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O ver the past few decades, the world population has faced an obesity pandemic, 
closely followed by a progressive increase in the prevalence of other chronic non-

communicable diseases. The Global Burden of Disease study estimated that obesity was 
responsible for about 4.7 million premature deaths worldwide in 2017 (1). In 2020, 
another pandemic of catastrophic proportions overlapped this scenario: COVID-19, 
an infectious disease caused by severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2). At the time this editorial was written, nearly 2.4 million deaths by 
COVID-19 had been recorded worldwide, of which more than 238 thousand were 
in Brazil (2). This coincidence of two pandemics tends to be especially harmful in 
regions where economic and social inequalities predominate, since consequences of 
both COVID-19 and obesity are disproportionately worse in marginalized groups (3).

Obesity, as well as its comorbidities, is a known risk factor for the severity of 
COVID-19, including increased risk of hospitalization, need for intensive care and 
death (3). In this issue of Archives of Endocrinology and Metabolism, Brandão and 
cols. (4) review the pathophysiological mechanisms that interconnect obesity and 
COVID-19, with a focus on inflammation and abnormal production of cytokines, a 
phenomenon known to be associated with both conditions. They explore how SARS-
CoV-2 infects cells and exerts its pathogenic effects, in addition to changes in the host’s 
immune system that predispose to the so-called “cytokine storm”. Obesity, especially 
when there is ectopic fat deposition, is associated to immune system dysfunction and 
predisposes to other conditions such as diabetes, respiratory, cardiovascular, liver and 
kidney disorders that also result in an increased risk for severe forms of COVID-19.

The authors finally list preventive and therapeutic approaches that could minimize 
the impact of the meeting of these two pandemics. Among the suggested measures 
are interventions in eating habits and physical exercises capable of inducing weight 
loss, albeit modest. Although the impact of weight loss interventions on the course 
of infections has not been specifically studied, there is evidence that they can reduce 
inflammation and lead to several health benefits (3,5).

In another review article from this issue, Halpern and Mendes (6) bring an 
interesting discussion about a popularly used method for weight loss purposes: 
intermittent fasting (IF). They critically analyze the evidence available to date and show 
that, like other diets, IF has advantages and disadvantages. The effect on weight loss 
appears to be directly related to calorie restriction and not to other alleged metabolic 
effects. Nevertheless, it can be a reasonable strategy for certain patients who would 
rather follow one of the IF protocols than count calories on a daily basis.

In fact, a number of dietary patterns may be acceptable in order to induce a negative 
calorie balance and, consequently, weight loss. On average, there is no clear superiority 
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of one method over another, although clinical trials 
show a high degree of individual variability within each 
diet group (7). Personal, social and cultural differences, 
as well as nutritional adequacy must be considered in 
clinical practice. Therefore, individualized planning by 
a qualified team is essential.

The challenges of achieving adequate obesity 
management are even greater nowadays. Social isolation 
inevitably reduced physical activity levels, and many people 
have changed their eating and sleeping habits towards 
a pattern that favors weight gain (8). Furthermore, 
the COVID-19 pandemic imposed a reorganization of 
health services, which negatively impacted health care of 
patients with chronic diseases (9).

Public health policies involving educational, 
regulatory and tax measures are essential in preventing 
excessive weight gain, however the results of this type 
of intervention are not expected in the short term. 
In parallel, the implementation of measures that 
strengthen the health system, especially in primary 
care, are important to reduce the burden of the disease. 
Continuous interaction with health care providers is one 
of the main determinants of long-term success when 
treating obesity (7). People with obesity must have 
access to trained multidisciplinary teams who provide 
them with evidence-based treatments and follow-up 
(3). Given the physical distance recommendations after 
the beginning of the COVID-19 pandemic, especially 
for groups at higher risk, telemedicine can be a useful 
tool to replace some of the in‐person office visits. 
Although there are no long-term studies, two clinical 
trials using telemedicine-based obesity counseling have 
been shown to improve adherence and weight loss in 
12 weeks (10,11). It is important to emphasize that the 
focus should be on improving care, and not on weight 
loss campaigns that warn of obesity risk and hold the 
individual responsible, since they have proven to be 
ineffective and even detrimental (12). 

There is definitely a lot to be done. The spread of 
SARS-CoV-2 infection further exposed the fragility of 
many health systems in relation to care for chronic non-

communicable diseases, especially obesity. In order 
to reduce the extensive damage that the COVID-19 
pandemic has been causing, comprehensive and 
qualified obesity care is now more urgent than ever.

Disclosure: no potential conflict of interest relevant to this article was 
reported.
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ABSTRACT 
COVID-19 and obesity are two pandemic diseases that the world is currently facing. Both activate the 
immune system and mediate inflammation. A sequence of disease phases in patients with severe 
COVID-19 results in a cytokine storm, which amplifies the subclinical inflammation that already 
exists in patients with obesity. Pro-inflammatory cytokines and chemotactic factors increase insulin 
resistance in obesity. Therefore, a greater systemic inflammatory response is establishe, along with 
an increased risk of thrombotic phenomena and hyperglycemic conditions. These changes further 
impair pulmonary, cardiac, hepatic, and renal functions, in addition to hindering glycemic control in 
people with diabetes and pre-diabetes. This review explains the pathophysiological mechanisms of 
these two pandemic diseases, provides a deeper understanding of this harmful interaction and lists 
possible therapeutic strategies for this risk group. Arch Endocrinol Metab. 2021;65(1):3-13

Keywords
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INTRODUCTION 

COVID-19 (COronaVIrus Disease 2019) is caused  
by the Severe Acute Respiratory Syndrome 

Coronavirus 2 (SARS-CoV-2), and arises from the 
same family of other coronaviruses responsible for acute 
respiratory distress syndrome (ARDS), such as SARS-
CoV and MERS-CoV (1). It was initially described 
as a respiratory tropism virus, and the occurrence 
of extrapulmonary manifestations has been noted. 
Cardiac, vascular, renal, gastrointestinal, cutaneous, 
and neurological complications are among the reported 
features (2,3).

The disease started spreading globally from 
December 2019, being recognized as a pandemic 
on March 11, 2020 (4). The first case in Brazil 
was reported on February 25, and since then the 
pandemic has spread rapidly. Most of the information 
about COVID-19 in Brazil was calculated from 

data provided by several government projects and 
organizations. As of October 12th, 2020, there were 
more than 5 million confirmed cases. The number of 
deaths at the time of this writing was above 150,000. 
The lethality rate in Brazil is 2.96, which is higher than 
the lethality rate in other Latin American countries 
such as Argentina (2.6%), Uruguay (2.23%), and 
Paraguay (2.1%) (5-7).

Older adults and people of any age with certain 
underlying medical conditions (such as type II diabetes 
mellitus and serious heart dysfunctions) have been 
identified as higher risk groups for more severe illness 
(8). Obesity also plays a leading role over other highly 
correlated risk factors. According to a study from the Kaiser 
Permanente in Southern California (a large integrated 
healthcare organization), there is an association between 
obesity and risk for death. This risk was most striking 
among those aged 60 years or younger, and in men (9).
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According to the World Health Organization, 
obesity is also a pandemic disease (10). The prevalence 
of obesity has tripled since 1975. More than 1.9 billion 
adults were overweight in 2016, of which 650 million 
were obese, while another 340 million among children 
and adolescents aged 5 to 19 years were overweight 
or obese (11). The prevalence of obesity in Brazil 
has increased 67.8% in 13 years, from 11.8% of the 
population in 2006 to 19.8% in 2018 (12).

Many case series have been published around the 
world reporting the association of body mass index 
(BMI) with severe cases of COVID-19 (13-16). BMI 
≥ 30 kg/m2 was present in 47.5% of patients with 
severe COVID-19 in a French center, regardless of age, 
diabetes, or hypertension (13). Gao and cols. described 
a 12% increase in the risk of severe COVID-19 for each 
unit of increase in BMI (14). In the United States, where 
40% of adults are obese, Petrilli and cols. conducted a 
cross-sectional analysis of 4103 patients with laboratory 
confirmation for SARS-COV-2, concluding that BMI > 
40 kg/m2 was a strong predictor of hospitalization with 
an odds ratio (OR) of 6.2 (15). Furthermore, higher 
in-hospital mortality was independently associated 
with BMI ≥ 35 kg/m2 with an OR of 3.78, as well 
as between male gender and aging (16). A harmful 
inverse correlation was observed in retrospective 
analyses between BMI and age, in which obesity was 
described as a risk factor in individuals under 60 years 
of age (17,18).

The possible links between the severity of 
COVID-19 and obesity are intriguing to the medical 
and scientific community. This review aims to explain 
the possible pathophysiological mechanisms of these 
two pandemics, providing a better understanding 
of this harmful interaction and a rational therapeutic 
strategy for this risk group. 

COVID-19 INFECTION MECHANISM 

SARS-CoV-2 is a simple RNA beta-coronavirus with 
5.1-day median incubation infection period and a 
basic reproduction number (an indicator of the disease 
transmissibility) of 3.28 (R0=3.28). It is mainly 
transmitted through aerosol, droplets, and fomites. 
The potential mechanism of SARS-CoV-2 invasion is 
receptor-mediated endocytosis (19).

SARS-CoV-2 requires angiotensin-converting 
enzyme 2 (ACE2) receptors as well as transmembrane 
protease serine 2 (TMPRSS2) for entry into epithelial 

cells (20,21). The Spike (S) protein of the coronavirus 
uses the ACE2 from the human host, expressed in 
alveolar epithelial cells via AT1 receptors, and other 
tissues such as the heart, the endothelium, the kidney, 
and the pancreas (22).

The S protein is present as a trimer in mature viruses, 
with three receptor-binding S1 heads sitting on top 
of a trimeric membrane fusion S2 stalk. SARS-CoV-2 
S1 contains a receptor-binding domain (RBD) which 
specifically recognizes ACE2 as its receptor (23,24). 
The RBD constantly switches between a standing-up 
position for receptor binding and a lying-down position 
for immune evasion. Furthermore, the SARS-CoV-2 S 
protein needs to be proteolytically activated at the S1/
S2 boundary in order to fuse membranes, such that 
S1 dissociates and S2 undergoes a dramatic structural 
change. These SARS-CoV entry-activating proteases 
include cell surface protease TMPRSS2, and lysosomal 
proteases cathepsins (24,25). The viral translation 
process takes place as the viral RNA is released into the 
host cytoplasm, using the host cellular machinery for 
its own replication and spread (19,26,27) (Figure 1).

Coronaviruses mediate their pathogenic effects 
by cytocidal and immune-related mechanisms. Cell 
infection results in cytopathic effects such as cell lysis 
and apoptosis. The viral complex formed through the 
replication process leads to disruption of the Golgi 
complexes, culminating in cell destruction (24,25,28). 
The immune mechanisms will be elucidated further on.

ACE2 enzymes participate in the angiotensin 
maturation, a hormone which controls vasoconstriction 
and blood pressure. It acts by degrading angiotensin 2 
(Ang II), the active form of angiotensin, into angiotensin 
1-7 (Ang 1-7), serving as a counterpoint to the renin-
angiotensin-aldosterone system (RAAS) and protecting 
the endothelium, heart, lungs, kidneys, and intestines 
against tissue damage (29) (Figure 2).

Thus, COVID-19 causes an imbalance of RAAS as its 
entry into cells leads to internalizing ACE2, decreasing 
its expression on the cell surface. This suppression makes 
the infected host more susceptible to tissue damage which 
is stimulated by the vasoconstrictive, pro-oxidative, and 
pro-inflammatory action of Ang II (29,30).

COVID-19 is classified into three stages according 
to the clinical presentation of the disease. The viral 
replication occurs in phase I. Patients may not manifest 
symptoms or only present flu-like symptoms such 
as fever, fatigue, coughing, anosmia, odynophagia, 
and/or even gastrointestinal manifestations. About 
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Figure 1. Coronavirus replication cycle.

Created by BioRender.com

80% of patients remain in this phase, with the disease 
being self-limited and benign. However, more 
serious manifestations such as ARDS (phase II or 
hyperinflammatory) may appear in about 15% of those 
infected, while there is a need for ventilatory support 
and intensive care (phase III – critically ill patients) 
in 5% of patients (31). Phase III is characterized by a 
state of pro-inflammatory hypercytokinemia, called a 
“cytokine storm” (32).

IMMUNE RESPONSE AND CYTOKINE STORM

Innate and adaptive immunity is stimulated after the virus 
enters the cell. The former includes Natural Killer (NK) 
cells producing several pro-inflammatory cytokines and 
chemotactic factors such as type I interferons (IFN1), 
gamma interferon (IFN-γ), tumor necrosis factor-alpha 
(TNF-α) and interleukins (IL) -1, -6, -8, -12, -15 and 
-18. On the other hand, the adaptive immune response 
involves a more specific attack on the virus, recruiting 

CD4+ and CD8+ T lymphocytes, being responsible for 
the immune memory (19).

Additionally, in severe COVID-19 there is 
a dysfunction of NK cells and a reduced IFN1 
production, which is the main inducer of the antiviral 
response (19,29); there is also excessive recruitment and 
uncontrolled activation of infiltrating pro-inflammatory 
cells (neutrophils and monocytes-macrophages). 
McGonagle and cols. suggest that this cytokine storm 
is caused by the high viremia of SARS-CoV-2 due to a 
weak immune response at the onset of the disease (32). 

The presence of the virus in the pulmonary alveoli 
and the release of cytokines lead to a loss of epithelial 
cells and pneumocytes with a subsequent decrease 
in surfactant, which in turn induces an increase in 
the alveolar surface tension and the collapse of these 
structures. As a result, the alveolar cavities are filled with 
cellular remnants of inflammation and exudate which 
is aggravated by the increase in cellular permeability 
caused by Ang II overload (33). 
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Figure 2. Deregulation of the renin-angiotensin-aldosterone system in COVID-19.

The justaglomerular cells of the afferent arterioles of the nephrons release renin which will convert angiotensinogen into angiotensin I. Then, this molecule is converted into angiotensin II (Ang II) 
through the action of the angiotensin-converting enzyme 1 (ACE), which is complex with its AT1 receptor (AT1R), leading to a pro-inflammatory, pro-oxidative and pro-fibrotic environment. ACE2 
converts angiotensin I and Ang II to Ang 1-7, which produces contrary effects to Ang II when it binds to the Mas receptor (MAS R). A reduction or inhibition of ACE2 is observed in COVID-19 due to 
the binding of SARS-CoV-2 on the cell surface, leading to more severe pro-inflammatory reactions and more extensive tissue damage.

Adapted with permission from Brandão SCS and cols. (1,31). Created with Biorender.com.

Necropsy studies reveal lymphocytic endotheliitis 
in the lungs, heart, kidney, and liver, as well as the 
presence of cellular necrosis, microthrombi, pulmonary 
intussusceptive angiogenesis, and other pulmonary 
vascular features in the lungs. In addition, a postmortem 
histology series demonstrated that SARS-CoV-2 
may directly act in endothelial cells, with evidence of 
endothelial and inflammatory cell death. Furthermore, 
the microthrombotic pulmonary angiopathy related 
to SARS-CoV-2 may end up in a state of alveolar 
hypoperfusion (33-36).

The disease progression leads to dyspnea, hypoxia, 
and classic “ground glass” images on the periphery 
of the lungs. These manifestations are not specific to 
COVID-19, as other viral pneumonia (influenza and 
cytomegalovirus) can also trigger them (34).

The hyperinflammatory phase is marked by 
laboratory changes such as high levels of C-reactive 

protein, procalcitonin, ferritin, and D-dimer, with 
the latter probably being related to the extensive 
pulmonary microthrombosis (32-34). The increase 
in circulating macrophages and the hypersensitivity of 
CD4+ T cells increase the IL and TNF-α levels, as well 
as the granulocyte-macrophage colony-stimulating 
factors, which leads to calling for even more 
leukocytes, thus maintaining the hypercytokinemia 
state (31,34).

This profile is similar to Macrophage Activation 
Syndrome (MAS), in which an excess of cytokines 
occurs due to inadequate macrophage elimination, 
featuring persistent fever, cytopenias, liver dysfunction, 
and disseminated intravascular coagulation. However, 
unlike in MAS, respiratory failure and atypical 
pneumonia are more common in COVID-19, 
in addition to hypercoagulability, multiple organ 
dysfunction, and sepsis (32).
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All of these systemic repercussions are characteristic 
of the severe form of COVID-19, and are more 
prevalent in at-risk populations as described above (37). 
Thus, it is important to understand the relationship 
between SARS-CoV-2 infection and obesity.

OBESITY AND RISK OF SEVERE COVID-19

Overweight and obesity are related to immune 
system dysfunction, chronic systemic inflammation, 
insulin resistance, pulmonary, cardiac, and endothelial 
structural and functional impairment, prothrombotic 
abnormality, in addition to liver and kidney dysfunction. 
All of these abnormalities confer a higher risk of 
developing severe COVID-19 (38).

It is noteworthy that the typical primary increase 
in the inflammatory response of obesity may be a 
contributing factor to the hyperinflammatory state 
observed in severe COVID-19 (39). In addition, 
adipose tissue was identified as a potential target and a 
viral reservoir due to increased ACE2 expression (40).

The occurrence of immunological dysfunction with 
a greater predisposition to infection and mortality from 
sepsis is described among patients with obesity (41).  
It is well known that fat accumulation, mainly ectopic 
accumulation, favors developing inflammation in 
adipose tissue. This occurs due to an inflammatory 
state being created with a higher level of 
inflammatory cytokines, such as IL-6, IL-8, monocyte 
chemoattractant protein-1 (MCP-1/CCL2), leptin, 
and plasminogen activator inhibitor-1, and a reduction 
of adiponectin, an anti-inflammatory adipocytokine. 
This scenario leads to an increase in recruitment of 
macrophages (42-44).

Adaptive immunity is also affected in obesity due 
to a decline in CD4-T cells, as well as an imbalance 
of CD4-T helper cells. Peripheral counts of CD4 
and CD8-T cells are similarly low in patients with 
COVID-19, which is demonstrated as lymphopenia, 
a surrogate marker of severe COVID-19, albeit 
with a higher ratio of pro-inflammatory Th17 cells 
(39,40,45).

As a consequence, the proportion between pro-
inflammatory and anti-inflammatory cytokines becomes 
unbalanced, promoting endothelial dysfunction and 
increased arterial stiffness. This state of endothelial 
dysfunction is characterized by decreased nitric oxide 
production and increased reactive oxygen species 
production, amplifying the vascular damage (39).

Obesity and insulin resistance

Obesity, notably visceral adipose tissue, leads to insulin 
resistance which results in increased liver production 
and reduced peripheral glucose uptake, especially in 
muscle and adipose tissues (45). This also stimulates 
lipolysis and creates an inflamed and hyperglycemic 
environment (46).

Adipose tissue is dynamic and interacts with insulin 
sensitivity and metabolic control, blood pressure status, 
vascular regulation, and angiogenesis. ACE2 receptors 
are also expressed in various tissues such as skeletal 
muscle, endothelium, adipose tissue, and β-pancreatic 
cells (47).

ACE2 plays an important role in insulin sensitivity 
through angiotensin 1-7 production (48) (Figure 2). 
Ang II is believed to reduce the action of glucose 
transporter 4 membrane receptors on muscle in animal 
models, decreasing the entry of glucose into the cell. 
Ang II also alters the adipogenesis, increasing in number 
and accelerating the differentiation of adipocytes in 
visceral tissue (49).

SARS-CoV-2 acts deregulating RAAS while using 
ACE2 receptor as a ligand. The result is an exacerbation 
of the aforementioned energy metabolism abnormalities 
in people with obesity and with or without diabetes 
(50,51).

Respiratory function in obesity

The lung is an organ that produces inflammatory 
mediators, and it is not uncommon for patients 
with obesity to present atopy and bronchial 
hyperresponsiveness with a greater predisposition to 
bronchial asthma and pulmonary infections (52).

It is also noteworthy that obesity promotes venous 
stasis in the lower limbs and chronic venous insufficiency 
contributing to venous thromboembolism, which 
provides a greater risk of pulmonary embolism, 
especially in association with immobility (53). 

Patients with obesity are at a higher risk of 
developing serious pulmonary complications with 
COVID-19, such as greater chance of requiring oxygen 
therapy, intubation, and mechanical ventilation (54), in 
addition to higher in-hospital mortality, occurring in 
as many as 88.1% of those who required mechanical 
ventilation (55).

The increased risk of severe COVID-19 in 
people with obesity is related to a set of structural, 
inflammatory, macro- and microcirculatory factors, 
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and also to more complex hospital care (31). Ectopic 
fatty accumulation in the thoracic and diaphragmatic 
muscles could lead to decreased muscle function, less 
thoracic expansion, and increased respiratory effort, 
which, in turn, impairs gas exchange and leads to 
consequent respiratory dysfunction (52). However, the 
literature suggests that ectopic accumulation of lipids 
can appear in cells of the pulmonary alveolus in states of 
overnutrition, resulting in ultrastructural abnormalities 
and altered surfactant production (56). Moreover, 
SARS-CoV-2 may act directly on the endothelium and 
cause a diffuse endotheliitis with consequent alveolar 
thrombotic microangiopathy (28,29,57,58).

Another aggravating factor present in patients with 
obesity is the difficulty to implement the prone position. 
This life-saving measure in patients with ARDS improves 
the ventilation/perfusion ratio and arterial oxygenation 
by using the effects of gravity and repositioning the heart 
in the chest, improving respiratory system mechanics 
and alveolar ventilation (59).

Cardiac function and hypertension in obesity

Obesity produces hemodynamic changes which 
contribute to developing structural and functional 
cardiac abnormalities. These changes can cause heart 
failure (HF), even in the absence of other comorbidities 
such as hypertension and coronary artery disease 
(CAD). HF related to severe obesity is called “obesity 
cardiomyopathy” (37).

Direct and indirect mechanisms are associated with 
the development of cardiomyopathy due to obesity. 
Inflammatory mediators produced by adipose tissue 
are direct mechanisms of cardiac dysfunction and 
hypertension, while diabetes and CAD are among 
indirect mechanisms. Inflammation and insulin 
resistance with hyperinsulinemia are the main baseline 
changes in obesity which trigger a series of harmful 
events, culminating in damage to the cardiovascular 
system (60).

In addition to endocrine factors in people with 
obesity, hypertension is aggravated by its multifactorial 
nature with errors in eating habits and genetics (56). 
Each 5 kg/m2 increase in BMI results in an increase 
of 5 mmHg in systolic blood pressure and 4 mmHg in 
diastolic blood pressure (61).

