient 
justification for RIT because no difference was found 
in the rates of disease recurrence between patients with 
and without RIT. We demonstrated although mETE 
was not considered as an isolated risk factor for a worst 
prognosis, patients with tumors presenting mETE and 
sTg < 10 ng/mL had a significant chance to respond 
better to initial treatment even without undergoing 
RIT. Moreover, patients whose tumors presented 
mETE and who had initial sTg > 10 ng/mL had a 
worst response and so, are likely to benefit from a more 
aggressive approach such as RIT since this group has a 
higher rate of incomplete response.

Concerning to the tumor size, many studies have 
evaluated the role of this characteristic, (specially in 
microcarcinomas), on the prognosis of PTC tumors 
(12-14,27,30,31); however, few studies found an 
association between tumor size and the presence of 
mETE (12-14). Buffet and cols. demonstrated that 
microcarcinomas presenting with mETE at diagnosis 
may benefit from RIT (30), and Rosario and cols. 
showed that mETE is related to a poor prognosis only 
if the tumor size is above 1.5 cm (12). We did not 
find any correlation between tumor size and a worst 
prognosis in the mETE group.

Zhi and cols. (14) showed that, in univariate and 
multivariate analysis, tumor size and also male gender 
and multifocality was significantly associated with lymph 
node metastasis and higher recurrence risk deserving 
cautious selection in surgery extent. Considering that 
our population has low risk features for prognosis, 
we could justify why we did not find any correlation 
between multifocality and tumor size with worst 
response to initial treatment, probably, in the higher 
risk group this data could not be extrapolated. 

This study has some limitations. First, this was a 
retrospective analysis using data of patients who were 
not followed at the same center. Second, the number of 
patients with tumors presenting mETE was small. This is 
because the majority of patients with tumors presenting 
mETE are directed to our service to undergo RIT. 
Finally, an important observation is that the vast majority 
of patients have an indeterminate response and were not 
treated with radioiodine, more follow-up time and the 
thyroglobulin trend observation would allow stronger 
conclusions regarding the prognosis of this subgroup 
of patients. But, unfortunately, considering the data 
were collected from a nuclear medicine department, this 
information was not available for many patients. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

255

The impact of METE in thyroid cancer 

Arch Endocrinol Metab. 2020;64/3

In conclusion, this study showed that mETE alone is 
not associated with a worse response to initial treatment; 
therefore, it should not be considered as an independent 
risk factor for recurrent disease during the management 
of DTC patients. Moreover, the presence of mETE 
should not independently influence the decision to 
perform RIT. Furthermore, initial sTg after surgery 
should be considered in patients with tumors presenting 
mETE as the only aggressive feature, and additional 
treatment should be recommended when sTg > 10 
ng/mL. If sTg is < 10 ng/mL, patients should benefit 
from follow-up without the need for a more aggressive 
approach. Our findings support the importance of 
individualized management of PTC patients.

Funding: this research did not receive any specific grant from any 
funding agency in the public, commercial or not-for-profit sector.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Objective: To assess the utility of bioimpedance (BIA) and skinfolds thickness (SF) in body fat 
percentage measuring (%BF) compared to the reference method dual‑energy x‑ray absorptiometry 
(DXA) in Brazilian reproductive age women, as well as to estimate of inter‑ and intra‑observer 
precision for SF. Subjects and methods: 170 women aged 18‑37 years with BMI between 18 and 39.9 
kg/m² were selected for this cross‑sectional study. Body density was evaluated through equations 
proposed by Jackson, Pollock and Ward (1980) (EqJPW) and Petroski (1995) (EqPET), and %BF was 
estimated by BIA, DXA and Siri’s formula (1961). The SF were measured by two separate observers: A 
and B (to determine inter‑observer variability), who measured the folds at three times with 10‑minute 
interval between them (to determine intra‑observer variability – we used only observer A). Results: 
The %BF by DXA was higher than those measured by SF and BIA (p<0.01, for all) of 90 volunteers. The 
Lin coefficient of agreement was considered satisfactory for %BF values obtained by EqJPW and BIA 
(0.55) and moderate (0.76) for sum of SF (ΣSF) values obtained by EqJPW and EqPET. No agreement was 
observed for the values obtained by SF (EqJPW and EqPET), BIA and DXA. Analysis of inter‑ and intra‑
observer of 59 volunteers showed that different measures of SF thickness met acceptability standards, 
as well as the % BF. Conclusion: BIA and SF measurements may underestimate %BF compared with 
DXA. In addition, BIA and SF measurements are not interchangeable with DXA. However, our results 
suggest the equation proposed by Jackson, Pollock and Ward (three skinfolds) compared to BIA 
are interchangeable to quantify the %BF in Brazilian women in reproductive age. Furthermore, our 
results show acceptable accuracy for intra‑ and inter‑observer skinfold measurements. Arch Endocrinol 
Metab. 2020;64(3):257-68

Keywords
Body fat; electric impedance; dual-energy x-ray absorptiometry; skinfold thickness

INTRODUCTION

The global obesity epidemic is a serious public 
health problem. Approximately, 39% of adults aged 

18 years or over are overweight and 13% are obese. 

Women have higher rates independent of body mass 
index (BMI) (1). Dietary habits and physical inactivity 
are key drivers for excess body weight, intensified by 
hereditary factors. However, reproductive health 
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factors may also contribute to adiposity in women (2). 
Changes in body weight may be related physiological 
changes due to menstrual cycle, and the use of 
hormonal contraceptive with water retention hypothesis 
and increased body fat (3). In fact, general and local 
fat accumulation are correlated with comorbidity 
and pathophysiologic processes including metabolic 
syndrome (4) and infertility (5). Furthermore, the 
body fat percentage (%BF) variability has contrasting 
effects on cardiovascular risk factors, while body 
weight variability has no significant effects on men and 
women (6), which highlights the importance of body 
composition evaluation, since BMI is insensitive to the 
actual distribution of body fat (7). 

There are several available techniques for the 
assessment of body composition. DXA is a two-
dimensional imaging technique that uses X-rays with two 
different energies, it provides a rapid and non-invasive 
assessment of fat mass, free-fat mass and bone mineral 
density, and is considered to be the reference method 
in clinical research (8). However, the most frequently 
applied models to evaluate body composition in clinical 
practice and epidemiology is the bicompartmental model, 
splits the body into fat mass (water-free body component) 
and fat-free mass (skeletal muscle, internal organs, and 
interstitial fat tissue) (9). Skinfold measurement (SF) and 
bioelectrical impedance analysis (BIA) are two doubly 
indirect common methods to examine body composition 
and estimate %BF and are inexpensive instrument which 
overcomes BMI limitations. SF thickness are based on 
the observation that the greatest proportion of body fat is 
located in the subcutaneous tissue and its can be analyzed 
in two ways. One of them is considering SF measurements 
of different anatomical regions separately and the second 
way is to include them in developed equations from 
mathematical regressions to estimate body composition 
in different ethnic and age groups (10,11). BIA measures 
the electrical properties of body tissues where it is possible 
to estimate the amount of body water and, by assuming 
constant values, the proportion of fat-free mass and body 
fat (9,12). 

Given the above, the present study proposed to 
assess %BF values obtained with three different body 
composition techniques: SF, BIA and DXA in non-
hormonal contraceptive user women, as well as to verify 
the agreement between the methods using DXA as gold 
standard. Furthermore, as the measurement of SF thickness 
is sensitive to inter- and intra-observer errors the article also 
aimed to verify inter- and intra-observer reliability.

SUBJECTS AND METHODS
Study population

During 2012-2013, 170 women aged 18-37 years, 
with BMI between 18 e 39.9 kg/m², and who had 
not engaged in regular and systematic physical exercise 
were selected for this study. The volunteers were 
selected from the Outpatient Clinics of the Human 
Reproduction sector of the Department of Gynecology 
and Obstetrics at the University Hospital of Ribeirão 
Preto Medical School, University of São Paulo. The 
recruitment occurred on basic health clinics throughout 
the city and through public advertisements in the local 
newspaper and on regional television. The exclusion 
criteria included the presence of systemic diseases that 
altered body composition, smoking and pregnancy, 
as well as the use of drugs such as contraceptive 
hormones, anabolic steroids, thiazide diuretics and 
corticosteroid. Participants who did not complete the 
study were excluded. The protocol was approved by our 
Institutional Review Board at the University Hospital 
of the Ribeirão Preto Medical School, University 
of São Paulo (process number 13475/2009) and all 
participants provided written informed consent. The 
related trials for this intervention were registered in 
the Brazilian Clinical Trials Registry (ReBec; RBR-
7p23c3). 

Anthropometry

Height and weight were recorded to the nearest 0.1 cm 
and 0.5 kg, respectively, using a standing anthropometer 
and weight scale, incorporated in a balance platform 
(Filizola, São Paulo, Brazil). 

Body fatness estimation

Before the evaluation, the procedures required for data 
collection were explained. The volunteers complied 
with a ten-hour fasting period prior to the evaluation. 
Furthermore, they having abstained from physical 
exercise, alcoholic beverages, coffee and caffeine-based 
beverages in the preceding 12 and 24 hours. Body 
composition measurements to determine %BF were 
made using each of these three following methods:

Dual‑energy x‑ray absorptiometry (DXA)

DXA scanning (Hologic 4500 device QDR Discovery® 
Series – Waltham: MA, USA) was also used for body 
composition analysis with full body scan. The analysis 
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was performed  using the 5 Discovery Wi model 
software (S/N 84826) version 13.0:5 (Waltham: MA, 
USA). The examination was conducted by experts in 
the Image Science Center and Medical Physics of the 
University Hospital, Ribeirão Preto Medical School, 
following the recommendations of ISCD (International 
Society for Clinical Densitometry) (13). The region of 
interest (ROI) from the scan used in this analysis was 
percentage fat (fat mass/total mass × 100).

Bioelectrical impedance analysis (BIA)

To determine the estimated %BF, the tetrapolar 
bioimpedance test was performed by the apparatus 
Biodynamics, model 310e. For this, the volunteers were 
positioned in supine on an isolated electric conductors’ 
stretcher and kept in position for 5 minutes, without 
using any metallic object or adornment (earrings, 
bracelets, rings, piercings, etc). The BIA analyzer 
unit had 4 electrodes. Two electrodes were placed 
on the right hand with one just proximal to the third 
metacarpo-phalangeal joint, and the other near to the 
ulnar head. Two other electrodes were placed on the 
dorsal surface on the right foot with one just proximal 
to the third metatarsophalangea joint (positive) and 
the other one between the medial and lateral malleoli 
(14). The BIA test were performed in the Laboratory 
of Gynecology and Obstetrics of the Ribeirão Preto 
Medical School, University of São Paulo.

Skinfold assessment 

The skinfolds were measured at the Centre of Physical 
Education, Recreation, and Sports at the University of 
São Paulo. The measurements were performed on the 
same day in the morning period. Body measurements 
were taken on the right side of the body. Skinfold (SF) 
thickness measurements were performed at standard 
sites (triceps (TSF), subscapular (SSF), suprailiac 
(SISF), average axillary (AASF), medial thigh (MTSF) 
and medial calf (CSF)) using Sanny®skinfold calipers 
(Sanny, Brazil). The three measurements average of 
each SF was used in the analysis. The SF measures were 
used in two equations of age and gender to determine 
body density: equation proposed by Jackson, Pollock 
e Ward (EqJPW) [1.0994921 - 0.0009929 (TSF + 
SISF + MTSF) + 0.0000023 (TSF + SISF + MTSF)² 
- 0.0001392 (age)] (10) and equation proposed by 
Petroski (EqPET) [D = 1.19547130 - (0.07513507 * 
Log10 (AASF + SISF + MTSF + CSF)) - ( 0.00041072 

(Age)) (11). The choice of predictive equations took 
into account the gender, age and level of training. The 
first (10), was designed to evaluate Caucasian non-
athlete women aged 18-55 years, and the second (11) 
counted in their sample, with a Brazilian population of 
non-athletes, covering a wide age group between 18 
and 66 years. The absolute values or the sum of skinfold 
thickness (∑SF) of each protocol were calculated as a 
subcutaneous adipose tissue indicator. Body density 
was used to estimate %BF as per the Siri (15) equation: 
[%BF = (495 / body density) – 450]. 

The skinfolds were measured by two separate 
observers A and B (to determine inter-observer 
variability). They measured the folds at three 
times with a 10-minute interval between them (to 
determine intra-observer variability), in sequential 
order: First – Measurement of SF by observer A: A1; 
Second – Measurement of SF by observer B; Third – 
Measurement of SF by observer A: A2.

For the analysis coefficients of agreement intra-
methods was used the measurements of observer A. For 
the analysis of the inter- and intra-observer variability, 
we used the EqJPW of prediction of body density by 
skinfolds. The calibration of the skinfold compass was 
performed to begin the pilot observers training with 15 
patients on one-month period before starting the data 
collection

Statistical analysis

Sample size was estimated to allow reasonable accuracy 
– defined as the 95% confidence interval width ≤ 0.20 
(16). The observed value for the intraclass correlation 
coefficient (ICC) must be considered above the 
minimum required value (ICC > 0.70) for the method 
to be suitable for research or clinical practice (17). 
Considering ICC ≥ 0.70, it would be necessary to 
evaluate 100 subjects to have a 95% CI width ≤ 0.20. 
Descriptive statistics included mean values, standard 
deviations, median and maximum and minimum values 
for all analyzed variables. Statistical analyses were 
performed using SAS® 9.0 (SAS Institute Inc., University 
of North Carolina, Cary, NC). To check the agreement 
of the methods with DXA was proposed coefficient St 
Laurent (18). The coefficient of St. Laurent can vary 
between -1 and 1, and the result closer to 1 indicates 
an excellent agreement between methods. To verify 
reproducibility (measurements between A1 and B, inter-
observers) and repeatability (measurements between 
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A1 and A2, intra-observer), was used the Concordance 
Correlation Coefficient (CCC) proposed by Lin (19). 
The CCC measures the coincidence of the regression 
line of the data with the perfect concordance line (45 
degrees) and combines a precision component (the 
Pearson correlation coefficient) and one of accuracy. 
When the Lin coefficient is equal to one, it means that 
the regression line lies exactly on the line of perfect 
agreement. Bland and Altman graphs were also used 
to complement the agreement analysis of the different 
methods and the different observers (20). Bland and 
Altman strategy includes building a correlation graph 
(difference vs. average) and calculating the correlation 
threshold. With this technique it is possible to visually 
evaluate the agreement and the magnitude of the 
differences with the 95.0% confidence interval for the 
observations.

RESULTS 

In the present study, 170 volunteers were recruited. 
Fifty volunteers in the study did not meet the 
inclusion criteria, and 30 did not complete all body fat 
evaluations. Accordingly, the data from 90 volunteers 
on reproductive period were included in the analysis 
with complete data for all body fat estimation methods. 

Descriptive statistics for characteristics and of methods 
for estimate body fat of the volunteers are presented 
in Table 1. For the inter- and intra-observer analyzes 
about body fat estimated by SF thickness variable, 31 
participants in the study did not complete all evaluations 
on the same day. Therefore, 59 volunteers were 
investigated. Descriptive statistics for characteristics 
and the inter- and intra-observer analyze for body fat 
estimated by SF thickness are presented in Table 2. 
The %BF by DXA was higher than those measured by 
SF thickness and BIA (Mean (SD)) (SF-EqPET vs DXA 
-5.5(6.8), SF-EqJPW vs DXA -14.9(9.2), BIA vs DXA 
-6.1(4.7); p < 0.01 for all).

The agreement coefficient values between SF 
thickness and BIA analysis to DXA are presented in 
Table 3. No agreement was observed between DXA and 
the other methods (BIA and SF thickness). However, 
we observed that Lin’s coefficient of agreement was 
considered satisfactory for %BF values obtained by 
EqJPW and BIA (0.55) and moderate (0.76) for sum of 
SF (ΣSF) values obtained by EqJPW and EqPET. Figure 1 
(A1-G1) shows the scatter plots of the methods used to 
estimate %BF and Figure 1 (A2-G2) shows agreement 
limits of the relative difference between anthropometric 
equations and DXA-measured and BIA by Bland-
Altman plots.

Table 1. Descriptive values. Inter-method evaluation sample (n = 90)

Mean SD Minimum Median Maximum

Age (years) 29.06 4.96 18.33 30.04 37.77

Weight (kg) 69.92 15.98 42.20 67.00 115.00

Height (m) 1.61 0.05 1.46 1.61 1.75

BMI (kg/m2) 26.86 5.92 16.08 26.02 41.43

Average axillary SF 17.64 7.92 5.00 17.00 41.50

Tricipital SF 20.13 6.81 8.00 18.05 40.10

Suprailiac SF 25.07 10.04 9.50 24.75 48.00

Medial thigh SF 35.08 10.39 15.00 35.00 63.10

Calf SF 22.28 7.42 7.20 21.90 39.00

∑ SF – Eq
JPW

  90.16 34.06 34.50 85.50 203.50

∑ SF – Eq
PET

 100.06 30.70 49.80 97.70 171.50

Body density – Eq
JPW

  1.03 0.02 0.99 1.03 1.06

Body density – Eq
PET

 1.05 0.01 1.03 1.05 1.07

% BF – Eq
JPW

  32.00 8.07 15.44 31.97 50.76

% BF – Eq
PET

 22.52 4.68 13.08 22.96 31.27

% BF – DXA 37.43 6.46 19.00 38.15 52.60

% BF – BIA 32.01 7.08 12.30 33.10 44.00

SD: standard deviation; BMI: body mass index; SF: skinfolds; ∑SF: sum of skinfolds; %BF: body fat percentage; DXA: dual-energy x-ray absorptiometry; BIA: bioelectrical impedance analysis.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

261

Concordance in prediction body fat percentage

Arch Endocrinol Metab. 2020;64/3

Table 2. Descriptive values. Inter- and intra-observer’s evaluation sample (n = 59)

Mean SD Minimum Median Maximum

Age (years) 29.28 4.79 19.78 30.28 37.75

Weight (kg) 68.00 13.30 42.20 65.00 102.20

Height (m) 1.62 0.05 1.51 1.62 1.75

BMI (kg/m2) 25.91 4.90 16.08 25.66 36.84

Tricipital SF – Observer A1 19.45 6.46 8.00 17.00 36.10

Tricipital SF – Observer B 19.00 6.55 7.20 17.00 35.00

Tricipital SF – Observer A2 19.55 6.43 8.50 17.30 36.30

Suprailiac SF – Observer A1 25.59 11.20 9.50 23.50 48.00

Suprailiac SF – Observer B 29.27 12.30 8.50 28.50 53.50

Suprailiac SF – Observer A2 25.72 11.23 9.50 23.80 48.20

Medial thigh SF – Observer A1 34.37 9.89 16.00 35.00 57.00

Medial thigh SF – Observer B 34.56 11.36 15.00 33.00 57.20

Medial thigh SF – Observer A2 34.55 9.94 16.10 35.30 57.30

 ∑ SF – Observer A1 79.41 24.99 34.50 79.10 135.00

∑ SF – Observer B 82.82 27.89 31.70 82.00 139.50

 ∑ SF – Observer A2 79.82 25.01 35.30 79.60 135.60

% BF – Observer A1 29.53 7.23 15.01 30.12 43.64

% BF – Observer B 30.38 7.87 13.98 30.81 44.44

% BF – Observer A2 29.65 7.22 15.30 30.26 43.75

Body density – Observer A1 1.03 0.02 1.00 1.03 1.06

Body density – Observer B 1.03 0.02 1.00 1.03 1.07

Body density – Observer A2 1.03 0.02 1.00 1.03 1.06

SD: standard deviation; BMI: body mass index; SF: skinfolds; ∑SF: sum of skinfolds; %BF: body fat percentage; DXA: dual-energy x-ray absorptiometry; BIA: bioelectrical impedance analysis.

The inter-observer analysis showed that the different 
measures of SF met acceptability standards (Table 3). 
TSF showed greater concordance among the observers, 
followed by MTSF and SISF, respectively. The ∑SF and 
% BF also showed an excellent concordance. Figure 2  
(A-E) shows agreement between inter-observers by 
Scatter plots, and Figure 2 (F-J) shows agreement 
limits of the relative difference inter-observer by Bland-
Altman plots. Interobserver analysis showed that the 
different measures of SF thickness met acceptability 
standards, as well as the ∑SF and %BF (Table 3). Figure 3  
(A-E) shows agreement between intra-observer by 
Scatter plots, and Figure 3 (F-J) shows agreement 
limits of the relative difference intra-observer by Bland-
Altman plots.

DISCUSSION

In this study, we assessed the agreement of %BF estimates 
obtained from anthropometrics equations and BIA using 
DXA-measured %BF as the criterion in reproductive 

age and not users of hormonal contraceptive women. 
As well as, we observed whether there are differences in 
SF measurements in intra- and inter-observer reliability. 
The main findings of the study were the weakness 
in %BF estimating of SF thickness anthropometric 
predictive equations proposed by Petroski and Jackson, 
Pollock and Ward, and BIA as when compared to DXA. 
As well as, the equation proposed by Jackson, Pollock 
and Ward showed moderated concordance correlation 
with BIA, and very good reliability for inter- and intra-
observer SF measurements, respectively.

We observed differences between the studied 
methods (DXA, BIA and SF) to assess body fat. These 
differences were previously reported with different 
equations to estimate %BF. In both male and female 
college age students (21), the BIA and SF thickness 
measurements underestimated DXA values, with a 
greater discrepancy for SF. In women with pre- and 
post-menopausal status (22), the BIA and SF values 
considerably underestimated the DXA values, although 
it was observed a significant correlation between the 
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Table 3. Intermethods and Inter- and intra-observer variance

CCC
95 (CI)

LI LS

Intermethods variance. Lin’s concordance correlation coefficient (LCC)

% BF – Eq
JPW

 vs. Eq
PET 

0.352 0.269 0.430

∑ SF – Eq
JPW

 vs. Eq
PET 

0.768 0.674 0.837

% BF – Eq
JPW

 vs. BIA 0.553 0.367 0.697

% BF – Eq
PET 

vs. BIA 0.299 0.200 0.391

Intermethods variance. Coefficient of agreement for St. Laurent

% BF – Eq
JPW

 vs. DXA 0.360 0.262 0.440

% BF – Eq
PET

 vs. DXA 0.148 0.106 0.182

% BF – BIA vs. DXA 0.371 0.260 0.460

LCCC. Inter‑observer (first observer versus second observer measurements)

Tricipital SF 0.988 0.981 0.993

Medial thigh SF 0.898 0.843 0.935

Suprailiac SF 0.900 0.842 0.938

∑ SF 0.952 0.924 0.970

% BF 0.960 0.936 0.975

LCCC. Intra‑observer variance (single observer first versus second measurements)

Tricipital SF 0.999 0.999 0.999

Medial thigh SF 0.999 0.999 0.999

Suprailiac SF 0.999 0.999 0.999

∑ SF 0.999 0.999 0.999

% BF 0.999 0.999 0.999

Tricipital SF 0.999 0.999 0.999

CCC: concordance correlation coefficient; LCCC: Lin’s concordance correlation coefficient; SF: skinfolds; CI: confidence interval; SD: standard deviation; IL: inferior limit; UL: upper limit; ∑SF: sum of 
skinfolds; % BF: body fat percentage; DXA: dual-energy x-ray absorptiometry; BIA: bioelectrical impedance analysis.

methods. In overweight and obese Brazilian women 
Braulio and cols. (23) observed that only one of the 
three equations studied for BIA underestimated the 
%BF compared to DXA, with no differences for SF 
thickness. Furthermore, different from our results, 
using a specific equation for obesity, BIA was the 
method that better agreed with DXA with a Lin 
coefficient of agreement of 0.9407. In a large cut 
(male and female) matched for BMI, a study showed 
that BIA underestimated FM compared to the DXA 
method. Moreover, observed the lack of agreement 
between the BIA and DXA methods independently 
of the BMI (12). A recent study compared various 
methods of tracking body composition across a college 
women’s basketball season and showed that BIA 
provided comparable agreement and, with SF methods 
having lower agreement including equation proposed 
by Jackson, Pollock and Ward (24).

The agreement between BIA and DXA varies, and 
the disagreement degree also varies substantially based 

on body size and sex. Tinsley and cols. (25) observed 
that bias magnitude was greater in women and on 
subjects with smaller amount of fat mass, indicating 
that the BIA underestimates fat mass in relation to 
DXA; on the other hand, in individuals with higher 
fat mass, the concordance was better. Recent studies 
showed that in both male and female with BMI < 16, 
BIA overestimated fat mass by 2.57 kg and for BMI > 
18.5 and BMI < 40, BIA underestimated fat mass from 
2.51 to 5.67 kg compared with DXA method (12). In 
additional, DXA uses a 3-compartment model (bone, 
protein/muscle, and fat) compared to BIA and SF that 
uses a 2-compartment model (fat-free mass, fat mass). 
In addition, DXA was first developed to evaluate bone 
mass (26). However, it is also show excellent agreement 
with magnetic resonance imaging (MRI) for measure 
whole-body adipose tissue or fat and lean tissue (8).

To our knowledge, there have been no previous 
comparison and agreement of %BF in reproductive age 
women in through SF by EqJPW and EqPET and DXA. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

263

Concordance in prediction body fat percentage

Arch Endocrinol Metab. 2020;64/3

Figure 1. Scatter plots showing agreement between the methods used to estimate %BF – (A1) SF Eq
JPW

 vs. SF Eq
PET

, (B1) ∑SF Eq
JPW

 vs. ∑SF Eq
PET

, (C1) 
SF Eq

JPW
 vs. DXA, (D1) SF Eq

PET
 vs. DXA, (E1)

 
BIA vs. DXA, (F1) SF Eq

JPW
 vs. BIA, (G1) SF Eq

PET 
vs. BIA. The straight line shows the expected linear relationship 

and the scattered points around the line show how the actual data diverge from the expected, and Bland-Altman plots showing the limits of agreement 
between the methods used to estimate %BF – (A2) SF Eq

JPW
 vs. SF Eq

PET
,
 
(B2) ∑SF Eq

JPW
 vs. ∑SF Eq

PET
, (C2) SF Eq

JPW
 vs. DXA, (D2) SF Eq

PET
 vs. DXA, (E2)

 

BIA vs. DXA, (F2) SF Eq
JPW

 vs. BIA, (G2) SF Eq
PET 

vs. BIA. The center line represents the mean differences between the two observers, and the other two 
lines represent two SDs from the mean.

 

SDs: standard deviation(s); BIA: bioelectrical impedance analysis; DXA: dual energy X-ray absorptiometry; SF: skinfold thickness; Eq
JPW

:
 
equation proposed by Jackson, Pollock e Ward (1980);  

Eq
PET

:
 
equation proposed by Petroski (1995); ∑: sum; vs: versus.
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Figure 2. Interobserver. Scatter plots (A-E) showing agreement between medial thigh, suprailiac, triciptal, %BF and ∑SF as determined by skinfold using. 
The straight line shows the expected linear relationship and the scattered points around the line show how the actual data diverge from the expected, and 
Bland-Altman (F-J) plots showing the limits of agreement between medial thigh, suprailiac, triciptal, %BF and ∑SF as determined by skinfold using the 
measurements of observer A and observer B. The center line represents the mean differences between the two observers, and the other two lines 
represent two SDs from the mean.

SDs: standard deviation(s); %BF: body fat percentage; SF: skinfold thickness; ∑: sum; vs: versus. 
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Figure 3. Intra-observer. Scatter plots (A-E) showing agreement between medial thigh, suprailiac, triciptal, %BF and ∑SF as determined by skinfold using. 
The straight line shows the expected linear relationship and the scattered points around the line show how the actual data diverge from the expected, and 
Bland-Altman (F-J) plots showing the limits of agreement between medial thigh, suprailiac, triciptal, %BF and ∑SF as determined by skinfold using the 
measurements of observer A and observer B. The center line represents the mean differences between the two observers, and the other two lines 
represent two SDs from the mean.

SDs: standard deviation(s); %BF: body fat percentage; SF: skinfold thickness; ∑: sum; vs: versus. 
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Previous study, investigated the %BF non-pregnant 
women with mean age of 27.58 ± 13.76 years and 
concluded that BMI, anthropometric indices and 
SF methods of EqPET and EqJPW (but not BIA) were 
the most effective to assess a body fat (27). In our 
study, both EqJPW and EqPET underestimated the %BF 
by DXA, with worse values   for EqPET. In addition, 
our results of agreement were considered satisfactory 
for %BF values obtained by EqJPW and BIA (0.55).  
The EqJPW based on 3 SF which represents subcutaneous 
adipose tissue distribution in the whole body: upper 
limbs (triceps); trunk (suprailiac) and lower limb 
(medial thigh) to compared to EqPET based only on 
trunk (average axillary and suprailiac) and lower limb 
(medial thigh and medial calf), suggesting that the 
choice of the SF for the composition of the equations 
can be one of the factors involved in the origin of the 
discrepancies between the results (28,29). Ball and 
cols. (30) investigated the accuracy of the EqJPW for 
predicting %BF in women, using DXA as the criterion 
measure, and observed underestimation of the results 
by SF equation. In this study, the sample was similar 
to Jackson and cols. (1980) where the EqJPW 3 skinfold 
were developed. According to Guedes and Guedes 
(2003) (31) the equations proposed by Jackson, 
Pollock and Ward (1980) has a smaller prediction error 
within the tolerable limits and variety of age groups.

In addition, the regression equations of SF and 
BIA, the different equipment for each methodology 
and the different populations explain the diversity of 
results on various studies. It is decisive to choose a 
specific population formula suitable to convert body 
density to body fat percentage. The indiscriminate use 
of equations based on SF thickness, without validity 
or based on different populations, cause immeasurable 
errors of estimation of body composition (11).  
The BIA equations developed in a specific population 
are only generalizable for similar populations and 
caution is required when applying to a population other 
than the validation sample in order to avoid inaccurate 
results and erroneous interpretations (12).  However, 
when the appropriate test protocols are followed, the 
BIA test accuracy is similar to the skinfold test (32).

 Acceptable intra-observer agreement was achieved 
for all the skinfold thickness measurements. In inter-
observer, the triceps skinfold presented the highest 
agreement. Arroyo et al (2010) (33) observed intra-
observer variability  acceptable between twenty-six 
dietitians in 10 volunteers (> 20 years) of both genders 

in skinfold thicknesses (triceps and biceps). In addition, 
the authors observed a higher variation on the relative 
technical error of measurement for biceps SF than for 
triceps SF. Although we do not evaluate the standard 
error of measurements, a possible cause for our 
results for inter-observer would be the higher values 
were relative measurement technical error happen in 
regions of higher fat accumulation (34), that is higher 
for medial thigh and suprailiac SF than for triceps SF. 
In additional, inter-observer errors seem to be the 
most problematic, with inadequate choice of SF site, 
causing the greatest variation among observers (35), 
and obesity may influence the skinfold measurements 
reliability, especially in those cases in which skinfold 
size approaches the upper limit of the measurement 
range of the caliper (36). In other studies, compared 
with female subjects, the inter- and intra-observer 
variabilities were both greater on the male subjects for 
%BF was obtained using the ∑SF sites (bicep, triceps, 
subscapular, and suprailiac) (37). The lower the 
variability between repeated measurements on the 
same subject by one (intra-observer differences), two 
or more (inter-observer differences) observers, the 
higher the precision (36).

There are limitations in the current study that 
need to be mentioned. First, the sample size was not 
sufficient to verify the agreement in BF% between 
the methods distinct SF and BIA using DXA as gold 
standard. In addition, the small sample size rendering 
a difficult on the subgroup’s analysis (normal BMI, 
overweight and obese). Furthermore, we did not have 
standardized the menstrual cycle phase for the %BF 
evaluation. However, previous studies have observed 
that hormonal fluctuations occurring during the 
menstrual cycle do not alter the body composition 
measured by BIA (38), and also were not associated 
with subcutaneous adipose tissue change (39). Another 
limitation is an impossibility to fully control the correct 
implementation of the BIA protocol, because there 
are procedures and restrictions that arrive 48 hours 
before the test, which makes it impossible to follow the 
volunteers.

The main strengths of our study are that all 
anthropometric measurements have been performed 
under the same conditions by the same observers, 
in order to minimize a possible technical error. 
Furthermore, our data have been compared to DXA. 
The DXA measurements are greatly reproducible and 
their validity has been previously demonstrated (8), and 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

267

Concordance in prediction body fat percentage

Arch Endocrinol Metab. 2020;64/3

reliability levels are well accepted for the development 
and validation on doubly indirect methods, such as 
anthropometry (40). To the best of our knowledge, this 
study is the first to examine the agreement between SF 
thickness equations and BIA to assess %BF compared 
to DXA, in reproductive age and nonusers of hormonal 
contraceptive women, as well as the reliability and 
reproducibility of skinfold inter- and intra-observer.

In conclusion, BIA and SF measurements may 
underestimate %BF compared with DXA. Our study 
also reported the lack of concordance between BIA 
and DXA methods, as well as SF (EqJPW and EqPET) 
and DXA method. However, the equation proposed by 
Jackson, Pollock and Ward (three skinfolds) compared 
to BIA were interchangeable to quantify the %BF, but 
not the equation proposed by Petroski in Brazilian 
women in reproductive age. In addition, our results 
show acceptable accuracy for intra- and inter-observer 
skinfold measurements. Therefore, we recommend 
trained and experienced evaluators with the objective 
of controlling and minimizing anthropometric 
measurement error and the results obtained when 
calculating %BF from skinfold measurements. Future 
investigations are needed to evaluate the use of these 
methods in a larger cohort of Brazilian women of 
reproductive age in BMI categories.
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ABSTRACT
Objective: Acromegaly is characterized by high neoplastic morbidity as a side effect of growth hormone 
(GH) hypersecretion. Increased incidence of goiter, thyroid carcinoma, and thyroid dysfunction is also 
reported. The aim of the present study was to find the prevalence of thyroid dysfunction and goiter 
in patients with acromegaly and determine its relationship to disease activity, disease duration, and 
the presence of secondary hypothyroidism. Subjects and methods: In a cross-sectional study of 
the period 2008-2012 were included 146 patients with acromegaly (56 men, 90 women) of mean age 
50.3 ± 12.4 years. Acromegaly disease activity and thyroid function were evaluated in all patients. 
Thyroid ultrasonography was performed to calculate thyroid volume and detect the presence of 
nodular goiter. Results: Ninety-one patients were determined to have an active disease, and 55, a 
controlled disease. The mean thyroid volume in patients without previous thyroid surgery was 37.6 
± 38.8 mL. According to disease activity, thyroid volume was significantly higher in patients with 
active disease (38.5 ± 45.4 mL vs. 27.2 ± 18.4 mL, p = 0.036). A weak positive correlation was found 
between thyroid volume and insulin-like growth factor 1 (IGF-1) in the whole group and in females 
(R = 0.218; p = 0.013, and R = 0.238; p = 0.037, respectively). There was no significant correlation 
of thyroid volume with disease duration and GH level in the whole group and in both sexes. The 
patients with secondary hypothyroidism had twofold smaller thyroid volume, relative to the rest of 
the group. The prevalence of thyroid dysfunction was 39%, with a female to male percentage ratio of 
1.73. Goiter was diagnosed in 87% of patients, including diffuse goiter (17.1%) and nodular (69.9%), 
with no significant difference between patients with active and controlled disease or the presence 
of secondary hypothyroidism. Conclusions: Thyroid volume in patients with acromegaly depends 
on disease activity and the presence of secondary hypothyroidism as a complication. The increased 
prevalence of nodular goiter determines the need of regular ultrasound thyroid evaluation in the 
follow-up of patients with acromegaly. Arch Endocrinol Metab. 2020;64(3):269-75

Keywords
Acromegaly; thyroid dysfunction; goiter; GH, IGF-1; thyroid ultrasonography

INTRODUCTION

Acromegaly is a clinical syndrome produced by 
growth hormone (GH) hypersecretion, which is, 

in most cases, caused by pituitary adenoma. One of 
the main characteristics of this syndrome is increased 
neoplastic formation, including nodular goiter (1-3). 
The frequency of goiter is high among acromegalic 
patients (4-8). In 1932, Rolleston and cols. first 
suggested a relationship between acromegaly and the 

pathogenesis of goiter (9). Goiter in patients with 
acromegaly is predominantly nodular and there is also 
an increased prevalence of thyroid cancer (4,6-8,10). 
Euthyroid nodular goiter is more frequent, while the 
frequency of the toxic one is around 14% (5,6,11,12). 
The prevalence of autoimmune thyroid diseases among 
acromegalic patients is comparable to that of the 
general population (13). Presumably, in patients with 
acromegaly, the pathogenesis of goiter is related mainly 
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to an increased level of insulin-like growth factor-1 
(IGF-1), which binds to its specific receptor, expressed 
in thyrocytes (14). By contrast, another important 
factor associated with goiter formation, thyroid 
stimulating hormone (TSH), is suppressed or absent 
in some patients with acromegaly. The main reason 
for that is secondary hypothyroidism, which is caused 
by compression by the adenoma, pituitary surgery, or 
irradiation (15,16). 

The aim of the present study was to find the 
prevalence of thyroid dysfunction and goiter in patients 
with acromegaly, and determine its relationship with 
disease activity, disease duration, and the presence of 
secondary hypothyroidism.

SUBJECTS AND METHODS
Patients 

In this cross-sectional study of the period 2008-2012 
were included 146 patients with acromegaly (56 men, 
90 women), mean age of 50.3 ± 12.4 years. The study 
protocol was approved by the local ethics committee. 
Each subject was informed about the study protocol 
and signed informed consent forms. All patients were 
euthyroid, including those with thyroid dysfunction, 
as they were under appropriate medical treatment. 
According to disease activity, the patients were divided 
into two groups: group 1 consisted of patients with 

active acromegaly (n = 91); and group 2 consisted of 
patients in remission (n = 55). Each group was divided 
according to the patients’ gender. The characteristics 
of the groups, including the levels of GH, IGF-1, and 
treatment, are described in Table 1.

The disease onset was identified using the data 
from patients’ medical history, information from 
their close relatives, and old photographs. The 
duration of acromegaly was defined as the time 
between the disease onset and the last follow-up. For 
the definition of disease activity and disease control, 
we followed the consensus guidelines of 2010, using 
the levels of both IGF-1 and GH (17). 

METHODS
Laboratory tests

All hormonal assays were performed in a certified and 
centralized laboratory. Serum GH was determined 
by a commercial kit DELFIA (Perkin Elmer Life and 
Analytical Sciences; Wallac Oy, Finland), with sensitivity 
of < 0.03 mIU/L. The intra- and inter-assay coefficients 
of variation were 3.9% and 5.0%, respectively.

Serum IGF-I was measured by high sensitive 
immunoradiometric assay (Immunotech; Beckman 
Coulter Co., France), with sensitivity of < 0.26 nmol/L. 
The intra- and inter-assay coefficients of variation were 
6.3% and 6.8%, respectively. 

Table 1. Characteristics of patients groups according to activity of acromegaly and treatment 

Parameters
Active acromegaly Disease control

Males
(n = 35)

Females
(n = 56)

Males
 (n = 21)

Females
(n = 34)

GH (mean ± SD) 29.19 ± 28.98 19.8 ± 24.7 2.35 ± 3.46 1.99 ± 1.69

IGF1 (mean ± SD) 78.8 ± 40.88 64.66 ± 33.39 23.71 ± 10.89 21.19 ± 12.39

IGF1/ ULN (mean ± SD) 2.04 ± 0.99 1.71 ± 0.92 0.67 ± 0.3 0.59 ± 0.33

Treatment method (n) 23 42 21 34

     TSA 7 11 14 16

     TSA+RT 0 5 4 8

     DA 3 2 1 0

     TSA+DA 5 15 2 4

     TSA+SSA 2 0 0 0

     TSA+DA+SSA 1 1 0 0

     TSA+RT+ DA 1 6 0 6

     TSA+RT+SSA 3 2 0 0

     TSA+RT+DA+SSA 1 0 0 0

n: number of patients; GH: growth hormone, measured in mIU/L, conversion factor to ng/ml is 3; IGF-1: insulin-like growth factor 1, measured in nmol/l; ULN: upper limit of normal; TSA: 
transsphenoidal adenomectomy; RT: radiotherapy; DA: dopamine agonist; SSA: somatostatin analogs.
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Serum TSH was measured by immunoradiometric 
assay (THERMO scientific/BRAHMS, Germany), 
with reference ranges of 0.3-4.0 mIU/l. The sensitivity 
was 0.02 mIU/l, with intra- and inter- assay coefficients 
of variation of 2.5% and 4.1% respectively.

Serum FT4 was measured by radioimmunometric 
assay (THERMO scientific/BRAHMS, Germany), with 
reference ranges of 9-24 pmol/L. The sensitivity was 
1.25 pmol/L, with intra- and inter- assay coefficients 
of variation of 3.4% and 5.1% respectively.

Anti-thyroid peroxidase antibodies (Anti-TPO) was 
measured by radioimmunometric assay (THERMO 
scientific/BRAHMS, Germany). Values greater than 
60 U/mL are regarded as positive. The functional assay 
sensitivity has been assessed as being < 50 U/mL, with 
intra- and inter- assay coefficients of variation of 4.5% 
and 9.9%, respectively. 

Ultrasonography

In all participants, thyroid ultrasonography was 
performed by the same physician (E.N.), with 
Toshiba ECCOCEE, SSA – 340A and 10 MHz linear 
transducer. Thyroid volume was calculated as a sum of 
both lobes and isthmus volumes, using the formula for 
an ellipsoid (π/6. a.b.c), where a is the longitudinal 
diameter, b is the transversal diameter, and c is the 
antero-posterior diameter. The presence of goiter was 
determined if thyroid volume was > 24.31 mL for 
men and > 18.78 mL for women. The detection of 
thyroid nodule/s over 5 mm in diameter was classified 
as nodular goiter (18).

Statistical methods

The following statistical methods were used to present 
and summarize the results and conclusions (19):

1.  Descriptive methods. Categorical data were 
presented as number of patients and respecti-
ve percentages. Metric data was presented as 
a mean ± standard deviation (SD), or median, 
and highest and lowest value. 

2.  Methods of statistical inference. To compare 
the means of two independent groups, we used 
the Student’s t-test. Exact – χ2 test was used to 
compare non-metrical data. Correlation bet-
ween variables was evaluated by Pearson’s cor-
relation coefficient.

A P value < 0.05 was considered statistically 
significant.

RESULTS AND DISCUSSION
Results

Thyroid dysfunction was present in 93.7% (15/16) of 
patients with previous thyroid surgery and in 32.3% 
(42/130) of patients with no previous surgery. The 
overall prevalence of thyroid dysfunction was 39% 
(57/146), and the calculated female to male percentage 
ratio was 1.73. More patients’ characteristics and 
thyroid dysfunction distribution are shown in Table 2.

Autoimmune thyroid disease was found in 17.1% 
of all patients. The prevalence in in females was 
24.4%, while in males, it was 5.3%. In patients with 
secondary hypothyroidism, the frequency of thyroid 
autoimmunity was comparable to the rest of the group 
– 17.2% (5/29) vs. 17.1% (20/117), p = 1.0, and to 
those with primary hypothyroidism – 17.2% (5/29) vs. 
20% (4/20), p = 1.0.

The mean thyroid volume was 37.6 ± 38.8 mL in 
patients without previous thyroid surgery (n=130) and 
no significant difference was found between males (n = 
53) and females (n = 77) – 45.8 ± 41.5 vs. 32.0 ± 36.0 
ml, respectively, p = 0.053.

In patients with secondary hypothyroidism, thyroid 
volume was significantly lower than in the rest of the 
non-operated patients (Table 3). The significance was 
present in both sexes. According to disease activity, 

Table 2. Demographic characteristics and thyroid dysfunction distribution 
in patients with acromegaly 

Characteristic Value

Patients

Sex*

   Female

   Male

90 (61.6%)

56 (38.4%)

Age (y) 50.3 ± 12.4 (21-78)

BMI (kg/m2) 29.6 ± 5.2 (20-45)

Duration of acromegaly (y) 16.7 ± 7.5 (8-38)

Previous thyroid surgery*

   No

   Yes

130 (89%)

16 (11%)

Thyroid dysfunction*

   Primary hypothyroidism 20 (13.7%)

   Secondary hypothyroidism 22 (15.1%)

   Primary and secondary hypothyroidism 7 (4.8%)

   Hyperthyroidism 8 (5.5%)

Note. Unless otherwise indicated, data are means ± standard deviation, with the range in 
parentheses.
* Data are the number of patients, with the percentage in parentheses.
* The P value is obtained using Student’s t-test, comparing the means between females and 
males.
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the analysis of thyroid volume showed significantly 
higher values in patients with active disease, compared 
to patients with controlled disease (Figure 1). A weak 
positive correlation was found between thyroid volume 
and IGF-1 in the whole group of non-operated patients 
(n = 130) and in female patients (n = 77) – R = 0.218; 
p = 0.013, and R = 0.238; p = 0.037, respectively. No 
correlation was found in men (n = 53) – R = 0.156; p 
= 0.266. When IGF-1 values were expressed as a ratio 
between the current IGF-1 value and the upper limit 
of normal (ULN), similar figures were observed – R = 
0.252; p = 0.004 for the group of non-operated patients; 
R = 0.287; p = 0.011 for females and R = 0.183; p = 
0.19 for males. There was no significant correlation of 
thyroid volume with disease duration and GH level in 
the whole group – R = -0.036; p = 0.682, and R = 
0.114; p = 0.195, respectively and in both sexes. 

Goiter was diagnosed in 87% of our patients, 
including diffuse goiter (17.1%) and nodular goiter 
(69.9%). According to disease activity, the distribution 
of goiter was comparable and there was no significant 
difference in goiter prevalence between patients with 
active disease and disease control (Table 4).

Among patients with previous surgery for nodular 
goiter (n = 16), 3 (18.7%) were diagnosed with 
papillary thyroid cancer on histology. Referring to all 
patients with nodular goiter (102) and to the whole 
group (146), the cases with thyroid cancer in our study 
are 2.94 % and 2.05%, respectively.

We also analyzed the prevalence of nodular goiter 
in patients with thyroid dysfunction. There was no 
significant difference in the frequency of nodular goiter 
in patients with secondary hypothyroidism and the rest 
of the group – 75.9% (22/29) vs. 68.4% (80/117),  
p = 0.504.

DISCUSSION

The main focus of the study is morphological changes 
in the thyroid gland, particularly nodular goiter and 
thyroid gland volume. The high frequency of goiter, 
along with prevalence of the nodular type, found in our 
study, suggests a major role of hypersomatotropism in 
thyroid tumorigenesis, as also reported in other studies 
(5,16,20,21). This may be explained by the effect of 
increased IGF-1, both in the serum and locally, in the 
thyroid gland, or by the direct effect of GH (22). This 
hypothesis is supported by the absence of a significant 
difference in nodular goiter prevalence between 
patients with secondary hypothyroidism and the rest of 
the study group. Even more relevant, nodular goiter is 
not related to disease activity, as shown in our results. 
The absence of a statistically significant difference in 
the prevalence of nodular goiter between patients with 
secondary hypothyroidism and the rest of the study 
group suggests that TSH plays a less important role in 
thyroid tumorigenesis.

The role of IGF-1 in increased thyroid gland volume 
in patients with acromegaly has been confirmed by 
numerous studies (15,16,23). Continuous stimulation 
of thyrocytes by GH and IGF-1 results in an increase 
of thyroid volume (24). Studies with animal models 
show a synergic effect of IGF-1 and TSH on rat thyroid 
cells’ culture (25). Volzke and cols. have demonstrated 

Table 3. Comparison of thyroid volume of patients with secondary 
hypothyroidism and the rest of the group

Patients

Thyroid gland volume (mL)

P valuePatients with 
secondary 

hypothyroidism

Patients without 
secondary 

hypothyroidism

Females 17.9 ± 4.4 (13) 34.8 ± 38.8 (64) 0.001

Males 28.6 ± 13.2 (8) 48.8 ± 44.1 (45) 0.017

Note. Data are means ± standard deviation, with the number of patients in parentheses. All 
patients are non-operated. The P value is obtained using Student’s t-test.

Table 4. Prevalence of goiter in patients with active acromegaly and 
disease control

Goiter Active acromegaly
(n = 91)

Disease control
(n = 55) P value

No goiter 11 (12.1%) 8 (14.5%) 0.8

Diffuse 19 (20.9%) 6 (10.9%) 0.173

Nodular 61 (67.0%) 41 (74.5%) 0.359

Note. Data are the number of patients, with the percentage in parentheses. 
The P value is obtained using exact – χ2 test.
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Note. Data are means ± standard deviation. The P value is obtained using Student’s t-test.

Figure 1. Comparison of thyroid volume between patients with active and 
controlled acromegaly
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the correlation of IGF-1 levels and thyroid volume 
in a population-based study (26). Brzozowska and 
cols. have found a similar association in children with 
normal ioduria (27). However, other authors do not 
reveal a correlation between the volume of the thyroid 
gland and the levels of GH and IGF-1 (5,7). Some 
studies show a decrease in thyroid volume, by up to 
25%, after normalization of IGF-1, achieved through 
successful surgical removal of somatotropinoma, 
or by medical treatment with somatostatin analogs 
(6,15,16). Nevertheless, the independent influence of 
somatostatin analogs on thyroid volume should also be 
taken into consideration, as their receptors have been 
found in the thyroid tissue (15,25,28). In our study, 
patients with active acromegaly had significantly larger 
thyroid volume, relative to patients with controlled 
disease. This correlation was found in the whole group 
of patients and in females, but not in males. We found 
no significant correlation between thyroid volume and 
GH in any of the groups. Similarly, no correlation was 
demonstrated between thyroid volume and disease 
duration, contrary to fndings reported by other authors 
(15,29). 

The role of TSH in the pathogenesis of goiter 
is well-established. Moreover, TSH was shown to 
potentiate the effect of IGF-1 on thyrocytes in a study 
using cell lines (30). This has also been confirmed by 
the small volume of the thyroid gland in hypopituitary 
patients, even among those who have undergone GH 
replacement therapy (31). According to some authors, 
the effect of TSH on goiter formation is expressed 
in the first years of acromegaly, while in the next 
stage, thyroid tumorigenesis becomes independent, 
or at least less dependent on TSH (15,16,31). In 
our study, patients with secondary hypothyroidism 
had twofold smaller thyroid volume, relative to the 
rest of the group. The probable influence of thyroid 
autoimmunity on thyroid volume was not confirmed by 
our data of similar frequency of autoimmune disorders 
in both groups. This finding also emphasizes TSH as 
an important factor in goiter pathogenesis in patients 
with acromegaly.

The predominant thyroid dysfunction in our study 
was hypothyroidism – primary and secondary, found in 
33.6% of patients. Similar results, with a prevalence of 
about 25%, have been reported by other authors (7). 
We have a larger proportion of patients with secondary 
hypothyroidism, due to the higher historical rate of 
reoperations and radiotherapy, which may be attributed 

to the prior unavailability of medical treatment with 
somatostatin analogs and/or pegvisomant. The 
prevalence of hyperthyroidism was 5.5%, which is 
comparable to those reported by other authors (12,32). 
The frequency of thyroid autoimmunity found in our 
study (17.1% for the whole group; 24.4% of females and 
5.3% of males) is comparable to the general Bulgarian 
population (23% of females and 10 % of males) (33). 
The female to male percentage ratio of 1.7 in our 
patients with thyroid dysfunction is lower than that 
in the general population, which provides additional 
confirmation of the role of IGF-1 and GH in thyroid 
growth and thyroid function (34).

Acromegaly is associated with a higher risk of 
tumorigenesis (10,35,36). Patients with active 
acromegaly have up to four times higher risk of 
developing neoplasia. According to the literature, 
the prevalence of thyroid carcinoma is about 3-7% of 
patients, represented mostly by the papillary variant 
(4-6,36-39). IGF-1 stimulates the proliferation of 
cancer cells, neoplastic angiogenesis, and metastasis 
(8,40-42). The direct effect of GH on tumorigenesis 
has also been discussed (22). Rogozinski et al. report 
11% prevalence of thyroid carcinoma in a group of 34 
patients with acromegaly, diagnosed by cytology and 
histopathology (20). The main indications for thyroid 
surgery in our group were goiter size, symptoms 
of compression, recurrent hyperthyroidism. The 
frequency of thyroid carcinoma in patients with thyroid 
surgery was 18.7 %, which is 3 times higher than in 
patients without acromegaly, operated on for nodular 
goiter in the same center and over the same period of 
time (6.3%). Referring to the entire group of patients 
with acromegaly, thyroid carcinoma presents about 
2.05% of the time, representing 2.94% of patients with 
nodular goiter. Although our results are based on a low 
percentage of patients who have had surgery (11%), 
they are similar to those reported by Reverter et al., 
who found thyroid cancer in 3.3% of patients with 
thyroid nodules, corresponding to 1.6% of the whole 
group of patients with acromegaly (43)

The power of our study lies in the significant 
number of patients with acromegaly, diagnosed and 
treated by the same protocol in a single tertiary center. 
Moreover, the thyroid ultrasound was performed and 
analyzed by the same physician. The study has some 
limitations, deriving from its cross-sectional design; we 
foresee the presentation of a longitudinal follow-up of 
our patients in a future study. Furthermore, the patients 
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in our study with nodular goiter were not subjected 
systematically to fine needle aspiration biopsy, to ensure 
a more reliable selection for surgery. Another limitation 
of the study is its lack of control group.