Regarding COVID-19, SARS-CoV-2 further 
exacerbates the deleterious effects of obesity on the 
cardiovascular system since it acts on ACE2 by deregulating 
RAAS through direct action on myocardial and 

endothelial cells, causing inflammation and cell apoptosis. 
It also leads to a state of systemic hyperinflammation 
and hypercoagulability. Increased myocardial injury 
biomarkers such as troponin and brain natriuretic peptide 
have been described in the severe form of COVID-19, 
and are markers of higher mortality (40).

Acute cardiac injury is the most reported 
cardiovascular abnormality in COVID-19, with an 
average incidence of 8-12% (62). Clinical features of 
acute myocardial injury are elevated serum troponin 
level, arrhythmias, and ST-segment elevation and/or 
depression on the electrocardiogram in the absence of 
obstructive CAD (63). 

Autopsies performed on three COVID-19 patients 
revealed that the main cardiac findings are cardiomegaly, 
individual cardiomyocyte injury, lymphocytic 
epicarditis/pericarditis, and lymphocytic myocarditis. It 
is noteworthy that all three subjects autopsied were men 
with obesity (BMIs of 33.8, 51.65, and 35.2 kg/m2) 
and had evidence of chronic heart disease (hypertensive 
left ventricular hypertrophy, dilated cardiomyopathy, 
and hypertrophic cardiomyopathy) (64).

Obesity and its relationship with pre-diabetes and 
diabetes

Obesity increases the risk of pre-diabetes and diabetes, 
and all of these morbidities increase susceptibility to 
hyperinflammation and the cytokine storm syndrome 
in COVID-19 (65). Guan and cols. showed that 
approximately 7% of patients with COVID-19 generally 
had diabetes as a comorbidity. However, the prevalence 
of diabetes was almost three times higher in patients 
with severe COVID-19 (16.2%) compared to those 
with the non-severe disease form (5.7%) (66). 

The hyperglycemic environment can interfere with 
immunity, making the entry of SARS-CoV-2 more 
efficient and decreasing viral clearance by reducing 
T cell function. The Dipeptidyl Peptidase-4 (DPP-4) 
expressed in many tissues deserves some attention in 
coronavirus infection. The DPP-4 serves as an entrance 
mechanism for MERS-CoV in human cells, although 
there is still no evidence for SARS-CoV. However, 
inhibition of DPP-4 is an important treatment strategy 
for the treatment of type 2 diabetes and is under 
investigation (67).

Patients with diabetes have multiple associated 
comorbidities such as hypertension and high 
cardiovascular risk (66), as well as non-alcoholic fatty 
liver disease (NAFLD) (68).
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Advanced stages of NAFLD are related to greater 
insulin resistance, mainly mediated by inflammatory 
pathways, possibly accelerating progression to cirrhosis 
in people with pre-diabetes and diabetes. Furthermore, 
the presence of steatohepatitis is associated with death 
from cardiovascular disease (69).

Zheng and cols. suggested that obesity and NAFLD 
may worsen the severity of COVID-19 by gathering 
data from three reference hospitals. The sample included 
214 patients (mean age 47 years and 74% female) with a 
mean BMI of 22.7 ± 2.1 kg/m2 (non-obese group) and 
28.3 ± 3.2 kg/m2 (obese group). The association of 
COVID-19 and obesity increased the risk for the severe 
form of the disease by up to three times, while this risk 
was six times greater in the presence of NAFLD (68).

Moreover, new-onset diabetes as well as severe 
diabetes-associated complications such as ketoacidosis 
and hypernatremia have been described in COVID-19 
disease, and are under investigation by the CovDIAB 
project to address a potential diabetogenic effect of 
COVID-19 (67,70).

Obesity and kidney disease

The link between obesity and chronic kidney disease 
(CKD) can be explained by sharing pathophysiological 
pathways (such as chronic inflammation, increased 
oxidative stress, and hyperinsulinemia) and by risk 
factors and associated diseases (insulin resistance, 
hypertension, and dyslipidemia). Obesity aggravates 
hypertension, activating the RAAS and the sympathetic 
nervous system at the adipocyte level, thus culminating 
in vasoconstriction, as well as salt and water retention. 
The association of obesity with other pathologies such 
as diabetic nephropathy, hypertensive nephrosclerosis, 
and segmental and focal glomerulosclerosis also 
amplifies kidney damage (71).

Although the pathogenesis of kidney failure in 
severe COVID-19 is not yet fully understood, data 
suggest that complications may be mediated by 
high concentrations of pro-inflammatory cytokines, 
including IL-6 and coagulation disorders, which lead 
to thrombosis. Coagulopathy contributes to acute 
kidney injury in patients with COVID-19. Reports 
of hypercoagulability in dialysis filters are described in 
the disease series. Endotheliitis, angiogenesis, fibrin 
and microthrombi were also found in an autopsy of 
a transplanted kidney, possibly causing acute kidney 
damage in this patient (26,28,72).

PREVENTIVE AND THERAPEUTIC APPROACHES 

There are nearly 135 vaccines against SARS-CoV-2 
under development in the world to date, 42 of which 
are in human clinical trials. However, none of these are 
authorized for application in large populations, although 
it is expected that at least one effective vaccine might 
be licensed by 2021 (73). This will be fundamental 
for potent control of horizontal transmission, but 
also future studies may be needed to understand how 
obesity, hyperglycemia, and hyperinsulinemia might 
affect their efficacy (74,75).

Patients with obesity have been reported to have 
impaired development of immunological memory when 
vaccinated against tetanus, hepatitis A and B, rabies, 
and influenza (76). Regarding the influenza vaccine, 
reports show that antibody titers wane rapidly in these 
individuals during the first-year post-vaccination when 
compared to non-obese. Obesity may also be related 
to a higher risk of influenza-like illness as a response, 
reinforcing the need for including BMI as a variable in 
trials evaluating vaccine safety and effectiveness (76).

In the meantime, lifestyle changes such as wearing 
masks, social distancing, and reinforcing personal 
hygiene are recommended for preventing COVID-19 
(74). It is also essential for people with obesity to 
incorporate behavioral measures such as regular physical 
exercise and to adopt a balanced diet enriched with 
fruits and vegetables (75). Diets with higher protein 
content and lower glycemic index can be effective and 
should be considered for individuals with diabetes 
(56,77).

Modest changes in diet may produce benefits to 
help control the inflammatory response in COVID-19 
(75). Clinically achievable weight losses of about 5% 
or even 10% can improve insulin resistance and liver 
fibrosis in individuals with obesity, in addition to 
reducing outcomes like cardiovascular events and 
mortality (78,79). 

However, there is no magical number for this weight 
loss, nor any data regarding this recommendation and 
its impact on either infection susceptibility or severity 
(79). Rather than a “solution” to obesity, these changes 
may be seen as a “controlled obesity” status, as suggested 
by Halpern & Mancini, and future COVID-19 studies 
should consider voluntary weight loss as a potential 
factor for reduced health risks, even if their BMI is 
not considered “normal” yet (79). Another concern 
is that these diet modifications must be guided by 
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professionals, as the pandemic’s psychosocial effects on 
eating behaviors are still unknown, potentially leading 
to aggravation of eating disorders (80).

Moderate- to vigorous-intensity aerobic exercises are 
also related to immunological benefits, mostly associated 
with the release of potent anti-inflammatory cytokines 
and to decrease of toll-like receptors (TLRs) expression, 
which are signals for macrophage recruitment and 
producing of pro-inflammatory cytokines (81). This 
could be even more helpful for individuals living in a 
chronic inflammatory status, such as those who have 
obesity and/or diabetes. Therefore, exercise could 
enhance long-term response to a vaccine, lower the risk, 
duration, and severity of the infection, and optimize lung 
function, avoiding uncontrolled lung inflammation (81).

Furthermore, postponed bariatric surgeries during 
the pandemic, as well as the follow-up of recently 
operated patients, might have provoked serious harm 
for these individuals (70). These surgeries have been 
related to reduced rates of diabetes, cardiovascular 
mortality, and cancer, which may also be helpful to avoid 
severe forms of COVID-19 (82). Hence, metabolic 
and weight monitoring should be maintained while 
waiting for the resumption of elective surgeries, and a 
consensus for prioritizing criteria should be established 
in order to lessen damages (70).

Regarding potential treatment options for 
COVID-19, non-pharmacological strategies in the 
first phase of COVID-19 (asymptomatic or mildly 
symptomatic individuals) are provisional and effective 
measures as specific drugs are still not available. Early 
case identification and isolation, rigorous glucose 
monitoring, and dose adjustment of antidiabetic 
drugs might be the best approaches to lessen adverse 
outcomes such as hypoglycemia, which might occur as 
a result of possible drug interactions with SARS-CoV-2 
pathophysiology (74,83). 

Despite this, no hypoglycemic medications except 
for insulin have had safety studies conducted for 
diabetes treatment in COVID-19, although some drugs 
are being tested in ongoing clinical trials (83-85). 

Regarding the use of antihypertensive drugs such 
as ACE inhibitors (ACEi) and angiotensin receptor 
blockers (ARBs), and despite initial concerns that 
they could lead to a more aggressive presentation, a 
recent randomized multicenter trial named BRACE 
CORONA has shown that stopping these drugs does 
not reflect clinical benefit for those patients, so they 
should be maintained if indicated (86,87).

A hyperinflammatory state takes place in COVID-19 
phase II with broader pulmonary involvement and 
hypoxia. The use of corticosteroids has been suggested 
for patients receiving respiratory support after findings 
in the RECOVERY study associated a dose of 6 mg/
day of dexamethasone with reduced mortality and 
reduced necessity for mechanical ventilation (88).

Full anticoagulation in confirmed cases or with 
strong clinical suspicion of venous thromboembolism 
is already recommended, as well as prophylaxis for 
hospitalized patients (89). Prophylactic anticoagulation 
has also been considered at the disease phase I and 
after hospital discharge, taking into account the 
hypercoagulable state presented in COVID-19, as well 
as the anti-inflammatory effect of heparin (90).

Finally, oxygen supplementation measures, the 
prone position, and intensive care unit admission with 
ventilatory and hemodynamic support are adopted 
in phase III. Dialysis and extracorporeal membrane 
oxygenation may also be necessary in very severe 
patients (35).

CONCLUSIONS

COVID-19 and obesity are two pandemics which are 
capable of provoking fearful results when coinciding. 
Considering all the aspects discussed in this review, 
strategies to combat obesity are urgent. Several non-
pharmacological and pharmacological measures are 
part of the therapeutic arsenal of obesity and its 
complications. Clinical treatment for severe COVID‐19 
is still challenging and developing specific treatments 
is needed. The best treatment while waiting for the 
vaccine is perhaps one which includes therapies to 
improve the metabolic and cardiovascular conditions 
of these patients in order to prevent the worsening of 
both diseases.
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ABSTRACT
Intermittent fasting (IF) is an increasingly popular method of weight loss, as an alternative to daily 
caloric restriction (DCR). Several forms of IF exist, such as alternate-day fasting or time-restricted 
feeding regimens. Some of its proponents claim several health benefits unrelated to caloric 
restriction or weight loss, which rely mainly on animal models. Although several studies published in 
the last few years confirm that IF can be a useful and safe therapeutical option for obesity and related 
disorders, no superiority to conventional caloric restriction diets have emerged. There are still several 
questions left answered. In this Review, we discuss some of the claims, unveiling myths, facts, and 
presumptions about several models of IF. The focus of this article is obesity, but there is a brief 
discussion of the potential benefits of IF on overall human health. Arch Endocrinol Metab. 2021;65(1):14-23
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INTRODUCTION

Intermittent fasting (IF) has received great interest 
from the general public, as an alternative to the 

traditional daily energy restriction model, for the 
treatment of obesity and related disorders, but also as 
an anti-aging method increasing longevity (1-3). Even 
though IF is a promising approach for some patients, 
there have been several claims of its benefits (mainly in 
social media) that are not evidence-based, at least in 
humans, leading to doubts among the society and sharp 
disagreements by its supporters and critics. As such, a 
critical appraisal of the literature is imperative to guide 
health professionals advising their patients, while not 
exaggerating its benefits, nor condemning its practice, 
yet also raising questions that may be answered by 
controlled trials in the future. 

Recently, the medical community’s interest in this 
topic grew even further after the publication of a review 
article in the New England Journal of Medicine in late 
2019 (1). That review article discusses, beyond obesity, 
several other potential targets for therapeutic fasting, 
such as the treatment of neurological disease, cancer, 
and cardiovascular disease. However, the article should 
be interpreted cautiously, as the authors clearly stated 

that the majority of the benefits were demonstrated 
in animal models, with much less data from humans. 
Moreover, in many of the cited articles, it is difficult to 
differentiate whether the effect of IF is a consequence 
of weight loss, caloric restriction, the fasting itself, or 
the interaction of these factors. This present Review 
aims to give a perspective of the evidence regarding 
intermittent fasting in humans, especially in the setting 
of metabolic diseases.

INTERMITTENT FASTING: ONE NAME, SEVERAL 
PROTOCOLS 

The term “Intermittent fasting” comprises several 
different forms of daily or weekly food intake patterns. 
Fasting is a common religious practice as well (4), but 
religious fasting will not be discussed in this article. 
Each IF protocol should be analyzed by itself regarding 
weight loss, metabolic and inflammatory profile, 
anti-oxidative effects, ketone bodies production, 
and adherence in the mid- and long-term. Circadian 
rhythms should also be taken into account, as similar 
feeding windows in different periods of the day could 
have a different cardiometabolic impact (5-7).
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Every discussion considering different forms of 
fasting as having similar results is inevitably incomplete. 
Among the most studied IF protocols, three are 
summarized below and in Table 1 (3,4,8): 

• Complete alternate-day fasting (ADF): involves 
alternating days containing no-energy food 
with eating ad libitum days; 

• Modified alternate-day fasting (MADF): 
different variations in ADF. The most popular is 
“intermittent fasting 5:2”: allows five days per 
week of ad libitum feeding and makes absolute 
fasting or restricts the intake to no more than 
25% of the daily necessity on the other two days 
(1,2). These two days can be consecutive or not 
consecutive; 

• “Time-restricted feeding” (TRF): allows ad 
libitum intake during specific times (few hours) 
and fasting for a prolonged time during each 
day. Another variation is restricting intake 
throughout the night, following the circadian 
rhythm.

PROPOSED MECHANISMS MAINLY BASED ON 
ANIMAL MODELS

Most of the proposed direct mechanisms of intermittent 
fasting in diseases come from animal models, in which 
caloric restriction has been extensively associated with 
increased survival in many species. However, in most of 
these models, the animals tend to eat within a period 
of a few hours, generally in the active phase of their 
circadian day, and they fast during the rest of the 24-
hour period. As such, it has been hypothesized that 
many of the benefits attributed to caloric restriction 
itself could be related to this long fasting period (1). 

During fasting, there is a decrease in insulin levels 
and an increase in ketone bodies’ production, such 
as beta-hydroxybutyrate, a signaling metabolite that 
elicits several direct and indirect molecular responses 
(9). Those responses could reduce inflammation, 
oxidative stress, tumorigenesis, and aging (10). Among 

those signals, fasting and ketogenesis could increase 
AMPK and sirtuin gene expression, reduce mTor 
signaling (which is associated with cellular growth 
and cancer), increase mitochondrial biogenesis and 
autophagy and reduce sympathetic tone (1,9-11). 
Autophagy, in particular, is important for the removal 
of damaged cells and is associated with reduced aging 
and increased longevity in animals models (12). 
Indeed, many chronic diseases are associated with 
accumulation of dysfunctional cellular components and 
it is hypothesized that a shift from an anabolic post-
prandial state to a catabolic state of reduced insulin is 
crucial for an effective autophagy to occur (1,12,13). 
Ketogenesis could also have an impact on epigenetic 
signaling by inhibiting histone deacetylases (9). Those 
mechanisms would positively have an impact on several 
diseases associated with inflammation, aging, and 
cellular growth, such as cancer, cardiovascular disease, 
type 2 diabetes, dementia, and auto-immune diseases 
(1,11). More immediate effects of ketone bodies’ 
production are enhanced lipolysis, reduced hunger, and 
improved mental and physical performance (including 
improved running endurance), which could influence 
the treatment of obesity (1,14). Interestingly, central 
infusion of ketone bodies potentiated leptin and insulin 
brain signaling (possibly affecting food intake) and 
directly improved hepatic insulin sensitivity, suggesting 
effects on insulin resistance, independent of weight 
loss (15). This direct effect of ketones on whole body 
insulin disposal has been shown in other animal models, 
as well (11,16). Ketones can also have a protein-sparing 
effect in obesity by inhibiting oxidation of branched 
chain amino acids, mainly alanine, in muscle (17). 
Nonetheless, studies performed decades ago observed 
that this protein sparing effect is dependent on the 
initial weight of participants, and individuals without 
obesity have increased loss of muscle mass during 
ketosis (17-19). 

It has been proposed that living species should 
have mechanisms to adapt to long periods of food 
deprivation, with a clear metabolic switch from a fed 

Table 1. Different patterns of IF

Type of Fast Description

Complete alternate-day fasting (ADF) Alternate fasting days with ad libitum eating days

Modified alternate-day fasting (MADF) Variations in ADF – the most popular is the 5:2 diet: absolute fasting or severely restricting the caloric intake for two 
consecutive or non-consecutive days per week

Time-restricted feeding (TRF) Daily intake is restricted to certain hours
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to fasted state, occurring several times a week. In this 
context, the standard human pattern of three big meals 
a day, plus snacking, could be maladaptive, maintaining 
humans in a constant anabolic post-prandial state 
of increased insulin levels and no ketone bodies’ 
production (11). 

A couple of published reviews have deeply discussed 
several of the above-mentioned molecular mechanisms 
(1-3,9,11), and we will focus this manuscript on human 
data from this point on. 

INTERMITTENT FASTING FOR TREATING OBESITY: 
IS IT SUPERIOR TO DAILY CALORIC RESTRICTION?

Many IF advocates claim in social media and books that 
this strategy increases energetic expenditure, leading to 
higher weight loss than daily caloric restriction (20). The 
theory defended by supporters is that part of its effect 
is secondary to a reduction in insulin levels (21), due to 
the carbohydrate-insulin model. This model states that 
hyperinsulinemia (elicited by excessive carbohydrate 
intake, mainly those with higher glycemic index) causes 
obesity by trapping metabolic fuels inside the adipose 
tissue. Consequently, eating would lead to a reduction 
in energy bioavailability to other tissues, including the 
brain, which, in turn, would interpret that the body is 
under an energy deficit, then adapting through increased 
hunger and reduced energy expenditure (21). Overall, 
this theory considers that the increased food intake and 
decreased energy expenditure are consequences, not 
causes, of obesity. Currently, although some authors 
still defend it (21,22), this theory has been widely 
discredited by experimental models in animals and 
humans (23-25). Also, isocaloric studies performed in 
metabolic chambers demonstrate that the differences 
in weight loss and energy expenditure among different 
macronutrients are clinically negligible (26-28). 
Although these studies did not evaluate fasting itself, 
but the differences between low-carb and low-fat diets, 
they reject the hypothesis that high insulin is, by itself, 
a major driver of weight gain in humans. Another 
study in a metabolic chamber evaluated time-restricted 
feeding (18 hours fasting) against 12 hours fasting in 
an isocaloric setting, and showed no difference in the 
weight loss between both groups (though there were 
differences in metabolic parameters, that are going 
to be discussed further ahead) (6). Other theoretical 
benefits on obesity treatment from intermittent 
fasting are the suppression of appetite (favoring caloric 

deficit), the improvement of physical disposition, and 
the improvement of metabolic parameters (2,4). As 
stated before, some of those mechanisms are related 
to increased ketogenesis. However, the increase in 
ketone bodies are different between different IF 
patterns, being higher in the fasting day of ADF, and 
probably mild in TRF models (11,29). Whether those 
increases could mimic the benefits of animal models of 
IF, in which larger ketone bodies production occurs, is 
uncertain. Interestingly, however, a study performing 
MADF (20% caloric intake on fasting days, alternate 
with ad libitum food intake every other day) in 10 
individuals with asthma have shown, after 8 weeks, that 
even on ad libitum days, beta-hydroxybutyrate levels 
were significantly higher than in the baseline (29). 

A systematic review searching for human trials 
published from January 1, 2000 to July 1, 2019 
focusing on IF for weight loss, found only 18 small 
RCTs and 9 trials without active controls (30). In this 
study, the average reduction in body mass index was 
4.3%, with weight losses ranging from 0.8% to 13%, 
and a high grade of heterogeneity. Still, it concluded 
that it was not possible to directly compare IF with 
other strategies of caloric restriction. Some of the most 
relevant studies will be discussed below. 

Alternate-fasting (ADF) and modified alternate-
day fasting regimens (MADF) are the most studied 
methods of IF to date. There are many studies with 
several different feeding and fasting protocols, such as 
the 5:2 and 3 or 4 days of energy restriction (Table 1). 
Short-term trials tend to show better results with IF 
(as adherence is higher), even though results are mixed 
(30). For instance, a study of 115 overweight women 
showed a higher fat mass loss in the group with MADF 
(2 days per week with 30% of the daily caloric needs) 
when compared to daily caloric restriction (75% of the 
daily caloric necessity); however, total weight, central 
adiposity, and hunger scores did not differ between the 
groups (31). Nonetheless, some studies show increased 
hunger in the first days of the 5:2 regimens and reduced 
hunger afterwards, but results are equivocal, and the 
overall evidence is not conclusive (4,32). 

Trepanowski and cols. published a landmark study 
regarding obesity and MADF in 2017 (33). In this 
randomized controlled trial (RCT), 100 obese adults 
were assigned to 3 arms in a 6-month weight-loss 
phase, followed by a 6-month weight-maintenance 
period: alternate-day fasting (25% of energy needs on 
a fasting day, 125% of energy needs on the other day), 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

17

Intermittent fasting for obesity 

Arch Endocrinol Metab. 2021;65/1

calorie restriction (75% of energy needs every day), or 
no-intervention (control). The weight loss was higher 
in both the calorie restriction and IF group compared 
to control (mean of 6.8%) with no differences in the 
inflammatory and cardiovascular risk markers. However, 
a post-hoc analysis suggested that intermittent fasting 
provided increased insulin sensitivity among patients 
with previous insulin resistance (34). Interestingly, 
throughout the study, IF patients began to eat more 
calories on the restriction day and less on the “feast 
days,” approaching the standard diet, and the drop-out 
rate was higher in the IF group (38% vs. 29%). These 
findings clearly evidenced that a significant limitation of 
IF is adherence in the mid- and long-term (8,33).