In conclusion, the most frequent thyroid dysfunction 
in our study was secondary hypothyroidism, followed by 
primary hypothyroidism and hyperthyroidism. Thyroid 
volume in patients with acromegaly depends on disease 
activity and the presence of secondary hypothyroidism 
as a complication. The increased prevalence of nodular 
goiter determines the need for regular ultrasound 
thyroid evaluation in the follow-up of patients with 
acromegaly.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Objective: Climacterium is associated with elevated leptin levels and increased risk of cardiovascular 
disorders. Conflicting data diverge on whether high leptin levels in climacterium reflect increasing 
adipose mass or, at least partially, age-related hormonal changes. This study addresses this issue 
in women from a Brazilian state with a low human development index. Subjects and methods: 
A case-control study was conducted, enrolling 136 women from the state of Maranhão, 52 (38.2%) 
climacteric and 84 (61.8%) non-climacteric. Biometric, biochemical, hormonal and immunological 
parameters were analyzed. Results: Climacteric women showed a moderately increased waist/hip 
ratio (0.894 versus 0.834, p < 0.05), sustained body mass index (27.46 versus 28.68, p > 0.05) increased 
leptin levels (9.59 versus 7.13, p < 0.05) and no evidence of metabolic syndrome. No other parameters 
were altered. The climacteric cohort didn’t show significant body fat gains but displayed a typical age-
related redistribution of adipose tissue. Even so, leptin levels were significantly elevated compared 
with non-climacteric women. Conclusions: Altogether, these data support the hypothesis that leptin 
is elevated, at least partially, as a function of age and climacterium and is not necessarily correlated 
with metabolic dysfunction and systemic inflammation. Further studies are needed to evaluate the 
impact of higher leptin levels on postmenopausal women. Arch Endocrinol Metab. 2020;64(3):276-81

Keywords 
Metabolic syndrome, menopause; leptin; climacterium; inflammation

INTRODUCTION

During climacterium there is a redistribution of 
body fat with a tendency for adipose tissue to 

accumulate in the abdominal region, as previously 
reviewed (1). This redistribution is associated with 
profound changes in energy metabolism and may 
also include a significant total weight gain and obesity 
(2). Obesity is associated with a chronic state of low-

grade inflammation presenting increased levels of 
inflammatory markers, such as C-reactive protein (CRP) 
and pro-inflammatory cytokines (3). All these changes 
increase the risk of some types of cancer, like breast 
cancer, which are promoted by obesity and chronic 
inflammation (4,5). The lack of ovarian hormones also 
increases the risk of developing cardiovascular disorders, 
and some hormonal replacement therapies show 
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encouraging results in preventing coronary arterial 
disease (6). In fact, the risk of developing metabolic 
syndrome and diabetes in considerably increased by the 
climacterium (7).

White adipose tissue consists of preadipocytes and 
adipocytes, macrophages, endothelial cells, fibroblasts 
and leukocytes, and secretes a variety of regulatory 
molecules, known as adipokines, which are involved 
in regulating body functions like the metabolism 
of glucose and fatty acids, energy expenditure, 
inflammatory responses, immunity, cardiovascular 
function and reproduction (2). Leptin is a well-
known adipokine involved in energy metabolism and 
reproductive function, and plasma leptin levels vary 
directly according to body mass index (BMI) and 
body fat percentage (8). Subcutaneous adipose tissue 
secretes a greater amount of leptin than visceral adipose 
tissue (9,10). Leptin acts over hypothalamic neurons 
to reduce appetite and the development of obesity in 
aging climacteric women has been proposed to consist 
on a state of leptin resistance (11). Hypothalamic leptin 
receptors co-localize with estrogen receptor alpha (ERα), 
suggesting that the lack of estrogenic stimulation in 
climacteric women may contribute to leptin resistance 
(12). Furthermore, supplementation with exogenous 
estrogen in ovariectomized female rats restored leptin 
sensitivity and normalizes the distribution of adipose 
tissue (13). Although high leptin levels are associated 
with increased BMI and other metabolic risk factors, 
data from climacteric women receiving hormonal 
replacement therapy do not show a consistent 
improvement on circulating leptin levels or its activity 
(5). However, data from climacteric women receiving 
hormonal replacement therapy do not show a consistent 
improvement on circulating leptin levels or its activity 
(14,15). In fact, previous reports suggest that leptin levels 
in women are more related to adiposity than to age and 
age-related hormonal changes (16). 

The present study compared leptin serum levels, 
endocrine and immunologic profiles and biometric 
markers of metabolic risk between climacteric and pre-
climacteric women. 

SUBJECTS AND METHODS 
Patients

All procedures were in accordance with the ethical 
standards of the National Health Council resolution 
number 466/12 and the 1964 Helsinki declaration 

and its later amendments. This research project was 
approved by the Research Ethics Committee of the 
Federal University of Maranhão with approval number 
698.706, in accordance with the National Health 
Council resolution number 466/12. All participating 
women were informed about the research and signed 
an informed consent form.

Climacteric (case) and non-climacteric (control) 
women visiting the Climaterium Reference Service 
of the Federal University of Maranhão University 
Hospital (HUUFMA) were included. Inclusion criteria 
for the case group included women with 35-65 years 
and clinically characterized as being in the climacteric 
period due to the occurrence of menopause or presence 
of symptoms of hypoestrogenism (e.g., menstrual 
changes, hot flashes, emotional lability) for at least 
12 months. The control group was composed of age-
matched non-climacteric women. For both groups, 
exclusion criteria were: patients undergoing hormonal 
replacement therapy and patients undergoing cancer 
treatment. In total, 136 women were included in the 
study, 52 (38.2%) in the climacteric group and 84 
(61.8%) in the non-climacteric group. 

Sociodemographic variables

All patients completed a questionnaire concerning their 
age, profession, marital status and educational level. 

Biometric measurements

The women were weighed using an electronic scale 
(BL2096PP, Toledo) with a weighing capacity of up to 
200 kg and a precision of 100 g. For weighing, women 
were guided according to Jelliffe’s criteria. The height 
(cm) was determined using a vertical anthropometer, 
which was coupled to the electronic scale (17). The 
Body Mass Index (BMI) was calculated by dividing 
weight by height2 (kg/m2). The waist circumference 
(WC) was measured at the smallest circumference 
between the last rib and the iliac crest using an inelastic 
tape measure without exerting compression on the tissues. 
The waist/hip ratio (WHR) was obtained by dividing 
the value of the waist circumference by the value of the 
hip circumference (both in cm). All cut-off points were 
those recommended by the WHO (18).

Blood biomarkers

All participants were invited to collect blood samples. 
All women were instructed to fast for 12 hours, 
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including not drinking alcohol for 72 hours, as well 
as not performing intense physical activities 24 hours 
before the test. The evaluation of the lipid profile 
comprised HDL, LDL, VLDL, triglycerides and total 
cholesterol. The hormonal profile included follicle-
stimulating hormone (FSH), luteinizing hormone 
(LH), estradiol and progesterone. For pre-menopausal 
women, samples were collected on the third day of the 
cycle. 

The concentrations of leptin, IL-2, IL-4, IL-6, 
IL-10, TNF, IFN-γ and IL-17a were determined by 
an enzyme-linked immunosorbent assay (ELISA) 
technique, using R&D Systems Quantikine ELISA 
Kits (R&D Systems Minneapolis, MN) according 
to manufacturer’s specifications. All dosages were 
determined in duplicate. The results were presented 
in pg/mL. 

Statistical analysis 

A computer database was created using SPSS, version 
22.0. Chi-square, Fisher’s exact test and OR (95% CI) 
were used for analyzing qualitative variables between 
the groups. For multivariate analysis, the Logistic 
Regression model was used. For the quantitative 
variables with a normal distribution, the mean, 
standard deviation, minimum and maximum values, 
or the median, were calculated. For variables with an 
asymmetric distribution, the percentiles 25 and 75 were 
calculated. The statistical tests used were Student’s t 
test for independent samples for quantitative variables 
with a normal distribution, or the Mann-Whitney 
test for variables with an asymmetric distribution. A 
significance level of p < 0.05 was adopted.

RESULTS

We evaluated 136 women, 52 (38.2%) of which were 
climacteric patients and 84 (61.8%) were non-climacteric 
patients. We divided the patients into two age groups: 
35-49 years-old and 50-65 years-old, and confirmed 
that climacteric women predominantly belonged in the 
older group (54 ± 7.08 years-old), while non-climacteric 
women predominantly belonged to the younger (43 ± 
5.65 years-old) group (Table 1, p < 0.001). We found 
no statistically significant difference when women were 
grouped according to their marital status. However, we 
observed marginally significant differences when women 
were grouped according to their educational level (p < 
0.048) and their profession (p < 0.045). Non-climacteric 

Table 1. Socio-demographic characteristics (mean, standard deviation, 
maximum and minimum values) in climacteric women, São Luís, 
Maranhão, Brazil

 

Climacterium

Yes (52) No (84)
p

n % n %

Age group 0.001

35-49 years 10 19.2 66 78.6

50-65 years 42 80.8 18 21.4

Marital status 0.449

Single 25 49.0 32 38.1

Married/Cohabitation 18 35.3 40 47.6

Separated/Divorced 5 9.8 9 10.7

Widow 3 5.9 3 3.6

Education level 0.048

Illiterate 2 3.9 0 0.00

Complete Elementary School 9 17.6 9 10.7

Incomplete Elementary School 16 31.4 21 25.0

Complete High School 17 33.3 39 46.4

Incomplete High School 4 7.8 7 8.3

Incomplete Higher Education 3 5.9 7 8.3

Complete Higher Education 0 0 1 1.2

Profession 0.045

Housemaid 7 13.5 4 4.8

Housewife 16 30.8 15 17.9

Employee 17 32.7 36 42.9

Others 12 23.1   29 34.5  

women tended to have a higher educational level then 
climacteric women and to be employed, while climacteric 
women more frequently stayed at home as housewives.

Concerning morphometric variables, the climacteric 
group showed increased WHR (p = 0.031) compared 
with the non-climacteric group, although there were no 
changes concerning the BMI (Table 2). As expected, 
the climacteric group showed much lower estradiol and 
progesterone levels compared with the non-climacteric 
group, while FSH and LH values were higher (Table 3, 
p < 0.001). Additionally, climacteric women showed 
higher blood levels of triglycerides, LDL, VLDL and 
total cholesterol, but these changes did not reach 
statistical significance.

Importantly, the climacteric group showed 
significantly higher leptin levels compared with the 
non-climacteric group (Table 3, p = 0.030). There were 
no significant differences concerning the inflammatory 
marker CRP or any of the pro-inflammatory and anti-
inflammatory cytokines tested. 
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Table 2. Biometric variables (mean, standard deviation, maximum and minimum values) in patients from São Luís, Maranhão, Brazil

Climacterium

Yes No
p

Mean SD Max Min Mean SD Max Min

BMI 27.46 6.52 37.16 2.25 28.68 4.58 38.24 20.7 0.507

Height 1.52 0.04 1.62 1.44 1.55 0.06 1.66 1.46 0.055

Weight 65.7 12.1 90.7 42.6 68.8 11 90.7 49.1 0.383

WHR 0.894 0.09 1.06 0.75 0.834 0.083 1.03 0.73 0.031

SD: standard deviation; Max: maximum; Min: minimum; H/W: hip/waist ratio.

Table 3. Biochemical and immunological markers (mean, standard deviation, maximum and minimum values) in climacteric women, São Luís, Maranhão, 
Brazil

 

Climacterium

Yes No
p

Mean SD Max Min Mean SD Max Min

Estradiol (pg/ml) 23 45.1 284.9 2.5 156 154.9 545.7 2.5 <0.001

FSH mIU/mL 64.4 32.9 134.6 1.1 19.6 25.1 83,9 1.8 <0.001

LH (mIU/mL) 28.26 12.64 56.8 0.45 16.01 15.45 50.77 1.13 <0.001

Progesterone (ng/mL) 0.375 0.358 2.49 0.103 4.696 6.063 19.16 0.026 <0.001

HDL (mg/dL) 49.1 12.1 80 28 50.5 9 66 37 0.523

LDL (mg/dL) 134.7 34.9 218 51 118.8 39.1 202 56 0.093

Fasting glucose (mg/dL) 108.3 53 346 77 114 55.9 281 80 0.379

Triglycerides (mg/dL) 141.2 71.9 413 48 113.8 59.5 262 43 0.087

VLDL (mg/dL) 28.3 14.4 83 10 22.8 11.8 52 9 0.094

CRP (mg/dL) 0.287 0.359 1.24 0.01 0.246 0.419 1.23 0.01 0.251

Total cholesterol (mg/dL) 212.1 36.6 291 137 192 44.9 297 125 0.046

Leptin 9.59 6.3 17.84 0.25 7.13 5.36 17.85 0.33 0.03

IL 2 7.9 40.6 270 0.21 22.5 148.2 1,146 1.19 0.329

IL 4 0.2 1.1 8 0.03 17.5 122.3 1,067 0.47 0.387

IL 6 91.9 138.5 585 0.17 73.8 138.1 771 0.22 0.174

IL 10 251.1 1,684.5 12,161 0.07 38.9 187.1 1,429 0.12 0.216

TNF 13.2 66.8 450 0.64 28.2 189.3 1,532 1.73 0.329

IFNy 3.3 16.1 83 0.04 8.7 61.6 530 0.83 0.329

IL 17a 185.4 554.4 3,218 3.42 143.9 602.3 5,121 4.26 0.693

SD: standard deviation; max: Maximum; min: Minimum.

DISCUSSION

In women, the onset of climacterium is associated 
with a number of changes with adverse health impacts, 
ranging from diabetes and metabolic syndrome to 
cardiovascular disorders and some types of cancer. 
The present show that climacteric women with a 
moderate increase in their waist to hip ratio (WHR) 
but no increased BMI or biochemical markers of 
metabolic dysfunction already show increased leptin 
levels, compared with pre-climacteric women. The 

accumulation of adipose tissue and its redistribution 
from subcutanous sites into visceral abdominal fat is 
associated with higher circulating levels of cholesterol 
and triglycerides. These alterations greatly increase 
the risk of atheromatous changes in the arterial wall 
and leading, e.g. to coronary artery disease (19). 
Climacterium is also associated with a state of chronic 
systemic inflammation. Inflammatory mediators 
released by accumulated visceral fat tissue contribute 
for enhancing vascular damage. Accumulating 
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evidence also shows that chronic systemic 
inflammation promotes several types of cancer, like 
breast and colon cancer (4-5,20). The circulating 
levels of adipokines like leptin and adiponectin have 
been suggested as potential markers of increased 
risk for developing cardiovascular disorders (21) 
and breast cancer (22) but their potential role in the 
pathogenesis of these disorders remains obscure. The 
most relevant factor responsible for up-regulating 
leptin following climacterium is also a matter of 
debate, with some studies implicating the lack of 
ovarian hormones (13), while others suggest that 
higher leptin levels simply reflect increased adipose 
mass (15,16). Schautz and cols. (16) suggest that 
advancing age has a lesser but independent effect on 
leptin levels, compared with adiposity.

The present data indicate that circulating leptin 
levels are significantly increased in climacteric women, 
even in the absence of a significantly increased 
BMI or other indicators of obesity or metabolic 
dysfunction. In this study, climacteric women were, as 
expected, older than their non-climacteric controls. 
Interestingly, climacteric women had less advanced 
education levels and were more likely to work as 
housewives, while non-climacteric women showed 
better educational levels and were more likely to 
have jobs outside home. This probably reflects recent 
generational changes in Brazilian society, that saw 
young women gain access to schools and the labor 
market. 

The biometric profile of climacteric and non-
climacteric women had some important similarities 
and differences. Climacteric women and non-
climacteric controls showed similar body weight and 
BMI, ruling out climacterium-associated obesity. 
Climacteric women did show a significantly increased 
HWR, reflecting a typical redistribution of body fat 
into the abdominal area. This is in contrast with data 
obtained from biochemical blood analyses, showing 
that cholesterol, glucose and triglycerides levels 
weren’t significantly higher in climacteric women 
compared with non-climacteric controls. These data 
suggest our study population predominantly included 
healthy climacteric women, who may or may not 
evolve to develop metabolic disorders in the future. 
Importantly, leptin levels were significantly elevated 
in climacteric versus non-climacteric women, even in 
the absence of significant biometric or biochemical 
changes. This lends support to the hypothesis that 

increased leptin levels in climacteric women are not 
solely driven by the accumulation of adipose tissue, 
but are also influenced by other factors like the loss 
of ovarian hormones. It is tempting to speculate that, 
during climacterium, the loss of ovarian hormones 
may induce an early, moderate but significant increase 
in leptin levels, while obesity further increases leptin 
levels chronically over time.  

Climacterium is also associated with a status of 
chronic inflammation and pro-inflammatory cytokines, 
associated with an increased risk of cardiovascular 
disease, are often up-regulated in climacteric women 
(2,23). Leptin is associated with this pro-inflammatory 
status and has been proposed to directly contribute 
for leukocytic differentiation and cytokine production 
(24). In the present study, there were no significant 
differences concerning C reactive protein nor any of 
the cytokines tested. This may reflect the fact that our 
cohort of climacteric women didn’t show obesity, since 
the adipose tissue is known to produce many of these 
inflammatory mediators (2). 

In this study, there was no opportunity to 
determine whether the increased leptin levels observed 
in climacteric women may be predictive of certain 
outcomes (i.e., do climacteric women with higher leptin 
levels tend to develop obesity, or metabolic syndrome, 
or cardiovascular diseases or certain types of cancer). 
This important issue may be addressed by additional 
prospective studies. 

Overall, the present results show that high leptin 
levels may be found in climacteric women in the 
absence of an elevated BMI or other signs of obesity. 
This urges caution in the interpretation of leptin levels 
in this population. Additionally, these findings suggest 
that leptin up-regulation may be driven, at least in part, 
by the loss of ovarian hormones.
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ABSTRACT
Objective: Hypoparathyroidism is a rare condition, whose most common etiology is complications of 
neck surgery. The aim of the study was to identify the clinical and biochemical profile of the patients 
with diagnosis of hypoparathyroidism, including the frequency of symptoms, clinical signs, long-
term complications and disease control. Additionally, the study sought to know what the medication 
profile was, and the doses required by the patients. Subjects and method: A retrospective cohort 
study was conducted wherein all patients with ICD-10 codes associated with hypoparathyroidism 
between 2011 and 2018 at the Hospital Universitario San Vicente Fundación were included. We 
investigated the etiology of the disease; biochemical profile including lowest serum calcium, highest 
serum phosphorus, 25OHD levels, calciuria and calcium/phosphorus product; medication doses, 
disease control, and presence of complications, especially renal and neurologic complications were 
also evaluated. Results: The cohort included 108 patients (99 women/9 men) with a mean age of 51.6 
± 15.6 years. The main etiology was postoperative (93.5%), the dose of elemental calcium received 
was relatively low (mean 1,164 mg/day), and in only 9.2% of cases more than 2,500 mg/day of 
elemental calcium was necessary. We were able to evaluate the follow-up in 89 patients, and found 
that only 57.3% met the criteria for controlled disease. Conclusion: The clinical profile of patients 
with hypoparathyroidism in our cohort is similar to that described in other international studies, with 
predominantly postoperative etiology. With standard therapy, only adequate control is achieved in a 
little more than half of patients. Arch Endocrinol Metab. 2020;64(3):282-9

Keywords
Hypoparathyroidism; parathyroid; hypocalcemia; hyperphosphatemia; calciuria

INTRODUCTION

Hypoparathyroidism is characterized by low serum 
concentrations of parathyroid hormone (PTH), 

which results in hypocalcemia and hyperphosphatemia 

(1,2). In the United States, it is estimated that the 
prevalence of this condition is nearly 37 cases per 
100,000 inhabitants, of which 8 cases per 100,000 
have non-surgical etiology and 29 cases per 100,000 
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are postoperative (3,4). In European countries, a 
prevalence of similar proportions to that in the United 
States is described (5,6). The primary etiology is 
accidental surgical resection of the parathyroid glands 
during procedures such as thyroidectomies, but less 
frequent causes are also described, such as autoimmune 
diseases, infiltrative diseases, and neck radiation, among 
others (7). Clinical manifestations can be acute, such 
as neuromuscular irritability, weakness, seizures, and 
laryngospasm, or they can be chronic, affecting a large 
number of systems. The latter are explained by the 
persistence of an inadequate balance between serum 
calcium and phosphorus over time, which allows for 
the deposit of calcium in different tissues (calcification 
of the basal ganglia, nephrocalcinosis, etc.) (8). The 
main axis of management is the replacement of calcium 
and calcitriol, but in some selected cases hormonal 
replacement with PTH can be used (9-16).

Knowing the complete clinical profile of patients 
presenting with this disease, as well as having an estimate 
of the main clinical manifestations, physical findings, 
and complications, would allow us to have a broader 
view of the disease, which would ultimately result 
in earlier diagnosis, especially in groups that may be 
predisposed to developing the disease, such as patients 
who have undergone neck surgery. In addition, with 
the identification of clinical and laboratory variables, 
prediction models can be proposed for this disease, 
thus allowing for early diagnosis. 

In Colombia, to the best of our knowledge, 
characterization of patients with hypoparathyroidism 
and determination of the etiology of the disease have 
not yet been performed, and the clinical manifestations 
have also not been established along with how often 
each one occurs. In addition, data in Latin America is 
limited. The objective of this study was to determine 
the clinical and paraclinical characteristics of patients 
with hypoparathyroidism who were treated at a high 
complexity hospital in one of the country’s main cities. 

SUBJECTS AND METHODS

A retrospective cohort study was conducted at a 
single tertiary care hospital in Medellín, Colombia 
and approved by the Ethics Committee (Hospital 
Universitario San Vicente Fundación – HUSVF/
Universidad de Antioquia). Patients over 18 years of 
age who had low PTH concentrations (< 20 pg/mL) 
for more than 6 months and who had been evaluated at 

least once in the hospital for symptoms of hypocalcemia 
were included (including emergency consultations and 
outpatient care at the hospital). Patients under 18 years 
of age with pseudohypoparathyroidism and those who 
did not have a PTH report in their clinical history or 
laboratory tests were excluded.

We recorded the demographic variables (sex, 
age, and race); clinical aspects (etiology, hospital/
outpatient management, previous diagnosis of 
hypoparathyroidism, time of evolution of symptoms, 
comorbidities, symptoms and signs associated with 
hypocalcemia, and chronic complications of the 
disease); biochemistry (lowest serum calcium, initial 
calcium, 24-h calciuria, phosphorus, 25OHD, albumin, 
and PTH); and associated disease management 
(elemental calcium dose, presentation of calcium used, 
calcitriol dose, thiazide diuretic use, PTH analog use, 
disease control, emergency consultations, and number 
of hospitalizations). This study was authorized by the 
HUSFV Ethics Committee. 

Definitions

Hypoparathyroidism was defined as a low PTH 
concentration (<20 pg/mL) accompanied by symptoms 
of hypocalcemia or the requirement for calcium or 
calcitriol supplementation to avoid their onset. It 
was necessary for patients to meet these criteria for 
more than 6 months, as a shorter time indicates the 
presence of transient hypoparathyroidism. This specific 
population was not taken into account in the present 
study as its complication profile is different from those 
with permanent hypoparathyroidism (they have no risk 
of chronic complications of the disease). Hypocalcemia 
was defined as a serum calcium concentration lower 
than 8.4 mg/dL, corrected for albumin. 

Disease control was defined as minimal variation or 
stability in the result of serum calcium, phosphorus, 
and calciuria in at least two controls, at least 2 months 
apart. In cases where only the value of calcium was 
available, this parameter was used to define if the 
disease was controlled in patients who had undergone 
more than one assessment (9,11,17). 

Indications for the use of PTH were taken from 
present international recommendations that include: 
elemental calcium dose >2.5 g/day, calcitriol dose >1.5 
ug/day, calcium/phosphorus product >55 mg2/dL2, 
hypercalciuria (>250 mg/24 h in women and >300 
mg/24 h in men) and presence of renal complications 
(nephrocalcinosis and nephrolithiasis) (11). 
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Data collection

Authorization was obtained from the HSFV research 
department to access the database of patients treated 
between 2011 and 2017 who were associated with 
the following ICD-10 codes: D821 (DiGeorge 
syndrome), E200 (idiopathic hypoparathyroidism), 
E201 (pseudohypoparathyroidism), E208 (other 
types of hypoparathyroidism), E209 (unspecified 
hypoparathyroidism), E58X (dietary calcium 
deficiency), E835 (calcium metabolism disorder), E892 
(hypoparathyroidism secondary to procedures). Data 
collection was performed between October 11, 2017 
and November 9, 2018 by four researchers (JZL, SALT, 
DAH, and ECH) using a preset format with predefined 
variables, available on GoogleDocs®. Patients with an 
equivocal diagnosis were reviewed by two authors (JZL, 
SALT) who reached a diagnostic consensus. 

Statistical analysis

The statistical program SPSS Statistics 25 (IBM, 
Chicago) was used to analyze the data. Continuous 
variables are presented as medians and interquartile 
ranges, or as means and standard deviation according 
to the distribution of a given variable with the Shapiro-
Wilk test. Categorical variables are reported as 
frequencies and percentages. The difference between 
median time was compared using non-parametric test 
mainly the Chi-squared test. To compare frequencies 
between groups  a Pearson Chi-squared test was done. 

RESULTS

A total of 1,422 medical records were reviewed to 
which inclusion and exclusion criteria were applied. In 
the end, 108 patients were included in the study and 
1,314 patients who did not meet inclusion criteria were 
excluded. The main reason of exclusion was the absence 
of serum PTH values (n = 368), followed by duplicate 
records (n = 192), children (n = 317), normal PTH  
(n = 103), hyperparathyroidism (n = 125), hypercalcemia 
(n = 191), transient hypoparathyroidism (n = 6), 
pseudohypoparathyroidism (n = 6), hypomagnesemia 
(n = 1), hungry bone syndrome (n = 3), and other 
causes (n = 2). 

In 86.1% (n = 93) of patients, there was a previous 
diagnosis of hypoparathyroidism when they were first 
evaluated in the hospital, while in 13.9% (n = 15), 
the diagnosis was made in the follow-ups conducted 

at the institution. A total of 91.7% (n = 99) were 
women, with a mean age of 51.6 years (SD 15.6), 
and the most frequently identified etiology was 
postoperative (93.5%), followed by idiopathic (4.6%), 
cause not described (0.9%), and post-radiation (0.9%). 
It is worth noting that in cases of postoperative 
hypoparathyroidism, patients who were operated on 
by general surgeons as opposed to specialists in head 
and neck surgery could not be distinguished because 
this data was not available in most histories. The main 
comorbidities identified were hypothyroidism (88.9%), 
thyroid carcinoma (51.9%), arterial hypertension 
(42.6%), and dyslipidemia (21.3%). The patients’ 
baseline characteristics are described in Table 1. 

Table 1. Demographic characteristics

Variables N = 108 (%)

Gender

Female

Male

99 (91.7%)

9 (8.3%)

Age (years) 51.6 ± 15.6 (18-82)

Ethnicity

Hispanic ancestry

Others

107 (99.1%)

1 (0.9%)

Etiology

Postoperative

Idiopathic

Not identified

Post radiation

101 (93.5%)

5 (4.6%)

1 (0.9%)

1 (0.9%)

Comorbidities

Hypothyroidism

Thyroid cancer

Arterial hypertension

Dyslipidemia

Diabetes mellitus

Chronic kidney disease

Coronary artery disease

96 (88.9%)

56 (51.9%)

46 (42.6%)

23 (21.3%)

7 (6.5%)

21 (19.4%)

4 (3.7%)

The information is presented as mean ± SD (range) for age, and percentages for the other 
variables. 

Mean PTH was 6.9 pg/mL (SD 5.6, p25-p75, 2.5-
11), initial calcium was 7.8 mg/dL (SD 1.8), and mean 
lowest calcium was 7.2 mg/dL (SD 1.5). The average 
phosphorus value was 5 mg/dL (SD 1.2). Only the 
last calciuria was known in 18.5% of the total cohort 
(20 patients) and the average was 237.4 mg/24 h 
(SD 48.08, p25-p75, 96-309). 25OHD levels were 
measured in just 44.4% of the cases (48 patients) and 
an average level of 35.7 ng/mL was found (SD 2.36, 
p25-p75 23-49). Average albumin was 4.12 mg/dL. 
The clinical manifestations of the disease were varied 
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and included paresthesia, musculoskeletal compromise, 
renal disease, neurological and psychiatric features. 
Those features are better showed in Table 2. There was 
an average of 0.7 emergency consultations, although 
the range was very wide (0 to 21). 

The median time of follow-up was 860 days (IQR 
344-1712). 72.6% were from Medellin City and 27.2 
outside Medellin. (0.9% without data). All patients had 
social security. 33.3% belonged to a subsidized system 
and 65.8% to a contributive system (0.9% without data)

There was no difference in the follow up time in 
patients with controlled disease or controlled disease 
(Controlled: median time 1157 95% IC 1033-1549 
vs. Uncontrolled: median 856 95 IOC 856-1396  
p = 0.756). There was no difference also regarding city 
(p = 0.661) or social security (p = 0.40).

Two patients (1.9%) who were receiving rhPTH 
were documented, which in this case was teriparatide. 
Both patients were women of Hispanic ancestry with 
postoperative hypoparathyroidism. One of the patients 
was 47 years old, had a serum PTH of 3.5 ng/mL, 
serum calcium of 4.77 mg/dL, serum phosphorus of 6.8 
mg/dL (calcium/phosphorus product of 32.4 mg2/
dL2) and received 1.0 µg/day of calcitriol and 3,150 
mg/day of elemental calcium. The other patient was 
27 years old, had a serum PTH of 6.2 ng/mL, serum 
calcium of 4.8 mg/dL, serum phosphorus of 7.0 mg/
dL (calcium/phosphorus product of 30.7 mg2/dL2) 
and received 2.0 µg/day of calcitriol and 2,880 mg/
day of elemental calcium. There was no data for 24-
hour calciuria neither for neurologic complications of 
these two patients. 

There were 23 patients (21%) who met the criteria 
for rhPTH use. In the group of uncontrolled patients 
(n = 44), 16.7% (n = 15) met some of the criteria, while 
in the group of controlled patients (n = 45), 3.12%  
(n = 3) had an indication for this treatment. The 

Table 2. Clinical manifestations

Clinical manifestations N = 108 (%)

Paresthesia 38 (35.2%)

Musculoskeletal compromise 30 (27.8%)

Concomitant psychiatric manifestation* 18 (16.7%)

Carpopedal spasm 17 (15.7%)

Trousseau's sign 14 (13%)

Seizures 10 (9.3%)

Chvostek’s sign 7 (6.5%)

Basal ganglia calcification 6 (5.5%)

Nephrolithiasis** 4 (3.7%)

Nephrocalcinosis*** 3 (2.8%)

*The most frequently reported psychiatric condition was depression in 7.4% of the whole 
cohort.
**Only 18 (16.6%) patients had imaging of the central nervous system.
***Only 10.1% (n = 11) patients had renal studies.

In the total cohort, it was found that the presentation 
of the calcium used, was calcium carbonate in 78.1% 
of cases and calcium citrate in the remaining 21.9%. 
Likewise, a similar proportion was maintained when the 
groups of controlled (77.8% carbonate, 22.2% citrate) 
and uncontrolled (75% carbonate, 25% citrate) patients 
were evaluated. The average dose of elemental calcium 
in the last control was 1,164 mg/day (p25-p75, 480-
1,440); calcitriol was 0.7 ug/day (p25-p75, 0.5-1.0), 
and 28% of the population were receiving thiazide 
diuretics (n = 30). However, 9.2% (n = 10) required 
more than 2,500 mg/day of elemental calcium and 
2.7% (n = 7) received more 1.5 ug/day of calcitriol. 
It was possible to assess disease control in 89 patients 
(82%) who had multiple assessments over time, of 
which 45 of them (57.3%) had control of the disease. 

When comparing the group of controlled patients 
against uncontrolled patients, the PTH level in the group 
of controlled patients was higher compared to the group 
of uncontrolled patients (9.2 vs. 5.1), requiring lower 
doses of elemental calcium and calcitriol. However, 
these differences were no statistically significant. 
Similarly, higher values of calcium were observed with 
values of phosphorus, and lower calcium/phosphorus 
product in the group of controlled patients versus the 
uncontrolled group (Table 3).

Table 3. Biochemical results and doses of calcium and calcitriol 
discriminated by disease control

Variables Controlled (n = 45) Uncontrolled (n = 44)

PTH 8.9 (2.75-14.75) (n = 45) 3.55 (2.5-6.92) (n = 45)

Calcium* 7.9 (7.17-8.6) (n = 45) 8.0 (6.63-8.5) (n = 45)

Phosphorusα 4.4 (3.9-5.05) (n = 41) 5.2 (4.23-6.1) (n = 42)

25OHD 31.8 (21.75-44.25) (n = 15) 38.7 (27.6-52.8) (n = 16)

Calcium/
phosphorus 
product 

35.6 (31.48-38.7) (n = 41) 39.6 (34.3-43.5) (n = 42)

Dose of 
elemental 
calcium

720 (450-1230) (n = 45) 1,260 (480-1440) (n = 45)

Calcitriol dose 0.5 (0.25-1.0) (n = 42) 0.5 (0.5-1) (n = 43)

The information is presented as: median (p25-p75) for the evaluated variables. *Initial calcium 
value. PTH pg/mL, calcium onset mg/dL, phosphorus, mg/dL, 25OHD ng/mL, calcium/
phosphorus product mg2/dL2, dose of elemental calcium mg, dose of calcitriol ug. α: p < 0.01. 
There were no significative differences in the other variables.
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remaining 5 patients met the criteria for initiation 
of rhPTH, but there was no follow-up to establish 
whether or not there was control of the disease. Data 
from these patients is showed in Table 4.

that involve this gland (18). The main reason for 
performing a thyroidectomy or hemithyroidectomy was 
thyroid carcinoma, according to what is described in the 
literature (3). As for the clinical manifestations of the 
disease, the most frequently described symptoms were 
paresthesia, followed by musculoskeletal involvement 
which occurred in about a third of patients, similar 
to what has been documented in the literature, where 
these manifestations can occur in between 24% and 
54% of patients, depending on the region (25,26). Very 
low frequencies of Trousseau’s (13%) and Chvostek’s 
signs (6.5%) were found; however, an association 
analysis between its existence and serum calcium 
levels was not made, therefore, we cannot know for 
sure what its production is to predict the presence of 
hypocalcemia (8,27-30). Depression was the most 
frequently documented psychiatric manifestation in 
our study, consistent with the described increased 
risk of suffering from psychiatric disorders in patients 
with hypoparathyroidism. The study by Underbjerg 
and cols. (30) reported an HR of 1.99 (95% CI 1.14-
3.46) for depression and bipolar disorder, which has 
also been documented in other observational studies 
(28,31). Regarding complications, it was found that 
about half of patients in whom calcium was measured 
in a 24-h urine test met the definition of hypercalciuria 
(n = 9), of which 33% (n = 3) had renal disease imaging 
where associated complications (nephrocalcinosis and 
nephrolithiasis) were fully documented. Although these 
results lack reliability as it was a small proportion of 
the study population who had a calciuria measurement 
in 24-h urine testing and imaging to evaluate renal 
complications, it is suggested that every patient with 
hypercalciuria in the follow-up should have renal 
imaging done. Of the patients, 11.1% had imaging 
of the central nervous system, where basal ganglia 
calcifications were found in 33.3%, strikingly in a much 
smaller proportion than is usually described in different 
observational studies, in which it ranges from 52%-74% 
of cases (17,27,28,32,33). 

Approximately half of the patients had adequate 
disease control and to achieve this, and this group 
required a lower dose of elemental calcium and calcitriol 
when compared to the group of uncontrolled patients. 
Similarly, it was documented that 23 patients (21%) 
of the cohort had an indication for rhPTH treatment, 
of which the vast majority were patients who were in 
the uncontrolled group. The low doses of elemental 
calcium and calcitriol that these patients were receiving 

Table 4. Rate of subjects that meet each criterion for rhPTH

Indication for rhPTH N = 23*

Dose of elemental calcium > 2,500 mg/day 10 (43.5%)

Dose of calcitriol > 1.5 µg/day 3 (13%)*

Calcium/Phosphorus product > 55 mg2/dL2 3 (13%)*

Hypercalciuria** 9 (39.1%)*

Nephrolithiasis 4 (17.4%)*

Nephrocalcinosis 3 (13%)

*Some patients met more than one of the criteria: all three patients who met the criteria for 
dose of calcitriol also met the criteria for dose of elemental calcium; one of the patients who 
met the criteria for Ca/P product also met the criteria for dose of elemental calcium; in the 
hypercalciuria group, one met the criteria for elemental calcium dose, two met the 
nephrocalcinosis criteria and one the nephrolithiasis criteria; one patient in the nephrolithiasis 
group also met the nephrocalcinosis criteria.
**Hypercalciuria is defined as >250 mg/24h in women and >300 mg/24h in men.

DISCUSSION

A cohort of 108 patients with hypoparathyroidism 
was evaluated in a high complexity hospital in the 
city of Medellín. To the best of our knowledge, this 
is the only study of its kind so far in the Colombian 
territory. The results obtained confirm the main 
etiology as postoperative (93.5%), with other causes 
being infrequent, which is in accordance with studies 
conducted in American and European populations. 
However, the percentage of cases of postoperative 
etiology was much higher than that described in the 
literature, which ranges between 62 and 78% (3,4,8,18-
20). These results can be explained by the measures 
used to prevent postoperative hypoparathyroidism; 
of which, the most widely supported in the literature 
(21-24) are preservation of the parathyroid glands 
through meticulous dissection, preservation of their 
blood flow, and even autotransplantation or autologous 
transplantation of the gland, procedures which must 
be implemented by an expert surgeon in the area, a 
condition of this procedure that is not applied at all 
hospital centers in Colombia. 

The most frequent comorbidities were 
hypothyroidism and thyroid carcinoma, a completely 
expected result, provided that the primary reason 
for cervical surgery is thyroid gland surgery and it is 
described in the literature that up to 90% of cases of 
postoperative hypoparathyroidism are due to surgeries 
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in the study are striking considering the doses that are 
usually described for these patients (1).

Different studies have been conducted for evaluating 
the use of rhPTH 1-84 (Natpara®) (14,34,35), 
which have shown its usefulness in the management 
of patients with hypoparathyroidism – promptly 
demonstrating the need for lower doses of calcium 
and calcitriol, improvement in bone health and also in 
quality of life (12,14). The results regarding the impact 
on hypercalciuria have not been clear, only in a study 
where an infusion pump protocol was used was a 60%-
70% reduction in calciuria demonstrated. Regarding 
the use of PTH 1-34 (teriparatide), although this drug 
is not approved for the treatment of patients with 
hypoparathyroidism, there has also been an impact 
on the daily dose of calcium and calcitriol, as well as 
improvement in quality of life and bone health. For all 
the above reasons, the use of PTH, mainly rhPTH 1-84 
(Natpara®), may be implemented as part of the treatment 
in those patients who persist with poor control of their 
disease or develop long-term complications, as stated 
in the international management guidelines (11). 
However, rhPTH 1-84 is not available in our region 
and teriparatide is only approved for use in patients with 
osteoporosis, which limits the use of this replacement 
in daily clinical practice. 

Limitations

This is a retrospective study with the limitations inherent 
to the loss of data and collection based on data written 
by the clinicians. there is no way to know if the study 
subjects are representative of the original population, in 
addition, patients were identified via ICD-10 codes, the 
sample may thus not represent the totality of patients 
with hypoparathyroidism treated at the hospital during 
the period of time studied. The main reason for non-
inclusion was the absence of PTH levels in the medical 
records despite the fact that many of these patients 
already had a previous diagnosis of hypoparathyroidism 
and were receiving calcium, which forced a high number 
of patients with hypoparathyroidism to be excluded. 

Due to the retrospective nature of the study, some 
important aspects of the population could not be 
established: no data was found on what type of specialist 
performed the intervention in cases of postoperative 
hypoparathyroidism (general surgery vs. head and 
neck surgery) and it was not possible to establish the 
duration of the disease before diagnosis.

There were other laboratory parameters such as 
calciuria, 25OHD levels, and diagnostic imaging, 
among others that were not performed in all study 
patients or were not recorded in the medical records. 
Only a small proportion of them had all the parameters 
established for adequate follow-up of patients with 
hypoparathyroidism, which limits the interpretation of 
these results. It should be mentioned that the calcium 
recorded during the study corresponds to the first 
measurement of calcium recorded in the clinical history 
and a compilation of all serum calcium values of each 
patient was not made, however, said parameter was 
taken into account when defining disease control. The 
measurement of serum magnesium was also not taken 
into account.

It was not possible to establish the time of progress 
during which the patients maintained control of the 
disease, this is explained by the retrospective nature of 
the study and the inability to follow-up with patients 
who did not have multiple assessments during the last 
year. 

In conclusion, to the best of our knowledge, this 
is the first study on the clinical profile of Colombian 
patients with hypoparathyroidism that shows that a 
higher percentage of cases are secondary to surgical 
interventions, when compared with other centers in 
the world. With regard to medical management, the 
doses of calcium and calcitriol used were relatively low, 
and with this it is possible to achieve disease control 
in little more than half of cases; on the other hand, 
patients who did not achieve adequate control received 
a seemingly higher dose of the medications, which can 
be explained by the individual variation of the disease.

Only a minority of patients received PTH therapy 
as an adjuvant in the pharmacological management of 
the disease, despite the fact that a fifth of the cohort 
met the criteria for its use. It is possible that the low use 
of this medicine explains, or at least partially explains, 
the low level of control that was achieved in the total 
cohort and that more widespread use of this therapy can 
considerably improve the proportion of patients who 
achieve the criteria for the control of disease, without 
increasing the risk of chronic complications associated 
with hypoparathyroidism.
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ABSTRACT
Objective: To evaluate the use of metformin for preventing cesarean deliveries and large-for-
gestational-age (LGA) newborn (NB) outcomes in non-diabetic obese pregnant women. Subjects 
and methods: This is a randomized clinical trial with obese pregnant women, divided into 2 
groups: metformin group and control group, with followed-up prenatal routine. The gestational age 
of participants was less than or equal to 20 weeks and were monitored throughout entire prenatal 
period. For outcomes of delivery and LGA newborns, absolute risk reduction (ARR) and the number 
needed to treat (NNT) were calculated with a 95% confidence interval (CI). Results: 357 pregnant 
women were evaluated. From the metformin group (n = 171), 68 (39.8%) subjects underwent cesarean 
delivery, and 117 (62.9%) subjects from the control group (n = 186) had intercurrence (p < 0.01). As 
for the mothers’ general characteristics, there was significance for marital status (p < 0.01). Maternal-
fetal results presented reduced preeclampsia (p < 0,01). Primary prophylactic results presented an 
ARR of 23.1 times (95% CI: 13.0-33.4) with NNT of 4 (95% CI: 3.0-7.7) and no significant values for LGA 
NB (p > 0.01). Secondary prophylactic outcomes presented decreased odds ratio for preeclampsia 
(OR = 0.17, 95% CI: 0.10-0.41). Conclusion: The use of metformin reduced cesarean section rates, 
resulted in a small number of patients to be treated, but it did not reduce LGA NB. Administering a 
lower dosage of metformin from the early stages to the end of treatment may yield significant results 
with fewer side effects. Arch Endocrinol Metab. 2020;64(3):290-7

Keywords
Metformin; pregnancy; obesity; cesarean section; newborn

INTRODUCTION

During pregnancy, changes and inherent risks 
associated to overweight and gestation are a 

concern, increasing adverse pregnancy outcomes 
especially when patients are obese or overweight from 
the beginning of the first trimester (1). The World 
Health Organization (WHO) uses an association 
between body mass index (BMI) and health risks as a 

classification. In this context, BMI values ranging from 
25 to 29.9 kg/m2 indicate overweight, and results 
equal to, or greater than 30 kg/m2, are categorized as 
obesity (2).

In Brazil, obesity is present in 25 to 30% of 
pregnant women According to scientific literature (3), 
the eating behavior of pregnant women is one of 
the most prevalent causes for this. Thus, gestational 
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obesity has become a problem that demands attention 
in this country (3,4) due to variables related to 
multifactoriality, methodological deficiencies, lack of 
control and efficient means to conduct weight gain 
(WG) during the gestation.

Recent research on overweight pregnant women has 
presented significant results for large-for-gestational-
age (LGA) newborns (NBs) and for macrosomic infants 
(1,5,6). Studies have also pointed to a great association 
between increased outcomes of cesarean deliveries and 
mothers affected by obesity (7,8).

The impact of obesity in pregnant women 
represents a risk factor for women’s health, not only 
because of their excessive weight gain and its imminent 
intercurrences, but also because of innumerable 
problems that can be predicted in fetuses and 
newborns according to composite neonatal morbidities 
(CNMs), such as neonatal sepsis (9). Current decade 
research recognized the possible association between 
pre-gestational overweight and maternal-fetal 
intercurrences, identifying a relation between mother’s 
weight during pregnancy and NB fat mass (FM) (10).

Pharmacokinetic and pharmacodynamic metformin 
action reduce gluconeogenesis in the liver, which favors 
gestational outcomes (11). Furthermore, this drug 
is being used in the treatment of Polycystic Ovarian 
Syndrome (PCOS) and has an adjunct effect in patients 
submitted to chemotherapy for cancer treatment (12,13).

It is worth mentioning that acetylsalicylic acid 
(ASA) has been used with other treatments. Aspirin 
inhibits the synthesis of prostaglandins (PGS) through 
irreversible acetylation of fatty acids, which inactivates 
the cyclooxygenase (COX) enzyme (14). Thus, the use 
of ASA suggests prophylactic effects on maternal and 
perinatal outcomes, according to scientific literature 
on the prevention of pregnancy-specific hypertensive 
diseases (PSHD) and neonatal intercurrences (15).

Therefore, since metformin does not correlate with 
perinatal complications, and pregnant women preferred 
metformin to insulin treatment (16), we hypothesized 
that the use of this drug may result in a lower number 
of LGA NBs and cesarean deliveries (CDs) in pregnant 
women with a BMI ≥ 30. A consistent assumption is 
that in addition to hyperglycemia, obesity in pregnancy 
suggests a risk factor for LGA NBs and for higher 
cesarean rates in obese pregnant women who did not 
present a diagnosis of gestational diabetes mellitus 
(GDM) (5). In this way, this study aimed to evaluate the 
pharmacological action of metformin hydrochloride for 

the prevention of cesarean deliveries in obese pregnant 
women and for outcomes of LGA NBs.

SUBJECTS AND METHODS
A randomized clinical trial was conducted from October 
31, 2014 to December 31, 2017. This study is part of a 
larger research study that aimed to reduce the GDM in 
obese pregnant women using metformin. For the 
current study, 357 pregnant women with a diagnosis of 
obesity and adequate criteria to participate were selected. 
They were divided into two groups: a control group 
and a metformin hydrochloride intervention group. 
The treatment was developed at Darcy Vargas Maternity 
Hospital, (MDV) in the city of Joinville, Santa Catarina, 
which has a multidisciplinary service for obese pregnant 
women characterized as a risk group. Pregnant women 
are referred to the MDV outpatient clinic from the 
Basic Health Unit, and overweight and obese pregnant 
women only are seen and treated regularly on Thursdays.

Considering a scientific study outcome with a 
population of 298 pregnant women, 53 (17.8%) 
were categorized as obese, that is, with a BMI ≥ 30.0. 
Researchers identified an LGA NB rate of 15% in the 
perinatal outcomes of obese pregnant women. With 
the use of metformin, the present study considered a 
46,6% reduction in the number of LGA NBs, from 15% 
to 7%, with a power of 90% and alpha error of 0.05. 
Thus, a sample of 165 pregnant women was obtained 
for each group (5).

The research was applied according to Resolution 
466/12 regulations of the National Health Council. 
The confidentiality of pregnant women and their 
children was preserved. The study was approved 
according to Brazil Platform, CAAE (Certificate 
of Presentation for Ethical Appreciation) number: 
34863514.1.0000.5366. The women were duly 
instructed, informed of research objectives and of their 
right to refuse participation at any time during this 
research, without prejudice or penalty of any nature 
to her or her baby. The integrity, safety and privacy 
of the information obtained during the study were 
maintained, and, concomitantly, the confirmation 
number corresponding to the RBEC (Brazilian 
Registry of Clinical Trials), U1111-1162-6908. This 
report follows recommendations of the Consolidated 
Standards Reporting Trial (CONSORT) (17).

The categorization of pregnant women’s weights 
occurred early in the morning, performed by the 
nursing team at the MDV triage, and subsequently, by 
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current study researchers, according to WHO criteria 
for obese pregnant women (BMI ≥ 30 kg/m2). Patients 
were invited to attend lectures on gestational obesity 
and on the efficacy of metformin, its risks and benefits. 
The women who agreed to be part of the study signed 
two free and informed consent forms (ICF).

The study included all pregnant women without any 
type of diabetes, and those with a diagnosis of obesity, 
as per the World Health Organization criteria; a BMI 
≥ 30 kg/m2; age 18 years or older; a single gestation; 
a primary cesarean section or obese pregnant women 
who had already performed the procedure in previous 
pregnancies; a gestational age (GA) less than 20 weeks 
of; and no pathologies interfering with delivery route and 
newborn. In addition, obese pregnant women should 
present following characteristics to be included: have 
no history or presence of pathologies related to liver, 
kidney, stomach or intestine; have no major drug allergy 
and/or other characteristic impairing drug absorption, 
distribution, excretion or metabolism. Subjects were 
excluded due to follow-up loss, that is, no adherence to 
treatment, research abandonment, or drug intolerance.

Follow-up was performed during the prenatal 
period, according to the basic routine recommended 
by National Health Department. All pregnant women 
were given standard prenatal care, receiving care 
from nutrition, nursing, physiotherapy and obstetrics 
services. MDV’s dietary guidance includes a small 
reduction in caloric intake of 24 kcal/kg/day (18). 
Along with standard treatment, pregnant women in 
the metformin group received 1,000 milligrams daily 
(mg/d) metformin: 500 mg at breakfast and at dinner. 
The control group received standardized hospital 
treatment only. The intention of using a lower dosage, 
compared to previous studies, was to observe the results 
of the study showing the lowest levels of intolerance to 
metformin in pregnant women. However, this was not 
the main objective of the study.

During the first visit to the gestational obesity 
outpatient clinic, the participants were randomized 
by a computerized algorithm, using Microsoft Excel 
(Microsoft, Redmond, WA, USA), which generated a 
random allocation order list in a non-fixed proportion, 
divided into two groups: a study group, which was treated 
with metformin and received guidance on diet and physical 
activity; and a control group, which received guidance on 
diet and physical activity only. Participants received a coded 
seal on their prenatal follow-up records, which identified 
them as participants of the multidisciplinary research 

team during outpatient visits throughout the study. All 
patients were identified through a specific research form 
containing: participant’s name; date of birth; age; marital 
status; occupation; educational level; ethnicity; BMI; 
gestational age (GA) at entry; allergy to metformin; 
number of pregnancies; interval between deliveries; age 
at birth of first child; type of delivery; abortions; use of 
medication during pregnancy; renal, or gastrointestinal 
disease; diagnosis of liver; GDM diagnosis. 

The data collected for maternal characteristics 
were: maternal age; ethnicity; marital status; schooling; 
number of pregnancies; GA of entry; BMI in all three 
trimesters of gestation: upon arrival (less than 20 weeks), 
second trimester (24-28 weeks) and third trimester (33-
35 weeks). Consequently, for maternal-fetal outcomes, 
the following information was observed: gestational 
diabetes mellitus (GDM) acquired; preeclampsia (PE); 
prematurity; SGA NB; Apgar scores in the 1st and 5th 
minutes; and admittance to neonatal intensive care 
unit (NICU). It is noteworthy to mention the relation 
between gestational obesity and increased numbers of 
cesarean births and LGA NBs. Further, these outcomes 
compromise both mother and NB (1,5). In this manner, 
the primary objective of this study was to identify the 
number of cesarean births and LGA NBs to non-diabetic 
obese pregnant women with the use of the drug. All 
other outcomes evaluated, including that of DGM, 
were for secondary analysis. In the present article, the 
main outcomes evaluated were: Absolute risk reduction 
(ARR) and number needed to treat (NNT) for CD 
and LGA NBs. The Lubchenco curve (19) was used 
for this study. Widely used in Latin American maternity 
hospitals, the Lubchenco curve classifies children 
below the 10th percentile as small for gestational age 
(SGA); children between the 10th and 90th percentiles 
as appropriate for gestational age (AGA); and children 
above the 90th percentile as LGA NBs (19). Variables 
were statistically treated using the Statistical Package for 
Social Sciences (SPSS), version 21.0. At first, all data 
were analyzed descriptively. For continuous variables, 
analysis was performed through the calculation of means 
and standard deviations. Student’s t-test was used for 
hypothesis analysis and comparison of means between 
groups, and the non-parametric Mann-Whitney test was 
used when normality was rejected. The Kolmogorov-
Smirnov test was used as support to verify the normality 
of population. Chi-square or Fisher’s exact tests 
were applied for frequencies smaller than five to test 
homogeneity of groups in relation to proportions. 
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Risk factors were identified by univariate analysis, 
which compared variables categorized by Q² test. 
Absolute risk reduction (ARR) and the number needed 
to treat (NNT) for CDs and LGA NBs were calculated. 
ARR is the result after intervention, that is, the 
prevalence of sample baseline risk that remains and will 
reduce after intervention has developed. The NNT is the 
number of patients who must be treated with a specific 
drug to avoid an outcome of disease. Relative Risk 
(RR) is the ratio between prevalent absolute risk and 
the result of absolute risk found after intervention (20). 
For NB outcomes, the multinomial logistic regression 
model was set up containing adjusted values for odds 
ratios. For all research results, a 95% confidence interval 
(CI) was adopted considering significant values when 
p < 0.05.

RESULTS

The basic health unit referred 438 obese pregnant women 
with a BMI ≥ 30 (kg/m2), classified as high-risk pregnancy 
for specialized care at the MDV obesity outpatient clinic. 
Of these, 48 pregnant women had characteristics that 

were not compatible with the study: 11 pregnant women 
had had bariatric surgery; 6 had previous experience with 
gastrointestinal disorders (dyspepsia, gastroenteritis, 
esophagitis and gastritis); 9 had kidney disease (history 
of pyelonephritis, renal cysts or renal failure); 7 already 
knew of their hypersensitivity to medication; 8 were 
taking other drugs that could influence outcomes; and 7 
had a history of gestational diabetes mellitus. Although 
390 women were eligible to participate in the study, 
12 refused to be part of the research, resulting in 378 
pregnant women for randomization. The pregnant 
women were divided into two groups: 189 in the control 
group and 189 in the metformin intervention group. 
Three women from the control group abandoned the 
study; as for the intervention group, 10 abandoned the 
research and 8 presented drug intolerance, indicating 
a 4.2% rate of pregnant women presenting side effects 
after drug use. The remaining 357 obese pregnant 
women were included in the analysis, were subject to 
all prenatal care and delivered their babies at MDV. 
Finally, we obtained 186 (52.1%) pregnant women for 
the control group and 171 (47.9%) for the metformin 
group, detailed in Figure 1.