Two other studies with different protocols and a 
one-year duration showed no difference between daily 
caloric restriction and IF, not only in weight, but also 
in markers such as glycated hemoglobin. Importantly, 
one of the studies was performed in patients with type 
2 diabetes (35,36). In this way, medium- and long-
term studies’ trials failed to show a superior benefit 
in weight loss from IF compared to traditional daily 
caloric restriction. However, this does not mean that 
it is a fad strategy. Recent studies are focusing on 
identifying good-responders (4,37,38). For instance, a 
post-hoc exploratory analysis of the trial performed by 
Trepanowski and cols., described above, assessed those 
“good-responder” patients, defined as those who lost 
more than 5% of their total body weight; regardless of 
the arm they were assigned. No differences were found 
regarding appetite and food intake behavior between 
the different diets groups in those “good responders” 
(37). However, some propose that “big eaters” would 
benefit less from MADF, as they can more easily 
overconsume on the days of regular feeding (4,38). 

Fewer studies exist with complete ADF (total 
fasting on designated days). A recent one, in non-
obese subjects, showed that four weeks of ADF led to 
a body weight reduction of 4.5% and an improvement 
in several cardiometabolic parameters, reduced 
visceral fat, increased polyunsaturated fatty acids levels 
(PUFAs), and reduced T3 levels (39). These results 
are similar to several models of caloric restriction and 
IF in animals (1,40,41). However, it lacks a control 
group with the same weight loss to evaluate weight-
independent mechanisms of IF. Despite the controversy 
of the efficacy, it is essential to highlight that MADF 
and ADF are generally safe (1,2,4,39), with no reports 
of severe adverse effects. Metabolic adaptation after 

weight loss, an important obstacle for long-term 
weight maintenance, appears to be similar to DCR 
(42). IF does not increase the risk of an eating disorder 
(ED) (43), but it should not be indicated for patients 
with ED, as studies excluded these patients. There is 
a risk that proposing IF for these individuals can be 
mistakenly used to validate a chaotic eating pattern of 
restriction and indulgence. 

“Time-restricted feeding” (TRF) trials are being 
published only in the last few years, yet it is probably 
the most popular type of IF in clinical practice. 
Defenders of this principle, base their arguments on 
the already mentioned animal models, in which over 
16 hours of fasting per day improves metabolic markers 
and brings neuroprotection, which could be explained, 
at least partially, by an increase in ketone bodies (2). In 
humans, however, there is evidence that these same 16 
hours just discretely increase ketone bodies, preventing 
any definitive conclusions on the overall benefit of this 
strategy without dedicated studies. (1,2,44,45). 

Wilkinson and cols. performed a trial in which 
individuals who had a mean eating interval of 15.13 
hours per day, reduced it to a mean of 10.78 h for 12 
weeks (5). The individuals’ baseline status was used as 
the control, and the results showed a mean of 3.3 kg 
weight loss and a decrease in fat mass, LDL-cholesterol 
and non-HDL-cholesterol, blood pressure, and 
alterations of other metabolic factors. This was a single-
arm study, and though mixed linear models suggested 
that metabolic improvements were not attributed to 
changes in weight, the lack of a control arm prevents a 
definite conclusion (5).

One pilot study involving 23 patients with obesity, 
compared to a historical control group, observed 
a 2.6% weight reduction with an 8-hour window 
from 10:00-18:00, without calorie counting, and a 
reduction in blood pressure (46). Recently, however, 
a larger RCT found more disappointing results (47). 
Lowe and cols. performed a randomized controlled 
trial in 116 overweight or individuals with obesity 
without imposing caloric restriction. One arm followed 
an 8-hour TRF (eating from 12:00-20:00) and the 
other received instructions for three structured meals a 
day. This exact feeding window was chosen to improve 
adherence, due to social and cultural reasons, allowing 
an early dinner. After 12 weeks, there was no difference 
in weight loss between the groups (-0.94 kg in the 
TRF versus -0.68 kg in the control arm), as well as 
no difference in general cardiometabolic parameters 
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(glucose, insulin, lipids, and blood pressure). Fifty 
participants also performed a dual-energy-x-ray 
absorptiometry (DXA), and surprisingly, the TRF 
group had a higher decrease of appendicular lean mass 
compared to the control group. Indeed, 65% of the 
total weight loss in the TRF was lean mass, a result not 
expected, and a finding that deserves further analyses in 
future studies, which raises concerns on the applicability 
of this model in clinical practice. In the opposite 
direction, however, one study that evaluated 34 active 
men, performing resistance training randomized to a 
regular diet or TRF in a similar eight-hour window 
for eight weeks, showed fat mass (measured by DXA) 
decreased in TRF, without any decrease in muscle mass. 
An improvement of some inflammatory markers was 
also observed (48). Whether those differences on body 
composition observed relates to the different baseline 
characteristics of the studies participants (trained men 
versus individuals with overweight or obesity) remains 
to be determined.

Another recent study aimed to answer if a reduced 
feeding window could be more effective (49). In this 
study, patients with obesity were randomized into three 
groups for eight weeks: 6-hour feeding window (1300 
h to 1900 h), 4-hour feeding window (1500 h to 1900 
h), and control (maintenance of usual diet). Given the 
circadian rhythm (discussed below), feeding during the 
night was not allowed in neither of the active arms. 
Surprisingly, regardless of the regimen (4 h or 6 h of 
feeding), individuals with restricted feeding windows 
lost a mean of 3.2% of the baseline weight. The weight 
loss achieved was similar to what was observed in the 
above mentioned pilot study, from the same group, 
with an 08h feeding protocol (46). The effect is almost 
certainly related to reduced consumption of calories, 
due to the reduced feeding schedule: their caloric 
intake was decreased by approximately 550 kcal/
day, but it is possible that this reduction in intake was 
overestimated, as a 500 kcal restriction usually leads 
to higher weight loss in an eight-week -period. As an 
additional benefit, insulin sensitivity improved and 
oxidative stress markers decreased in both intervention 
groups. In the discussion, the authors believe this effect 
could be independent from the weight-loss, although 
no definite conclusion can be made, as this trial did 
not include an arm for continuous caloric restriction 
without fasting (49).

Due to the low number of good-quality studies (that 
fortunately are increasing), we still have little evidence 

of a clear benefit of TRF compared to other protocols. 
The great advantage seems to restrict the consumption 
of calories during a period of the day, which, in the 
absence of super-compensation during the remaining 
hours, can reduce calories without the need to count 
them (4,46). Nonetheless, the decrease in muscle mass 
observed in the study by Lowe and cols. is disturbing 
(47). A question that arises is whether an equal feeding 
window performed early on in the day could have 
metabolic advantages and the role of physical activity 
in those results.

TIME-RESTRICTED FEEDING AND CIRCADIAN 
RHYTHM

Biological control of external time is vital for all living 
species (2,7). In mammals, the circadian control 
is regulated by the suprachiasmatic nucleus in the 
hypothalamus – our “biological clock” (50). Circadian 
rhythms controlled by internal oscillators have an 
essential role in metabolic regulation (50,51). In 
evolution, each species tends to feed during the active 
period of their day (day or night, depending on the 
species). Several animal studies suggest that feeding 
during the rest period leads to an abnormal metabolic 
profile related to the ectopic deposition of fat, due 
to, among other reasons, inferior decreased lipogenic 
capacity during this period (52-54). 

In humans, we know that individuals who have a later 
chronotype pattern have a worse metabolic profile and 
are exposed to an increased risk of weight gain, type 2 
diabetes, and even cardiovascular outcomes. Still, many 
confounders prevent establishing a clear cause-effect 
(55-58). However, two RCTs performed one decade 
ago suggested that evening meals were associated with 
reduced fat mass, reduced HDL-cholesterol, increased 
LDL-cholesterol, increased blood pressure (in one of 
the trials), and increased fasting glucose (in the other 
one) (59,60). Recently, a study showed that after a 
weight-loss intervention protocol, late eaters had a 
lower weekly weight-loss rate compared to early eaters; 
however, the late eaters also had lower motivation and 
higher psychological barriers, suggesting that late eating 
could just be a marker of maladaptive eating, rather than 
it being biologically related to the poorer result (61). 

Another study to help elucidate the role of circadian 
rhythm consisted of a supervised 5-week cross-over 
pilot study in men with prediabetes aimed to evaluate 
if TRF with a 6-h feeding window and dinner not after 
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1500 h had metabolic advantages over an isocaloric 
feeding pattern, with a 12 h feeding window and 
12-h fasting. In this controlled study, the TRF period 
increased insulin sensitivity, reduced blood pressure, 
reduced oxidative stress, and decreased appetite (6). As 
it was an isocaloric study, it did not aim to evaluate food 
intake, and no weight differences were observed; thus, 
differences between control and intervention phases 
cannot be attributed to weight loss. However, as there 
was no similar group with the nighttime feeding period, 
it is impossible to know whether the effects were related 
to the 18 hours of fasting or the absence of nocturnal 
food intake. Simultaneously, as a pilot- and proof-of-
concept study, it did not assessed the feasibility, so we 
cannot infer if this pattern is sustainable in a larger 
population for a longer period. 

A recent RCT evaluated if late-night dinner (2200 
h) could have a different metabolic impact than earlier 
dinner (1800 h) (62). Twenty healthy volunteers received 
the same meals on different days in a lab setting. Late 
dinner was associated with higher glucose, triglycerides 
peak delay, and reduced fatty acids oxidation, which 
could contribute to metabolic disturbances in the long 
term. Interestingly, however, the effects were more 
pronounced on habitual early sleepers, suggesting that 
individual social and biological differences in circadian 
rhythms can influence results. These differences have 
already been shown, regarding skipping breakfast, in 
which habitual “breakfast skippers” have very different 
responses than “breakfast eaters” (63,64). 

Further, elucidation is needed for establishing 
causation for time-restricted feeding. Does regular 
breakfast skipping (or frequent nighttime eating) lead 
to metabolic adaptations? There is a possibility that 
the preference for eating or not eating breakfast or the 
time of having dinner is, at least partially, biologically 
determined, and a marker, instead of a cause, of a 
metabolic disorder.

ADDITIONAL BENEFITS FROM INTERMITTENT 
FASTING

Many of the cited mechanisms of IF on animal models 
are related to the improvement of chronic conditions 
much beyond obesity itself. 

Regarding type 2 diabetes (T2D), many of the 
proposed benefits of IF are similar to what has been 
previously discussed: weight loss and improved insulin 
sensitivity (1,30,65). A reduced number of meals can 

also be useful to avoid several glycemic excursions 
during the day. Some studies have shown that the 
reduction of the total number of meals can be a helpful 
strategy (65-67). In one study in women with T2D, 
eating two meals a day (in a maximum of a ten-hour 
interval) was superior to eating 6 smaller meals daily 
in weight loss and glycemic control (66). This is an 
important message, beyond IF itself. Historically, 
patients with T2D were advised to eat small amounts 
of food several times a day to avoid hypoglycemia. This 
recommendation, based on current knowledge, can 
be counterproductive (68). Clearly, in patients using 
exogenous insulin or sulfonylureas, dose adjustment 
will be necessary if IF is implemented, but overall, the 
risk of hypoglycemia is low (69). 

The longer study performed evaluating IF for T2D 
to date (52 weeks), did not observe superiority of IF, 
regarding HbA1c or weight loss (36). In this context, 
IF regimens can be considered and individualized in 
patients with T2D, but similar to what was already 
discussed in obesity, it should be clear that it is an 
alternative to daily caloric restriction, rather than a 
superior intervention. 

de Cabo and Mattson provided a very compelling 
and complete discussion of additional promising 
benefits of IF in cancer, aging, neuroprotection, and 
more (1). However, it is important to note that most 
of the available data discussed by de Cabo and Mattson 
come from caloric restriction experiments in animal 
models (1). Whilst in those models, caloric restriction is 
achieved through a TRF (as animals tend to eat in their 
active phase), it is not possible to conclude whether 
benefits are from fasting, caloric restriction, or both. 
Human studies are just emerging. 

In the ADF study by Stekovic and cols., in a 
healthy, non-obese, middle-aged population, the age-
associated inflammatory marker sICAM-1 was lower 
in the intervention arm (39). Aging is a complex 
biological process, and every attempt to prove that 
an intervention can slow it should be taken cautiously 
(70). RCTs designed to show anti-aging properties are 
tough to create, given the necessary long-term. Thus, 
metabolic and oxidative parameters are always used as 
surrogate markers, and as such, they are imperfect (71). 
Even with all these difficulties, we expect several studies 
to come about in the following years. 

It is also important to reemphasize that we cannot 
directly extrapolate data from animal studies. If in rat 
models, high levels of ketone bodies are achieved after 
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16h fasting, in humans, it can take much longer, up to 48 
hours, as already mentioned (11,44,45). In this context, 
since long-term fasting is harder to be performed, 
a group of researchers from California proposed a 
“fasting-mimicking diet” (FMD), which is patented and 
commercialized in the USA (72,73). FMD consists of 
plant-based, whole food diets, rich in essential fatty acids, 
vitamins, and minerals consumed for five consecutive 
days, which does not activate IGF1 and insulin pathways 
(74). As such, it would theoretically reproduce the 
scenario of fasting in the organism (72). The proposed 
benefits are reduced inflammation and aging, with a 
potential effect in several chronic non-communicable 
diseases. Although some studies showed improvement 
of inflammatory and oxidative stress markers, there is no 
evidence regarding significant clinical outcomes (73,74).

In conclusion, intermittent fasting has gained 
much attention as a popular weight-loss strategy over 
the last few years. Controlled studies demonstrated 
that IF (which can have very different protocols) is a 
safe alternative to daily caloric restriction, with similar 
weight loss results. Nonetheless, its effects on weight 
are directly related to caloric restriction and not the 
metabolic effects of fasting. More work is needed 
to establish if prolonged fasting can have a weight-
independent impact on insulin sensitivity and other 
metabolic and oxidative markers in humans, as shown 
in animals. A comprehensive summary of the main 
unanswered questions can be found in Table 2.

Results from trials are heterogeneous, and due to 
that, a personalized approach is necessary. The search for 
clinical markers able to predict responses is appealing. 
As most trials are small, many discussed results should 
be interpreted cautiously. Lack of statistical power to 
show differences in weight loss and substitutive markers 
is one crucial factor that should be considered when 
evaluating IF RCTs.

While there is no definitive conclusion, IF clearly 
has some advantages and disadvantages. A summary 
of the popular claims pro and con to IF, as well as the 
current state of the evidence can be found in Table 3. 
Against IF, long-term trials suggest lower adherence 
in the long-term compared to daily caloric restriction 
(or an increase in caloric intake on fasting days and a 
decrease in feeding days that resembles a routine caloric 
restriction protocol). Favoring MADF and ADF is that it 
can be easier to follow, since it generally is not necessary 
to count calories, or at least permits regular eating on 
the majority of the days. Regarding TRF, the imposed 
restriction on timing, rather than foods, can also be 
easier to follow for some. Different IF protocols can have 
direct effects on insulin sensitivity in insulin-resistant 
individuals (although data are still equivocal), and 
restricting food at night could also have a positive impact 
on the metabolic profile. Nevertheless, “inversed” TRF, 
with food restriction in the morning, is less studied and 
theoretically goes against our circadian biology.

Benefits on aging, inflammation, and 
neuroprotection in humans are still scarce. Fasting 
mimicking-diets are being studied with interesting 
results, and we can expect further elucidative research 
in the area. 
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Table 2. Unanswered questions and rationale for them 

Unanswered questions about IF protocols Rationale for the question

Does time-restricted feeding during the morning, afternoon, or evening have 
different metabolic effects?

Circadian rhythm is biologically regulated, and many animals’ studies demonstrate 
metabolic disarrangements when food intake occurs in the rest phase of the 
species.

Are there weight-loss independent effects of intermittent fasting on cardiovascular 
risk markers and insulin resistance?

Prolonged fasting has a unique metabolic profile in animals, and some studies in 
humans suggest that insulin sensitivity can improve, even in the absence of 
weight loss. Others suggest a beneficial effect in those with insulin resistance.

Can fasting-mimicking diets reduce aging or chronic diseases? The rationale for the development of a fast-mimicking diet is to provide these 
benefits. Nowadays, we only have evidence of improved surrogate markers. 

Is there an intermittent fasting protocol associated with higher long-term 
adherence?

Fewer studies compared different intermittent fasting protocols head-to-head. 
Long term adherence is important for sustained health benefits.
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Table 3. Popular claims (pro and agains) to IF regimens

Popular positive claims Current status of evidence

Increased weight loss compared to isocaloric diets (lower insulin and ketogenesis 
would increase energy expenditure).

There is no evidence that IF leads to higher energy expenditure:  isocaloric 
studies performed in metabolic chambers show similar weight loss in diets with 
different proportions of macronutrients (27);  RCTs show the same weight loss for 
daily caloric restriction and intermittent fasting, while maintaining similar weekly 
caloric intake (33,36,37) and no difference in adaptive thermogenesis (42).

Reduced hunger compared to traditional daily caloric restriction. Conflicting results in humans (4). Studies with a proper control group did not 
show an overall difference in hunger ratings, though individual preferences exist 
(30,32,38). 

Improvement in insulin resistance, independent of weight loss. Data derived from animal models (2,11,16). In humans, conflicting results, but 
many studies without a proper control group. Overall, there is no clear evidence of 
improvement in IR, independent of weight loss (4). However, a post hoc analysis 
suggests benefits in those who had previous insulin resistance (34). Timing of 
food intake could also have a role (6).  

Improvement in glucose control in type 2 diabetes. RCTs show similar reductions in weight and HbA1c (36,65). However, there is 
evidence that increased meal frequency is associated with poorer glycemic 
control (66,67). 

Anti-aging and anti-inflammatory effects. Many animal models demonstrate increased longevity and reduction in chronic 
diseases with caloric restriction and IF, but data in humans are lacking (1,11).  
Many benefits are alleged to be associated with ketogenesis, but it is unclear 
whether the level of ketone bodies achieved in popular IF patterns would be 
enough to elicit the same responses observed in rodents (11). Fasting-mimicking 
diets have been developed to promote these benefits and have shown a reduction 
in inflammatory and oxidative stress markers, but not clinical outcomes to date 
(72-74). 

Popular negative claims Current status of evidence

IF would lead to overeating on feast days and could trigger eating disorders.  IF does not lead to overeating or bingeing on feast days and does not trigger 
eating disorders (43). Nonetheless, patients with previous eating disorders were 
excluded from main trials, and IF is not recommended for this population.

IF could reduce lean mass. Conflicting results. Several studies suggest positive effects on lean mass, 
including one in trained men (48). However, a recent randomized trial with TRF 
observed a higher appendicular lean mass loss after the intervention (47). More 
data are needed.  

IF is not sustainable and leads to higher attrition rates. Conflicting results, but IF has a slightly higher attrition rate in larger trials (4,33). 
One key trial has shown that with MADF, there was a trend of increasing calories 
on fasting days and decreasing on feasting days, resembling the overall daily 
calorie restriction pattern (33). 

IF leads to side effects, such as nutrient deficiency and lethargy. Trials with different IF patterns show it is generally safe and well-tolerated, with 
no increase in overall side effects (4). 
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ABSTRACT
Deleterious effects of free fatty acids, FFAs, on insulin sensitivity are observed in vivo studies in 
humans. Mechanisms include impaired insulin signaling, oxidative stress, inflammation, and 
mitochondrial dysfunction, but the effects on insulin secretion are less well known. Our aim was 
to review the relationship of increased FFAs with insulin resistance, secretion and mainly with the 
incretin effect in humans. Narrative review. Increased endogenous or administered FFAs induce 
insulin resistance. FFAs effects on insulin secretion are debatable; inhibition and stimulation have 
been reported, depending on the type and duration of lipids exposition and the study subjects. 
Chronically elevated FFAs seem to decrease insulin biosynthesis, glucose-stimulated insulin secretion 
and β-cell glucose sensitivity. Lipids infusion decreases the response to incretins with unchanged 
incretin levels in volunteers with normal glucose tolerance. In contrast, FFAs reduction by acipimox 
did not restore the incretin effect in type-2 diabetes, probably due to the dysfunctional β-cell. Possible 
mechanisms of FFAs excess on incretin effect include reduction of the expression and levels of 
GLP-1 (glucagon like peptide-1) receptor, reduction of connexin-36 expression thus the coordinated 
secretory activity in response to GLP-1, and GIP (glucose-dependent insulinotropic polypeptide) 
receptors downregulation in islets cells. Increased circulating FFAs impair insulin sensitivity. Effects 
on insulin secretion are complex and controversial. Deleterious effects on the incretin-induced 
potentiation of insulin secretion were reported. More investigation is needed to better understand 
the extent and mechanisms of β-cell impairment and insulin resistance induced by increased FFAs 
and how to prevent them. Arch Endocrinol Metab. 2021;65(1):24-31

Keywords 
FFAs; T2D; insulin secretion; incretin effect; insulin sensitivity

INTRODUCTION

The high incidence of type 2 diabetes, T2D, in 
western countries has been attributed to the obesity 

epidemic and physical inactivity. A 114% increase of 
T2D prevalence is estimated until 2030, two thirds of 
which will be in developing countries. The International 
Diabetes Federation calculated 425 millions persons 
with diabetes worldwide in 2017 demonstrating the 
utmost importance of understanding the diabetes 
pathophysiology (1).

Type 2 diabetes is characterized mainly by defects 
in insulin action, β-cell dysfunction and chronic 
inflammation. The β-cell dysfunction is the major 
defect in most cases, but β-cell mass reduction alone is 
less likely to be the primary cause. A host of inherited 
genes, their environmental interaction and epigenetic 
mechanisms make tissues resistant to insulin and/or 

impairs insulin secretion. Clearly, insulin resistance is 
an important factor and has been reported in the liver, 
muscle and adipose tissue. It is found even in T2D 
first-degree relatives before obesity and hyperglycemia 
(2) suggesting a causal role. Type 2 diabetes manifests 
itself when β-cell becomes unable to adapt to chronic 
metabolic stress. Previously an “ominous octet” 
has been implicated in the pathophysiology of T2D: 
decreased insulin secretion, decreased incretin effect, 
increased glucagon secretion, increased hepatic glucose 
production, increased lipolysis, decreased muscle 
glucose uptake, increased renal glucose reabsorption, 
and brain neurotransmission dysfunction inducing local 
insulin resistance (3). Many other factors may contribute 
or may be added to this octet. In fact, activation of 
inflammatory pathways and impaired insulin mediated 
vasodilatation are associated to higher risk of T2D and 
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contribute to muscle insulin resistance (4). The gut 
microbiota is involved with chronic inflammation and 
energy utilization from the diet. The type of consumed 
fat, such as saturated fatty acids (SFA) – in particular 
palmitic acid – changes the composition of the 
microbiota, that in turn, has deleterious effects on the 
end products from the gut bacterial fermentation. The 
increased circulating bacterial endotoxin contributes 
to inflammation in both obesity and diabetes. This is 
suggested as an additional factor for insulin resistance 
and impaired insulin secretion (4,5). 