Patients referred by Basic Health 
Unit to MDV with gestational 
obesity diagnosis, with BMI 

≥ 30 kg/m2, without diabetes 
(n = 438)

Eligible (n = 390)

With bariatric surgery (n = 11)
Gastrointestinal disorders (n = 6)

Renal diseases (n = 9)
Hypersensitivity to medications (n = 7)

Taking other medications that could in�uence outcomes (n=8)
Had a history of gestational diabetes mellitus (n=7)

Underwent randomization (n = 378)

Pregnant women in the control group (n = 189)

Control group included in the analysis (n = 186)

 Pregnant women in the metformin group (n = 189)

Metformin group included in the analysis (n = 171)

Research Abandonment (n = 3) Research Abandonment (n = 10)
Drug intolerance (n = 8)

Declined to participate (n = 12)

Figure 1. Participants flowchart at each stage of the study.

Source: Author (2018).
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Table 1 presents the mothers’ baseline characteristics 
in a comparison between the two groups: control 
and metformin. Qualitative variables did not identify 
relevance for factors related to ethnicity and education 
(p > 0.05). However, marital status revealed significant 
values (p < 0.01). As for quantitative aspects, the 
gestational BMI and factors corresponding to maternal 
age, number of gestations and gestational age (GA) did 
not indicate statistical differences (p > 0.05). 

Table 2 shows a risk ratio comparison for the use of 
metformin to prevent CD and LGA NB, in the respective 
groups. In the study group (n = 171), where metformin 
was administered to mothers, the incidence rate of 
cesarean deliveries was 39.8%. In the control group  

(n = 186), CDs occurred for 62.9% of pregnant women, 
presenting significant values (p < 0.01). ARR was equal 
to 23.1 (95% CI: 13.0- 33.24), with an NNT of 4 (95% 
CI: 3.0 -7.7). In LGA NB prevention, the intervention 
with metformin group (n = 171) had 30.4% of LGA 
NBs, and the control group (n = 186) 27.4%. Thus, 
parameters did not present significant values (p > 0.05).

Consequently, the following maternal-fetal 
outcomes were assessed: GDM, PE, prematurity, 
newborn weight, SGA, Apgar 1st. and 5th minutes, 
NICU. Among the results evaluated with metformin 
use, only PE presented chances of reduction in the 
incidence (OR = 0.17, 95% CI 0.10-0.41) (p < 0.01), 
according to Table 3.

Table 1. Patients baseline characteristics

Total Sample (N = 357)
Study group

Control vs. Metformin 
P ValueControl

(N = 186)
Metformin
(N = 171)

Age (SD) 29.1 (6.2) 29.6 (6.1) 28.6 (6.2) 0.12*

Ethnicity

White 279 (78.2) 140 (75.3) 139 (81.3) 0.38**

Black 47 (13.2) 28 (15.1) 19 (11.1)

Other 31 (8.7) 18 (9.7) 13 (7.6)

Marital status

Single 58 (16.2) 26 (14.0) 32 (18.7) < 0.01**

Married 259 (72.5) 147 (79.0) 112 (65.5)

Other 40 (11.2) 13 (7.0) 27 (15.8)

Education

< 18 years 50 (14.0) 24 (12.9) 26 (15.2) 0.23**

Middle school 105 (29.4) 50 (26.9) 55 (32.2)

High school 166 (46.5) 88 (47.3) 78 (45.6)

College 36 (10.1) 24 (12.9) 12 (7.0)

Number of pregnancies (SD) 2.7 (2.0) 2.7 (2.0) 2.6 (2.0) 0.73*

Intake GA (SD) 11.4 (3.2) 11.3 (3.1) 11.5 (3.2) 0.62*

Gestational BMI (≥ 30 kg/m2) (SD)

Intake BMI 37.4 (5.2) 37.2 (5.7) 37.5 (4.6) 0.26***

3rd Trimester BMI 38.8 (6.2) 38.9 (6.3) 38.7 (6.1) 0.33***

SD: standard deviation; GA: gestational age; BMI: body mass index. Statistical tests: *T test; **Chi-square. ***Mann-Whitney.

Table 2. Metformin in the prevention of cesarean births and large for gestational age (LGA) newborns (NB)

Outcomes
Control Group 

(N = 186) 
N (%)

Metformin Group 
(N = 171)

N (%)
ARR (CI 95%) NNT P

Cesarean Sections 117 (62.9) 68 (39.8) 23.1 (13.0-33.24) 4 (3.0-7.7) < 0.01

LGA NBs 51 (27.4) 52 (30.4) - - 0.53†

ARR: absolute risk reduction; N: number; NB: newborn; LGA: large-for-gestational-age; CI: confidence interval; NNT: number needed to treat. Statistical tests: † Chi-square test.
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DISCUSSION

The present study showed the impact of metformin on 
obese pregnant women to prevent cesarean delivery 
and perinatal outcomes. It was possible to evaluate 
metformin use in the incidence of cesarean deliveries 
and weight of newborns and to quantify the ARR and 
NNT for the main objectives of the study. Further, this 
study pointed to an ARR in the incidence of cesarean 
deliveries and not in LGA NB outcomes.

Regarding general characteristics of the mothers, 
the only significance was marital status (p < 0.01). It 
should be noted that the study presented a 51.8% rate of 
cesarean deliveries, which, according to bibliographical 
findings, confirms the strong relation between the 
BMI outside appropriate standards and CDs and LGA  
NBs (5). Likewise, statistical percentages increase when 
these outcomes are related to married pregnant women 
above appropriate weight and PSHD (5,21).

Metformin has been used in obese pregnant 
women with GDM, yet the relationship between 
pharmacokinetic and pharmacodynamic mechanisms 
is not fully understood. However, metformin activates 
the enzyme protein kinase, involved in controlling 
body energy and metabolic substrate, reducing 
gluconeogenesis (22,23). Other investigators have 
found that metformin may favor a better redistribution 
of peripheral and visceral fat in, although they did not 
observe differences in body fat percentage (24).

In literature, researchers used different GA to 
initiate metformin therapy. A recent study began 
treatment at 12 to 18 weeks of gestation, reducing 
WG in obese pregnant mothers (25). Other authors 
have instituted use of the drug beginning in the first 
trimester (26). Our average for metformin use was 
established from 11 to 16 weeks of pregnancy, which, 
in line with the bibliography, ratified the relevance of 
starting administration before 20 weeks of pregnancy.

The metformin dosage to be administered in 
pregnancy has become relevant in the design of results. 
A current meta-analysis with randomized clinical 
trials concluded that the drug may reduce risks in 
the outcomes of overweight pregnant women (27). 
Research using metformin from first trimester at a 
dosage of 1,700 mg/d concluded that complications 
during pregnancy and postpartum decreased in women 
with PCOS (12). Consecutively, researchers identified 
significant differences in maternal outcomes with 500 
to 3000 mg (25), while another study had significant 
differences with 500 to 2,500 mg/d (28). The present 
study used 1,000 mg/d in the prevention of cesarean 
deliveries and LGA NB outcomes. This dose of 1,000 
mg is different from dosages used in other studies.

Regarding the perspective of pregnant women, a 
previous study demonstrated a better acceptance of 
metformin administration, when compared to insulin 
(76.6% vs. 27.2%), respectively (p < 0.01) (16).  

Table 3. Maternal-fetal complications, according to study group

Outcomes Group N (%) Adjusted OR 
(CI 95%) P Value

GDM
Control 15 (8.1) -

0.34
Metformin 10 (5.8) 0.66 (0.28-1.55)

Preeclampsia
Control 33 (17.7) -

< 0.01
Metformin 6 (3.5) 0.17 (0.10-0.41)

Prematurity
Control 9 (4.8) -

0.35
Metformin 9 (5.3) 1.68 (0.55-5.14)

SGA NB
Control 3 (1.6) -

...
Metformin 0 (0.0) -

Low Apgar-1 
Control 13 (7.0) -

0.39
Metformin 14 (8.2) 1.43 (0.63-3.24)

Low Apgar-5
Control 1 (0.5) -

...
Metformin 0 (0.0) -

NICU
Control 3 (1.6) -

0.52
Metformin 3 (1.8) 1.89 (0.27-13.17)

GDM: gestational diabetes mellitus; NB: newborn; SGA: small-for-gestational-age; NICU: neonatal intensive care unit. Adjusted Variables: age, ethnicity, marital status, schooling, number of 
pregnancies, gestational age, pre-gestational body mass index, development of GDM, development of preeclampsia, preterm newborns, 1st and 5th low minutes (< 7) and NICU admission.
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An impact study, with an initial dose of 500 mg/d 
(once or twice a day) gradually increased over a period 
of two to three weeks to reach a dosage of 2,500 
mg/d, showed a 4.2% intolerance rate to the drug, 
with the metformin plus insulin use (16). The Vanky et 
al studies showed the intolerance rate to this drug was 
16.7% (12) among obese pregnant women using 2,000 
mg/d. Other studies that used up to 3,000 mg/d 
noted that 41.8% of women stopped taking their pills 
due to gastrointestinal side effects, and another 40% 
had to reduce their dose during treatment (25). In the 
current study, only 4.2% of the 189 pregnant women 
who used the drug presented intolerance to the pre-
established dosage of 1000mg/d. Regarding the side 
effects of metformin, vomiting, nausea and diarrhea are 
most frequent (29).

A similar study with obese pregnant women who 
used the drug did not reduce chances of cesarean 
delivery (OR = 0.93, 95% CI 0.62-1.38) (p = 0.79) 
(25). A current meta-analysis using two clinical trials 
with obese pregnant women without DMG was not 
consistent with our results on metformin in cesarean 
delivery outcomes. No significant values were found 
for risk reduction for cesarean section (RR 0.91, 95% 
CI 0.76, 1.09) (30). A recent clinical trial with obese 
pregnant women regarding prevention of primary 
cesarean sections resulted in 46/222 (21%) in the 
placebo group versus 42/219 (19%) in the metformin 
group (OR 0.90, 95% CI 0.57, 1.45) (30). This 
present study indicated an RRA of cesarean delivery in 
the metformin group of 23.1 (95% CI 13.0-33.24), as 
it was necessary to treat 4 pregnant women to prevent 
CD outcomes (NNT = 4), (p < 0.01).

Nevertheless, there was no RRA to prevent LGA 
NBs. That is, no difference was found between the two 
groups (p > 0.05). This is in agreement with an already 
published scientific finding, which, even after drug use, 
did not show a reduction in odds risk for LGA NBs (OR 
= 1.11, 95% CI 0.65-1.90), (p = 0.79) (p > 0.05) (25). 

Other researchers have found metformin has no 
effect on newborn weight percentile in obese pregnant 
women (28). An impact study showed greater measures 
of subcutaneous fat in children exposed to metformin, 
but total body fat was similar in children whose mothers 
administered insulin during pregnancy (31).

Infant follow-up is necessary to better evaluate the 
use of metformin and to analyze the impact of the 
medication on intrauterine exposure. Nonetheless, 
when metformin was used during pregnancy, no 

metabolic syndromes throughout the children´s lives 
have manifested in other studies (32). A study concluded 
that the drug was not associated with perinatal 
complications when compared to insulin (16,33) in 
women with GDM who used only metformin during 
gestation as a preventive alternative.

As for ASA, the incidence of LGA NBs of pregnant 
mothers treated with aspirin was of concern in scientific 
literature, resulting in 40.2% vs. 26.6% in the placebo 
group, (P = 0.005) (34). Regarding other secondary 
findings, this study identified only reduced odds for 
PE with lower percentages of 3.5% for metformin 
group vs. 17.7% for control group, indicating lower 
chances for the intervention group (OR = 0.17, 95% 
CI = 0.10-0.41). This result is analogous to results of 
other authors (OR = 0.24, 95% CI = 0.10-0.61) (24). 
It is worth mentioning that a review study with 59 
clinical trials showed, although with limited statistical 
values, lower risks for PE incidence, 17% (RR = 0.83, 
95% CI = 0.77-0.89), with an NNT of 72 pregnant 
women receiving aspirin (35). Thus, PE reduction in 
this research seems to have favored decreased cesarean 
values in metformin group. That considered, a strong 
relation between cesarean delivery and PE was reported 
in a recent study (36).

As for the limitations, we can affirm it was difficult 
to guarantee generalization capacity, which favors 
external validation. Nonetheless, the present study 
preserved internal validity, as the selected patients 
fit the conditions of a specific group of non-diabetic 
pregnant women and were categorized as obese and 
matched inclusion criteria previously established in the 
protocol. The acquisition of the sample was another 
positive point, as it was compatible with predicted 
statistical values, benefitting the quality of results. 

In conclusion, the use of metformin showed a 
reduction in cesarean section rates with a small number 
of patients to be treated, but it did not reduce LGA 
NB rates. A lower dosage administered from the early 
stages to the end of treatment may yield significant 
results with fewer side effects.
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ABSTRACT

Objectives: The aim of this study was to evaluate the association between nutritional intake and metabolic 
syndrome in otherwise healthy middle-aged Korean women. Subjects and methods: Retrospectively, 
medical records were reviewed for nutritional intake of 2,182 Korean women who had undergone 
routine medical check-ups from 2010 to 2016 at Pusan National University Hospital. The patients who met 
diagnostic criteria for metabolic syndrome based on NCEP-ATPIII were included, and each of the patients 
was assessed through self-report questionnaires and individual interview with a health care provider. 
The recommended dietary allowance (RDA) for women in Republic of Korea was based on 2015 criteria 
discussed in Dietary Reference Intake for Koreans, organized by the Ministry of Health and Welfare. Results: 
Through univariate analysis, daily calorie, protein, fat, and carbohydrate consumption were significantly 
higher and exceeded RDA in the patients with metabolic syndrome; other than major nutrients, iron, 
vitamin B2, and niacin were also consumed in excess of the RDA in these patients. Multivariate analysis 
showed that carbohydrate consumption, along with protein and vitamin B2, were significantly higher in 
the patients with metabolic syndrome. Conclusion: In middle-aged Korean women, high consumption of 
carbohydrates, along with protein and vitamin B2, was found to have a statistically significant association 
with the presence of metabolic syndrome. Arch Endocrinol Metab. 2020;64(3):298-305

Keywords 
Metabolic syndrome; nutrients; dietary pattern; carbohydrate; protein

INTRODUCTION

Metabolic syndrome (MetS), one of the largest-
growing health concerns worldwide, is a cluster of 

diseases based on physiological consequences of insulin 
resistance including obesity, hypertension, diabetes 
mellitus, and dyslipidemia (1). As a degenerative 
disorder that worsens with age, its close relation to 
cardiovascular risks along with increased morbidity 
and mortality is widely known, and patients require 
education and lifelong management (2). 

One of the major issues in public education for MetS 
patients is diet; dietary patterns and nutrients intake 
likely determine the development and/or progress of 
the disease, even seemingly accelerating its prevalence 
(2-6). However, it is not clear exactly which nutrients 
affect MetS. Several nutritional factors have been 
reported to be associated with MetS, but the results are 
not consistent (5,7,8).

For such reasons, numerous national, comprehensive 
studies on dietary patterns and nutrients in MetS 
patients are now being conducted worldwide; in 
the United States and Canada, comparative studies 
on dietary patterns and nutrients intake of general 
population and patients with MetS have found parallel 
associations between higher intake of saturated fatty 
acids – saturated foods and soft drinks, for examples 
– and higher risk for MetS (9,10). Similarly, research 
in East Asian countries including China and Japan 
has shown that a high-protein/cholesterol diet is 
associated with higher prevalence of MetS; researchers 
have emphasized the importance of developing 
nutritional intervention for not only management but 
also preventive purposes (11-13). 

In South Korea, the prevalence of MetS is 
increasing, as it is in other Asian countries. From 
1998 to 2012, the prevalence rose from 24.9% to 37% 
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(3,14). Over the past several decades, eating habits 
in Korea have become westernized (high intakes 
of beef, sugar, and fat) and can be easily ingested 
through a variety of automated processes. In this 
process, a meat diet preference became more favored 
than vegetarian diets, and carbohydrate consumption 
increased (15). 

Therefore, in this study, we attempted to determine 
how individuals with metabolic syndrome take nutrients 
and how it differs from how individuals without 
metabolic syndrome do so.

SUBJECTS AND METHODS
Study cohort and design

This was a retrospective study of 2,182 women 
who underwent health screening examinations at 
the Pusan National University Hospital Health 
Promotion Center in South Korea between 2010 and 
2016. This period, about 4,000 female patients visited 
the Health Promotion Center of Pusan National 
University Hospital, of which 2,200 middle-aged 
women (aged 30-74) were selected. When they first 
visited, we offered a self-administered questionnaire 
including each participant’s demographics, lifestyle, 
medical history, and diet. All the participants agreed 
with their informed consent that their medical 
records would be used in this study. After completing 
the questionnaire, the nutritionist checked again 
through individual interviews, so few surveys were 
missing, and missing FFQs were excluded from the 
data. Therefore, a total of 2,182 people were selected, 
except for 18 surveys of some inaccurate FFQs. We 
divided them into patients with and without MetS: 
1,805 women without MetS and 377 women with 
MetS. This study was approved by the Institutional 
Review Board (IRB) of Pusan National University 
Hospital (H-1906-023-080).

Definition of metabolic syndrome

We used the National Cholesterol Education Program’s 
Adult Treatment Panel III report to define MetS (16); 
women needed to meet at least three of the following 
five criteria; (1) abdominal circumference over 80 cm 
(for Asian women), (2) TG level over 150 mg/dL, 
(3) HDL-C less than 50 mg/dL, (4) FBG over 110 
mg/dL or DM, and (5) blood pressure over 130/85 
or hypertension medication (17).

Nutrition Intake survey 

We conducted the nutrition survey through direct 
interviews with patients who visited the Pusan National 
University Hospital Health Promotion Center. The 
questionnaire items were prepared based on the revised 
edition of Health Promotion of Koreans in 2004. We 
calculated the nutrition data for each food using a semi-
quantitative food frequency survey. 

The FFQ we used was based on Korean National 
Health and Nutrition Survey form. This FFQ is a 
format commonly used in other nutrient articles (18). 
It consists of 32 questions and results were expressed as 
a sum of weekly food consumption based on 1 serving 
size. 32 questions were composed of grains, meat and 
fishes, vegetables, fats, milk products, fruits, sugars, 
and others. Grains include bread, sponge cake, cake, 
crackers, biscuits, cooked rice, noodle, rice, potato, 
etc. Meat and fishes include beef, pork, chicken, low 
fat fishes, squid, shrimp, crab, shellfish, oyster, anchovy, 
dried white bait, eggs, medium fat fishes, tofu, black 
bean, hams, high fat fishes, rib, sausage, eel. Vegetables 
include green-yellow, white, young radish, radish leaves, 
kimchi, diced radish kimchi, seaweeds. Fats include 
nuts, plant oils, mayonnaise, butter, creams, bacon. 
Milk products include milk, yoghurt, ice cream. Fruits 
include fresh fruit, fresh juice. Others include sugars 
(sugar/syrup/sweetened drink/candy/chocolate) and 
others (fast-foods, instant noodle, Korean stews, 
coffee/tea). The daily recommended dietary allowances 
of Koreans were based on 2015 criteria for Dietary 
Reference Intake for Koreans (2015 KDRIs) organized 
by the Ministry of Health and Welfare. We divided each 
nutrient into the actual daily intake and the percentage 
of actual intake compared with daily recommended 
nutrients intake (RNI) in percentage. 

Also, nutrients analysis used at Pusan National 
University Hospital software is a program developed 
by itself, but this program is based on CAN-pro 3.0 
made by the Korean Nutrition Society. This program is 
widely used in Korea (19,20).

Statistical analysis

In this study, we used SAS 9.3 for statistical analysis, 
the independent t test or Wilcoxon rank-sum test 
for continuous variables and the chi-square test for 
categorical variables. To calculate the area under the 
receiver operating characteristic curve, we used a 
logistic regression model. We considered two-sided 
values of P < 0.05 statistically significant.
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RESULTS

Demographics and characteristics

Characteristics of the patients both with and without 
MetS are shown in Table 1. We found statistically 
significant differences in most parameters but not the 
following: smoking, total bilirubin, direct bilirubin, 
albumin, creatinine, kcal, protein (g), calcium (mg), 

calcium (percent), vitamin A (Retinol Equivalent, RE), 

vitamin A (percent), vitamin B2 (mg), vitamin C (mg), 

vitamin C (percent). With the physical measurements, 

all parameters were higher in patients with MetS. The 

syndrome was more commonly observed in menopausal 

women as well as in women with diabetes mellitus, high 

blood pressure, and dyslipidemia. 

Table 1. Demography and characteristics

Variables Total
(n = 2,182)

Without MetS
(n = 1,805)

With MetS
(n = 377) *p

Clinical characteristics

Age (yr)* 53.09 (10.00) 51.68 (9.69) 59.86 (8.62) <.0001

Body weight (kg)* 56.77 (7.89) 55.6 (7.01) 62.38 (9.33) <.0001

Percent body fat (%)** 29.20 [26.00, 32.30] 28.40 [25.30, 31.30] 33.10 [30.90, 35.50] <.0001

WC (cm)* 78.76 (8.46) 77.07 (7.49) 86.88 (8.13) <.0001

BMI (kg/m2)* 22.64 (3.03) 22.07 (2.58) 25.36 (3.54) <.0001

Height (cm)* 158.40 (5.26) 158.72 (5.10) 156.86 (5.74) <.0001

Body muscle (kg)* 36.73 (3.51) 36.50 (3.27) 37.83 (4.34) <.0001

Skeletal muscle (kg)* 18.52 (3.81) 18.25 (3.69) 19.80 (4.10) <.0001

Menopause (%) <.0001

Pre-menopause 818 (37.49) 762 (42.22) 56 (14.85)

Post-menopause 1364 (62.51) 1043 (57.78) 321 (85.15)

Hypertension (%) <.0001

without hypertension 1803 (82.63) 1635 (90.58) 168 (44.56)

with hypertension 379 (17.37) 170 (9.42) 209 (55.44)

DM (%) <.0001

 without DM 2092 (95.88) 1781 (98.67) 311 (82.49)

 with DM 90 (4.12) 24 (1.33) 66 (17.51)

Hyperlipidemia (%) <.0001

Without Hyperlipidemia 1841 (84.37) 1617 (89.58) 224 (59.42)

With Hyperlipidemia 341 (15.63) 188 (10.42) 153 (40.58)

Smoking (%) 0.300

Non-smoking 2072 (94.96) 1710 (94.74) 362 (96.02)

Smoking 110 (5.04) 95 (5.26) 15.00 (3.98)

Group (%) <.0001

Premenopause, no MetS 762 (34.92) 762 (42.22) 0 (0.00)

Premenopause, MetS 56 (2.57) 0 (0.00) 56 (14.85)

Postmenopause, no MetS 1043 (47.80) 1043 (57.78) 0 (0.00)

Postmenopause, MetS 321 (14.71) 0 (0.00) 321 (85.15)

Laboratory parameters

LDH (IU/L)* 270.12 (95.77) 265.91 (94.03) 290.29 (101.45) <.0001

Total_Bilirubin (mg/dL)* 0.87 (0.37) 0.87 (0.37) 0.85 (0.36) 0.239

Direct_Bilirubin (mg/dL)* 0.22 (0.09) 0.22 (0.09) 0.21 (0.08) 0.051

Total_Protein (g/dL)* 7.16 (0.41) 7.15 (0.41) 7.23 (0.40) <.0001

Albumin (g/dL)* 4.41 (0.26) 4.41 (0.26) 4.42 (0.26) 0.608

BUN (mg/dL)** 13.50 [11.20, 16.00] 13.40 [11.20, 15.90] 14.10 [11.30, 16.70] 0.008
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Variables Total
(n = 2,182)

Without MetS
(n = 1,805)

With MetS
(n = 377) *p

Creatinine (mg/dL)** 0.69 [0.63, 0.77] 0.69 [0.63, 0.77] 0.70 [0.62, 0.79] 0.590

Calculated GFR (mL/min)* 90.21 (17.84) 90.85 (17.25) 87.16 (20.16) 0.001

r_GTP (IU/L)** 16.00 [12.00, 23.00] 15.00 [12.00, 21.00] 22.00 [16.00, 32.00] <.0001

Calcium (mg/dL)* 9.41 (0.38) 9.39 (0.38) 9.48 (0.38) <.0001

ALP (IU/L)** 66.00 [52.00, 91.00] 63.00 [50.00, 87.00] 75.00 [60.00, 116.00] <.0001

Total_Cholesterol (mg/dL)* 201.00 (37.00) 199.37 (34.88) 208.82 (45.06) <.0001

Triglyceride (mg/dL)** 81.00 [59.00, 113.00] 74.00 [56.00, 100.00] 129.00 [94.00, 177.00] <.0001

HDL_Cholesterol (mg/dL)* 62.28 (15.45) 64.93 (14.76) 49.6 (12.01) <.0001

LDL_Cholesterol (mg/dL)* 127.09 (35.28) 124.55 (33.1) 139.26 (42.24) <.0001

Free_Fatty_Acid (uEq/L)** 598.00 [434.00, 803.00] 585.00 [425.00, 794.00] 651.00 [466.00, 842.00] 0.001

Glucose (mg/dL)** 86.00 [81.00, 93.00] 85.00 [80.00, 91.00] 97.00 [88.00, 108.00] <.0001

Insulin_RIA (uIU/mL)** 4.17 [3.37, 5.18] 4.01 [3.29, 4.90] 5.13 [4.20, 7.53] <.0001

CRP (mg/dL)** 0.04 [0.02, 0.09] 0.03 [0.02, 0.07] 0.08 [0.04, 0.15] <.0001

IDMS_MDRD_ckd (%) <.0001

Without CKD 2130 (97.62) 1780 (98.61) 350 (92.84)

With CKD 52 (2.38) 25 (1.39) 27 (7.16)

Nutritional data (derived from the FFQ)

Kcal* 1754.13 (306.17) 1751.94 (297.22) 1764.61 (346.08) 0.509

Kcal_percent** 101.76 [88.48, 118.04] 99.50 [87.21, 113.98] 115.82 [97.54, 130.52] <.0001

Protein_g* 68.00 (14.81) 67.99 (14.49) 68.07 (16.26) 0.932

Protein_percent* 106.80 (27.65) 104.44 (26.98) 118.12 (28.05) <.0001

Fat_g* 44.86 (12.96) 45.28 (12.78) 42.89 (13.62) 0.001

Fat_percent* 118.53 (36.7) 117.21 (36.11) 124.87 (38.83) <.0001

Carbohydrate_g** 269.50 [235.50, 302.30] 268.30 [235.75, 300.30] 274.95 [235.30, 316.45] 0.007

Carbohydrate_percent** 95.42 [81.58, 113.26] 93.16 [80.42, 108.22] 112.05 [91.13, 128.70] <.0001

Calcium_mg* 898.08 (243.61) 893.78 (243.40) 918.68 (243.86) 0.071

Calcium_percent* 128.30 (34.80) 127.68 (34.77) 131.24 (34.84) 0.071

Iron_mg* 19.32 (4.61) 19.23 (4.55) 19.75 (4.84) 0.048

Iron_percent* 146.58 (41.90) 143.96 (41.50) 159.13 (41.59) <.0001

VitA_RE* 1091.58 (323.16) 1086.81 (322.73) 1114.39 (324.66) 0.132

VitA_percent* 155.75 (46.21) 155.03 (46.15) 159.20 (46.38) 0.112

VitB1_mg* 1.14 (0.23) 1.14 (0.23) 1.19 (0.25) <.0001

Vit B1_percent** 86.15 [75.38, 98.46] 85.50 [74.62, 96.92] 90.77 [76.92, 103.08] <.0001

VitB2_mg* 1.49 (0.40) 1.49 (0.40) 1.52 (0.40) 0.148

Vit B2_percent* 98.48 (26.71) 97.90 (26.63) 101.27 (26.94) 0.026

Niacin_mg* 17.44 (3.42) 17.32 (3.33) 17.99 (3.77) 0.002

Niacin_percent* 122.52 (24.55) 121.34 (23.93) 128.15 (26.66) <.0001

VitC_mg* 79.49 (24.79) 79.12 (24.66) 81.27 (25.38) 0.126

vitC_percent* 113.2 (35.87) 112.65 (35.69) 115.85 (36.66) 0.115

Alcohol_kcal** 0.00 [0.00, 14.29] 0.00 [0.00, 14.29] 0.00 [0.00, 0.00] 0.003

Data are presented as means. *, mean(SD); **, mean[IQR]; percent, daily intake/daily recommendation intake quantity × 100. 
p is by independent t test.
MetS: metabolic syndrome; WC: waist circumference; BMI: body mass index; DM: diabetes mellitus; LDH: lactate dehydrogenase; BUN: blood urea nitrogen; MDRD: modification of diet in renal 
disease; IDMS: isotope dilution mass spectrometry; γ-GTP: gamma-glutamyltransferase; ALP: alkaline phosphatase; HDL: high density lipoprotein; LDL: low density lipoprotein; RIA: radioimmunoassay; 
CRP: C-reactive protein; Kcal, kilocalories; Vit: Vitamin.
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Relationship MetS and nutrition 

In terms of nutrients intake, the percentage of total 
calories in the women with metabolic syndrome was 
higher and the intake of fat, protein, carbohydrate, iron, 
vitamin B1 and niacin was also higher. In univariate 
analysis, the intake of energy-related factors such as caloric 
intake, protein, fat and sugar was statistically significantly 
higher than the recommended daily allowance (RDA) 
in MetS patients. Iron (mg) and vitamin B2 (mg) in 
daily total intake quantity and niacin (mg and percent) 
in both daily total intake quantity and percentage of the 
total daily intake compared with the RDA also showed 
statistically significant results. However, calcium(mg 
and percent), vitamin A (mg and percent), and vitamin 
C (mg and percent) in both daily total intake quantity 
and percentage of the total daily intake compared with 
the RDA and alcohol intake (kcal) in daily total intake, 
vitamin B1 (percent) in daily recommended did not 

Table 2. Logistic regression (univariate) analysis of nutrition and metabolic syndrome

Response Predictors OR
95% CI

p-value
Lower Upper

Mets Kcal_kcal 1.000 1.000 1.000 0.465

Kcal_percent 1.021 1.016 1.026 <.0001

Protein_g 1.000 0.993 1.008 0.926

Protein_percent 1.018 1.014 1.022 <.0001

Fat_g 0.986 0.977 0.994 0.001

Fat_percent 1.006 1.003 1.009 <.0001

Carbohydrate_g 1.003 1.001 1.005 0.003

Carbohydrate_percent 1.014 1.010 1.019 <.0001

Calcium_mg 1.000 1.000 1.001 0.071

Calcium_percent 1.003 1.000 1.006 0.071

Iron_mg 1.024 1.000 1.049 0.048

Iron_percent 1.008 1.006 1.011 <.0001

VitA_RE 1.000 1.000 1.001 0.132

vitA_percent 1.002 1.000 1.004 0.112

VitB1_mg 2.497 1.547 4.031 <.0001

Vit B1_percent 1.002 0.999 1.004 0.165

VitB2_mg 1.223 0.931 1.607 0.148

Vit B2_percent 1.005 1.001 1.009 0.026

Niacin_mg 1.057 1.024 1.092 0.001

Niacin_percent 1.011 1.007 1.016 <.0001

VitC_mg 1.003 0.999 1.008 0.126

vitC_percent 1.002 0.999 1.006 0.115

Alcohol_kcal 1.000 0.999 1.001 0.773

MetS: metabolic syndrome; Kcal: kilocalories; Vit: vitamin; OR: odds ratio, percent, daily intake/daily recommendation intake quantity × 100.

produce statistically significant results (Table 2). By 
multivariate analysis, only protein(percent), carbohydrate 
(percent), and vitamin B2 (percent) in percentage of the 
total daily intake compared with the RDA were statistically 
significantly higher in patients with MetS (Table 3).

DISCUSSION

Because MetS is a degenerative disease, women with 
MetS are older, as shown in Table 1. Likewise, factors 
that reflect lifestyle or diet habits such as BMI, WC, and 
body weight were also higher in women with MetS. 
In univariate analysis, carbohydrate, protein, fat, iron, 
vitamin A, vitamin B2, and niacin were more positively 
correlated with MetS. However, on multivariate 
analysis, only protein and carbohydrate were associated 
with MetS in percentage of the total daily intake 
compared with the RDA.
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Table 3. Logistic regression(multivariate) analysis of nutrition and metabolic syndrome

Response Predictors OR
95% CI

p-value
Lower Upper

Mets Age 1.095 1.078 1.112 <.0001

Kcal_percent  1.005 1.000 1.010 0.065

Protein_percent  1.011 1.004 1.017 0.001

Carbohydrate_percent  1.003 1.000 1.006 0.026

Iron_percent  0.998 0.991 1.005 0.586

VitB2_percent  0.996 0.987 1.005 0.391

Niacin_percent  1.000 0.992 1.007 0.957

MetS: metabolic syndrome; Kcal: kilocalories; Vit: vitamin; OR: odds ratio; percent, daily intake/daily recommendation intake quantity × 100.

Authors of several studies have reported the 
association between protein intake and incidence of 
MetS. In a study on Koreans, being male had a positive 
correlation with MetS when the diet was high in meat 
(multivariate-adjusted PR of the highest group compared 
with the lowest group: 2.15, 95% CI: 1.10-4.21, p for 
trend  =  0.005). However, women’s dietary patterns 
were not related to MetS (3). In Chinese adults, higher 
scores for the high-protein/cholesterol pattern were 
associated with higher prevalence of MetS (OR for the 
extreme quartile: 1.36, 95% CI, 1.10-1.68, p for trend 
< 0.01). High-protein/cholesterol pattern includes 
high intakes of animal offal, animal blood, and sausage 
(11). Most of the researchers who analyzed the dietary 
patterns of people with MetS found an association with 
high protein intake. In this study, however, we found 
that women with MetS took in more protein than the 
recommended daily protein intake but no connection 
with total amount of protein intake. 

In 2015 KDRI, the appropriate energy ratio is 55%-
65% for carbohydrates. In our data, total/without 
MetS/with MetS was 61.45%/61.25%/62.32% 
for carbohydrates, respectively. Our data did not 
exceed AMDR in all groups, but it is higher intake of 
carbohydrate in women with MetS compared to other 
groups. Korean foods have a higher proportion of 
carbohydrates than Western foods, and in Korea, the 
proportions of energy from carbohydrates, 26.0% for 
men and 25.2% for women, were in the recommended 
range, whereas 58.0% of men and 60.0% of women 
exceeded AMDR from carbohydrates (65%) (21). 
Higher carbohydrate intake (> 80% of energy from 
total intake quantity) is associated with MetS in men, 
but the relationship is not statistically significant in 
women (21). According to a paper based on the 2005 
Korean National Health and Nutrition Examination 

Survey, the traditional Korean diet (high carbohydrate 
and low animal fat with ample plant foods) may affect 
the incidence of MetS (22). 

High carbohydrate consumption may be related 
with insulin resistance; people with pathological insulin 
resistance have a higher risk of developing MetS and are 
more likely to progress to DM (23). Women with insulin 
resistance had significantly higher total carbohydrate 
intake and energy from carbohydrates than did women 
who did not have insulin resistance (24). Other studies 
have shown that excessive carbohydrate intake can 
comprise a relatively low-fat diet, which in turn can 
reduce high-density lipoprotein cholesterol (25). Also, 
consumption of refined carbohydrates, such as white 
rice, can cause increased abdominal circumference (26). 
All these results suggest high carbohydrate consumption 
as a risk factor for development of MetS. Our study also 
showed that increased carbohydrate intake in women 
was associated with increased prevalence of MetS.

Metabolic syndrome is also associated with energy-
related nutrients such as proteins and carbohydrates, as 
well as co-factors that affect metabolism such as vitamins 
and minerals. Vitamin B2 (riboflavin) is known to be 
essential for coenzyme synthesis for glucose, fatty acids, 
glycerol, and amino acid for energy (27). In a mouse 
experiment, riboflavin deficiency causes adipocyte 
lipolysis and apoptosis, leading consequently to the 
severe chronic inflammation that accompanies obesity 
(28). Research on humans has not yet produced results. 
In our study, univariate analysis showed that over-
intake of vitamin B2 was positively related to MetS, 
but the relationship was not statistically significant in 
multivariate analysis. 

Vitamin B3 (niacin) is known to increase the levels 
of HDL cholesterol and reduce triglyceride and LDL 
cholesterol levels. However, it is reported that diabetic 
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patients may exacerbate their blood glucose control 
status (29). Niacin, also known as methyl-consumer, 
is toxic through various mechanisms including glucose 
intolerance, insulin resistance, elevated liver enzymes, 
fatty liver, and steatosis (30). In 2010, Li and cols. 
reported a strong lag-correlation between obesity, 
diabetes prevalence, and capita consumption of niacin 
in the United States (31). In our study, on univariate 
analysis, vitamin B3 was associated with MetS but not 
on multivariate analysis. 

The limitation of our study is that the target sample 
was relatively small and was based on data from the 
limited areas of Busan and Gyeongnam of South Korea. 
We believed that there would be differences in survey 
methods based on questionnaire preparation because 
the absolute amount of actual nutrient intake may vary. 
However, this was a relatively uniform sample because 
the women we studied likely used similar ingredients 
and relatively similar recipes in a limited area. Second, 
there was no analysis of several factors that induce MetS: 
fat composition, physical activity, and food quality. 
Third, the relationship between MetS and Menopause 
was also investigated in Korean middle-aged women, 
but no analysis was conducted between the two. Next 
time, this will be followed by a new study analyzing 
nutrients, MetS and menopause. Fourth, because our 
data are based only on RNI for each nutrient, there is a 
lack of adequate assessment for groups above or below 
RNI in all groups.

In conclusion, MetS is a disease that presents as 
various diagnoses, and it is probably right to aim at 
correcting living and dietary habits that lead to MetS 
rather than for therapeutic purposes themselves. 
Koreans consume the most carbohydrates in Asian 
countries, where rice is the staple food. In addition, 
these carbohydrates mostly are included foods with high 
glycemic index, such as refined rice, bread, ramen, and 
noodles. As animal proteins such as pork, chicken, and 
beef are readily available, protein intake from Koreans 
also exceeds the recommended amount for most age 
groups. In Koreans, excessive intake of carbohydrates 
and proteins is also a problem, but high intake of 
purified carbohydrates and animal proteins can be more 
problematic. In our study, the dietary habits of high 
carbohydrate and high protein were related to MetS, 
therefore, it will be necessary to convert the intake of 
carbohydrates and proteins to an appropriate amount 
of energy and convert to less purified carbohydrates 
and protein such as soy and fish.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Objective: Ultrasound assessment plays an important role in the diagnosis, and monitoring of 
subacute thyroiditis (SAT). However, the relationship between ultrasonographic findings and 
severity or prognosis of the disease is not known. The aim of the present study was to evaluate the 
relationship between bilateral and unilateral disease involvement and severity and prognosis of the 
disease. Subjects and methods: The initial laboratory values, ultrasonographic findings and long-
term outcomes of 247 SAT patients were evaluated retrospectively. Results: In the ultrasonographic 
evaluation, bilateral involvement was detected in 154 patients, and unilateral involvement in 93 
patients at the time of diagnosis. No significant difference was found between patients with bilateral 
or unilateral disease at the time of diagnosis in respect of the initial acute phase reactants. FT4 was 
significantly higher and TSH was significantly lower in the group with bilateral disease. Bilobar 
or unilobar disease on ultrasound at the time of diagnosis was not found to be a risk factor for 
permanent hypothyroidism or recurrence. The mean thyroid volume was determined to be 22.5 ±  
10 cm3 at the beginning of treatment, and 11.2 ± 8 cm3 at the end of treatment. The initial thyroid volume 
and the thyroid volume at the end of treatment were significantly lower in patients who developed 
hypothyroidism. Conclusion: There was no relationship between initial acute phase reactants and 
bilateral or unilateral involvement of the disease. FT4 levels were found to be associated with the 
extension of the disease. The risk of recurrence and permanent hypothyroidism are not associated 
with the initial ultrasonographic aspect. Arch Endocrinol Metab. 2020;64(3):306-11

Keywords
Subacute thyroiditis; ultrasonography; prognosis; permanent hypothyroidism

INTRODUCTION

Subacute thyroiditis (SAT) is a self-limiting 
inflammatory thyroid disease with a history of viral 

etiology. SAT patients present with severe neck pain, a 
tender, stiff and enlarged thyroid gland and systemic 
symptoms such as fever and fatigue (1-3). Non-steroid 
anti-inflammatory drugs (NSAID) or steroid therapy 

is used for the treatment of SAT depending on the 
severity of the disease (4). While SAT patients are 
diagnosed by physical examination, clinical findings 
and laboratory tests, ultrasonography plays a major role 
in the differentiation of SAT from other painful thyroid 
diseases and Graves’ disease that it’s classic US findings 
are diffusely extended hypoechogenicity and diffusely 
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incresed vascularization (5). Hypoechoic areas with 
blurred borders and reduced vascularization constitute 
typical ultrasonography findings of subacute thyroiditis, 
but the extension of these findings is uncertain for 
disease severity or prognosis. If the extension of 
ultrasonographic findings can be found to be associated 
with disease prognosis, ultrasonographic findings may 
have an impact on the choice of treatment beyond 
diagnosis. The aim of this study was to determine 
whether the detection of bilateral or unilateral disease 
on ultrasound makes a difference in SAT prognosis.

SUBJECTS AND METHODS
Study subjects, imaging technique, and 
interpretation

A retrospective analysis was made of 247 subjects who 
had diagnosed and treated in our center between 2014 
and 2019. The study protocol was approved by the Ethics 
Committee of our center. The diagnosis of SAT was 
made with detection of elevated acute phase reactants 
and detection of classical ultrasonographic SAT findings 
in patients presenting with neck pain. In addition, all 
patients underwent thyroid function tests at the time 
of diagnosis and were used to support the diagnosis. 
Cytological confirmation was performed in patients 
with a suspected diagnosis (6-8). Subjects who run out 
from follow up and those missing in ultrasonographic 
or laboratory data were excluded from the study. All 
patients were treated with low dose methylprednisolone 
(≤ 16 mg). Patients with the hypothyroid phase of SAT 
ongoing for at least six months with a continuous need 
to levothyroxine treatment during this period were 
accepted as permanent hypothyroidism. Patients using 
levothyroxine before SAT diagnosis were excluded 
from the evaluation of permanent hypothyroidism. 

Recurrence was admitted with the relapse of 
clinical signs, laboratory findings and ultrasonographic 
findings. Ultrasonographic examination was performed 
on all subjects at the time of diagnosis and at each 
control examination by authors experienced in 
ultrasonography (Hitachi HI Vision Prerius (Japan), 
with a linear 13MHz probe). The volume of the thyroid 
was calculated using the ellipsoid volume formula 
(ml) (Length (cm) x Width (cm) x Thickness (cm) x 
π/6). Thyroid function tests and thyroid antibodies 
were measured with chemiluminescent immunoassay 
(Beckman Coulter, CA, USA). Normal ranges were 
defined as thyroid stimulating hormone (TSH): 0.38-

5.33 mIU/L, fT4: 0.60-1.25 ng/dl, fT3: 2.28-4 ng/L, 
anti-thyroid peroxidase antibody (anti-TPO): 0-35 IU/
mL, anti-thyroglobulin antibody (anti-TG): 0-40 IU/
mL, C-reactive protein (CRP): 0-5 mg/L, erythrocyte 
sedimentation rate (ESR): 0-20 mL/hour, Leukocytes: 
3570-11010 103/uL, Neutrophil: 1690-7550 103/uL.

Statistical analysis

Statistical analyses were performed using SPSS software 
(Chicago, USA). Categorical data were expressed 
as frequencies and percentages (%). All continuous 
factors with normal distribution were shown as mean ± 
standard deviation (SD), and variables without normal 
distribution were shown as median (range) values. The 
Independent Samples t test was used for the analysis 
of continuous variables with normal distribution. The 
Mann-Whitney U test was used for the analysis of non-
normally distributed variables. The associations between 
categorical variables were examined using Chi-square 
analysis. Binary multiple logistic regression test was 
used to evaluate the relationship between permanent 
hypothyroidism and variables (all factors displaying a 
significant p-value on the univariate tests). A value of p 
< 0.05 was admitted as statistically significant.

RESULTS

The study included a total of 247 SAT patients, 
comprising 184 females and 63 males. The full 
demographic and baseline clinical data of the 247 
patients are reported in Table 1. The median follow-
up time of patients was 29 (6.2-70) months. During 
ultrasonographic examination at diagnosis, bilobular 
disease involvement was detected in 154 (62%) patients 
and unilobular involvement in 93 (38%) patients. 
The mean thyroid volume was determined to be 22.5 
± 10 cm3 at the beginning of treatment, and 11.2 ±  
8 cm3 at the end of treatment (Table 1). There was 
no significant difference in terms of WBC, neutrophil 
count, ESR and CRP levels between patients with 
bilateral and unilateral disease at the time of diagnosis 
(p > 0.05). FT4 was significantly higher in the group 
with bilateral disease (p: 0.014), and TSH level was 
significantly lower in the group with bilateral disease 
(p: 0.018) (Table 2).

The recurrence rate was 12% in the current study. 
The age, gender, WBC, neutrophil count, ESR, CRP, 
TSH and fT4 levels were not significantly different 
in the recurrence group and the non-recurrence 
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Table 1. The full demographic and baseline clinical data of the 247 
patients

Total patients

n 247

Female/male (n) 184 (74.5%)/63 (25.5%)

Age (years) 44 ± 7.5

Follow up time (month) 29 (6.2-70)

Total Leukocytes (103/uL) 9,262 ± 2,536

Neutrophils (103/uL) 6,321 ± 2,123

ESR (mm/hour) 47.5 (21-120)

CRP (mg/L) 48(9-300)

TSH (mIU/L) 0.04 (0.001-15)

fT4 (ng/dL) 1.9 ± 1

fT3 (ng/dL) 5.1 ± 1.9

Anti-TPO positivity n (%) 7.2%

Anti-Tg positivity n (%) 6.8%

Bilateral disease involvement (n,%) 154 (62%)

Unilateral disease involvement (n,%) 93 (38%)

Initial thyroid volume (cm3) 22.5 ± 10

Last thyroid volume (cm3) 11.2 ± 8

Data are presented as mean ± SD, median (range); ESR: erythrocyte sedimentation rate; CRP: 
C-reactive protein; TSH: thyroid stimulant hormone; fT4: free thyroxine; fT3: free triiodothyronine; 
Anti-TPO: anti thyroid peroxidase antibody; Anti-TG: anti thyroglobulin antibody.

Table 2. Comparison of clinical data of patients with bilateral and unilateral disease

Unilateral disease Bilateral disease p

n 93 (38%) 154 (62%)

Female/male (n) 70 (75%)/23 (24%) 114 (74%)/40 (26%) 0.8

Age (years) 44 ± 7 44 ± 8 0.49

Total Leukocytes (103/uL) 9,031 + 2,286 9,403 + 2,676 0.28

Neutrophils (103/uL) 6,273 + 1,891 6,351 + 2,260 0.79

ESR (mm/hour) 45 (22-108) 48.5 (21-120) 0.27

CRP (mg/L) 48 (9-300) 54 (9-255) 0.88

TSH (mIU/L) 0.07 (0.0001-3.4) 0.03 (0.003-15.09) 0.018

fT4 (ng/dL) 1.69 + 0.79 2.08 + 1.1 0.014

fT3 (ng/dL) 4.4 ± 1.1 5.5 ± 2.2 0.016

Data are presented as mean ± SD, median (range); ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; TSH: thyroid stimulant hormone; fT4: free thyroxine; fT3: free triiodothyronine; 
Anti-TPO: anti thyroid peroxidase antibody; Anti-TG: anti thyroglobulin antibody.

The rate of permanent hypothyroidism was found to 
be significantly higher in anti-TPO and anti-Tg positive 
patients (p: 0.02 and p: 0.027 respectively). Bilateral 
or unilateral disease involvement on ultrasound at the 
time of diagnosis was not found to be a risk factor 
for permanent hypothyroidism (p: 0.38). The initial 
thyroid volume and the thyroid volume at the end 
of treatment were significantly lower in patients who 
developed hypothyroidism than in those without 
hypothyroidism (p: 0.02 and p: 0.03 respectively). 
Thyroid volume was not detected as an independent 
risk factor for developing permanent hypothyroidism 
(p: 0.49, r2: 0.168).

DISCUSSION

Ultrasound assessment plays an important role in the 
diagnosis, differential diagnosis and monitoring of 
SAT patients. However, as the relationship between 
ultrasonographic findings and severity or prognosis of 
the disease is not known, therefore, ultrasonographic 
findings are not used in the treatment selection. The 
ultrasonographic findings of subacute thyroiditis are 
well established, and typical ultrasonographic findings 
include focal or multifocal hypoechoic areas with 
blurred borders and reduced vascularization in one or 
both thyroid lobes (9). In the current study, the rate of 
bilateral disease was found to be 62% and no difference 
was found in WBC and neutrophil count and ESR 
and CRP levels between bilateral and unilateral disease 
groups. The higher fT4 level in the bilateral disease 
group is associated with the extent of the destruction in 
this group. The rate of bilateral disease is around 70% in 
the literature and the only factor that has been associated 

group (p > 0.05) (Table 3). Detection of bilateral or 
unilateral disease involvement on ultrasound at the 
time of diagnosis was not found to be a risk factor for 
recurrence (p: 0.39). No relationship was determined 
between thyroid volume and recurrence rate (p: 0.65).

The permanent hypothyroidism rate was 10% in 
the current study. The age, gender, WBC, neutrophil 
count, ESR, CRP, thyroid function tests were similar in 
the groups that developed permanent hypothyroidism 
and that did not develop it (p > 0.05) (Table 4).  
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Table 3. Comparison of clinical data of recurrence and non-recurrence patients

Non-recurrence group Recurrence group p

n 218 (88%) 29 (12%)

Female/male (n) 159 (73%)/59 (27%) 25 (86%)/4 (14%) 0.12

Age (years) 44 ± 8 43 ± 6 0.24

Total leukocytes (103/uL) 9,188 ± 2,492 9,758 ± 2,811 0.26

Neutrophils (103/uL) 6,272 ± 2,036 6,643 ± 2,663 0.38

ESR (mm/hour) 46 (21-120) 54 (22-120) 0.95

CRP (mg/L) 48 (9-300) 55 (10-176) 0.89

TSH (mIU/L) 0.03 (0.001-15) 0.24 (0.03-4.3) 0.09

fT4 (ng/dL) 1.9 ± 1 1.4 ± 0.7 0.08

fT3 (ng/dL) 5.1 ± 2 4.7 ± 1.1 0.37

Anti-TPO positivity  (%) 12.4% 8.3% 0.56

Anti-Tg positivity (%) 14.7% 9.1% 0.61

Bilateral/unilateral disease (n,%) 138 (63%)/80 (37%) 16 (55%)/13 (45%) 0.39

Initial Thyroid volume (cm3) 22.6 ± 10.2 21.7 ± 8.6 0.65

Data are presented as mean ± SD, median (range); ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; TSH: thyroid stimulant hormone; fT4: free thyroxine; fT3: free triiodothyronine; 
Anti-TPO: anti thyroid peroxidase antibody; Anti-TG: anti thyroglobulin antibody.

Table 4. Comparison of clinical data of patients with permanent hypothyroidism and without permanent hypothyroidism

Patients without permanent 
hypothyroidism

Patients with permanent 
hypothyroidism p

n 220 (90%) 24 (10%)

Female/male (n) 161 (73%)/59 (27%) 20 (83%)/4 (17%) 0.28

Age (years) 44 ± 8 45 ± 7 0.64

Total leukocytes (103/uL) 9,352 ± 2574 8,330 ± 1,847 0.08

Neutrophils (103/uL) 6,398 ± 2170 5,608±1,471 0.11

ESR (mm/hour) 47.5 (21-120) 52 (24-120) 0.76

CRP (mg/L) 49 (9-300) 49 (9-191) 0.96

TSH (mIU/L) 0.035 (0.003-15) 0.04 (0.001-6.3) 0.60

fT4 (ng/dL) 1.9 ± 1 1.8 ± 0.9 0.70

fT3 (ng/dL) 5.1 ± 1.9 4.7 ± 2.3 0.50

Anti-TPO positivity (%) 9.7% 33.3% 0.02

Anti-Tg positivity (%) 11% 36.4% 0.04

Bilateral/unilateral disease (n,%) 141 (64%)/79 (36%) 13 (54%)/11 (46%) 0.33

Initial thyroid volume (cm3) 23 ± 10.1 18 ± 8 0.02

Last thyroid volume (cm3) 12 ± 8.3 7.2 ± 4.1 0.03

Data are presented as mean ± SD, median (range); ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; TSH: thyroid stimulant hormone; fT4: free thyroxine; fT3: free triiodothyronine; 
Anti-TPO: anti thyroid peroxidase antibody; Anti-TG: anti thyroglobulin antibody. * 3 Patients using levothyroxine before SAT diagnosis were excluded from the evaluation of permanent hypothyroidism.

with bilateral or unilateral disease involvement is 
HLA type (10-12). There are few studies in literature 
which have investigated the relationship between the 
extent of hypoechoic areas and clinical severity. In 
the current study, the relationship was investigated 
between bilateral and unilateral disease involvement 
and clinical findings due to intermittent changes in 

localization and shape of hypoechoic areas (13-15). 
From the results of the current study, it was seen that 
bilateral or unilateral involvement of the disease at 
the time of diagnosis did not constitute a risk factor 
for recurrent disease or permanent hypothyroidism. 
To best of our knowledge, there is only one research 
in the literature that has evaluated the relationship 
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between unilobular/bilobular disease involvement 
and permanent hypothyroidism rate (16). Nishihara 
et al. showed that bilateral disease involvement might 
be an indicator for the development of permanent 
hypothyroidism after SAT, which is contrary to our 
result. However, the follow-up period in this study 
was half of the current study and the accepted time for 
development of permanent hypothyroidism was three 
months which was relatively short (16). Bennedbaek 
and Hegedüs showed that hypoechoic areas exceed 
75% of thyroid volume in more than half of SAT 
patients, but the width of these areas was not related 
to thyroid function or disease recurrence (17). Omori 
and cols. reported that the extent of hypoechoic areas 
was associated with pain and ft4 level, but was not a risk 
factor for permanent hypothyroidism (18). 