Another contributing factor is the elevated total 
plasma FFAs frequently observed in insulin resistance 
conditions (5). Of note, plasma FFAs concentrations 
depend on FFAs intake, de novo FFAs synthesis, 
triacylglycerol storage and lipolysis. Adipose tissue 
resistance to the antilipolytic insulin effect is frequent 
in T2D, impaired glucose tolerance, and centripetal 
obesity. This condition contributes to adipose tissue 
high lipid turnover, thereby increases plasma FFAs 
availability and concentration at fasting and after 
glucose or mixed meal ingestion (6). Consequently, 
elevated FFAs impair insulin action and secretion (5). 

Our aim was to review the relationship between 
increased FFAs, insulin resistance and secretion. The 
FFAs induced metabolic changes called “lipotoxicity”, 
has been investigated more on insulin action than on 
insulin secretion and, the insulin secretion impairment 
is a major etiological factor for diabetes. Therefore, we 
revised especially their influence on insulin secretion and 
on the incretin effect in healthy and T2D individuals. 
A few animal studies were included to explain some 
hypotheses and mechanisms.

FFAS EFFECTS ON INSULIN SENSITIVITY AND ON 
INSULIN SECRETION

Increased plasma FFAs impair glucose uptake 
and glycogen synthesis and stimulates hepatic 
gluconeogenesis in healthy people as well as in diabetes 
and obesity (6-8). Increased endogenous glucose 
production in response to FFAs infusion was also 
demonstrated in patients with type 1 diabetes, in whom 
there is no compensatory insulin secretion to reduce 
it (9). Elevated FFAs availability has been associated 
to lower insulin clearance by the liver, a common and 
early feature of insulin resistant states. However, this 
possibility has been debated, since increased glucose 
intake seems to impair insulin clearance more than 

FFAs (10). The FFAs-induced impairment of insulin 
sensitivity is observed in normoglycemia as well as in 
hyperglycemia (8). It has been shown that an overnight 
decrease of FFAs improves the insulin resistance 
(assessed by the hyperinsulinemic euglycemic clamp) 
and the hyperinsulinemia characteristic of people with 
obesity, impaired glucose tolerance and diabetes (11). 

At cellular level, FFAs bind to cell membrane 
receptors of the GPR (G-protein coupled receptor, 
also known as free fatty acid receptor – FFA1) family in 
adipocytes, brain, pancreatic β-cells, enteroendocrine 
and immune cells. The CD36 fatty acid translocase 
protein, another membrane receptor FFAs binding, is 
expressed in myocytes, macrophages, endothelial cells, 
platelets, and enterocytes. Inside the cell FFAs must 
be converted to triacylglycerol for storage or undergo 
β-oxidation to be used as fuel by mitochondria. 
Increased FFAs impair triacylglycerol conversion and 
β-oxidation generating toxic lipids (diacylglycerol and 
ceramides), which cause oxidative and endoplasmic 
reticulum stress, mitochondrial dysfunction, and 
generation of reactive oxygen species (ROS) (12-15). 
Therefore, it induces inflammation, mostly in skeletal 
muscle and adipocytes but also in β-cells. Additionally, 
it has been described in the endothelial cells, providing 
a link to atherosclerotic vascular disease (7). Ceramides 
and diacylglycerol are associated with activation 
of TNFα and many stress-related kinases such as 
NFKbeta, P38MapKinase, JNK (c-Jun N-terminal 
kinases) and atypical PKC (protein kinase-C) isoforms 
in skeletal muscle. These enzymes decrease the insulin-
signaling pathway by inducing serine/threonine 
phosphorylation of IRS1 (insulin receptor substrate 1). 
Thus, activation of the insulin signaling cascade, glucose 
uptake and its metabolism are all impaired. Reactive 
nitrogen species (RNS) also increase IRS1 nitration 
and degradation (14-17). Inside the cell, FFAs bind 
PPARs (peroxisome proliferator-activated receptors), 
which are ligand-activated nuclear transcription factors. 
They regulate FFAs uptake, storage and oxidation, so 
regulate glucose homeostasis indirectly. PPARγ plays a 
critical role linking unsaturated FFAs metabolism and 
inflammation reduction. Hence, FFAs metabolism may 
result in pro or anti-inflammatory signaling. Some long 
chain polyunsaturated FFAs (PUFA) are precursors of 
inflammation relief, others are precursors of pro and 
anti-inflammatory agents, stimulating both events 
(5). So, in this case, inflammation is a consequence of 
lipotoxicity (5,15). Saturated fatty acids, SFAs, activate 
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toll-like receptor-4 (TLR-4), whose signaling pathway 
stimulates pro-inflammatory cytokines (IL-1β, IL-6, 
TNF-α). Besides SFAs activate the inflammasome 
multi-protein complex that induces mitochondrial 
dysfunction in many tissues by changing their Ca++ 
balance and also stimulate macrophages infiltration 
in the pancreatic β-cells. In contrast, several PUFA 
inhibit inflammasome and TLR-4 activation (5). 
Another possible mechanism for the insulin secretion 
impairment is a down regulation of the medium and 
long chain FFAs receptors (GPR40) in the β-cell, as 
observed in hyperlipidemic animal models before the 
diabetes development (18). In brief, the FFAs excess 
induces insulin resistance and β-cell dysfunction by 
many mechanisms, including a toxic inhibitory effect 
that ultimately induces β-cell apoptosis (19,20).

Plasma FFAs reduction by acipimox (a potent 
lipolysis inhibitor) improves insulin sensitivity and 
skeletal muscle mitochondrial adenosine triphosphate 
(ATP) synthesis in both insulin resistant obese with 
normal glucose tolerance and in patients with T2D, 
suggesting that the mitochondrial defect may be 
reversible (21,22). On the contrary, a 16 hour lipid 
infusion in T2D patients worsens insulin resistance (23). 

Regarding insulin secretion, several studies have 
shown in humans that fatty acids, beyond glucose, are 
important for insulin secretion control (24). An acute 
and physiological increase of circulating FFAs sharply 
improves insulin secretion in animals and in healthy 
humans even if it stimulates gluconeogenesis (20,25). 
The acute FFAs-induced insulin secretion can occur 
by a direct effect, since long chain fatty acids infusion 
directly into the pancreatic artery of dogs increases 
insulin secretion (25). 

In healthy subjects, contradictory results have been 
reported after lipids infusion. A 10hour overnight 
infusion did not change basal or GSIS (glucose-
stimulated insulin secretion) (26), while a 24-hour 
Intralipid (10% triglyceride emulsion) infusion inhibited 
the first phase insulin secretion during an intravenous 
glucose tolerance test (27). In normal young subjects 
with no family history of diabetes, a prolonged fasting 
induced physiological increase in FFAs deteriorating 
β-cell function (28). In contrast, also in non-diabetic 
subjects, a 48h Intralipid infusion strongly potentiated 
glucose-induced insulin secretion (29). An important 
role of lipotoxicity in people at high risk for diabetes is 
suggested by worsened β-cell function in response to 
the FFAs rise. In fact, a four-day Intralipid infusion in 

volunteers with a family history of diabetes decreased 
the first and second phases of insulin secretion during 
a hyperglycemic clamp and during a mixed meal test, 
while it increased in healthy subjects without family 
history of diabetes. Thus, lipotoxicity in predisposed 
individuals was reported to both intravenous and oral 
glucose (30). Impaired insulin secretion after 48 hours 
of lipid infusion associated with decreased insulin 
clearance was also observed in non-diabetic obese 
subjects. However, in this same study, an increase in 
insulin secretion without changes in its clearance, i.e. no 
further impairment, was observed in diabetic patients 
with established β-cell dysfunction (31). In individuals 
with normal glucose tolerance with and without a T2D 
family history, FFAs decrease induced by acipimox 
was associated with a better acute insulin response to 
intravenous glucose (28,32). Moreover in patients with 
diabetes, FFAs reduction by acipimox increased GSIS 
over a previous improvement by dapagliflozin during 
an oral glucose tolerance test, OGTT (22).

Other deleterious effect of higher circulating FFAs 
is stimulation of VLDL and secretion of chylomicrons, 
potential atherogenic intestinally derived lipoprotein 
particles (33). Furthermore, increased FFAs plasma 
concentrations could inhibit GLP-1 (glucagon like 
peptide-1) secretion and/or its insulinotropic action as 
revised below. 

INCRETIN EFFECT AND INCRETINS
The Incretin Effect, characterized by the release of 
substances from the intestinal mucosa following nutrient 
ingestion (34,35), is responsible for approximately 
50%-70% of the insulin response to oral glucose (36), 
thus the incretin effect has an important role in β-cell 
function in normal people. Reduced incretin effect 
seems to be linked to the pathophysiology of T2D 
or on the contrary, the reduction might be secondary 
to the diabetic state itself (37-39). The main incretin 
hormones are GIP (glucose-dependent insulinotropic 
polypeptide) and GLP-1, largely released by glucose, 
but also by proteins and lipids ingestion. The response 
of GIP is greater to proteins than to lipids in isocaloric 
solutions (40). As glucose, lipid and protein intake 
triggers a greater insulin secretion than their intravenous 
administration (41). 

A 42-amino acid peptide, GIP is secreted by 
mucosa-specific K cells in the small intestine especially 
in the duodenum (36). Its receptors are expressed in the 
intestines, pancreatic islets, adipose tissue, heart, adrenal 
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cortex, pituitary, and many brain regions (42). However 
their role is not well known in most of these sites. 

Glucagon like peptide-1, a glucagon gene product 
is expressed in pancreatic α cells and in the mucosal L 
cells, one of the most abundant intestinal endocrine 
cells (36,43). These cells have been identified in the 
duodenum and jejunum, but they are found in greater 
number in the ileum, colon and also in the rectum 
(36,41,44). Secretion of GLP-1, one of the most potent 
stimulator of insulin-release begins minutes after nutrient 
ingestion, in amounts related to the food kind (45,46). 
The early secretion must be due to the transmission of 
signals from the proximal to the distal intestine via the 
autonomic and enteric nervous system (44,47) and also 
via gastrointestinal hormones and neuropeptides, such 
as substance P and gastrin-releasing peptide (GRP) 
(44). The release of GLP-1 in the proximal intestine 
must be by a subgroup of cells co-expressing GIP and 
the pro-glucagon gene (48). At physiological levels 
GIP might indirectly via the afferent vagal, or directly, 
at very high levels, interfere with the GLP-1 release. 
The efferent pathway must be the celiac branch of the 
vagus nerve, under the influence of GRP. At fasting and 
after oral glucose stimulation there is a pulsatile GLP-1 
release that is inhibited by atropine (44), confirming the 
participation of the autonomic nervous system.

Glucagon like peptide-1 has effects other than to 
stimulate insulin secretion in vivo, such as inhibition 
of gastrointestinal motility, glucagon secretion, 
appetite and food intake; suppression of inflammation; 
promotion of mucosal integrity; vasodilation; 
natriuresis and somatostatin increase (36,37,49-51). 
Glucose-stimulated insulin secretion is increased by 
GLP-1 through improved glucose sensitivity (37) 
increased insulin biosynthesis and proinsulin and 
expression of other genes essentials for β-cell function 
such as glucokinase and GLUT-2 (37,52). It promotes 
differentiation of ductal progenitor cells into β-cells 
(53) and inhibits β-cell apoptosis (54-56). The 
hormone GIP also has extra incretin effects: it increases 
somatostatin and glucagon secretion, and lipoprotein 
lipase activity in adipose tissue, and induces body 
weight gain and bone formation. 

INCRETIN EFFECT AND INCRETIN 
CONCENTRATION IN T2D

The GLP-1 is three to five times more potent than 
GIP in T2D, since these patients are resistant to the 

GIP effect on insulin secretion (41,57). In subjects 
with normal glucose tolerance, GIP seems to be more 
important than GLP-1 to mediate the incretin effect 
(58), but a similar potency has also been reported (36). 
Contradictory results regarding GLP-1 concentrations 
have been described in T2D. More frequently it seems 
to be normal with a partially impaired effect while GIP 
secretion is usually normal or increased (36,37,59-61). 
A cross-sectional study showed a slight decrease in GLP-
1 release after a mixed meal in volunteers with impaired 
glucose tolerance, and a more severe reduction in 
T2D patients (60), suggesting a parallel loss of GLP-1 
secretion as diabetes progresses. The GIP response to 
an OGTT associated with elevated circulating FFAs 
was higher in non-diabetic obese women compared to 
lean. Hence, GIP may assume greater importance to 
maintain insulin secretion in obese individuals who have 
decreased GLP-1 secretion, preventing hyperglycemia 
(62). Many factors may be implicated in the reported 
decrease of GLP-1 secretion in T2D (37). As a 
glucagonostatic hormone, GLP-1 inhibits glucagon 
secretion (51,57), which is paradoxically increased in 
diabetes. Increased plasma glucagon at fasting and post 
glucose stimulus starts before glucose intolerance and 
diabetes as a consequence of insulin resistance in α-cells 
(63-65). Glucagon, in turn, suppresses GLP-1 (44), 
perhaps through a direct effect on L-cell receptors. 
Furthermore, diabetic patients often have slow antro-
duodenal nutrient transit, as well as gastrointestinal 
autonomic neuropathy (44,64), delaying L cells 
stimulation. A direct effect of FFAs is possible, since 
in rat insulinoma INS-1E cells and in isolated islets 
of db/db mice (diabetic and obese model), palmitate 
decreased the expression and levels of the GLP-1 
receptor and impaired insulin secretion (66).

In patients with T2D, the strong β-cell resistance to 
GIP and a slight resistance to GLP-1 could be secondary 
to glucotoxicity (57) due to a down regulation of 
their receptors induced by hyperglycemia (37,67). In 
turn, decreased incretin receptor signaling seems to 
contribute to gluco-lipotoxicity in combination with 
other pathways involving the endoplasmic reticulum 
and oxidative stress (68). Thus, β-cell of diabetic 
patients might not express GIP receptors or they are 
defective (66,67). However, these defects may be 
explained by β-cells reduction or dysfunction, more 
likely by the combination of both possibilities (69,70). 
Little information is available on the effect of FFAs on 
incretin-stimulated insulin secretion in humans, despite 
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recent evidence in human islets that it might interfere 
with incretin function (71).

Incretin effect is decreased in T2D, as well as in 
other insulin resistance states, such as obesity and 
glucose intolerance (59,63,72-74). The underlying 
mechanisms of the incretin effect impairment are not 
completely elucidated. According to some studies, 
it happens as a consequence of the “diabetic state”, 
not being an etiological factor, since it improves after 
diabetes compensation (37-39). Alternatively it may 
be genetically based (36,75). Some authors give more 
importance to the reduced insulinotropic GIP effect 
than to the decreased GLP-1 concentrations to impair 
the incretin effect in diabetes (37,57,58). As discussed 
below one of the mechanisms implicated in the impaired 
incretin effect in diabetes might be the FFAs excess. 

INFLUENCE OF FFAS EXCESS ON THE INCRETIN 
EFFECT

Human studies to verify the consequences of FFAs 
excess on GLP-1 response and its ability to potentiate 
β-cell function are of utmost importance as well as 
the understanding of insulin secretion and the factors 
that modify it, in vivo and in humans. As long as one 
of the incretins effects is the potentiation of insulin 
secretion, we investigated in volunteers with normal 
glucose tolerance, whether incretin-induced insulin 
secretion is reduced by an acute elevation of plasma 
lipids, and if an acute reduction of them is able to 
improve the incretin effect in patients with T2D (76). 
We evaluated many insulin secretion parameters from 
an OGTT and from a corresponding isoglycemic 
intravenous glucose infusion test using a mathematical 
model (77): total insulin secretion during both tests, 
glucose-induced and incretin-induced potentiation 
of insulin secretion and β-cell glucose sensitivity 
(β-CGS). The last one is evaluated by a dose-response 
curve of insulin secretion to glucose levels variation, 
and it is an important parameter of β-Cell function. In 
individuals with normal glucose tolerance, the acute 
FFAs increase caused a marked decrease in incretin-
induced potentiation and a slight deterioration 
of insulin sensitivity and consequently of glucose 
tolerance, Because of this, it increased total and 
the first phase insulin secretion, without modifying 
β-CGS. The potentiation of incretin-dependent insulin 
secretion decreased even if the secretion of incretins 
(plasma concentrations) were unchanged. Conversely, 

in the T2D patients, administration of acipimox 
caused a significant reduction in FFAs, glycemia and 
insulinemia, as well as improving insulin sensitivity. 
However, β-CGS and both, potentiation of glucose-
dependent insulin secretion and incretin-induced 
potentiation were not improved. Hence, the impact 
of FFAs on the incretin effect is essentially dependent 
on the β-cell function, i.e., their increase may impair 
the incretin effect in a normal β-cell. However, FFAs 
reduction is not able to restore the incretin effect in 
a dysfunctional β-cell, at least under these conditions. 
These findings demonstrate that FFAs influence the 
incretin effect in healthy humans (76). 

The impairment of incretin function, caused by 
FFAs exposure, as we demonstrated in volunteers 
with normal glucose tolerance may be due to several 
mechanisms. One possibility is the reduction of 
the expression and levels of the GLP-1 receptor 
as observed in rat insulinoma INS-1E cells and in 
isolated islets of db/db mice. This reduction was 
associated to a deficiency of cAMP production, 
protein phosphorylation of cAMP-responsive elements 
binding protein (p-CREB) and insulin secretion (66). 
Furthermore, GLP-1 is responsible for the recruitment 
of a β-cell network essential to synchronize rapid 
increases in glucose-induced insulin secretion. Gap 
junctions in human β-cells, through connexin 36 
(Cx36), are important for incretin-stimulated insulin 
secretion (71). In human islets addition of palmitate 
reduced Cx36 expression and the coordinated 
secretory activity in response to GLP-1 and GIP, and 
consequently reduced insulin release. Therefore, raised 
FFAs might disrupt the GLP-1-sensitive syncytium. 
The association of hyperglycemia and higher FFAs 
concentration frequently found in patients with 
diabetes seems to be synergistically toxic to islets (15), 
where it down regulates GPR40 expression in all cell 
types (18). Insulin secretion impairment was observed 
also in human islets exposed to oleate or palmitate 
for 48h (78). In a recent speculative study in T2D 
individuals, the clinical efficacy of liraglutide, a GLP-1 
receptor agonist, was related to the baseline plasma 
triglycerides and C-peptide levels (79), emphasizing 
the importance of lipid control.

In brief, acute physiological FFAs increase stimulates 
insulin secretion. Chronic elevations decrease insulin 
biosynthesis, GSIS, β-CGS and induce apoptosis. 
Furthermore, acute supra physiological levels impair 
the incretin effect (Figure 1). 
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Figure 1. FFAs effects on insulin sensitivity and insulin secretion – possible mechanisms.
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In conclusion, FFAs impairment of insulin 
sensitivity has been repeatedly reported. However, 
the effects and mechanisms of increased circulating 
FFAs on insulin secretion are not well known. Most in 
vivo and in vitro studies suggest deleterious effects on 
the incretin-induced potentiation of insulin secretion 
involving β-cell toxicity, decreased incretin receptors on 
the β-cells, and disrupted GLP-1-sensitive syncytium, 
and even effects on the therapeutic response to GLP-1 
agonists. The impairment of insulin secretion FFAs-
induced is observed even in volunteers with normal 
glucose tolerance, but FFAs reduction does not restore 
insulin secretion in subjects with dysfunctional β-cell. 
Furthermore, even in youth with normoglycemia and 
obesity, decreased muscle, adipose and hepatic insulin 
sensitivity was inversely associated to FFAs and liver 
fat (80). In this way, more investigation is necessary to 
understand which interventions and when reductions 
of plasma lipids are more efficacious to preserve β-cell 
function and insulin action. 

Authors contributions: VBC drafted the article and EM revised 
it. Both authors participated of the conception and design 
of manuscript, interpretation of data and final approval of the 
version to be published. 

Acknowledgements: none.

Financial support: none.

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

REFERENCES
1. International Diabetes Federation: IDF Atlas – 8th Edition. 2017. 

Available in: https://www.idf.org/e-library/epidemiology-research 
/diabetes-atlas.html.    

2. Cusi K. Lessons learned from studying families genetically 
predisposed to type 2 diabetes mellitus. Curr Diab Rep. 
2009;9:200-7.

3. DeFronzo RA. From the triumvirate to the ominous octet: a new 
paradigm for the treatment of type 2 diabetes mellitus– Banting 
Lecture. Diabetes. 2009;58:773-95. 

4. DeFronzo RA, Ferrannini E, Groop L, Henry RR, Herman WH, 
Holst JJ, et al. Type 2 diabetes mellitus. Nat Rev Dis Primers. 
2015;1:15019. 

5. Soboczak AIS, Blindauer CA, Stewart AJ. Changes in plasma 
free fatty acids associated with type-2 diabetes. Nutrients. 
2019;11(9):2022. 

6. Gastaldelli A, Gaggini M, DeFronzo RA. Role of adipose tissue 
insulin resistance in the natural history of type 2 diabetes: results 
from the San Antonio Metabolism Study. Diabetes. 2017;66:815-22. 

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

8. Ferrannini E, Barret EJ, Bevilacqua S, DeFronzo RA. Effect of fatty 
acids on glucose production and utilization in man. J Clin Invest. 
1983;72:1737-47. 

9. Staehr P, Hother-Nielsen O, Landau BR, Chandramouli V, Holst 
JJ, Beck-Nielsen H. Effects of free fatty acids per se on glucose 
production, gluconeogenesis and glycogenolysis. Diabetes. 
2003;52:260-7. 

10. Bojsen-Møller KN, Lundsgaard AM, Madsbad S, Kiens B, Holst 
JJ. Hepatic Insulin Clearance in Regulation of Systemic Insulin 
Concentrations – Role of Carbohydrate and Energy Availability. 
Diabetes. 2018;67(11):2129-36. 