A reduction of approximately 50% in thyroid volume 
was detected between the time of diagnosis and after 
completion of treatment. As basal ultrasonography data 
were not available in this study, no differentiation could 
be made between oedema and permanent damage 
effect in respect of volume change. The initial thyroid 
volume had no effect on recurrence, whereas the 
permanent hypothyroidism rate was higher in patients 
with a lower initial thyroid volume. Bennednaek and 
Hegedüs also reported a 68% reduction in thyroid 
volume at the end of treatment in SAT patients and 
initial thyroid volume was not related with recurrence 
rate in that study (17). Initial thyroid volume was not 
detected as an independent risk factor for developing 
permanent hypothyroidism. As expected, the rate of 
thyroid antibody positive patients was significantly 
higher in patients with permanent hypothyroidism. 
In literature, only the short duration of treatment and 
HLA type have been associated with relapse and no risk 
factor for hypothyroidism has been identified (8,19). 
In the current study, anti-TPO positivity was detected 
as a risk factor for permanent hypothyroidism, whereas 
bilateral or unilateral disease involvement was not an 
indicator of recurrence or permanent hypothyroidism.

In conclusion, unlike anti-TPO positivity, 
ultrasonographic findings were not identified as a risk 
factor for recurrence and permanent hypothyroidism. 
The initial ultrasonographic appearance is not a 
determinant of choice of treatment. FT4 levels were 
found to be associated with the extension of the disease.

Acknowledgements: none. This research received no outside 
support. 

Funding: this research received no outside support.  

Ethical approval: the study was approved by the Ethics Committee 
of our institute.

Informed consent: all participants were informed about the 
research protocol and all declared voluntary participation with 
assigned written assent.

The study was conducted in accordance with the Declaration of 
Helsinki.

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

REFERENCES
1. Volpé R. Subacute (de Quervain’s) thyroiditis. Clin Endocrinol 

Metab. 1979;8:81-95.

2. Pearce EN, Farwell AP, Braverman LE. Thyroiditis. N Engl J Med. 
2003;348(26):2646-55.

3. Hennessey JV. Subacute Thyroiditis. South Dartmouth (MA): 
MDText.com, Inc.; 2000.

4. Ross DS, Burch HB, Cooper DS, Greenlee MC, Laurberg P, Maia 
AL, et al. 2016 American Thyroid Association Guidelines for 
Diagnosis and Management of Hyperthyroidism and Other 
Causes of Thyrotoxicosis. Thyroid. 2016;26(10):1343-421. 

5. Vita R, Di Bari F, Perelli S, Capodicasa G, Benvenga S. Thyroid 
vascularization is an important ultrasonographic parameter 
in untreated Graves’ disease patients. J Clin Transl Endocrinol. 
2019;15:65-9. 

6. Kubota S, Nishihara E, Kudo T, Ito M, Amino N, Miyauchi A. 
Initial Treatment with 15 mg of Prednisolone Daily Is Sufficient 
for Most Patients with Subacute Thyroiditis in Japan. Thyroid. 
2012;23(3):269-72. 

7. Stasiak M, Michalak R, Stasiak B, Lewinski A. Clinical 
characteristics of subacute thyroiditis is different than it used 
to be – current state based on 15 years own material. Neuro 
Endocrinol Lett. 2019;39(7):489-95.

8. Arao T, Okada Y, Torimoto K, Kurozumi A, Narisawa M, Yamamoto 
S, et al. Prednisolone dosing regimen for treatment of subacute 
thyroiditis. J UOEH. 2015;37(2):103-10. 

9. Park SY, Kim EK, Kim MJ, Kim BM, Oh KK, Hong SW, et al. 
Ultrasonographic characteristics of subacute granulomatous 
thyroiditis. Korean J Radiol. 2006;7(4):229-34. 

10. Cappelli C, Pirola I, Gandossi E, Formenti AM, Agosti B, Castellano 
M. Ultrasound findings of subacute thyroiditis: A single institution 
retrospective review. Acta Radiol. 2014;55(4):429-33. 

11. Lee YJ, Kim DW. Sonographic characteristics and interval changes 
of subacute thyroiditis. J Ultrasound Med. 2016;35(8):1653-9. 

12. Stasiak M, Tymoniuk B, Adamczewski Z, Stasiak B, Lewiński A. 
Sonographic pattern of subacute thyroiditis is HLA-dependent. 
Front Endocrinol (Lausanne). 2019;10:3. 

13. Tokuda Y, Kasagi K, Iida Y, Yamamoto K, Hatabu H, Hidaka A, et 
al. Sonography of subacute thyroiditis: Changes in the findings 
during the course of the disease. J Clin Ultrasound. 1990;18(1):21-6. 

14. Frates MC, Marqusee E, Benson CB, Alexander EK. Subacute 
Granulomatous (de Quervain) Thyroiditis. J Ultrasound Med. 
2013;32:505-11. 

15. Brander A. Ultrasound appearances in de Quervain’s 
subacute thyroiditis with long-term follow-up. J Intern Med. 
1992;232(4):321-5. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

311

Contribution of USG to subacute thyroiditis

Arch Endocrinol Metab. 2020;64/3

16. Nishihara E, Amino N, Ohye H, Ota H, Ito M, Kubota S, et al. 
Extent of hypoechogenic area in the thyroid is related with 
thyroid dysfunction after subacute thyroiditis. J Endocrinol 
Invest. 2009;32(1):33-6. 

17. Bennedbaek FN, Hegedüs L. The Value of Ultrasonography in the 
Diagnosis and Follow-up of Subacute Thyroiditis. Thyroid. 1997 
Feb;7(1):45-50. 

18. Omori N, Omori K, Takano K. Association of the ultrasonographic 
findings of subacute thyroiditis with thyroid pain and laboratory 
findings. Endocr J. 2008;55(3):583-8. 

19. Stasiak M, Tymoniuk B, Stasiak B, Lewiński A. The Risk of 
Recurrence of Subacute Thyroiditis Is HLA-Dependent. Int J Mol 
Sci. 2019;20(5):1089. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

312

original article

Arch Endocrinol Metab. 2020;64/3 

1 Programa de Pós-Graduação 
Interdisciplinar em Desenvolvimento 
Comunitário. Departamento de 
Educação Física, Universidade 
Estadual do Centro-Oeste 
(Unicentro), Irati, PR, Brasil
2 Unidade de Endocrinologia 
Pediátrica, Departamento de 
Pediatria, Universidade Federal do 
Paraná (UFPR), Curitiba, PR, Brasil
3 Departamento de Educação 
Física, Universidade Federal do 
Paraná (UFPR), Curitiba, PR, Brasil
4 Prefeitura Municipal de Três 
Barras, Três Barras, SC, Brasil
5 Divisão de Endocrinologia, 
Departamento de Medicina, 
Universidade Federal de São Paulo 
(Unifesp), São Paulo, SP, Brasil

Correspondence to: 
Denise Barth Rebesco
Rua Benjamin Constant, 101 
84500-000 – Irati, PR, Brasil
denisebarth@hotmail.com

Received on Apr/15/2019
Accepted on Apr/10/2020

DOI: 10.20945/2359-3997000000254

Different amounts of moderate 
to vigorous physical activity and 
change in glycemic variability in 
adolescents with type 1 diabetes: is 
there dose-response relationship?

Denise Barth Rebesco1

https://orcid.org/0000-0002-2536-6987

Suzana Nesi França2

https://orcid.org/0000-0002-3987-3998

Valderi Abreu de Lima3

https://orcid.org/0000-0002-9413-4645

Neiva Leite3

https://orcid.org/0000-0002-4752-6697

Leandro Smouter1

https://orcid.org/0000-0003-1129-369X

William Cordeiro de Souza4

https://orcid.org/0000-0002-1585-0353

William Ricardo Komatsu5

https://orcid.org/0000-0002-9345-4751

Luis Paulo Gomes Mascarenhas1

https://orcid.org/0000-0002-7762-2727

ABSTRACT
Objective: To identify the level of physical activity and glycemic variability of adolescents with type 
1 diabetes mellitus and to compare glycemic variability on days with different amounts of moderate 
to vigorous physical activity (MVPA). Subjects and methods: A sample of 34 subjects aged 10 to 
15 years, 18 (52.94%) female; age: 13.04 ± 1.94; HbA1c: 9.76 ± 1.51. Physical activity was measured 
by wGT3X accelerometer. The glucose data were obtained using continuous glucose monitoring, 
and the following glycemic variability measures were calculated: standard deviation (SD), low blood 
glucose index (LBGI), high blood glucose index (HBGI), mean amplitude of glycemic excursions 
(MAGE), glycemic risk assessment in diabetes equation (GRADE) and coefficient of variation (CV). 
The most and least active days (the days with greater and lesser time dedicated to physical activities 
of moderate to vigorous intensity, respectively) were identified. In addition, based on the whole 
period of accelerometer use, daily means of time spent in MVPA were identified among participants, 
who were then divided into three groups: up to 100 minutes; from 101 to 200 minutes and above 201 
minutes. Then, the measures of glycemic variability were compared among the most and least active 
days and among the groups too. Results: The amount of MVPA was significantly different between 
the days evaluated (237.49 ± 93.29 vs. 125.21 ± 58.10 minutes), but glycemic variability measures did 
not present a significant difference. Conclusion: Despite the significant differences in the amount 
of MVPA between the two days evaluated, the glycemic variability did not change significantly. Arch 
Endocrinol Metab. 2020;64(3):312-8

Keywords
Moderate to vigorous physical activity; glycemic variability; type 1 diabetes mellitus

INTRODUCTION

The American Diabetes Association (1) recommends 
strategies to improve the lifestyle of adolescents 

with type 1 diabetes mellitus (T1DM), such as balanced 

diet and regular physical activity to optimize glycemic 
control. The International Society for Pediatric and 
Adolescent Diabetes likewise encourages young people 
with T1DM to engage in physical activity programs (2). 
ADA recommendations for children and adolescents 
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with T1DM include 60 minutes daily (or more) of 
aerobic activities of moderate to vigorous intensity (1).

Although it is strongly recommended, physical 
activity is not always part of the routine of adolescents 
with T1DM. Some studies suggest that a large 
proportion of these adolescents do not reach 60 
minutes daily of moderate to vigorous physical activity 
(MVPA) (3) and tend to be less active than their healthy 
counterparts (4). In addition, adolescents with T1DM 
appear to have reduced aerobic capacity when compared 
to healthy controls and similar in anthropometric state 
(5). Aerobic capacity is an important aspect to be taken 
into consideration in the treatment of adolescents 
with T1DM, since better aerobic capacity indexes can 
predict better glycemic control (6).

Glycemic control, analyzed by HbA1c, and its 
associations with physical activity has been studied 
and presents contradictory results in the literature, 
such as: better glycemic control associated with MVPA 
(7) or non-association between the two variables in 
a group of patients with T1DM who underwent a 
12-weeks training program, where they performed 
aerobic or resistance exercises (8). Lack of correlation 
is probably explained by multiple confounding factors 
such as age, sex, pubertal stage, body composition, 
diabetes duration, insulin dose, method of insulin 
administration, ethnicity, and socioeconomic status, 
which should be taken into account in cross-sectional 
or intervention studies (7).

Evidence about HbA1c has led it to be considered 
one of the most important tools for monitoring glycemic 
control. However, a recent study shows that patients 
with long-standing T1DM may show higher blood 
glucose fluctuations compared to newly diagnosed 
patients, regardless of the HbA1c (9). Other work 
suggests that hyperglycemia and oscillating glucose 
levels resulting from extreme glucose variation may be 
associated with endothelial dysfunction and many of the 
long-term deleterious complications in T1DM (10). 
However, HbA1c cannot provide information on daily 
glucose variability, which is a critical problem in efforts 
to improve the health of patients with T1DM (11).

Thus, in order to explore the associations between 
physical activity and glycemic control, we aimed to 
identify the level of physical activity and glycemic 
variability of adolescents with T1DM, as well as to 
compare glycemic variability on days with different 
MVPA amounts.

SUBJECTS AND METHODS
Design and participants

The present cross-sectional descriptive study evaluated 
34 adolescents with T1DM, who attended the diabetes 
outpatient clinic of the Pediatric Endocrinology Unit of 
Federal University of Parana School Hospital, Curitiba, 
PR, Brazil. Participants were included if they had been 
diagnosed with diabetes for at least 12 months, were 
aged between 10 and 15 years and did not have any 
diabetes-related comorbidities. Parental/guardian 
consent and adolescent assent were obtained for all 
participants. The present study was approved by the 
Research Ethics Committee of the Midwestern Parana 
State University (Unicentro), Irati, PR, Brazil, under 
decision number 1.202.475.

The patients were instructed to note their daily 
insulin dose and record their food intake during the 
intervention period. In addition to the food logs 
that were used to calculate daily carbohydrate intake, 
participants provided photos of home measurements 
to maximize record accuracy. The quantitative analysis 
of food intake was performed using the ADS Nutri® 
diet analysis software, which has a database with more 
than 3,000 registered foods. The Brazilian Food 
Composition Table was selected as data sources (12). 
The insulin therapy of evaluated was not altered. They 
were treated with multiple daily injection with long-
acting (Glargine) and ultrarapid-acting insulin (Aspart 
and Lispro).

Tanner’s criteria were used to assess biological 
maturation (13). To evaluate maturation, the 
participant’s self-assessment procedure was used. 
Images pre-established by Tanner were presented 
to the subjects, and participants indicated the stage 
(I, II, III, IV or V) which best described them. The 
participants were then regrouped according to Tanner 
stages into the following categories: pre-pubertal 
(stage I); puberty (stages II, III and IV); and post-
pubertal (stage V).

Data on the insulin units applied and the daily intake 
of carbohydrates in grams, together with the biological 
maturation data, were considered in calculations and 
analyses.

Anthropometric evaluation and blood analysis

Anthropometric measurements were collected using 
the techniques described by Lohman (1992) (14). 
Height, evaluated in centimeters at the end of maximal 
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inspiration, was measured with a portable vertical 
stadiometer (WCS®, Brazil) to the nearest 0.1 cm. 
Body mass was measured using a portable digital scale 
(Filizola®, Brazil), in kilograms (kg). The body mass 
index (kg/m2) was then calculated by dividing the 
body mass by the height squared, and converted to 
BMI z score. Blood was collected by venipuncture and 
analyzed by TurbiClin immunoturbidimetric test (São 
Paulo - Brazil), for the assessment of HbA1c. 

Moderate to vigorous physical activity and sedentary 
behavior

The accelerometer device (Actgraph wGT3X) was worn 
on the waist and stored data regarding the daily routine 
of patients’ physical activity for five days (they did not 
any structured and controlled physical activities, only 
maintained their daily routines). Those with at least 
three days of valid activity data, regardless of the day of 
the week, were included in the analyses. A valid day was 
defined as ≥ 600 minutes of use time (15).

Subsequently, the data were exported through 
specific software (ActiLife version 6.11.2) and the 
most and least active days were identified. Most and 
least active days were defined as those with greatest and 
least time dedicated to physical activities of moderate 
to vigorous intensity, respectively. In addition, based 
on the whole period of accelerometer use, daily means 
of time spent in moderate to vigorous physical activity 
(MVPA) were identified among participants. As most 
of them remained from zero to 300 minutes in this 
intensity, they were then divided into three groups: up 
to 100 minutes; from 101 to 200 minutes and above 
201 minutes. The day that the device was delivered 
to the adolescent and the day it was returned to the 
evaluators were excluded from this analysis. To identify 
the time spent in MVPA and time in sedentary behavior, 
the cut-off points suggested by Freedson and cols. 
(2005) (16) were applied.

Glycemic variability

Interstitial glucose values were obtained using a real-time 
continuous glucose monitor (CGM) (Guardian®RT, 
Medtronic, Minimed). A CGM sensor was inserted 
subcutaneously in the patient’s lumbar region, and 
collected interstitial glucose measurements every 
five minutes for five days. Participants were blinded 
to their glucose values and could not change their 
regular behavior patterns based on real-time glucose 

monitoring. Then the data were used to calculate the 
following glycemic variability measures: low blood 
glucose index (LBGI), high blood glucose index 
(HBGI) (17); mean amplitude of glycemic excursions 
(MAGE) (18); and glycemic risk assessment in diabetes 
equation (GRADE) (19). The standard deviation (SD) 
was also used. This measure of variability, is widely used 
in the evaluation of glycemic profiles, and demonstrates 
how much variation or dispersion exists around the 
mean (20). All glycemic variability measurements were 
calculated using EasyGV software (20) and then the 
data compared between most and least active days.

Moreover, the coefficient of variation (CV) was 
calculated and used in the comparisons cited above. 
The CV (which is the SD divided by the mean) is 
the main parameter of glycemic variability according 
to International Consensus on Use of Continuous 
Glucose Monitoring Diabetes (21).

Data analysis 

Data were collected using Microsoft® Office Excel 

software, version 2010 (Redmond, WA, USA) and 
analyzed using IBM® SPSS software – Statistical 
Package for Social Sciences, version 21 (Chicago, IL, 
USA). Mean and standard deviation were used for 
descriptive statistics. In order to verify if there was 
difference between the most and least active days, as 
well as differences in the GV between the two days, 
Student’s t test was used. ANOVA test was used to 
verify if there was difference in the glycemic variability 
between the groups with different daily averages of 
MVPA. All tests adopted α of 0.05

RESULTS

Thirty-four individuals (16 males and 18 females) 
participated in this study. Participants presented similar 
age, weight, height, and BMI-Z score. The general 
characteristics of the individuals are described in table 1. 

Table 2 shows the comparison between the most and 
least active days of the sample, a significant difference 
is observed.

Table 3 presents the comparison between the GV 
measures for the most and least active days. We can 
observe there was no difference between the two days.

Table 4 presents the comparison of GV between 
groups with different average amounts of moderate to 
vigorous physical activity.
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Table 1. Sample characteristics 

Total
n = 34

Male
n = 16

Female
n = 18 p

Age (years) 13.04 ± 1.94 13.21 ± 2.01 12.90 ± 1.91 0.65

Time T1DM diagnosis (years) 5.93 ± 3.78 5.49 ± 3.57 6.38 ± 4.04 0.51

Body mass (kg) 47.85 ± 13.16 46.03 ± 13.66 49.38 ± 12.89 0.46

Height (cm) 153.90 ± 13.19 153.43 ± 15.59 154.31 ± 11.21 0.84

BMI z score 0.34 ± 0.87 0.15 ± 0.84 0.49 ± 0.88 0.25

HbA1c (%) 9.76 ± 1.51 9.89 ± 1.69 9.64 ± 1.37 0.64

Time in hypoglycemic range (%) 1.60 ± 2.07 1.79 ± 1.98 1.43 ± 2.18 0.61

Time in range (%) 39.21 ± 14.33 42.34 ± 16.36 36.44 ± 12.05 0.23

Time in hyperglycemic range (%) 59.17 ± 15.15 55.85 ± 16.66 62.11 ± 13.46 0.23

Carbohydrate/day (g) 241.31 ± 56.71 257.04 ± 61.46 228.35 ± 50.66 0.16

Insulin (UI/day) 48.26 ± 16.77 48.16 ± 19.91 48.36 ± 14.01 0.97

Pre-pubertal 6 (17.64%) 3 (18.75%) 3 (16.66%) 0.50

Puberty 16 (47.06%) 8 (50.00%) 8 (44.45%)  -

Post-pubertal 12 (35.30%) 5 (31.25%) 7(38.89%) -

Notes: Carbohydrate/day (g), insulin (UI/day) and pubertal stage, besides characterizing the sample, were considered in calculations and analyses.

Table 2. Comparison between the most and least active days

Most active day Least active day P

MVPA (min) 237.49 ± 93.29* 125.21 ± 58.10 0.001

*p < 0.001.

Table 3. Comparison between GV measures (mmol/L) between the most and least active days

Most active day Least active day Variation p

MEAN 11.56 ± 2.43 11.50 ± 2.21 0.06 ± 2.60 0.90

SD 3.62 ± 1.06 3.65 ± 1.20 -0.03 ± 1.39 0.91

LBGI 2.22 ± 4,92 1.61 ± 1.84 0.60 ± 4.82 0.50

HBGI 17.66 ± 7.40 17.43 ± 7.64 0.23 ± 9.54 0.89

GRADE 13.66 ± 5.48 13.62 ± 5.89 0.04 ± 6.13 0.97

MAGE 9.45 ± 3.29 9.62 ± 3.04 -0.17 ± 3.68 0.80

CV 32.84 ± 12.06 32.13 ± 9.15 -0.70 ± 12.25 0.75

Notes: SD: standard deviation; LBGI: Low Blood Glucose Index; HBGI: High Blood Glucose Index; MAGE: Mean amplitude of glycemic excursions; GRADE: Glycemic Risk Assessment in Diabetes 
Equation; CV: Coefficient of variation.

Table 4. GV Comparison (mmol/L) between groups

Up to 100 (min) 101 a 200 (min) Above 201 (min) F* p

MEAN 12.80 ± 0.30 11.69 ± 1.72 12.16 ± 1.86 0.49 0.61

SD 3.68 ± 0.39 4.23 ± 0.87 4.63 ± 1.03 1.06 0.36

LBGI 1.10 ± 0.33 2.56 ± 2.21 3.85 ± 1.03 0.55 0.58

HBGI 20.13 ± 0.07 18.37 ± 5.98 21.30 ± 6.16 0.71 0.49

GRADE 16.78 ± 0.18 13.60 ± 4.68 15.10 ± 4.19 0.68 0.52

MAGE 8.79 ± 2.77 9.56 ± 2.51 9.77 ± 2.54 0.12 0.88

CV 28.79 ± 3.75 36.35 ± 4.67 38.47 ± 8.70 1.94 0.16

Notes: min: minutes; F*: F-statistics; SD: standard deviation; LBGI: Low Blood Glucose Index; HBGI: High Blood Glucose Index; MAGE: Mean amplitude of glycemic excursions; GRADE: Glycemic Risk 
Assessment in Diabetes Equation. CV: Coefficient of variation.
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DISCUSSION

Results were similar between males and females (Table 1), 
reflecting inadequate glycemic control with mean HbA1c 
above the recommended value (1). Some studies have 
shown different results when the patients are compared 
by sex, with worse glycemic and metabolic control among 
the females, who according to the same studies are more 
prone to complications in adulthood (22) (23). Perhaps 
what contributed to the similarities between males and 
females in relation to glycemic control in this sample was 
the homogeneity regarding age, weight, height, BMI-Z 
score and maturational stage.

Maintaining adequate levels of HbA1c is important 
because values greater than 7.5% represent an increased 
risk for long-term health complications (24). Some 
habits, such as adequate diet and regular practice of 
physical activity, may interfere positively in the treatment 
of individuals with T1DM, improving glycemic control 
(25). In this study, glycemic control was also analyzed 
by glucose variability, using the following measures: 
SD, LBGI, HBGI, GRADE, MAGE and CV. Except 
for coefficient of variation (CV), there is no reference 
range for GV in subjects with diabetes. For CV, stable 
glucose levels are defined as a CV < 36% (21). 

In the table 1 time in range is presented, the values 
suggest that the sample does not achieve the target 
range proposed by the International Consensus on 
Time in Range (>70%) (26). The values still suggest 
a high percentage of time in hyperglycemic range, this 
information can be corroborated by high values of 
HBGI presented in tables 3 and 4.

Besides identifying glycemic variability, through the 
measures mentioned above, the present study compared 
it between the most active day and the least active day 
of the participants. In order to obtain glucose data a 
CGM was used, which according to Lachin and cols. 
(2017) (27) is considered the gold standard to capture 
variability. Many studies have used CGM to investigate 
glycemic variability, as well as to compare or verify its 
association with several parameters. To the best of our 
knowledge there is no study that has evaluated glycemic 
variability during the daily routine of adolescents with 
T1DM and performed a comparison, taking into 
account most or least active days.

However, among the investigations about glycemic 
variability it is possible to observe studies with different 
approaches. Some evaluated glycemic variability in 
relation to insulin treatment, in order to understand 

if the changes in the hormone administration could 
influence it. Lucchesi and cols. (2012), when evaluating 
the effects of a treatment that mixed two types of insulin 
(Lispro and Glargine) did not observe any difference 
in glycemic variability (28). Similar results were found 
by Iga and cols. (2017), where glycemic variability was 
similar among individuals treated with different types 
of insulin (degludec and glargine) (29). In the present 
study, a significant increase in the amount of MVPA 
represented small changes in the glycemic variability.

 The increase in the MVPA amount observed in this 
study was approximately 90% between the two days 
analyzed (Table 2), however the results presented in 
table 3 suggest that, although there were significant 
differences in the MVPA amount, glycemic variability 
was not significantly altered. This finding strengthens 
the claim that physical activity can be safely included 
into the diabetic patient routine (2).

In the present study, patients were divided in three 
groups according to the mean daily time spent on 
activities of moderate to vigorous intensity, however the 
glycemic variability did not present difference between 
groups (Table 4). This finding suggests that there is 
no dose response relationship between MVPA and 
glycemic variability, since the increase in the amount of 
physical activity did not lead to an increase in glycemic 
variability. On the other hand, the results found in 
study by Manohar and cols. (2012) suggest lower 
glycemic variability after low intensity physical activity, 
in this study the postprandial glycemic excursions were 
analyzed in individuals who did or did not engage in 
physical activity, as well as in patients with T1DM and 
healthy controls (30).

Besides the glycemic variability measures, which 
did not significantly alter between days (Table 3) and 
groups (Table 4) there was an important difference 
in LBGI. Although not statistically significant, the 
numerical difference is great. The sample size can affect 
this significance. 

Regarding the time spent in MVPA (Table 2), even 
on the day considered least active, participants in this 
study reached the recommendation to accumulate 
at least 60 minutes of MVPA. On the other hand, in 
the study by Maggio and cols. (2010), only 38% of 
evaluated children with T1DM reached this goal, this 
number increased to 60% in the control group (4). 
The evaluation of the time spent in MVPA is especially 
important for adolescents with T1DM, it is suggested 
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that those who spend more time in MVPA demonstrate 
better glycemic control (3).

When promoting physical activity as healthy 
behavior, it is important to guide adolescents with 
T1DM regarding their effects on glycemic variability. 
Through this study it is suggested that acutely assessed 
glycemic variability exists and it is influenced by the 
amount of physical activity up to a certain point. On the 
other hand, future studies are necessary to determine 
the influence of chronic physical activity on glycemic 
variability measures, since there are no studies that 
verify the influence of a program of regular physical 
activity on glycemic variability of T1DM adolescents.

Finally, concerning strengths and limitations, 
this report has a clear clinical value as it shows that 
moderate to vigorous physical activity does not worsen 
glycemic variability in adolescents with type 1 diabetes. 
This information highlights that patients with type 
1 diabetes should not avoid physical activity because 
of possibly “messing up” their control. However, we 
don’t know if would this result be the same in a group 
of patients with better baseline glycemic control. In 
addition, the sample size cannot permit us to reach a 
firm conclusion.