11. Santomauro AT, Boden G, Silva ME, Rocha DM, Santos RF, Ursich 
MJ, et al. Overnight lowering of free fatty acids with Acipimox 
improves insulin resistance and glucose tolerance in obese 
diabetic and nondiabetic subjects. Diabetes. 1999;48(9):1836-41. 

12. Koves TR, Ussher JR, Noland RC, Slentz D, Mosedale M, Ilkayeva 
O, et al. Mitochondrial overload and incomplete fatty acid 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

30

FFAs effect on β-cell and on incretin actions

Arch Endocrinol Metab. 2021;65/1

oxidation contribute to skeletal muscle insulin resistance. Cell 
Metab. 2008;7(1):45-56. 

13. Capurso C, Capurso A. From excess adiposity to insulin resistance: 
the role of free fatty acids. Vascul Pharmacol. 2012;57(2-4):91-7. 

14. Cusi K. The role of adipose tissue and lipotoxicity in the 
pathogenesis of type 2 diabetes. Curr Diab Rep. 2010;10(4):306-15. 

15. Giacca A, Xiao C, Oprescu AI, Carpentier AC, Lewis GF. Lipid-
induced pancreatic β-cell dysfunction: focus on in vivo studies. 
Am J Physiol Endocrinol Metab. 2011;300:E255-62. 

16. Yu C, Chen Y, Cline GW, Zhang D, Zong H, Wang Y, et al. 
Mechanism by which fatty acids inhibit activation of insulin 
receptor substrate-1 (IRS-1) – associated phosphatidylinositol 
3-kinase activity in muscle. J Biol Chem. 2002;277(52):50230-6. 

17. Kruszynska YT, Worrall DS, Ofrecio J, Frias JP, Macaraeg G, 
Olefsky JM. Fatty acid-induced insulin resistance: decreased 
muscle PI3K activation but unchanged Akt phosphorylation. J 
Clin Endocrinol Metab. 2002;87(1):226-34. 

18. Abaraviciene SM, Muhammed SJ, Amisten S, Lundquist I, 
Salehi A. GPR40 protein levels are crucial to the regulation of 
stimulated hormone secretion in pancreatic islets. Lessons from 
spontaneous obesity-prone and non-obese type 2 diabetes in 
rats. Molec Cell Endocrinol. 2013;381:150-9.

19. Lupi R, Del Prato S. Beta-cell apoptosis in type 2 diabetes: 
quantitative and functional consequences. Diabetes Metab. 
2008;34 Suppl 2:S56-64. 

20. McGarry JD, Dobbins RL. Fatty acids, lipotoxicity and insulin 
secretion. Diabetologia. 1999;42:128-38. 

21. Daniele G, Eldor R, Merovci A, Clarke GD, Xiong J, Tripathy D, 
et al. Chronic reduction of plasma free fatty acid improves 
mitochondrial function and whole-body insulin sensitivity in 
obese and type 2 diabetic individuals. Diabetes. 2014;63:2812-20. 

22. Merovci A, Abdul-Ghani M, Mari A, Solis-Herrera C, Xiong J, 
Daniele G, et al. Effect of dapagliflozin with and without acipimox 
on insulin sensitivity and insulin secretion in T2DM males. J Clin 
Endocrinol Metab. 2016;101:1249-56.

23. Carpentier A, Bourbonnais A, Frisch F, Giacca A, Lewis GF. 
Plasma nonesterified fatty acid intolerance and hyperglycemia 
are associated with intravenous lipid-induced impairment of 
insulin sensitivity and disposition index. J Clin Endocrinol Metab. 
2010;95(3):1256-64. 

24. Kruszynska YT, Mulford MI, Yu JG, Armstrong DA, Olefsky JM. 
Effects of non-esterified fatty acids on glucose metabolism after 
glucose ingestion. Diabetes. 1997;46:1586-93.

25. Crespin SR, Greenough WB, Steinberg D. Stimulation of insulin 
secretion by long-chain free fatty acids. A direct pancreatic effect. 
J Clin Invest. 1973;52(8)1979-84. 

26. Amery CM, Round RA, Smith JM, Nattrass M. Elevation of 
plasma fatty acids by tem-hour intralipid infusion has no effect 
on basal or glucose-stimulated insulin secretion in normal man. 
Metabolism. 2000;49(4):450-4. 

27. Paolisso G, Gambardella A, Amato L, Tortoriello R, D’Amore 
A, Varricchio M, et al. Opposite effects of short and long-term 
fatty acid infusion on insulin secretion in healthy subjects. 
Diabetologia. 1995;38(11):1295-9. 

28. Salgin B, Marcovecchio ML, Humphreys SM, Hill N, Chassin LJ, 
Lunn DJ, et al. Effects of prolonged fasting and sustained lipolysis 
on insulin secretion and insulin sensitivity in normal subjects. 
Am J Physiol Endocrinol Metab. 2009;296:E454-61. 

29. Boden G, Chen X, Rosner J, Baron M. Effects of a 48-hour fat 
infusion on insulin secretion and glucose utilization. Diabetes. 
1995;44(10):1239-42. 

30. Kashyap S, Belfort R, Gastaldelli A, Pratipanawatr T, Berria R, 
Pratipanawatr W, et al. A sustained increase in plasma free 
fatty acids impairs insulin secretion in nondiabetic subjects 

genetically predisposed to develop type 2 diabetes. Diabetes. 
2003;52(10):2461-74. 

31. Carpentier A, Mittelman SD, Bergman RN, Giacca A, Lewis GF. 
Prolonged elevation of plasma free fatty acids impairs pancreatic 
beta-cell function in obese nondiabetic humans but not in 
individuals with type 2 diabetes. Diabetes. 2000;49:399-408. 

32. Paolisso G, Tagliamonte MR, Rizzo MR, Gualdiero P, Saccomanno 
F, Gambardella A, et al. Lowering fatty acids potentiates acute 
insulin response in first degree relatives of people with type II 
diabetes. Diabetologia. 1998;41:1127-32. 

33. Xiao C, Dash S, Morgantini C, Lewis GF. New and emerging 
regulators of intestinal lipoprotein secretion. Atherosclerosis. 
2014;233(2):608-15. 

34. Perley MJ, Kipnis DM. Plasma insulin responses to oral and 
intravenous glucose: studies in normal and diabetic subjects. J 
Clin Invest. 1967;46:1954-8. 

35. Nauck MA, Homberger E, Siegel E, Allen R, Eaton RP, Ebert R, et 
al. Incretin effects of increasing glucose loads in man calculated 
from venous insulin and C-peptide responses. J Clin Endocrinol 
Metab. 1986;63:492-8. 

36. Vilsboll T, Holst JJ. Incretins, insulin secretion and Type 2 diabetes 
mellitus. Diabetologia. 2004;47:357-66. 

37. Nauck MA, Meier JJ. Incretin Hormones: Their role in health and 
disease. Diabetes Obes Metab. 2018;20(1):5-21. 

38. Meier JJ, Nauck MA, Sepmann N, Greulich M, Holst JJ, Deacon 
CF, et al. Similar insulin secretory response to a gastric inhibitory 
polypeptide bolus injection at euglycemia in first-degree relatives 
of patients with type 2 diabetes and control subjects. Metabolism. 
2003;52:1579-85. 

39. Knop FK, Vilsboll T, Hojberg PV, Larsen S, Madsbad S, Holst JJ, 
et al. The insulinotropic effect of GIP is impaired in patients with 
chronic pancreatitis and normal glucose tolerance. Regul Pept. 
2007;144:123-30. 

40. Carr RD, Larsen MO, Winzell MS, Jelic K, Lindgren O, Deacon CF, 
et al. Incretin and islet hormonal responses to fat and protein 
ingestion in healthy men. Am J Physiol Endocrinol Metab. 
2008;295:E779-84. 

41. Holst JJ. From the incretin concept and the discovery of GLP-
1 to today’s diabetes therapy. Front Endocrinol (Lausanne). 
2019;10:260. 

42. Usdin TB, Mezey E, Button DC, Brownstein MJ, Bonner TI. 
Gastric inhibitory polypeptide receptor, a member of the 
secretin-vasoactive intestinal peptide receptor Family, is widely 
distributed in peripheral organs and the brain. Endocrinology. 
1993;133:2861-70. 

43. Bell GI, Sanchez-Pescador R, Laybourn PJ, Najarian RC. Exon 
duplication and divergence in the human pre-proglucagon gene. 
Nature. 1983;304:368-71. 

44. Nauck MA, Vardarli I, Deacon CF, Holst JJ, Meier JJ. Secretion of 
GLP-1 in type 2 diabetes: what is up, what is down? Diabetologia. 
2011;54:10-8. 

45. Elliot RM, Morgan LM, Tredger JA, Deacon S, Wright J, Marks 
V. Glucagon-like peptide-1(7-36) amide and glucose-dependent 
insulinotropic polypeptide secretion in response to nutrient 
ingestion in man: acute post-prandial and 24-h secretion patterns. 
J Endocrinol. 1993;138:159-66. 

46. Holst JJ. Glucagon-like peptide 1: a newly discovered 
gastrointestinal hormone. Gastroenterology. 1994;107:1848-55.

47. Hermann-Rinke C, Vӧge A, Hess M, Gӧke B. Regulation of GLP-1 
secretion from rat ileum by neuro-transmitters and peptides. J 
Endocrinol. 1995;147:25-31. 

48. Mortensen K, Christensen LL, Holst JJ, Orskov C. GLP-1 and 
GIP are colocalized in a subset of endocrine cells in the small 
intestine. Regul Pept. 2003;114:189-96. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

31

FFAs effect on β-cell and on incretin actions

Arch Endocrinol Metab. 2021;65/1

49. Bang-Berthelsen CH, Holm TL, Pyke C, Simonsen L, Søkilde R, 
Pociot F, et al. GLP-1 induces barrier protective expression in 
Brunner’s glands and regulates colonic inflammation. Inflamm 
Bowel Dis. 2016;22(9):2078-97. 

50. Holst JJ, Vilsboll T, Deacon CF. The incretin system and its role in 
type 2 diabetes mellitus. Mol Cell Endocrinol. 2009;297:127-36. 

51. Hare KJ, Vilsboll T, Asmar M, Deacon CF, Knop FK, Holst JJ. The 
glucagonostatic and insulinotropic effects of GLP-1 contribute 
equally to its glucose-lowering action. Diabetes. 2010;59:1765-70. 

52. Buteau J, Roduit R, Susini S, Prentki M. GLP-1 promotes DNA 
synthesis, activates phosphatidylinositol 3-kinase and increases 
transcription factor pancreatic and duodenal homeobox gene1 
(PDX-1) DNA binding activity in beta (INS-1)-cells. Diabetologia. 
1999;42(7):856-64. 

53. Zhou J, Wang X, Pineyro MA, Egan JM. Glucagon-like peptide 1 
and exedin-4 convert pancreatic AR42J cells into glucagon- and 
insulin-producing cells. Diabetes. 1999;48:2358-66. 

54. Li Y, Hansotia T, Yusta B, Ris F, Halban PA, Drucker DJ. Glucagon-
like peptide-1 receptor signaling modulates beta-cell apoptosis. J 
Biol Chem. 2003;278:471-8. 

55. Farilla L, Hui H, Bertolotto C, Kang E, Bulotta A, Di Mario U, et 
al. GLP-1 promotes islets cell growth and inhibits apoptosis in 
Zucker diabetic rats. Endocrinology. 2002;143:4397-408. 

56. Fan R, Li X, Gu X, Chan JC, Xu G. Exendin-4 protects pancreatic 
beta cells from human islet amyloid polypeptide-induced 
cell damage: potential involvement of AKT and mitochondria 
biogenesis. Diabetes Obes Metab. 2010;12:815-24. 

57. Nauck MA, Heimesaat MM, Orskov C, Holst JJ, Ebert R, Creutzfeldt 
W. Preserved incretin activity of GLP-1[7-36amide] but not of 
synthetic human GIP in patients with type 2 diabetes mellitus. J 
Clin Invest. 1993;91:301-7. 

58. Nauck MA, Bartels E, Orskov C, Ebert R, Creutzfeldt W. Additive 
insulinotropic effects of exogenous synthetic human GIP and GLP-
1(7-36) amide infused at near-physiological insulinotropic and 
glucose concentrations. J Clin Endocrinol Metab. 1993;76:912-7. 

59. Muscelli E, Mari A, Calsolaro A, Camastra S, Seghieri G, Gastaldelli 
A, et al. Separate impact of obesity and glucose tolerance on the 
incretin effect in normal subjects and type 2 diabetic patients. 
Diabetes. 2008;57:1340-8. 

60. Toft-Nielsen MB, Damholt MB, Madsbad S, Hilsted LM, Hughes 
TE, Michelsen BK, et al. Determinants of the impaired secretion 
of GLP-1 in type 2 diabetic patients. J Clin Endocrinol Metab. 
2001;86:3717-23. 

61. Vaag AA, Holst JJ, Volund A, Beck-Nielsen H. Gut incretin 
hormones in identical twins discordant for NIDDM – evidence for 
decrease GLP-1 secretion during oral glucose ingestion in NIDDM 
twins. Eur J Endocrinol. 1996;135:432-5. 

62. Ranganath L, Norris F, Morgan J, Wright J, Marks V. The effect of 
circulating non-esterified fatty acids on the entero-insular axis. 
Eur J Clin Invest. 1999;29(1):27-32. 

63. Knop FK, Aaboe K, Vilsboll T, Volund A, Holst JJ, Krarup T, et 
al. Impaired incretin effect and fasting hyperglucagonaemia 
characterizing type 2 diabetic subjects are early signs of 
dysmetabolism in obesity. Diabetes Obes Metab. 2012;14:500-10. 

64. Borghi VC, Wajchenberg BL, Cesar PF. Plasma glucagon 
suppressibility after oral glucose in obese subjects with normal 
and impaired glucose tolerance. Metabolism. 1984;33:1068-74. 

65. Lefèbvre PJ. Glucagon and its family revisited. Diabetes Care. 
1995;18:715-30. 

66. Kang ZF, Deng Y, Zhou Y, Fan RR, Chan JC, Laybutt DR, et al. 
Pharmacological reduction of NEFA restores the efficacy of incretin-
based therapies through GLP-1 receptor signaling in the beta cell in 
mouse models of diabetes. Diabetologia. 2013;56:423-33. 

67. Shu L, Matveyenko AV, Kerr-Conte J, Cho JH, McIntosh CH, 
Maedler K. Decreased TCF7L2 protein levels in type 2 diabetes 
mellitus correlate with downregulation of GIP and GLP-
1receptors and impaired beta-cell function. Hum Mol Genet. 
2009;18(13):2388-99. 

68. Poitout V, Robertson RP. Glucolipotoxicity: fuel excess and beta-
cell dysfunction. Endocr Rev. 2008;29:351-66. 

69. Kloppel G, Lohr M, Habich K, Oberholzer M, Heitz PU. Islet 
pathology and the pathogenesis of type 1 and type 2 diabetes 
mellitus revisited. Surv Synth Pathol Res. 1985;4:110-25. 

70. Polonsky KS. The B-cell in diabetes: from molecular genetics to 
clinical research. Diabetes. 1995;44:705-17.

71. Hodson DJ, Mitchell RK, Bellomo LA, Sun G, Sun G, Vinet L, et al. 
Lipotoxicity disrupts incretin-regulated human β cell connectivity. 
J Clin Invest. 2013;123(10):4182-94. 

72. Nauck M, Stockmann F, Ebert R, Creutzfeldt W. Reduced incretin 
effect in type 2 diabetes. Diabetologia. 1986;29:46-52. 

73. Muscelli E, Mari A, Natali A, Astiarraga BD, Camastra S, Frascerra 
S, et al. Impact of incretin hormones on beta-cell function in 
subjects with normal or impaired glucose tolerance. Am J Physiol 
Endocrinol Metab. 2006;291:E1144-50. 

74. Muscelli E, Casolaro A, Gastaldelli A, Mari A, Seghieri G, 
Astiarraga B, et al. Mechanisms for the antihyperglycemic effect 
of sitagliptin in patients with type 2 diabetes. J Clin Endocrinol 
Metab. 2012;97(8):2818-26. 

75. Meier JJ, Hucking K, Holst JJ, Deacon CF, Schmiegel WH, Nauck 
MA. Reduced insulinotropic effect of gastric inhibitory polypeptide 
in fist-degree relatives of patients with type 2 diabetes. Diabetes. 
2001;50:2497-504. 

76. Astiarraga B, Chueire VB, Souza AL, Pereira-Moreira R, Monte 
Alegre S, Natali A, et al. Effects of acute NEFA manipulation on 
incretin-induced insulin secretion in participants with or whitout 
type 2 diabetes. Diabetologia. 2018;61(8):1829-37.

77. Tura A, Muscelli E, Gastaldelli A, Ferrannini E, Mari A. Altered 
pattern of the incretin effect as assessed by modelling in 
individuals with glucose tolerance ranging from normal to 
diabetic. Diabetologia. 2014;57:1199-203. 

78. Zhou YP, Grill V. Long term exposure to fatty acids and ketones 
inhibits B-cell functions in human pancreatic islets of Langerhans. 
J Clin Endocrinol Metab. 1995;80:1584-90.

79. Tanabe A, Kaneto H, Kamei S, Hirukawa H, Shimoda M, Kimura 
T, et al. Clinical effects of liraglutide are possibly influenced by 
hypertriglyceridemia and remaining pancreatic β-cell function in 
subjects with type 2 diabetes mellitus. J Diabetes Complications. 
2016;30:1201-3. 

80. Cree-Green M, Wiromrat P, Stuppy JJ, Thurston J, Bergman BC, 
Baumgartner AD, et al. Muscle Insulin Resistance in Youth with 
Obesity and Normoglycemia is Associated with Altered Fat 
Metabolism. Obesity (Silver Spring). 2019;27(12):2046‐54. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

32

review

Arch Endocrinol Metab. 2021;65/1

1 Unidade de Tireoide, Divisão de 
Endocrinologia e Metabolismo, 
Faculdade de Medicina de Marília 
(Famema), Marília, SP, Brasil 
2 Laboratório de Genética 
Molecular do Câncer, Faculdade 
de Ciências Médicas (FCM), 
Universidade Estadual de Campinas 
(Unicamp), Campinas, SP, Brasil

Correspondence to: 
José Augusto Sgarbi
Divisão de Endocrinologia e 
Metabolismo, Faculdade de Medicina 
de Marília (Famema)
Av. Monte Carmelo, 800 
17519-030 – Marília, SP, Brasil  
jose.sgarbi@gmail.com 

Received on July/29/2020
Accepted on Oct/2/2020

DOI: 10.20945/2359-3997000000317

A practical contemporary 
approach to decision-making 
on subclinical hypothyroidism

José Augusto Sgarbi1
https://orcid.org/0000-0001-7187-984X

Laura Sterian Ward2

https://orcid.org/0000-0003-1601-3220

ABSTRACT
Subclinical hypothyroidism (Shypo) is an increasingly frequent condition in common medical practice.  
Its diagnosis continues to pose a challenge since a series of non-thyroidal and temporary conditions 
can elevate serum TSH levels. In addition, the consequences of Shypo are still up for debate. Although 
detrimental cardiovascular effects have been consistently demonstrated in the young, they are less 
evident in older adults (65-79 years), and even more so in the oldest old (≥80 years). In the absence 
of evidence of any benefits of treating Shypo in patients’ clinical manifestations and unfavorable 
outcomes, the most effective decision-making approach should include a thorough investigation of 
the patient’s condition integrating all relevant clinical data, such as TSH levels, age, quality of life, 
comorbidities, cardiovascular risk, safety, and personal preferences. The decision-making process 
needs to take into account the risk of levothyroxine overtreatment and the resulting adverse 
consequences, such as reduction of bone mineral density, heart failure, and atrial fibrillation. Hence, 
current evidence suggests that individuals with TSH > 10 mU/L, who test positive for TPO Ab or are 
symptomatic may benefit from levothyroxine treatment. However, a more cautious and conservative 
approach is required in older (≥65 years of age), and oldest-old (≥80 years) patients, particularly those 
with frailty, in which the risk of treatment can outweigh potential benefits. The latter may benefit from 
a wait-and-see approach. Arch Endocrinol Metab. 2021;65(1):32-9 

Keywords
Subclinical hypothyroidism; thyrotropin; levothyroxine; update; treatment

INTRODUCTION

Management of subclinical hypothyroidism (Shypo), 
a condition biochemically defined by serum 

elevated thyroid-stimulating hormone (TSH) levels in 
the face of normal concentrations of free T4 (fT4), is one 
of the main challenges in current thyroid clinical practice 
(1-3). Shypo is the most frequent thyroid dysfunction in 
the general population, affecting up to 10% of iodine-
sufficient populations, and is more prevalent in women, 
in whites, and in elderly people (4). In North America 
(5), the prevalence of Shypo has been estimated between 
4.3% and 9.5%; in Europe, it is around 6.7% (6); and 
in Latin America, Brazil has been considered to be 
the country with the greatest prevalence of Shypo (4), 
varying from 5.4% (7) to 9.0% (8). 

Caution needs to be taken in the diagnostic and 
therapeutic management of patients. Of note, non-
thyroidal causes of Shypo and transient elevation of TSH 
levels must be excluded before considering treating a 
patient (9-12). Over the last decades, a growing body of 

evidence has associated Shypo with dyslipidemia (13-15), 
coronary heart disease (CHD) (16,17), stroke (18), and 
heart failure (HF) (19-21). However, despite advances 
in the knowledge of the clinical significance of Shypo, 
many uncertainties remain in practical management: it 
is usually an asymptomatic and frequently undiagnosed 
condition in the general population, and whether to 
screen individuals is still debated (22). Young and old 
are affected differently (23). Diagnostic criteria and 
therapeutic management of elderly patients are not 
clear (24). Moreover, no powered randomized clinical 
trial (RCT) has shown any clinical benefits from 
levothyroxine therapy, which remains controversial 
(22-28). Consequently, a series of factors need to be 
considered before deciding to treat or not a patient, 
including all the available evidence, clinical data, safety 
concerns, and patient preferences (29).

In this review, we summarize up-to-date information 
on the current evidence that can underpin the clinical 
management of patients with Shypo in adults (>18 
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years of age), except pregnant women. We focused 
on Medline-PubMed English literature and Cochrane 
Library databases using the term “subclinical 
hypothyroidism” combined with “differential 
diagnosis”, “natural history”, “quality of life”, 
cognitive symptoms”, “depression”, “dyslipidemia”, 
“cardiovascular disease”, “heart failure”, “stroke”, 
“mortality”, “age”, “treatment”, and “levothyroxine”. 
We prioritized systematic reviews, meta-analyses, 
randomized-controlled clinical trials, and high-quality 
prospective observational studies. Guidelines and 
relevant reviews were also included.

DIAGNOSIS

Determination of serum TSH levels should be 
performed if hypothyroidism is suspected or as a case-
finding strategy for specific high-risk groups of patients, 
such as women over 35 years of age, patients with a 
previous personal or family history of thyroid disease, 
type 1 diabetes, or other autoimmune diseases, Down 
and Turner syndromes, dyslipidemia, depression, or 
in patients using lithium or amiodarone (9-11). In 
addition, the Latin American Thyroid Society has 
proposed including both metabolic syndrome and 
type 2 diabetes patients among high-risk groups for 
hypothyroidism (30).

The diagnosis of Shypo can be confirmed by 
the presence of high serum TSH levels and normal 
fT4 concentrations (9-12). However, Shypo must 
be differentiated from other non-thyroidal causes 
of elevated serum TSH levels and normal fT4 
concentrations, summarized in Table 1. Special 
attention should be paid to elevated TSH levels in 
the elderly, severely obese, critically ill, or hospitalized 
patients (3). The normal upper limit for TSH values 
may physiologically increase in healthy elderly people 
as a consequence of a reduced metabolic status or 
as an adaptive mechanism of protection against the 
catabolism of the aging process (24). Therefore, it 
is essential to differentiate the physiological increase 
of TSH levels from real thyroid dysfunction, bearing 
in mind that the diagnosis of Shypo should take into 
account the normal TSH reference ranges for the age 
(31). A Brazilian study suggested that TSH upper levels 
correspond to 4.3 mU/L for individuals between 20 
and 59 years, 5.8 mU/L for those between 60 and 79 
years, and 6.7 mU/L for those over 80 (32). It has been 
demonstrated that the prevalence of Shypo in patients 

with obesity is relatively high (33), but the diagnosis 
of Shypo may be complex in the severely obese, 
particularly with body mass index ≥ 40 kg/m2 (3), since 
a slight increase in TSH levels (usually < 8 mU/L) 
can occur as a consequence of the direct stimulatory 
effect of leptin on the hypothalamic neurons secreting 
the thyrotropin stimulating hormone (34,35), which 
is not a true thyroid disease. Thus, in the case of a 
severely obese patient, the presence of positive 
TPOAb and TSH levels ≥ 10 mU/L suggests Shypo. 
Finally, in critically ill, hospitalized patients, alterations 
in thyroid function tests can be found without the 
presence of any thyroid disease (36). Serum TSH 
levels may increase during the recovery phase of acute 
illnesses, although levels usually do not exceed 20 
mU/L (9,12). Therefore, under such circumstances, 
denominated “euthyroid sick syndrome” or “non-
thyroidal illness syndrome” (36), investigation of 
thyroid dysfunction should be avoided or requested 
only if there is strong suspicion of thyroid gland 
dysfunction (9,12). Other less common non-thyroidal 
causes (Table 1) of increased serum TSH levels 
include artifactual assay interferences by heterophilic 
antibodies or macro TSH, untreated Addison’s disease, 
and thyrotropin resistance by mutation of the TSH-
receptor (1-3). Transient causes of raised TSH, listed 

Table 1. Causes of elevated TSH and normal fT4 concentrations

Thyroidal causes

• Autoimmune thyroiditis (silent, post-partum and Hashimoto disease)

• Subacute and other forms of thyroiditis

• Thyroid lobectomy

• Post radioiodine therapy to treat Graves’ disease 

• Post external radiotherapy of the cervical region

• Inadequate treatment of overt hypothyroidism

• Drug-induced (amiodarone, lithium, interferon-alpha, tyrosine-kinase 
inhibitors, immune checkpoint inhibitors)

 Non-thyroidal causes

• Physiological increase in elderly people

• Severe obesity 

• Recovery from non-thyroidal illness 

• Untreated Addison’s disease

• Assay interferences (heterophilic antibodies, macro TSH)

• Thyrotropin resistance (mutation in the TSH-receptor)

Transient causes 

• Autoimmune thyroiditis (silent and post-partum thyroiditis) 

• Subacute and other forms of thyroiditis 

• Recovery from non-thyroidal illness 

• Discontinuation of chronic levothyroxine treatment in euthyroid patients

• Post radioiodine therapy to treat Graves’ disease 

• Drug-induced



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

34

Management of subclinical hypothyroidism

Arch Endocrinol Metab. 2021;65/1

in Table 1, should also be excluded before considering 
treatment. Consistently, available guidelines (9-12) 
have recommended repeating measurements within 
3-6 months to exclude laboratory errors or temporary 
causes of TSH elevation. Only patients with persistent 
Shypo should be considered for treatment. 

CLINICAL SIGNIFICANCE

Shypo has been categorized  into two categories of 
severity: mild-to-moderate or grade 1 Shypo, when 
the serum TSH level is between 4.5 and 9.9 mU/L, 
and more severe or grade 2 Shypo, when serum TSH 
levels are ≥ 10 mU/L. Grade 2 Shypo patients are 
more likely to progress to overt hypothyroidism 
(OH), show symptoms, and develop unfavorable 
long-term results, and therefore are likely to have 
more benefits from treatment than those with grade 
1 Shypo (3,12). 

Risks of progression to overt hypothyroidism

It is not completely understood why some patients 
with Shypo progress to OH, whereas others remain 
in Shypo or spontaneously regress to euthyroidism. 
Some individual or populational characteristics appear 
to influence the natural course of Shypo, such as the 
iodine level of the population, sex, age, and initial TSH 
levels (4). There are few population-based studies that 
evaluated the natural course of Shypo, none in Brazil. 
In the Whickham cohort (37), the annual progression 
rate to OH was greater in individuals with serum TSH 
levels > 6.0 mU/L and in the presence of anti-thyroid 
peroxidase antibody (TPOAb). In a large community 
study (38), 62% of the participants had normalized their 
elevated serum TSH levels in a second determination. 
Higher TSH levels and positive TPOAb were 
independently associated with a lower likelihood of 
reversion to euthyroidism in the elderly, while TSH ≥ 10 
mU/L was independently associated with progression 
to OH (39). Prospective studies (40,41) also indicated 
that the rate of OH incidence was significantly greater 
among patients with TSH levels ≥ 10 mU/L and 
positive TPOAb. A Brazilian study (42) found that 
patients with positive thyroid ultrasound aspects of 
autoimmune thyroiditis were more likely to progress 
to OH. In conclusion, patients with TSH levels ≥ 10 
mU/L and with thyroid autoimmunity have a greater 
risk of progression to OH.  

Quality of life, cognitive function, and depression

Shypo is associated with no or few clinical manifestations 
of hypothyroidism, usually unspecific symptoms (1-3). 
A large population-based study reported significant 
hypothyroidism-related symptoms in individuals 
with Shypo compared to those in euthyroidism (43), 
but other studies have failed to find similar results 
(44,45). Although a meta-analysis (46) demonstrated 
a significant relationship between Shypo and cognitive 
impairment in participants under 75 years of age 
(but not in those aged 75 or over), another meta-
analysis (47) did not find any association. Data on the 
association of Shypo and depression are also conflicting 
(48-50). In the elderly, no clear association between 
Shypo and worsening quality of life, cognitive decline, 
or depression has been consistently reported (51-57). 
There are scant RCTs on the benefit of levothyroxine 
therapy in patients with Shypo. Levothyroxine therapy 
was associated with a significant improvement of 
symptoms of tiredness, muscle strength, and quality 
of life in two small studies (58,59), but another RCT 
found no relevant benefit to health-related quality of 
life from 6 months of levothyroxine therapy in women 
with Shypo (60). Of note, in a recent meta-analysis 
of 21 studies including 2,192 adults, levothyroxine 
therapy provided no improvement in quality of life or 
thyroid-related symptoms (61). Moreover, RCTs have 
been unable to demonstrate any apparent benefit of 
treating both older (≥65 years) and oldest-old (≥80 
years) patients with Shypo. (62-64). Thus, there is no 
clear evidence that the treatment of Shypo is associated 
with improved quality of life, cognitive function, or 
depression. 

Dyslipidemia 

Thyroid hormones have a marked effect on lipid 
metabolism, including upregulation of LDL-c receptors 
and inhibition of LDL-c oxidation (15). Shypo has 
been associated with increased total cholesterol and 
LDL-c in small and population-based studies (14), 
and findings derived from randomized double-blind 
studies (58,64-66) and meta-analysis (13,67) have 
shown favorable effects of Shypo treatment on lipid 
profile. Besides, recent meta-analyses have reported an 
association between Shypo and endothelial dysfunction 
(68) with beneficial effects from levothyroxine therapy 
(69,70). Shypo has also been associated with a higher 
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risk of metabolic syndrome, although controversies 
persist regarding this association (71).

Cardiovascular risk and mortality

The thyroid hormone regulates the structure and 
function of the heart through genomic and non-
genomic actions with an influence on cardiac growth, 
myocardial activity, and vascular function (72). A set of 
heart abnormalities has been associated with both OH 
and Shypo, including altered ventricular contractility 
and relaxation dynamic, compromised cardiac function, 
and heart failure (HF) (73,74). A mild thyroid hormone 
deficiency may reduce the entry of calcium into the 
myocyte, increase the transcription of β-myosin and 
decrease that of α-myosin, leading to reduced myocyte 
cell contractile capacity and cardiac atrophy (19,74). 
This mechanism could partially explain the significant 
association between Shypo and a greater risk of HF 
incidence, particularly in patients with TSH ≥ 10 mU/L 
(20) and in the elderly (21). Moreover, Shypo appears 
to affect the prognosis of patients with HF, increasing 
the odds of hospitalization and death (75).

The most consistent data on the association of 
Shypo with cardiovascular risk comes from a meta-
analysis (16) including individual data from more 
than 55,000 participants from 11 prospective studies.  
The risk of non-fatal CHD events was almost twice as 
high in participants with grade 2 Shypo compared to 
those in euthyroidism. Interestingly, the risk of fatal 
CHD events was about 1.5 times higher in both grade 
1 and 2 Shypo. A more recent meta-analysis confirmed 
these results, especially for younger participants (≤65 
years of age) and individuals at high cardiovascular 
risk (17). Another meta-analysis of prospective studies 
associated Shypo with a higher risk of fatal and non-fatal 
stroke events, but only in younger participants (18). 
However, the effects of levothyroxine treatment on 
cardiovascular risk remain doubtful. A recent double-
blind randomized controlled study of 95 participants 
(mean age, 64 years) with Shypo and acute myocardial 
infarction failed to find any significant improvement in 
the left ventricular ejection fraction of patients treated 
with levothyroxine for 52 weeks (76).

Of note, the detrimental cardiovascular effects of 
Shypo appear to be well established in younger adults 
but are less evident in older adults (65-79 years), and 
even more so in the oldest old (≥80 years). In a 4-year 
follow-up of octogenarian participants, those with 

elevated serum TSH levels (up to 10 mU/L) were more 
likely to survive than those with lower TSH values (51). 
A meta-analysis including 2,531 Shypo participants 
from 15 studies showed that CHD incidence and 
cardiovascular/all-cause mortality rates were elevated 
in those aged 65 and younger, but not in older people 
(23). Furthermore, a retrospective analysis showed that 
Shypo patients under 70 treated with levothyroxine 
faced lower cardiovascular risk than untreated patients, 
but no benefit was found for those above 70 (77). 
Thus, Shypo appears to affect young and old people 
differently. In the elderly, a mild elevation of TSH (<10 
mU/L) may reflect a normal age-related increase rather 
than a thyroid dysfunction (24,78).

TREATMENT

Although Shypo has been consistently associated 
with increased cardiovascular risk and mortality, 
there is lack of evidence on the possible beneficial 
effect of levothyroxine replacement therapy on these 
risks (1-3,27). Thus, the decision of whether to 
treat a patient remains a challenge for clinicians and 
endocrinologists. Importantly, a recent meta-analysis 
including 2,192 participants from 21 randomized 
studies found no benefits in the quality of life or thyroid-
related symptoms of patients with Shypo treated with 
levothyroxine (61). These findings resulted in a strong 
recommendation against thyroid hormone therapy in 
adults with Shypo, except for patients with TSH > 20 
mU/L, with severe symptoms or those under 30 (27). 
However, this guideline has been contested (28,29). 
The majority of participants included in the meta-
analysis (61) had grade 1 Shypo with mean baseline 
TSH values ranging from 6.4 to 7.3 mU/L, and at 
least one-third of them (n = 737) were derived from 
an RCT study (63) that included elderly patients ≥65 
years, in which levothyroxine treatment provided no 
apparent benefits. Hence, it is not possible to generalize 
such results to higher-risk patients with grade 2 Shypo, 
since grade 1 Shypo, particularly in elderly patients, has 
been not consistently associated with significant clinical 
consequences (1-3).

In the absence of evidence of any benefits of treating 
Shypo in patients’ clinical manifestations and unfavorable 
outcomes, the most effective decision-making approach 
should include a thorough investigation of the patient’s 
condition integrating all relevant clinical data, such 
as TSH levels, age, quality of life, comorbidities, 
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cardiovascular risk, safety, and personal preferences 
(29). The approach starts with a precise diagnosis in 
which only patients without non-thyroidal causes of 
TSH elevation (Table 1) and persistent Shypo should 
be considered for treatment. The patient’s age and the 
severity of Shypo according to TSH values are the main 
elements that guide the decision-making process. 

Younger patients (<65 years of age)

The treatment has been recommended for all younger 
patients with grade 2 Shypo (TSH ≥ 10 mU/L) 
aiming to reduce the risk of progression to OH and of 
long-term cardiovascular complications and mortality 
(Figure 1). Conversely, no treatment is necessary, in 
general, for healthy and asymptomatic patients with 
grade 1 Shypo (TSH 4.5-9.9 mU/L) (9-12). However, 
treatment may be considered for patients with grade 
1 Shypo if serum TSH ≥ 7.0 mU/L, particularly 
for those with pre-existing cardiovascular disease or 
high cardiovascular risk, due to the association with a 
higher risk of fatal and non-fatal CHD and stroke in 
this context (3,10,12,16). Clinicians can also consider 
treating patients with grade 1 Shypo at higher risk 

Figure 1. Algorithm for levothyroxine replacement therapy for patients with persistent subclinical hypothyroidism

Persistent subclinical hypothyroidism

Grade 1 
TSH 4.5-9.9 mU/L

<65 years

TSH < 7.0 mU/L TSH ≥ 7.0 mU/L 65-79 years ≥80 years

≥65 years <65 years ≥65 years

Grade 2 
TSH ≥ 10 mU/L

Do not treat 
asymptomatic 

patients.
Consider to treat

 patients at higher 
risk for progression 
to OH and/or with 

symptoms 
(therapeutic test).

Consider to treat 
symptomatic 

patients, those  
at higher risk for 

progression to OH 
and/or with high 

cardiovascular risk.

Do not treat. 
Follow-up every 
6-12 months.

Treat all 
patients.

Treat. 
Caution with 
frail patient.

Adopt a 
wait-and-see 

approach. 

of progression to OH (female gender, a progressive 
increase of TSH levels, positive TPOAb, or US pattern 
of autoimmune thyroiditis). Moreover, a therapeutic 
test with levothyroxine for a determined period (at 
least three months) may be performed in patients with 
hypothyroidism-related symptoms. If no symptom relief 
is observed after TSH normalization, treatment should 
be stopped (Figure 1) (9-12).

Older patients (≥65 years of age)

The clinical approach to elderly patients with Shypo 
requires even more caution. On the one hand, these 
patients are less likely to progress to OH (39,78) 
and there is no clear evidence of the association of 
Shypo with worse quality of life, symptoms related to 
hypothyroidism, cognitive impairment, and depression 
(51-57), or with unfavorable cardiovascular outcomes 
(23,24,51,77). Furthermore, no RCT study (62) or 
meta-analysis (60) has demonstrated a clear benefit 
of treatment in this subgroup of patients in terms of 
thyroid-related symptoms, quality of life, and cognition 
function. Finally, large studies failed to show any 
significant beneficial effect of levothyroxine therapy in 
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older people > 65-79 years regarding fatal- and nonfatal 
cardiovascular events and all-cause mortality (23,77-80). 

On the other hand, older people are at higher risk of 
levothyroxine overtreatment and are more susceptible 
to significant adverse consequences, such as reduction of 
bone mineral density (81), heart failure (21), and atrial 
fibrillation (82,83). Of note, a Brazilian multicenter 
study including 2,292 patients with hypothyroidism 
found that 14.4% were using supraphysiological doses 
of levothyroxine (84). Together, these data reinforce 
the importance of a decision-making process based on 
personal contexts and a careful balance between risks 
and benefits. Guidelines (9-12) have recommended the 
treatment of Shypo in older patients only when TSH 
≥ 10 mU/L, particularly if at a higher cardiovascular 
risk (Figure 1). However, a wait-and-see approach 
has been proposed for the oldest old (≥80 years of 
age) (1,3,12,24) and frail patients (78), aiming to 
avoid levothyroxine therapy because these patients are 
at higher risk of harmful effects and overtreatment 
(1,12,24,77,78). Levothyroxine replacement therapy 
should be considered for this set of patients only 
when TSH levels are above 10 mU/L and there are 
clear symptoms of hypothyroidism and/or high 
cardiovascular risk (1,12,24,78).

How to treat

The treatment of Shypo must follow the same principles 
as the treatment of OH. In summary, the drug of choice 
is levothyroxine, and there is no recommendation for 
combined therapy T4 + T3, particularly in elderly or 
frail patients. The initial dose varies depending on the 
patient’s context, such as the severity of Shypo, age, and 
presence of comorbidities, usually no more than 50 µg/
day. Starting doses of 25 µg/day and 12 µg/day should 
be recommended for older (65-79 years) and oldest-
old (≥80 years) patients, respectively, with progressive 
titration every 4-8 weeks considering optimal TSH 
target values from 2,5 to 6 mU/L (1-3,9,24,78). 

In conclusion, Shypo is highly prevalent in the 
general population and increasingly common in 
medical practice; if not recognized and treated, it can 
be associated with long-term important complications. 
However, a screening strategy is still controversial 
because of the lack of consistent evidence on the 
benefits of treatment. Therefore, the decision to treat 
should rely on the available evidence concerning the 
risks of not treating, on the patient’s characteristics, and 

on individual clinical judgment. A careful individualized 
approach aiming to identify patients with persistent 
Shypo who could benefit from levothyroxine therapy 
is mandatory. Patients under 65 with grade 2 Shypo 
(TSH ≥ 10 mU/L) or with grade 1 Shypo (TSH 
> 7.0 mU/L) in the presence of pre-existing high 
cardiovascular risk should be treated aiming to reduce 
long-term cardiovascular complications. Treatment 
can also be considered in younger patients and grade 
1 Shypo (4.5-9.9 mU/L) at a high risk of progression 
to OH or in patients who are symptomatic. However, a 
more cautious and conservative approach is required in 
older (65-79 years of age), and oldest-old (≥80 years) 
patients, particularly those with frailty, in which the risk 
of treatment can outweigh potential benefits. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Objective: To verify the cytopathological Bethesda System classification of thyroid nodule fine-needle 
aspiration biopsy (FNAB) in MTC patients and to assess the role of preoperative serum calcitonin 
(CT) levels in the investigation of this neoplasm in medullary thyroid cancer (MTC) patients under 
observation at the Uopeccan (União Oeste Paranaense de Estudos e Combate ao Câncer). Materials 
and methods: This is a cross-sectional review of medical records of patients monitored at the thyroid 
cancer outpatient clinic of Uopeccan. Clinical and demographic data, laboratory tests, ultrasound 
images, and cytopathological findings of MTC patients were evaluated. Results and discussion: 
Among the 360 patients with thyroid cancer monitored in the outpatient clinic, 5.2% (n: 19/360) had 
MTC. The hereditary form was more prevalent (63.2%), and there was no sex preference. The most 
common ultrasound findings were hypoechogenicity, solid appearance and microcalcifications. The 
FNAB diagnoses showed a sensitivity of 47.1%, and the most common cytopathological report was 
Bethesda category III. Serum CT levels showed good sensitivity (84.6%) for the diagnosis of MTC, 
and sensitivity levels were directly associated with the size of the nodule and distant metastases. 
Conclusion: Bethesda category III was more prevalent in this group of MTC patients. Serum CT levels 
were more sensitive than cytopathology for diagnosis of this neoplasm and were able to identify all 
patients who could not be diagnosed by FNAB. Arch Endocrinol Metab. 2021;65(1):40-8

Keywords
Medullary thyroid cancer; fine-needle aspiration biopsy; calcitonin

INTRODUCTION

Medullary thyroid cancer (MTC) is a well-
differentiated neuroendocrine carcinoma that 

affects thyroid C-cells. It represents approximately 
5% of malignant thyroid nodules and is an aggressive 
neoplasm with an estimated 10-year survival rate of 
40%-50% (1). MTC is responsible for up to 13% of all 
thyroid cancer deaths due to distant metastases (2).

MTC occurs in the sporadic form in 80% of cases, 
with the remaining 20% caused by an autosomal 

dominant genetic disorder associated with mutations in 
the RET gene (3). The distinction between these forms 
is of particular clinical relevance due to differences in 
prognosis and the need for family screening, genetic 
counseling, and follow-up for hereditary forms (4).

This neoplasm is difficult to diagnose prior to 
surgery. The few studies that analyzed ultrasound 
images of MTC patients found that the traditional 
risk factors used to characterize papillary thyroid 
carcinoma (PTC) are similar to those for MTC (5). 
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Thus, the finding of a deeply hypoechoic nodule and 
the presence of gross intralesional calcifications may 
suggest MTC (6).

Fine-needle aspiration biopsy (FNAB) is a safe and 
useful procedure to detect MTC. Patients with this 
pathology who have been diagnosed by FNAB should 
undergo a careful preoperative assessment to determine 
the extent of the disease, analysis of the RET mutation, 
and, in cases of hereditary MTC, investigate associated 
pathologies, such as hyperparathyroidism (HPT) and 
pheochromocytoma (PHEO) (5).