In conclusion, although there were significant 
differences in the percentage of moderate to vigorous 
physical activity between the two days, the glycemic 
variability did not change significantly. 
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ABSTRACT
Objective: Our objective in this study was to evaluate the factors predicting female sexual dysfunction 
(FSD) in patients with diabetes mellitus (DM). Subjects and methods: The study included 149 women 
with DM. Sexual function was evaluated with the Female Sexual Function Index (FSFI) questionnaire, 
in which total scores under 26.55 characterized the occurrence of FSD (Group 1 > 26.55, Group 2 
< 26.55). We recorded the patients’ demographic, metabolic, and hormonal data. Ophthalmologic, 
neurologic, and renal complications were also evaluated. The antioxidant status of the patients in 
both groups was determined by measuring the activity of the enzymes paraoxonase-1 (PON-1) and 
arylesterase (ARE). Results: Based on the FSFI scores, 60 patients were allocated to Group 1 (26.6 
± 12.3) and 89 to Group 2 (22.6 ± 9.5). Group 2 compared with Group 1 had significantly (p < 0.05) 
higher mean concentrations of glycated hemoglobin (HbA1c), glucose, triglycerides, and insulin, 
along with higher rates of metformin use, smoking, retinopathy, and nephropathy. The mean serum 
ARE concentrations were significantly lower in Group 2 compared with Group 1 (p = 0.000), but the 
mean serum PON-1 concentrations were similar between both groups (p = 0.218). On multivariable 
regression analysis, age, ARE activity, Beck Depression Inventory (BDI) score, and menopause were 
significant independent predictors of FSD (p < 0.05). Conclusions: In this study, we evaluated the 
predictive factors determining FSD caused by DM. Despite the significant results found in our study, 
future randomized controlled studies with a long follow-up and a larger number of patients are 
required to determine how DM affects FSD. Arch Endocrinol Metab. 2020;64(3):319-25

Keywords
Arylesterase; diabetes mellitus; endocrine disorder; female sexual dysfunction; paraoxonase-1

INTRODUCTION

Diabetes mellitus (DM) is one of the most common 
noninfectious progressive and chronic diseases 

worldwide, constituting an important current health 
problem (1). The prevalence of type 2 DM is increasing 
at a fast pace in developed and developing countries due 

to lifestyle changes. The 2017 International Diabetes 
Federation (IDF) DM map predicted that 425 million 
people worldwide had type 2 DM, and that this number 
will reach nearly 630 million with a 48% increase by 2045 
(2). Microvascular and macrovascular complications of 
DM lead to loss of function in many organs and systems. 
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In the long term, DM causes complications such 
as chronic renal disease, peripheral neuropathy, 
retinopathy, and cardiovascular disorders (3). Sexual 
dysfunction may affect both sexes due to vascular, 
psychogenic, and neurogenic disorders caused by DM 
(4). Until recently, sexual dysfunction in patients with 
DM was attributed to psychogenic factors (5). Due to 
cultural and ethnic causes, sexual dysfunction caused by 
DM can be overlooked in women. In published studies, 
sexual function disorder is more often investigated in 
men and considered less important in women. Thus, the 
etiology of DM-associated female sexual dysfunction 
(FSD) and its risk factors are still controversial. The 
literature reports FSD as occurring more frequently in 
postmenopausal women, at a prevalence of 40-60% (6). 
Also, a higher prevalence of FSD is seen in women with 
both types (1 and 2) DM compared with nondiabetic 
normal women (7,8). 

Multifactorial causes due to hyperglycemia, 
infection, vascular, neurogenic, and psychogenic 
factors lead to sexual dysfunction in women with 
diabetes. Systemic adverse events caused by diabetes 
lead to vaginal and clitoral hemodynamic deterioration, 
lubrication problems, decreased genital muscle activity, 
and loss of sensitivity in the genital area (3,9). Diabetes 
duration, poor glycemic control, advanced age, presence 
of complications, low-quality partner relationships, 
and poor cognitive adjustment have been previously 
defined as predictors of FSD (8). Also, the relationship 
between FSD and obesity, metabolic syndrome, and 
microvascular complications has been emphasized in 
recent studies (6). 

In the present study, our objective was to determine 
psychogenic and organic predictive factors causing 
FSD in women with DM presenting with symptoms of 
sexual dysfunction.

SUBJECTS AND METHODS 

The study protocol was approved by the local ethics 
committee at Bakirkoy Dr. Sadi Konuk Training and 
Research Hospital, and the study was conducted 
according to the Declaration of Helsinki. All subjects 
were informed about the study protocol, and written 
consents were obtained. This prospective clinical trial 
was conducted between January and December 2018. 

A total of 149 women with diabetes and prediabetes 
admitted to our outpatient diabetes clinic were enrolled 
in the study. All participants met the following inclusion 

criteria: minimum age of 18 years, no concomitant 
pathologies, no medication use (except for antidiabetic 
agents), no hormonal abnormalities (including follicle-
stimulating hormone, luteinizing hormone, prolactin, 
estradiol, and androgens), heterosexual status, absence 
of sexual disorder in the male partner, and steady 
relationship for at least 1 year. The exclusion criteria 
were pregnancy or post-partum, chronic illness, 
diagnosis of psychiatric disorder, and use of hormonal 
contraception. 

The Female Sexual Function Index (FSFI) 
questionnaire was used to evaluate sexual functioning, 
and the Beck Depression Inventory (BDI) was used to 
evaluate depression severity. Both questionnaires were 
self-filled by each patient. The FSFI is a self-reported 
form that includes 19 items measuring female sexual 
functioning. This questionnaire addresses desire, 
arousal, lubrication, orgasm, satisfaction, and pain 
under six main headings. Total FSFI scores below 
26 categorized FSD in the present study (10). The 
BDI is a self-evaluation scale with 21 items applied to 
measure physical, emotional, and cognitive symptoms 
present in depression. Total BDI scores were regarded 
as indicating mild depression when between 10-18, 
moderate depression when between 19-29, and severe 
depression when > 30 (11). Based on FSFI scores, 
the patients were categorized into Group 1 (scores > 
26.55) and Group 2 (scores < 26.55). 

Each patient underwent a physical and genitourinary 
examination. Age, body mass index (BMI), parity, 
comorbid disorders (hypertension), use of oral 
antidiabetic agent (metformin) and insulin, smoking 
and alcohol use, and menopause duration were 
recorded for each patient. 

Blood samples were collected after 12-hour 
overnight fasting for measurement of routine 
biochemical tests, lipid profile, and levels of glycated 
hemoglobin (HbA1c), insulin, creatinine, thyroid-
stimulating hormone (TSH), free thyroxine (FT4), and 
free triiodothyronine (FT3). Nephropathy, retinopathy, 
polyneuropathy, and hypertension were diagnosed 
based on medical history, physical examination, and 
laboratory findings. Patients with a mean blood pressure 
level ≥ 140/90 mmHg and those on antihypertensive 
medications were classified as hypertensive. Eye 
complications were defined as the presence of cataract 
or any grade of diabetic retinopathy or maculopathy 
on dilated eye examination. Renal complications 
included microalbuminuria or macroalbuminuria. The 
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Diabetic Neuropathy Index, which detects somatic and 
autonomic neuropathy, was used to assess the presence 
of diabetic neuropathy. 

A novel method was used to determine 
paraoxonase-1 (PON-1) and arylesterase (ARE) 
activity levels (12). Briefly, the paraoxon hydrolysis 
(diethyl-p-nitrophenylphosphate) rate was determined 
by measuring the increase in absorbance at 412 nm 
and 25 °C. PON-1 activity is expressed as units per 
liter (U/L) of serum. Using spectrophotometry, 
ARE activity was measured using phenylacetate as a 
substrate. The reaction was started by the addition of 
the serum and measured by the absorbance increase at 
270 nm. Enzymatic activity was calculated from the 
molar absorptivity coefficient of the produced phenol. 
One unit of ARE activity was defined as 1 μmol of 
phenol generated per minute under the defined assay 
conditions and is also expressed as U/L (13).

Statistical analysis

The data are described as rates and mean, standard 
deviation, median, minimum and maximum, and 
frequency values. The Kolmogorov-Smirnov test 
was used to analyze the distribution of the variables. 
Student’s t test and Mann-Whitney U test were used to 
analyze independent quantitative data, while the chi-
square test was used to analyze independent qualitative 
data. The effect level was investigated using univariate 
and multivariate logistic regression. The SPSS 22.0 
statistics software (IBM Corp., Armonk, NY, USA) was 
used for the analyses.

RESULTS

The baseline characteristics of all 149 women are 
summarized in Table 1. Based on the FSFI scores, 60 
patients were allocated to Group 1 and 89 patients to 
Group 2. The mean total FSFI score was significantly 
lower in Group 2 (22.6 ± 9.5) compared with Group 1 
(26.6 ± 12.3; p = 0.012). The mean diabetes duration 
was 11.1 ± 6.6 years, the mean glucose value was 147.3 
± 60.4 mg/dL, and the mean HbA1c value was 7.2 
± 1.8%. The mean age of the women in Groups 1 
and 2 was 50.1 ± 13.0 years and 53.2 ± 13.2 years, 
respectively. The mean ages of the participants in both 
groups were similar (p = 0.154). Mean BMI was also 

similar between Groups 1 and 2 (31.7 ± 5.3 kg/m2 and 
29.6 ± 5.8 kg/m2, respectively; p = 0.030). The mean 
BDI score was higher in Group 2 (15.9 ± 8.2) compared 

with Group 1 (10.1 ± 7.3; p = 0.000). The mean TSH 
concentration was also significantly lower in Group 2 
compared with Group 1 (2.4 ± 1.8 mU/L versus 4.0 ± 
2.8 mU/L, respectively; p = 0.07). 

The mean concentrations of HbA1c, glucose, 
triglycerides, and insulin, as well as the rates of 
metformin use, smoking, retinopathy, and nephropathy, 
were significantly higher in Group 2 than Group 1  
(p < 0.05). Groups 1 and 2 showed no differences in 
regard to levels of creatine, FT4, hemoglobin, high-
density lipoprotein (HDL), low-density lipoprotein 

Table 1. Demographic and clinical data of the participants

Min Max Median Mean ± SD/ 
n (%)

Age (years) 19.0 83.0 52.0 52.0 ± 13.2

BMI (kg/m2) 19.0 48.0 30.0 30.5 ± 5.7

DM duration (years) 1.0 36.0 9.0 11.1 ± 6.6

Parity (n) 0.0 13.0 2.0 2.4 ± 2.3

HbA1c (%) 2.0 15.8 6.8 7.2 ± 1.8

Glucose (mg/dL) 82.0 389.0 126.0 147.3 ± 60.4

Creatinine (mg/dL) 0.2 37.0 0.6 0.9 ± 3.0

TSH (mU/L) 0.0 10.3 2.0 3.0 ± 2.4

FT4 (mU/L) 0.1 1.9 0.9 0.9 ± 0.2

Hgb (g/dL) 7.4 16.0 12.5 12.4 ± 1.3

HDL (mg/dL) 24.0 87.0 48.0 49.0 ± 10.3

LDL (mg/dL) 11.0 275.0 125.5 127.0 ± 38.0

Total cholesterol (mg/dL) 127.0 325.0 198.0 204.9 ± 42.1

Triglycerides (mg/dL) 48.0 477.0 135.0 152.4 ± 74.4

PON-1 (U/L) 46.6 262.0 117.2 121.5 ± 38.7

ARE (U/L) 90.8 279.2 149.0 152.2 ± 41.5

Insulin use 51 34.0%

Metformin use 59 39.3%

Smoking 14  9.3%

Alcohol use 14  9.3%

Menopause 65 43.3%

Duration of menopause 2.0 40.0 12.0 12.7 ± 7.7

Retinopathy 14  9.3%

Neuropathy 27 18.0%

Nephropathy  9  6.0%

Hypertension 71 47.3%

BDI 2.0 40.0 11.5 13.6 ± 8.3

FSFI 2.0 76.0 26.5 24.2 ± 10.8

Sexual dysfunction 70 46.7%

Min-Max: minimum-maximum; SD: Standard deviation; BMI: body mass index; DM: diabetes 
mellitus; HbA1c: glycated hemoglobin; TSH: thyroid-stimulating hormone; FT4: free thyroxine; 
Hgb: hemoglobin; HDL: high-density lipoprotein; LDL: low-density lipoprotein; PON-1: 
paraoxonase-1; ARE: arylesterase; BDI: Beck Depression Inventory; FSFI: Female Sexual 
Functioning Index.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

322

Sexual dysfunction in female diabetic patients 

Arch Endocrinol Metab. 2020;64/3 

(LDL), and total cholesterol, or in terms of duration 
of alcohol use and rates and duration of menopause 
and hypertension (p > 0.05). The mean serum ARE 
concentrations were lower in Group 2 (138.7 ± 33.0 
U/L) compared with Group 1 (172.7 ± 44.8; p = 
0.000), but no significant difference was observed 
in mean serum PON-1 concentrations between both 
groups (118.1 ± 35.7 versus 126.7±42.7, respectively, 
p = 0.218) (Table 2). 

Age; parity; values of HbA1c, creatinine, TSH, and 
triglycerides; ARE activity; BDI scores; and rates of 
insulin use, menopause, nephropathy, and hypertension 
emerged as significant predictors of diabetic FSD 

Table 2. Comparison of the general characteristics and biochemical studies

Group 1 Group 2
 p value

Mean ± SD/n (%) Median Mean ± SD/n (%) Median

Age (years) 50.1 ± 13.0 50.0 53.2 ± 13.2 54.5 0.154 t

BMI (kg/m2) 31.7 ± 5.3 30.5 29.6 ± 5.8 29.0 0.030 m

Parity (n) 2.7 ± 2.3 2.0 2.3 ± 2.4 2.0 0.148 m

HbA1c (%) 6.4 ± 1.0 6.2 7.7 ± 2.0 7.4 0.000 m

Glucose (mg/dL) 111.5 ± 14.2 112.0 171.1 ± 67.4 148.5 0.000 m

Creatinine (mg/dL) 1.2 ± 4.7 0.6 0.7 ± 0.5 0.6 0.061 m

TSH (mU/L) 4.0 ± 2.8 3.2 2.4 ± 1.8 1.9 0.007 m

FT4 (mU/L) 0.9 ± 0.2 0.9 1.0 ± 0.2 1.0 0.059 m

Hgb (g/dL) 12.3 ± 0.9 12.5 12.4 ± 1.4 12.6 0.574 m

HDL (mg/dL) 48.5 ± 9.6 48.0 49.3 ± 10.8 49.5 0.864 m

LDL (mg/dL) 130.0 ± 33.3 126.5 125.0 ± 40.8 121.5 0.482 m

Total cholesterol (mg/dL) 205.6 ± 37.8 196.5 204.4 ± 45.0 200.0 0.168 m

Triglycerides (mg/dL) 125.2 ± 49.4 114.0 170.5 ± 82.5 153.0 0.000 m

PON-1 (U/L) 126.7 ± 42.7 122.6 118.1 ± 35.7 109.9 0.218 m

ARE (U/L) 172.7 ± 44.8 185.9 138.7 ± 33.0 130.5 0.000 m

Insulin use 0  0.0% 51  56.7% 0.000 X2

Metformin use 0  0.0% 59  65.6% 0.000 X2

Smoking 0  0.0% 14  15.6% 0.001 X2

Alcohol use 4  6.7% 10  11.1% 0.359 X2

Menopause 26  43.3% 39  43.3% 1.000 X2

Menopause duration 11.9 ± 8.0 12.0 13.2 ± 7.5 14.0 0.321 m

Retinopathy 0  0.0% 14  15.6% 0.001 X2

Neuropathy 0  0.0% 27  30.0% 0.000 X2

Nephropathy 0  0.0% 9  10.0% 0.012 X2

Hypertension 23  38.3% 48  53.3% 0.071 X2

BDI 10.1 ± 7.3 8.0 15.9 ± 8.2 14.0 0.000 m

FSFI 26.6 ± 12.3 29.0 22.6 ± 9.5 24.5 0.012 m

Sexual dysfunction 20  33.3% 50  55.6% 0.008 X2

t Student’s t test; m Mann-Withney U test; X2
chi-square test. Abbreviations – Min-Max: minimummaximum; SD: Standard deviation; BMI: body mass index; DM: diabetes mellitus; HbA1c: glycated 

hemoglobin; TSH: thyroid-stimulating hormone; FT4: free thyroxine; Hgb: hemoglobin; HDL: highdensity lipoprotein; LDL: low-density lipoprotein; PON-1: paraoxonase-1; ARE: arylesterase; BDI: Beck 
Depression Inventory; FSFI: Female Sexual Functioning Index.

on univariate regression analysis (p ˂ 0.05). On 
multivariate regression analysis, age, ARE activity, BDI, 
and menopause remained as significant independent 
predictors of FSD (p < 0.05) (Table 3).

DISCUSSION

The World Health Organization (WHO) declared 
human sexuality to be part of health quality and well-
being in 1974. In women, sexual function depends on 
different physiological circumstances such as vaginal 
hemodynamics and neurologic innervation, and the 
activity of genital and pelvic structures (3,14). Sexual 
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Table 3. Univariate and multivariate logistic regression analyses

Univariate analysis Multivariate analysis

OR 95% CI p value OR 95% CI p value

Age (years) 1.19 1.13-1.26 0.000 1.27 1.15 1.41 0.000

BMI (kg/m2) 0.97 0.92-1.03 0.313

Parity (n) 1.19 1.02-1.38 0.023

HbA1c (%) 1.27 1.04-1.55 0.019

Glucose (mg/dL) 1.00 1.00-1.01 0.115

Creatinine (mg/dL) 82.97 8.35->100 0.000

TSH (mU/L) 0.84 0.72-0.97 0.019

FT4 (mU/L) 1.63 0.38-7.01 0.509

Hgb (g/dL) 1.04 0.81-1.34 0.759

Total cholesterol (mg/dL) 1.00 0.99-1.01 0.513

HDL (mg/dL) 0.99 0.96-1.02 0.474

LDL (mg/dL) 1.00 0.99-1.01 0.897

Triglycerides (mg/dL) 1.01 1.00-1.01 0.003

PON-1 (U/L) 0.99 0.98-1.00 0.107

ARE (U/L) 0.99 0.98-1.00 0.023 0.99 0.97 1.00 0.018

BDI 1.15 1.09-1.22 0.000 1.11 1.04 1.19 0.002

Insulin use 3.07 1.52-6.21 0.002

Metformin use 1.85 0.95-3.59 0.068

Smoking 0.84 0.28-2.56 0.764

Alcohol use 1.59 0.52-4.83 0.412

Menopause 4.75 2.37-9.53 0.000 0.21 0.05 0.90 0.035

Retinopathy 3.17 0.95-10.60 0.061

Neuropathy 2.25 0.95-5.30 0.065

Nephropathy 10.19 1.24-83.68 0.031

Hypertension 4.77 2.39-9.52 0.000

OR: odds ratio; CI: confidence interval; BMI: body mass index; HbA1c: glycated hemoglobin; TSH: thyroid-stimulating hormone; FT4: free thyroxine; Hgb: hemoglobin; HDL: high-density lipoprotein; 
LDL: low-density lipoprotein; PON-1: paraoxonase-1; ARE: arylesterase; BDI: Beck Depression Inventory.

disorders in patients with DM are related to psychological 
problems occurring due to medications or vascular and 
neuroendocrine complications of the disease (15). 

Sexual dysfunction in female patients with DM 
occurs both due to decreased clitoral blood flow related 
to deterioration in the hypogastric-vaginal/clitoral 
arterial bed, which is part of vascular impairment and 
concurring peripheral neuropathy in DM. Despite 
this information, the number of studies determining 
the predisposing factors causing sexual dysfunction 
in women with diabetes is limited, and these studies 
generally have an inadequate number of patients and 
concentrate on specific factors (2,16). We hypothesized 
that sexual dysfunction was related to organic and 
psychogenic causes in women with diabetes. Thus, 
our study investigated the psychogenic and underlying 
organic causes of FSD in a large patient population. 

In our study, BDI scores were higher in patients 
with sexual dysfunction with low FSFI scores. Studies 
have shown that many psychological diseases, especially 
depression, cause sexual dysfunction in patients 
with diabetes. Both BDI scores and rates of sexual 
dysfunction have been reported to be higher in diabetic 
patients with complications compared with those 
without complications (17). BDI was shown to be an 
independent indicator of FSD in patients with DM 
in our study. Apart from psychogenic factors, organic 
causes occurring due to end-organ damage caused by 
diabetes also affect the sexual quality of life in women 
(18). Sexual activity and sexual satisfaction decrease 
in the presence of end-organ complications such as 
retinopathy, neuropathy, nephropathy, and heart disease 
in women with diabetes (19). In our study, the rates of 
nephropathy, neuropathy, and retinopathy were higher 
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in patients with sexual dysfunction compared with 
those without this complication. 

Blood vessel damage and clitoral nerve and 
autonomic nervous system degeneration are common in 
the genital organs of patients with diabetes, resulting in 
arousal and lubrication dysfunction (7,15). In our study, 
patients with sexual dysfunction had higher triglycerides 
values and poor glycemic control. Low sexual desire 
and arousal have been reported in menopausal patients 
with metabolic syndrome and poor lipid profile in 
previous studies (5,20,21). Several studies have also 
reported older age as a cause of sexual dysfunction in 
women (22,23). In our study, we found that menopause 
and older age were independent indicators of sexual 
dysfunction based on multivariate analysis. 

Vascular damage due to DM is one of the main 
causes of sexual dysfunction in both sexes. Increased 
lipids, glucose intolerance, and presence of metabolic 
syndrome induce vascular damage by potentializing 
the occurrence of atherosclerosis in these patients. One 
of the most important indicators of atherosclerosis in 
patients with types 1 and 2 DM and metabolic syndrome 
is the occurrence of decreased PON and ARE enzyme 
activity (24,25). PON is an ester hydrolase enzyme that 
can hydrolyze paraoxon, which is a strong inhibitor of 
cholinesterases. PON-1, PON-2, and PON-3 belong 
to a subgroup of enzymes in the PON gene family. Low 
serum PON-1 activity is associated with hyperlipidemia, 
type 1 DM, coronary artery disease, chronic kidney 
failure, rheumatoid arthritis, metabolic syndrome, 
uremia, and thyroid dysfunction (26). 

PON-1 and ARE are esterase group enzymes encoded 
by the same gene and with similar active centers. PON-
1 is an enzyme with three known main activities as 
paraoxonase, arylesterase, and dyazoxonase (25,27,28). 
PON-1 and ARE contribute to the protective effect of 
HDL against atherosclerosis. A study by Ciftci and cols. 
observed a negative correlation between PON-1 activity 
and erectile dysfunction (ED), along with a correlation 
between PON-1 activity and HDL levels, while LDL 
levels were higher in the ED group compared with 
the control group (29). A study by Aldemir and cols. 
reported lower PON-1 and ARE activity in patients 
with ED compared with controls (28). In our study, 
PON-1 activity was lower in patients with FSD, but the 
difference was not statistically significant. In contrast, 
ARE activity was significantly lower in patients with 
FSD compared with those without FSD and emerged 
as an independent indicator of sexual activity in female 

patients with DM. Although the connection between 
PON and ARE activity and different diseases has been 
shown in many studies in literature, our study is the 
first to demonstrate the connection of FSD in women 
with DM with activity of the enzymes PON and ARE, 
both of which have antioxidant properties. 

Our study has some limitations to take into 
consideration. The main one is the cross-sectional 
design. Also, the long-term effect of diabetes and 
related complications on sexual function was not 
investigated in our patients. The lack of data on 
lubrication and orgasm, both of which correlate with 
sexual desire in these patients and reflect vascular and 
neurologic deficit, hinders the presentation of more 
objective data. The sexual function of the patients in 
our study was considered to be normal based on the 
questions asked, but in our opinion, variations in sexual 
function between the partners may affect the patients’ 
FSFI scores.

In conclusion, we showed that older age, ARE 
activity, BDI score, and menopause are independent 
risk factors for FSD in women with DM. The finding of 
diabetes causing sexual dysfunction due to psychogenic 
and organic causes is evidence that these patients 
should undergo a multidisciplinary evaluation. Sexual 
dysfunction is commonly neglected in patients with 
diabetes and should be investigated to improve their 
quality of life with treatment. In this study, we attempted 
to present the FSD factors that affect pathogenesis, 
but long-term randomized controlled studies are also 
needed to evaluate the changes caused by diabetes-
related complications on sexual dysfunction over time. 

Ethical approval: all procedures involving human participants 
were in accordance with the ethical standards of the Bakırkoy 
Dr. Sadi Konuk Training and Research Hospital Clinical Research 
Ethics Committee and with the 1964 Helsinki Declaration and 
its later amendments or comparable ethical standards. This article 
does not contain any studies with animals performed by any of 
the authors.

Informed consent: informed consent was obtained from all indi-
vidual participants included in the study.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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two illustrations (tables or figures or one of each) are acceptable for Brief Reports. 

Case Report 

A Case Report is a brief communication presenting collected or single case reports 
of clinical or scientific significance. These reports should be concise and focused on 
the issue to be discussed. They should address observations of patients or families 
that add substantially to the knowledge of the etiology, pathogenesis, and delinea-
tion of the natural history or management of the condition described. Case Reports 
should be 2,000 words or less, with no more than four figures and tables, and no 
more than 30 references. 

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

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

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

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

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

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

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

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

AE&M, and any information relevant to the manuscript. The manuscript´s 
originality and exclusivity should be stated, as well as the contribution of each 
author, Elsewhere on the submission form, authors may suggest up to three 
specific reviewers and/or request the exclusion of up to three others.

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

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

Title Page 
The title page must contain the following information: 

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

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

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

legends.
7.  Article type 

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

Introduction 
The article should begin with a brief introductory statement that places the study in 
historical perspective, and explains its objective and significance.
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Materials and Methods 
These should be described and referenced in sufficient detail for other investigators 
to be able to repeat the study. The source of hormones, unusual chemicals and rea-
gents, and special pieces of apparatus should be stated. For modified methods, only 
the modifications need be described. 

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

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

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

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

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

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

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

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

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

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

Experimental Subjects 
To be considered for publication, all clinical investigations described in submitted 
manuscripts must have been conducted in accordance with the guidelines of The 
Declaration of Helsinki, and must have been formally approved by the appropriate 
institutional review committees or their equivalent. 

The study populations should be described in detail. 

Subjects must be identified only by number or letter, not by initials or names. Pho-
tographs of patients’ faces should be included only if scientifically relevant. The 
authors must obtain written consent from the patient for the use of such photogra-
phs. For further details, see the Ethical Guidelines. 

Investigators must disclose potential conflict of interest to study participants and 
should indicate in the manuscript that they have done so. 

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

Ethical Guidelines
All studies involving human research must be in accordance with the Declaration of 
Helsinki and must have been formally approved by the appropriate institutional re-
view board, ethical review committee, or equivalent. Concerning research conduc-
ted in Brazil, all studies must inform the CAAE (Certificado de Apresentação para 
Apreciação Ética) registration number generated in Plataforma Brasil. 

In all experiments involving human subjects, it should be stated that informed con-
sent was obtained from the participants and that an institutional human research 
committee had approved the investigations. This should be stated in the Methods 
section of the manuscript.

Regarding studies involving experimental animals, a statement confirming that all 
experimentation was performed according to accepted standards of humane ani-
mal care should be included in the manuscript.

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

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

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

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

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

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

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

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

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

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

Papers must be written in clear, concise English. 
Avoid jargon and neologisms. The journal is not prepared to undertake major correc-
tion of language, which is the responsibility of the author. Where English is not the 
first language of the authors, the paper must be checked by a native English speaker.
For non-native English speakers and international authors who would like assistan-
ce with their writing before submission, we suggest Voxmed Medical Communica-
tions, American Journal Experts or PaperCheck.
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