However, the accuracy of cytopathology in detecting 
MTC is lower than in the case of PTC. In a meta-
analysis that examined 15 papers, the accuracy of FNAB 
to diagnose MTC in patients with suspicious nodules 
was less than 50%. Part of this is due to the rarity of the 
disease and its multiple cytological manifestations (3). 
Notably, a previous study found that cytopathological 
examination classified up to 15% of patients as Bethesda 
category III, which is not conclusive (Figure 1) (7).

Molecular testing in indeterminate thyroid FNAB 
specimens could assist in the preoperative diagnosis of 
MTC (8). However, this method is expensive and not 
widely accessible in many medical centers. 

Serum calcitonin (CT) measurements had a higher 
diagnostic sensitivity and specificity than FNAB analyses. 
Thus, CT is considered to be the main biochemical 
marker for diagnosis and postoperative follow-up of 
MTC patients due to its excellent sensitivity (95%), 
and because only 3%–10% of healthy patients have high 
serum CT levels. However, given that MTC is present 
in only 0.3%-1.4% of patients with thyroid nodules, 

expert opinions vary regarding the usefulness of routine 
serum CT measurement in this population (5).

It is very important to find feasible alternatives to 
increase the preoperative diagnostic accuracy of MTC 
since some aspects related to preoperative assessment 
differ from the common surgical approach for nodular 
thyroid disease. First, a preoperative diagnosis of PHEO 
mandates that adrenalectomy be performed prior to 
thyroidectomy (9). Second, total thyroidectomy (TT) 
should be performed with dissection of the bilateral 
central lymph node compartments due to the high rate 
of lymph node metastases in MTC patients. Finally, if 
primary HPT is diagnosed in the preoperative period of 
thyroidectomy, parathyroidectomy can be performed in 
the same surgical procedure (5).

The main objectives of this study were to verify 
the cytopathological Bethesda System classification of 
thyroid nodules FNABs in a group of MTC patients 
and to assess the role of preoperative serum CT levels 
in the investigation of this neoplasm. The secondary 
objectives were to estimate the diagnostic sensitivity 
of FNAB of the thyroid nodule among the study 
population, to describe clinical and demographic 
aspects of MTC patients, and to present the ultrasound 
characteristics of thyroid nodules diagnosed as MTC.

MATERIALS AND METHODS

This is a quali-quantitative, documentary, and cross-
sectional study conducted using data extracted from 
physical and electronic medical records of MTC 
patients assisted at the thyroid cancer outpatient clinic 

Figure 1. MTC cytological presentation examples in FNAB. (A) Bethesda III: Large clusters of polygonal and triangular cells. (B) Bethesda VI: abundant 
amyloid substance in the extracellular space with polygonal and triangular tumor cells. 

Source: Adapted from Papaparaskeva and cols. (2000) (13).

A B
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of Uopeccan (União Oeste Paranaense de Estudos e 
Combate ao Câncer) between 2013 and 2018.

This research was approved on May 25, 2018, by the 
Ethics Committee on Research with Human Beings, 
State University of Western Paraná (Universidade 
Estadual do Oeste do Paraná), Cascavel, Paraná, Brazil, 
registered on the Brazil Platform (Plataforma Brasil) 
under the protocol No. 89484218.7.0000.0107. 
The ethical committee waived the requirement of 
informed consent because this study consists of a 
review of information from medical records and the 
confidentiality of the information was maintained by 
the authors.

All patients diagnosed with MTC through analysis 
of the anatomopathological examination of the TT 
piece were included in the study. The exclusion criterion 
was the absence of an anatomopathological report 
confirming the MTC diagnosis of patients from other 
institutions who had an informal report of this neoplasm. 
Anatomopathological criteria reviewed by Wei (2020) 
were those considered to evaluate the TT piece (10).

Data sampling was performed using physical and 
electronic medical records from the TASY® system at 
the Ciro Antonio Kreuz Study and Research Center, 
Uopeccan, between June and August 2018. All patients 
with thyroid cancer under follow-up at Uopeccan from 
2013 to 2018 were considered for this study.

Clinical and demographic data, information on 
treatments performed and their complications, and 
information on the follow-up and evolution of patients 
with MTC were collected. The clinical and demographic 
data used were age, sex, age at diagnosis, family history 
of MTC, and occurrence of metastases. The ultrasound 
findings were reported using criteria from the American 
College of Radiologists (2017), such as echogenicity 
(very hypoechoic, hypoechoic, isoechoic, hyperechoic, 
or anechoic), composition (solid or almost completely 
solid, mixed cystic and solid, spongiform, or cystic), 
shape (wider than tall or taller than wide), margins 
(smooth, ill-defined, lobulated/irregular, or extra-
thyroidal extension), and echogenic foci (none or large 
comet tall artifact, macro-calcifications, peripheral/rim 
calcifications, or punctate echogenic foci). Following 
ultrasound analysis, the characteristics of the nodules 
were scored to determine the TI-RADS grade, which 
can be categorized into TI-RADS 1 (benign), TI-RADS 
2 (not suspicious), TI-RADS 3 (mildly suspicious), 
TI-RADS 4 (moderately suspicious), and TI-RADS 5 
(highly suspicious). Finally, data were collected on the 

nodule vascularization pattern, number of nodules, and 
suspicious lymph nodes (11).

The cytopathological FNAB results of the thyroid 
nodule diagnosed with MTC were classified according 
to the Bethesda System, as follows: (I) non-diagnostic 
sample, (II) benign, (III) atypia of undetermined 
significance, (IV) suspicious for follicular neoplasm, 
(V) suspicious malignancy, and (VI) malignant. We 
considered diagnostic FNAB as those classified as 
Bethesda category VI or Bethesda category V with 
suspected MTC, following Suzuki and cols. (2017) (7).

The surgical methods performed and the 
anatomopathological data of the surgical products 
were analyzed, including the largest tumor diameter 
(cm), number of nodules, presence or absence of 
angiolymphatic infiltration, impairment of surgical 
margins, and presence of lymph node metastases.

During patient follow-up, pre- and postoperative 
serum CT levels and CT levels in the FNAB washouts 
were analyzed whenever such procedures were 
performed. These laboratory tests were analyzed by 
chemiluminescence, with normal values of CT < 8.4 
pg/mL in men and CT < 5 pg/mL in women.

Imaging exams such as ultrasonography, 
tomography, magnetic resonance, and scintigraphy 
were performed to investigate local disease recurrence 
and/or distant metastases. RET gene sequencing was 
analyzed with the Sanger sequencing method using the 
BigDye Terminator and ABI 3130XL Genetic Analyzer 
(Thermo Fisher Scientific, Waltham, MA, USA). Due 
to the unavailability of RET sequencing at the time of 
diagnosis, this was done only after surgical treatment. 
Screening for PHEO and HPT before surgical 
treatment of MTC was performed to avoid surgical 
complications.

The data were collected as a single database in 
a Microsoft Excel spreadsheet and analyzed using 
descriptive statistics, including the arithmetic mean, 
standard deviation, median, minimum and maximum 
values, and frequencies. The correlation between nodule 
size and preoperative CT levels was calculated using 
Pearson’s correlation coefficient with the following 
reference values: 0 to 0.19, very weak correlation; 0.20 
to 0.39, weak correlation; 0.40 to 0.69, moderate 
correlation; 0.70 to 0.89, strong correlation; 0.90 to 
1, very strong correlation. Where continuous variables 
had a parametric distribution, they were analyzed using 
the Student’s t-test, while non-parametric variables 
were analyzed with the Mann-Whitney test and 
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Welch’s t-test. The Student’s t-test was chosen when 
the hypothesis of normality and homoscedasticity 
of the data were verified and the Welch’s t-test was 
selected when the hypothesis of normality was verified 
but the hypothesis of homoscedasticity was not, while 
the Mann-Whitney test was chosen when the data were 
not normally distributed. Categorical variables were 
analyzed with the chi-square test (χ² test) when all the 
necessary conditions were met, while Fisher’s exact test 
was performed for cases that did not meet the necessary 
criteria. Results with p-values < 0.05 were considered as 
statistically significant. IBM SPSS Statistics version 25 - 
© 1989 - 2017 was used to perform the statistical tests.

RESULTS

We identified 360 patients with thyroid cancer who 
were under follow-up at the Uopeccan outpatient clinic. 
A total of 19 patients (5.2% of the studied population) 
were diagnosed with MTC; 12 of these patients had 
hereditary MTC (Table 1) and were referred to our 
clinic after the index case of the family had started 
treatment at Uopeccan. The mean age of MTC patients 
was 44.5 (±9.1) years in the sporadic form, with female 

patients predominating in this subgroup (71.5%). The 
mean age of patients with the hereditary form was 
30.7 (±15.5) years, with male patients more common 
(58.3%). The mean follow-up time of all patients at 
Uopeccan was 4.42 (±3.77) years, ranging between 
one month and 13 years.

Hypoechogenicity (100%), solid  appearance 
(75%), microcalcifications (68,75%), and multinodular 
disease (68.75%) were the most frequent ultrasound 
findings. TI-RADS 4 and TI-RADS 5 represented 
93.75% of the reports among patients who underwent 
an ultrasound (Table 1).

The results of FNAB, according to the Bethesda 
System for thyroid cytopathological reports, are 
presented in Table 2. FNAB was performed in 17 patients 
preoperatively, with the most common result being 
Bethesda category III (35.3%). Bethesda category II 
was observed in three patients (17.65%), of whom two 
had the sporadic form. One of these patients underwent 
thyroidectomy due to compressive symptoms of the 
goiter and had an incidental medullary microcarcinoma 
in the proximity of a colloid nodule. The other 
individual with sporadic MTC had been submitted to 
two FNABs within an interval of approximately nine 

Table 1. Demographic, clinical and ultrasound characteristics of MTC patients

Sporadic form 
(n = 7)

Hereditary form 
(n = 12)

All patients
 (n = 19)

Mean age (years) 44.5 (±9.1) 30.7 (±15.5) 35.8 (±14.8)

Sex

     Male 28.5% (2) 58.3% (7) 47.3% (9) 

     Female 71.5% (5) 41.7% (5) 52.7% (10)

Ultrasound characteristics*

     Hypoechogenic 100% (6) 100% (10) 100% (16)

     Solid appearance 66.7% (4) 80% (8) 75% (12)

     Mixed cystic and solid appearance 33.3% (2) 20% (2) 25% (4)

     Irregular margin 50% (3) 30% (3) 37.5% (6)

     Presence of microcalcifications 50% (3) 80% (8) 68.75% (11)

     Shade (wider than tall) 100% (6) 100% (10) 100% (16)

     Suspicious lymph nodes 50% (3) 20% (2) 31.25% (5)

     Multinodular goiter 66.7% (4) 70% (7) 68.75% (11)

TI-RADS* 

    TR1 or TR2 0% (0) 0% (0) 0% (0)

    TR3 16.6% (1) 0% 6.25% (1)

    TR4 50% (3) 80% (8) 68.75% (11)

    TR5 33.3% (2) 20% (2) 25% (4)

Frequencies are represented in percentage, and absolute numbers are in parentheses. 
* Three patients were excluded from the analysis of the ultrasound findings due to the lack of a preoperative cervical ultrasound report. 
Source: the authors.
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Table 2. Cytopathological Bethesda system classification of thyroid nodule and clinical, laboratory, and anatomopathological findings of MTC patients 

Sporadic form (n = 7) Hereditary form (n = 12) All patients (n = 19)

Bethesda category of suspicious nodule*

     I 0 (0) 0 (0) 0 (0)

     II 33.3% (2) 9% (1) 17.6% (3)

     III 16.6% (1) 45.4% (5) 35.3% (6)

     V 33.3% (2) 18.1% (2) 23.5% (4)

     VI 16.6% (1) 27.2 % (3) 23.5% (4)

Preoperative CT levels (pg/mL)**

     Median and range 2703  (1407-4000) 509  (14.9-5620) 629  (14.9-5620)

Nodule size (cm)***

     Median and range 2 (1-7.4) 1.85 (0.4-7.5) 1.85 (0.4-7.5)

Central compartment involvement 42.9% (3) 33.3% (4) 36.8% (7)

Lateral compartment involvement 42.9% (3) 33.3% (4) 36.8% (7)

Distant metastases 28.6% (2) 41.7% (5) 36.8% (7)

CT: calcitonin. 
The frequencies are represented in percentage and absolute numbers are in parentheses for the Bethesda category of suspicious nodule, distant metastases and involvement of the central and 
lateral compartments. Calcitonin levels and nodule size are expressed as medians and range.
* Two patients were excluded from Bethesda cytopathological analysis due to the lack of a FNAB report. 
** Seven patients were excluded from the analysis of CT levels due to the lack of serum CT data. 
*** One patient was excluded from the nodule size analysis because they did not have an adequate anatomopathological description. Source: the authors.

months, which resulted in a Bethesda II lesion. This 
patient underwent thyroidectomy due to suspicious 
echographic findings (TI-RADS 5) and a 1.8 cm MTC 
was found during the anatomopathological exam.

A thirteen-year-old female patient from a family with 
hereditary MTC was classified as Bethesda category II 
by FNAB of a 0.5 cm nodule and serum CT value was 
8 pg/mL (normal < 5 pg/mL). She had a suspected 
preoperative diagnosis of MTC after dosing CT levels 
in the FNAB washout two months later, which gave a 
positive result with CT in the FNAB washout of over 
5,000 pg/mL with a serum CT of 100 pg/mL.

Reports of Bethesda categories V (suspicious for 
MTC) and VI, termed diagnostic FNAB in this study, 
had a sensitivity of 47.1% for MTC. No patient with 
Bethesda category V was suspected of having another 
subtype of thyroid cancer.

Preoperative serum CT levels were measured in 13 
patients, including one patient described above with 
Bethesda II lesion and four of the six patients who were 
classified into Bethesda category III since they showed 
high clinical suspicion for MTC due to their family 
history. Sequencing of the RET gene was not available 
at that time. The median preoperative serum CT was 
2703 pg/mL (range 1407-4000 pg/mL) among 
patients with the sporadic form and 509 pg/mL (range 
14.9-5620 pg/mL) in patients with the hereditary 
form (Table 2).

Serum CT levels were elevated in all patients, but 
two patients with the hereditary form with nodules 
between 0.4 and 0.5 cm had preoperative serum CT 
levels less than twice the upper limit of normal. The 
remaining patients had markedly elevated serum CT 
(greater than 100 pg/mL). If the patients with slightly 
elevated preoperative serum CT are disregarded, the 
diagnostic sensitivity of elevated serum CT for MTC is 
84.6%. Elevated serum CT was significantly correlated 
with a diagnostic FNAB (p < 0.05) and its quantitative 
value was significantly correlated with the risk of 
malignancy calculated from cytopathological analysis.

The median size of the nodules at 
anatomopathological examination was 1.85 cm, with 
the smallest nodule measuring 0.4 cm and the largest 
7.5 cm (Table 2). The correlation between preoperative 
CT levels and nodule size was statistically significant 
(p < 0.05), with Pearson’s index showing a moderate 
positive correlation (0.606) (Figure 2).

The hereditary form of MTC was identified in 
63.2% of the patients (n = 12) with a positive diagnosis. 
Of these, six patients received a diagnosis of PHEO 
during the preoperative period of TT or up to one year 
afterward, and five patients had diagnostic FNAB and/
or high preoperative CT levels. Adrenalectomy prior 
to TT was performed in four patients. A case from 
another institution with a diagnostic FNAB classified as 
Bethesda category V was submitted to adrenalectomy 
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seven months after TT. Another patient with diagnostic 
FNAB classified as Bethesda category III underwent 
adrenalectomy five months after TT in our institution. 
In three families, the hereditary form was confirmed 
during follow-up through the sequencing of the 
RET gene. Mutations in codon 634 (NEM 2A) were 
identified in two families (with nine and two cases, 

respectively), and codon 918 (NEM 2B) was identified 
in one patient.

Lymph node metastases in the central and lateral 
compartments and distant metastases occurred in 
36.8% (n = 7) of all patients. Preoperative CT levels and 
nodule size were significantly associated with distant 
metastases (Figure 3).

Figure 2. Scatter plot with an adjustment line for preoperative serum calcitonin levels vs. nodule diameter.

Simple scatter plot showing the correlation between plasma calcitonin levels (pg/mL) and the largest nodule diameter (cm). 
* Six patients were excluded from the analysis of these findings due to the lack of plasma calcitonin dosage in the preoperative period and one patient was excluded due to the lack of a 
histopathological measurement of the nodule. 
Source: the authors.
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Figure 3. Simple bars showing the presence of distant metastases vs. preoperative serum calcitonin levels and distant metastases vs. nodule size.

Bar graph showing the presence of metastases when related to the nodule size (cm) and serum calcitonin levels (pg/mL). Six patients were excluded from the analysis of these findings due to the 
lack of preoperative plasma calcitonin dosage and one patient was excluded due to the lack of a histopathological measurement of the nodule. 
Source: the authors.
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DISCUSSION

MTC is an aggressive disease that is rare among 
malignant thyroid neoplasms. Magalhães and cols. 
(2003) observed that 3%-10% of all thyroid cancer cases 
are MTC with no sex preference (4). In our outpatient 
clinic, we found a frequency of 5.2%, also with no sex 
preference (52.7% were female). Overall, the sporadic 
form is considered the most frequent. For example, in 
a manuscript published by Pacini and cols. (2010), 70-
80% of cases were sporadic (12). On the other hand, in 
our sample, the hereditary form was the most prevalent 
(63.2%). This may be due to the clinical suspicion of 
hereditary MTC in patients at our clinic and an active 
search among their relatives.

MTC is challenging to diagnose preoperatively. 
According to Trimboli and cols. (2014), although 
cervical ultrasound is not specific for the diagnosis 
of this neoplasm, the latter can exhibit signs such as 
hypoechogenicity and microcalcifications, which 
suggest a higher risk of malignancy (6). All patients 
diagnosed with MTC at the anatomopathological 
examination exhibited hypoechogenicity, with 
microcalcifications identified in about 2/3 of them. 
These were the main ultrasound findings that allowed 
the radiologist to classify these patients as TI-RADS 4 
and TI-RADS 5.

FNAB has a high diagnostic value for PTC. 
However, is sensitivity for MTC is low. Although older 
studies like Papaparaskeva and cols. (2000) reported 
sensitivity rates of nearly 89% in 91 MTC lesions (13), 
a more recent meta-analysis of 15 studies with 641 
MTC lesions conducted by Trimboli and cols. (2015) 
reported a sensitivity value of 56.4% for MTC (3), 
which was consistent with our findings (47.1%).

Another study published by Essig and cols. (2013) 
described the following diagnoses of 245 sporadic 
MTC patients: not adequate, 6.12%; benign, 6.12%; 
indeterminate, 26.12%; other malignancies, 15.92%; 
MTC or suspected MTC, 45.71% (14). Similar results 
were observed in our group of patients, as follows: benign, 
17.6%; atypia of undetermined significance, 35.3%; 
malignant or suspected MTC, 47.1%. The high frequency 
of patients classified as Bethesda category II may be due 
to the presence of small nodules (< 1 cm) in two of the 
three patients. It is possible that the material collected in 
the FNAB is from the adjacent thyroid parenchyma.

Due to the low sensitivity of FNAB in providing a 
diagnostic hypothesis of Bethesda V or Bethesda VI 

for MTC, other methods to investigate this neoplasm 
should be used to increase sensitivity when a FNAB is 
not diagnostic. Allelein and cols. (2018) reported that 
serum CT had a diagnostic sensitivity of 93% for MTC 
(15), which our study corroborates (84.6%).

The low cure rate once the disease spreads beyond 
the thyroid gland supports the use of serum CT 
screening in the early diagnosis of MTC in patients 
with thyroid nodules. However, given that MTC is 
present in only 0.3%-1.4% of patients with thyroid 
nodules, issues of cost effectiveness have been raised 
when considering routine serum CT measurement in 
this population. Additionally, the clinical significance 
and natural history of MTC diagnosed by CT screening 
is unknown. Although this practice is the standard of 
care at some centers in European countries, there has 
been controversy around its application in the United 
States (5).

This is a subject of much discussion among the ATA 
task force, which further highlights the lack of consensus 
among specialists regarding the cost effectiveness of 
the measurement of serum CT in thyroid nodular 
disease, with most clinics not observing the practice 
(5). However, an area for further discussion is the 
measurement of serum CT prior to thyroidectomy 
when deciding on surgical treatment due to successive 
FNABs with undetermined cytology (especially when 
there is no availability of molecular markers) or in the 
event of ultrasound findings that are highly suggestive 
of malignancy despite benign FNAB findings.

These findings highlight the importance of 
providing greater perioperative safety to patients who 
will definitely undergo a thyroid operation due to the 
conditions described above. Doing so decreases the 
probability of becoming aware of MTC only after the 
operation has been completed. Even though MTC is 
an infrequent diagnosis among Bethesda III patients 
diagnosed with FNAB for nodular diseases in general, as 
reported by Heller (2014), the preoperative diagnostic 
hypothesis of MTC may lead to an investigation of 
related neoplasms and may alter the extent of the 
procedure (16). We document a high sensitivity of 
plasma CT levels in patients with MTC who were 
diagnosed with Bethesda category III by FNAB, all of 
whom had high levels.

The possibility of a preoperative diagnosis of MTC 
can reduce the surgical morbidity of a second operation 
for the lymph node dissection of the recurrent chain, 
in addition to ensuring more safety in the operative act 
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by excluding the presence of concomitant PHEO. We 
highlight the importance of diagnosing PHEO prior 
to thyroidectomy. Two of our patients received the 
diagnosis of PHEO only in the early postoperative period 
of TT, which put their lives at risk, since performing TT 
in patients with undiagnosed PHEO increases morbidity 
and the chance of perioperative death (9).

The size of the nodules diagnosed as MTC 
during the anatomopathological examination of the 
thyroidectomy products of our patients was correlated 
positively with the preoperative CT levels. These results 
are in line with those of Cohen and cols. (2000), who 
observed that larger tumors were associated with 
higher serum CT levels due to C-cell proliferation (17). 
On the other hand, MTC can also be found in patients 
with borderline or even normal serum CT levels. We 
followed a case of an individual with clinical suspicion 
of hereditary MTC with a TIRADS 4 micronodule (less 
than 0.5 cm) that was classified as Bethesda II by the 
FNAB and showed serum CT in the border zone. This 
patient had a preoperative diagnosis of MTC suggested 
by the CT levels in the FNAB washout since we were 
unable to perform the genetic test at that time.

Quantitative values of serum CT were higher in 
patients with diagnostic FNAB than in those with 
non-diagnostic FNAB (Bethesda II and III). Although 
we did not find a similar result in the literature, more 
advanced cases of the disease have been found to be 
associated with higher values of serum CT and larger 
numbers of histological alterations. Additionally, the 
levels of serum CT and size of nodules are directly 
associated with the number of metastases, as previously 
described in the literature (5).

Distant metastases of MTC occur in about 10% 
of patients (5,18). However, we found a higher rate 
(36.84%) of distant metastases, likely to be related to 
late diagnosis due to the patients’ difficulty in reaching 
a specialized oncology center.

The main limitations of our study are the 
retrospective model, the small sample size, and the 
possible overestimated sensitivity of serum CT levels 
since we measured it only in patients who previously 
had an indicative factor for MTC. Nevertheless, this 
study has internal validity. For this group of patients, the 
most frequent cytopathological finding was Bethesda 
category III, and the level of plasma CT could increase 
the preoperative diagnostic sensitivity of MTC.

Other centers specialized in thyroid cancer should 
develop similar studies to more robustly assess the 

recommendation of measuring preoperative serum CT 
levels in patients that will undergo thyroidectomy due to 
suspected lesions for malignancy verified by ultrasound 
or cytopathological examination resulting in Bethesda 
category III. Furthermore, studies including a large 
cohort that analyzes all patients with a thyroid nodule 
and a Bethesda III and IV cytology, independent of the 
final pathology, should be performed to confirm the 
role of serum calcitonin in this situation.

In conclusion, MTC was prevalent in 5.2% of patients 
being monitored for thyroid carcinoma in the Uopeccan 
outpatient clinic. The hereditary form was more 
prevalent, and there was no sex preference. The most 
common ultrasound findings were hypoechogenicity, 
solid  appearance, and microcalcifications but they 
are not specific for the diagnosis of MTC. The most 
frequent cytopathological finding was Bethesda 
category III, and the sensitivity of diagnostic FNAB 
was low, consistent with earlier studies.

Serum CT levels were more sensitive than 
cytopathology for the MTC diagnosis and helped us to 
identify all patients not diagnosed by FNAB in our series 
of MTC patients. We believe that measuring serum 
CT levels in the preoperative period is an ideal tool 
to increase the perioperative safety of thyroidectomy. 
This measurement could be indicated when successive 
FNABs show undetermined cytology or ultrasound 
findings that are very suggestive of malignancy, despite 
benign FNAB findings. Additional studies are needed 
to strengthen the indication of measuring serum CT 
prior to thyroidectomy in these situations.
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ABSTRACT
Objectives: To evaluate the effectiveness of adding dapagliflozin as an intensification strategy for the 
treatment of patients with uncontrolled type 2 diabetes mellitus (T2DM). Materials and methods: A 
historical cohort study was conducted in 123 adult patients over 18 years old who were diagnosed 
with uncontrolled T2DM, who received dapagliflozin add-on to their dual base treatment: metformin 
plus glibenclamide (n = 32), metformin plus saxagliptin (n = 29), metformin plus exenatide (n = 28), 
or metformin plus insulin (n = 34). The endpoints were evaluated using analysis of variance. Results: 
All the patients completed a 52-week follow-up. Overall, 52.85% of patients were female, the Hispanic 
population represented the largest proportion of patients in all groups (60.98%), and the mean ± SD 
patient age and body weight were 55.05 ± 7.58 years and 83.55 ± 9.65 kg, respectively. The mean ± 
SD duration of T2DM, glycated hemoglobin (HbA1c), and fasting plasma glucose (FPG) were 5.93 ± 
2.98 years, 8.1 ± 0.53%, and 166.03 ± 26.80 mg/dL, respectively. The grand mean changes of HbA1c, 
FPG, body weight and blood pressure showed a decreasing trend during the study period and it 
was statistically significant in all groups (p-value = <0.001). The proportion of patients achieving 
HbA1c target (<7%) was highest in the group that used a dapagliflozin add-on to metformin plus 
saxagliptin. Conclusion: The addition of dapagliflozin as an alternative for intensification of dual 
therapy consistently improved, not only FPG and HbA1c, but also body weight and blood pressure, 
with statistically significant results. Arch Endocrinol Metab. 2021;65(1):49-59

Keywords
Diabetes mellitus; combined modality therapy; hypoglycemic agents 

INTRODUCTION

The ongoing epidemic of diabetes mellitus and its 
complications constitutes a global health threat. 

In 2019, the International Federation of Diabetes 

estimated that 9.3% of the global adult population 
between the ages of 20 and 79 lives with diabetes and 
predicted an increase of 51% by 2045 (approximately 
10.9% or 700 million adults), with Central and South 
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America contributing 7% of all cases (1). In addition, 
the CARMELA study found a general prevalence 
of diabetes in Latin America of 7%; in Colombia, 
specifically in Bogotá, the prevalence was 7.4% in men 
and 8.7% in women (2).

Type 2 diabetes mellitus (T2DM) contributes 
extensively to mortality and disability worldwide, and 
the increased prevalence of childhood obesity in many 
countries has contributed to an increase in T2DM in 
the pediatric population, which tends to predispose 
individuals to the development of complications in 
early adulthood (3). Complications of T2DM are quite 
common. The IMPROVE study, which was conducted 
in eight countries and involved more than 50,000 
patients, reported a high prevalence of complications: 
half of the patients suffer from microvascular 
complications, and 28% experienced macrovascular 
complications(4). The International Diabetes 
Management Practice Study (IDMPS) also reported 
high microvascular and macrovascular complications 
rates at 55.3% and 26.1%, respectively (5).

Effective T2DM management requires sustained 
glycemic control to reduce the risk of such 
complications, as shown by the UKPDS, in which, for 
each 1% reduction in glycated hemoglobin (HbA1c), 
acute myocardial infarctions decreased by 14%, 
microvascular complications decreased by 37%, and 
diabetes related deaths decreased by 21% (6). However, 
achieving the therapeutic objective of HbA1c is difficult 
in a significant percentage of patients. In a retrospective 
study aimed at assessing the quality and effectiveness of 
diabetes care for a group of patients in Colombia, only 
6.9% of patients achieved the goals recommended for 
control of glucose, lipids, and blood pressure (BP) (7).

The 2020 guidelines of the American Diabetes 
Association (ADA) recommend a patient-centered 
approach that considers various pharmacological agents, 
as well as the risk of hypoglycemia, comorbidities, 
impact on weight, cost, adverse events risk, and patients’ 
preferences (8). In the treatment algorithm, among 
the options for glycemic control, the drug of choice 
is metformin if it is tolerated and not contraindicated. 
The initiation of dual therapy should be considered in 
those patients recently diagnosed with T2DM who have 
HbA1c greater than or equal to 1.5% (12.5 mmol/L) 
above their glycemic target; upgrading to triple therapy 
is recommended if adequate control is not achieved 
after 3 months (9,10). However, when glycemic 
control is not achieved, there is a range of therapeutic 

possibilities exist, including reversible selective sodium 
and glucose co-transporter 2 (SGLT2i) inhibitors, a 
class of drugs that inhibit glucose reabsorption in the 
renal proximal tubule, with a consequent glucosuric 
effect that decreases HbA1c, weight, and systolic 
blood pressure (BP) (11,12).The use of these drugs 
in monotherapy and combination therapy produces 
a complementary effect that addresses several of the 
pathological phenomena that occur in T2DM (13).

The ADA’s 2020 guidelines are quite emphatic in 
mentioning the importance of intensifying treatment 
immediately in those patients with T2DM who do not 
achieve their therapeutic goals (10). The American 
Association of Clinical Endocrinologists (AACE), in 
its 2020 algorithm for glycemic control, made the 
SGLT2i the second option in the hierarchical order of 
choice when initiating triple therapy and even in dual 
therapy after GLP1 analogues (14).

To the best of our knowledge, this is the first study 
at the national and Latin American level that compares 
the effectiveness of 4 triple therapy treatment groups in 
patients with uncontrolled T2DM. The aim of this study 
is to evaluate the effectiveness of adding dapagliflozin as 
an intensification strategy for the treatment of patients 
with uncontrolled T2DM.

MATERIALS AND METHODS
Study design 

A historical cohort study was conducted between 
August 2015 and September 2018, in patients over the 
age of 18 who were diagnosed with uncontrolled T2DM 
and received follow-up care at the Endocrinology Unit 
of Centro Médico Imbanaco S.A. in Cali - Colombia. 
The study protocol was approved by the Ethics 
Committee at Centro Médico Imbanaco S.A. in Cali, 
Colombia, and the study was conducted in accordance 
with the Declaration of Helsinki and the International 
Conference on Harmonization/Good Clinical Practice 
Guidelines. All patients were fully informed of the 
characteristics and purpose of the present study, and 
gave their informed consent.

Participants

Patients were eligible for inclusion in the study if they 
fulfilled the following criteria: 1) female or male aged 
≥ 18 years; 2) diagnosis of T2DM, defined as: prior 
documentation of T2DM based on ADA criteria such 
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as fasting plasma glucose (FPG) > 126 mg/dL or 
HbA1c ≥ 6.5% or 2-h plasma glucose ≥ 200 mg/dL 
during an oral glucose tolerance test, or random plasma 
glucose ≥ 200 mg/dL in patients with classic symptoms 
of hyperglycemia or hyperglycemic crisis. 3) inadequate 
glycemic control (HbA1c > 7%), despite at least 3 
months of dual therapy that included a stable dose 
of metformin ≥ 1700 mg/day in combination with 
one of the following anti-hyperglycemic medications: 
glibenclamide 10 mg/day, saxagliptin 5 mg/day, 
exenatide 2 mg/week, or any insulin before enrollment 
and follow-up by the endocrinology specialist. 

Exclusion criteria included recent use (within 3 
months) of any other anti-hyperglycemic medications, 
chronic cystitis and/or recurrent urinary tract infections 
(3 or more in the last year), a systolic blood pressure of 
less than 90 mmHg, an estimated glomerular filtration 
rate below 45 ml per minute per 1.73 m2 of body-
surface estimated using the CKD-EPI equation, and 
refusal to consent to participate in the study.

Study groups

The patients were divided into 4 groups according to 
their basic dual therapy: metformin plus glibenclamide 
10 mg/day orally; metformin plus saxagliptin 5 
mg/day orally; metformin plus exenatide 2 mg/
week subcutaneously; and metformin plus insulin. 
Patients were grouped according to the drug used 
most frequently at the time the study began. Patients 
who received any combination other than the ones 
described above were excluded. Dapagliflozin 10 mg/
day orally was added as a third drug in all groups, as an 
intensification alternative. 

Patients received suggestions regarding 
modifications to their lifestyle, such as reducing their 
intake of carbohydrates, saturated fat, red meat, sweets, 
and sugar-sweetened beverages and increasing their 
intake of nutrient-dense foods such as vegetables, 
fruits, low-fat dairy products, lean meats, fish and 
other seafood, beans, nuts, seeds, and whole grains. 
In addition, it was recommended that they complete 
150 minutes or more of moderate-to-vigorous aerobic 
activity per week, spread over at least 3 days, with no 
more than 2 consecutive days without activity, as well 
as 2-3 sessions per week of exercise resistance on non-
consecutive days. During the medical follow-up visit, 
the specialist verified that they complied with the 
recommendations. 

Variables

We collected demographic and clinical variables such 
as HbA1c concentration, fasting plasma glucose (FPG) 
concentration, body weight, and systolic and diastolic 
BP. The clinical variables were recorded at the beginning 
of the study, and at 12, 24, and 52 weeks.

End Point Assessment

The primary endpoint was the mean change in HbA1c, 
from baseline to week 52. Secondary endpoints 
regarding glycemic control included the proportion of 
patients who reached an HbA1c target of less than 7% 
by week 52, and the mean change in FPG from baseline 
to week 52. Secondary endpoints in the assessment 
of cardiovascular risk factors included the change in 
systolic and diastolic BP and change in body weight 
from the beginning of the study to week 52.

Safety Assessment

Safety was assessed by collecting data from medical 
history records concerning adverse events such 
as hypoglycemia, hypotension, and urinary tract 
infections. Hypoglycemia was classified as minor 
(symptomatic or asymptomatic with plasma glucose 
concentration of < 63 mg/dL, regardless of the 
need for external assistance) or major (symptomatic 
requiring third-party assistance because of severe 
impairment in consciousness or behavior with 
or without a plasma glucose concentration of <  
54 mg/dL), and hypotension was defined as a low BP 
(less than 90/60mmHg).

Statistical analysis

The information was collected in a Windows Excel 
database (Microsoft, 2016) and analyzed using 
SPSS20.0 (IBM-SPSS Inc., Chicago, IL). Demographic 
and clinical characteristics were described using means, 
standard deviation and prevalence. The Shapiro-Wilk 
test was used to compare the statistical normality of 
the endpoints, which were evaluated using analysis 
of variance for repeated measurements to contrast 
the mean values at each moment in time and the 
grand mean at week 52. The Bonferroni post-hoc 
test for multiple comparisons was used for pairwise 
comparison. The assumption of variance homogeneity 
was verified based on the sphericity test. In case of 
non-compliance, the Greenhouse-Geisser statistic was 
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used. An analysis was completed to determine which 
of three models (linear, quadratic or cubic) best suited 
the effectiveness of triple therapy, based on the sum 
of type III squares and the p-value obtained. A level 
of statistical significance of α = 0.05 was established a 
priori. Correlations among variables were measured by 
coefficient of determination and repeated measures on 
general linear models.

RESULTS
Patients

The first patient was enrolled on August 3, 2015, and 
the last completed the study on September 28, 2018. 
Of the 123 patients enrolled, 100% completed the 
52-week follow-up. Overall, 52.85% of patients were 
female, the Hispanic population represented the largest 
proportion of patients in all groups, and 75.6% had a 
history of high BP. The mean ± SD patient age, duration 
of T2DM, HbA1c, FPG, body weight, systolic BP and 
diastolic BP were 55.05 ± 7.58 years, 5.93 ± 2.98 
years, 8.1 ± 0.53%, 166.03 ± 26.80 mg/dL, 83.55 ± 

9.65 kg, 148.2 ± 19.3 mmHg, and 87.1 ± 7.5 mmHg, 
respectively. 

All patients with a history of arterial hypertension 
received at least one antihypertensive medication. Of 
these, 23.7% received pharmacological management 
in monotherapy with angiotensin-converting-enzyme 
inhibitors (ACE) inhibitors, angiotensin II receptor 
blockers (ARBs) or dihydropyridine (DHP) calcium-
channel blockers (CCBs); 60.2% received dual 
antihypertensive treatment based on ARBs plus thiazide 
diuretics or DHP CCBs, and 16.1% received 3 or more 
antihypertensive medications.

At the beginning of the study, statistically significant 
differences were observed in FPG (p-value = 0.019) and 
in the duration of T2DM (p-value = 0.020) among the 
four groups. The patients in the dapagliflozin add-on to 
metformin plus saxagliptin group had been diagnosed 
with diabetes longer (7.3 ± 2.9 years) and had a higher 
FPG concentration levels (173.5 ± 23.2 mg/dL) when 
compared to the other three groups. No statistically 
significant differences were observed in the other 
demographic and clinical variables at baseline (Table 1).

Table 1. Demographic and baseline characteristics

Characteristics

Dapagliflozin add-on 
to metformin plus 

glibenclamide
(n = 32)

Dapagliflozin add-on 
to metformin plus 

saxagliptin
(n = 29)

Dapagliflozin add-on 
to metformin plus 

exenatide 
(n = 28)

Dapagliflozin add-on 
to metformin plus 

insulin
(n = 34)

p value

Age, years 52.8 ± 9.2 55 ± 8.4 55 ± 6.8 57.4 ± 5.9 0.123

Sex, n (%) 0.410

 Female 59.4 (19) 41.4 (12) 60.7 (17) 50 (17)

 Male 40.6 (13) 58.6 (17) 39.3 (11) 50 (17)

Race, n (%) 0.731

 Hispanic 68.7 (22) 55.2 (16) 60.7 (17) 58.8 (20)

 Afro-descendant 31.2 (10) 44.8 (13) 39.3 (11) 41.2 (14)

Weight, kg 83.2 ± 9.9 80.7 ± 8.7 86.4 ± 9.6 83.9 ± 10.4 0.189

HbA
1c

, (%) 0.964

 Mean 8 ± 0.5 8.1 ± 0.6 8 ± 0.5 8.3 ± 0.5

 Median 8.0 7.9 8.1 8.4

FPG, mg/dL 170.3 ± 49.5 173.5 ± 23.2 168.7 ± 17.0 151.6 ± 17.5 0.019*

Duration of T2DM, years 5.3 ± 3.1 7.3 ± 2.9 4.5 ± 2.7 6.6 ± 3.2 0.020*

History of high BP (%) 68.8 (22) 86.2 (25) 75 (21) 73.5 (25)  0.446

Systolic BP, mmHg 149.2 ± 22.9 154.2 ± 21.9 143.1 ± 17.6 146.1 ± 14.6  0.167

Diastolic BP, mmHg 86.1 ± 7.4 90.1 ± 6.3 85.5 ± 8.1 86.5 ± 8.0  0.085

Data are mean (±SD) or n (%). HbA
1c

: glycated hemoglobin; FPG: fasting plasma glucose; T2DM: type 2 diabetes mellitus; BD: blood pressure. * Statistically significant differences.
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Effectiveness

Primary effectiveness variable

The criteria for assessing both primary and secondary 
effectiveness endpoints are shown in Table 2. The 
primary endpoint was the mean change in HbA1c, 
values   during the study period in uncontrolled diabetic 
patients during the study period; this showed a linear 

Table 2. Grand mean change from baseline at 52 weeks for primary and secondary effectiveness endpoints

Dapagliflozin add-on to 
metformin plus 
glibenclamide

(n = 32)

Dapagliflozin add-on to 
metformin plus  

saxagliptin
(n = 29)

Dapagliflozin add-on to 
metformin plus  

exenatide 
(n = 28)

Dapagliflozin add-on to 
metformin plus  

insulin
(n = 34)

HbA1c, % 

Baseline 8.0 ± 0.5 8.1 ± 0.6 8.0 ± 0.5 8.3 ± 0.5

Week 12 7.7 ± 1.5 7.6 ± 0.6 7.6 ± 0.4 7.7 ± 0.5

Week 24 7.2 ± 0.5 7.2 ± 0.6 7.3 ± 0.4 7.2 ± 0.4

Week 52 7.2 ± 0.4 7.1 ± 0.5 7.0 ± 0.4 7.2 ± 0.4

Change, grand mean  
(IC 95%) at week 52

-0.65 (-0.50 to -0.70);  
p < 0.001

-0.73 (-0.59 to -0.81);  
p < 0.001

-0.70 (-0.58 to -0.82);  
p < 0.001

-0.92 (-0.80 to -1.0);  
p < 0.001

FPG, mg/dL

Baseline 170.3 ± 49.5 173.5 ± 23.2 168.7 ±17.0 151.6 ± 17.5

Week 12 150.6 ± 30.5 147.2 ± 18.8 150.7 ± 26.4 138.4 ± 11.8

Week 24 129.1 ± 29.4 123.6 ± 27.2 136.1 ± 18.4 127.7 ± 16.3

Week 52 121.4 ± 28.1 111.1 ± 22.1 127.8 ± 22.0 120.7 ± 20.8

Change, grand mean  
(IC 95%) at week 52

-36.63 (-31.38 to -41.88);  
p < 0.001

-46.20 (-39.22 to -53.19);  
p < 0.001

-30.50 (-25.98 to -35.02);  
p < 0.001

-22.67 (-19.67 to -25.67);  
p < 0.001

Weight, kg

Baseline 83.2 ± 9.9 80.7 ± 8.7 86.4 ± 9.6 83.9 ± 10.4

Week 12 82.1 ± 9.7 79.8 ± 8.4 84.2 ± 9.4 83.0 ± 10.2

Week 24 81.8 ± 9.6 79.2 ± 8.5 83.2 ± 9.6 82.3 ± 10.3

Week 52 81.6 ± 9.6 78.7 ± 8.4 82.6 ± 9.4 82.1 ± 9.9

Change, grand mean  
(95% IC) at week 52

-1.36 (-1.27 to -1.45);  
p < 0.001

-1.52 (-1.31 to -1.73);  
p < 0.001

-3.04 (-2.73 to -3.36);  
p < 0.001

-1.39 (-1.24 to -1.54); 
 p < 0.001

Systolic BD, mmHg

Baseline 149.2 ± 22.9 154.2 ± 21.9 143.1 ± 17.6 146.1 ± 14.6

Week 12 135.9 ± 16.6 135.8 ± 15.4 128.9 ± 26.7 142.7 ± 12.7

Week 24 132.0 ± 15.6 128.7 ± 13.9 127.5 ± 8.3 134.7 ± 12.7

Week 52 130.4 ± 11.8 126.8 ± 15.7 124.1 ± 8.3 130.3 ± 10.0

Change, grand mean  
(95% CI) at week 52

-16.48 (-15.05 to -17.46);  
p < 0.001

-23.82 (-22.02 to -25.62);  
p < 0.001

-16.31 (-15.36 to -17.26);  
p < 0.001

-10.24 (-8.13 to -12.35);  
p < 0.001

Diastolic BD, mmHg

Baseline 86.1 ± 7.4 90.1 ± 6.3 85.5 ± 8.1 86.5 ± 8.0

Week 12 84.5 ± 7.4 85.3 ± 6.7 82.9 ± 7.7 84.2 ± 7.5

Week 24 83.3 ± 7.3 82.4 ± 7.2 81.6 ± 5.9 83.4 ± 7.1

Week 52 82.2 ± 7.1 79.2 ± 7.4 81.0 ± 5.8 81.5 ± 7.0

Change, grand mean  
(95% IC) at week 52

-2.82 (-2.42 to -3.22);  
p < 0.001

-7.77 (-6.61 to -9.93); 
p < 0.001

-3.63 (-3.26 to -4.0);  
p < 0.001

-3.45 (-2.99 to -3.91);  
p < 0.001

Data are mean (±SD). Grand mean is the mean of the means of several subsamples [95% confidence interval (CI)]. HbA
1c

: glycated hemoglobin; FPG: fasting plasma glucose; BD: blood pressure.

downward trend from baseline to week 52. The change 
was observed between the treatment groups starting 
in week 12 and continued until the end of the study 
(p-value = <0.001). Changes in HbA1c at week 52 
were significantly greater with dapagliflozin add-on 
to metformin plus insulin. The difference (95% CI) 
in grand mean change from baseline in HbA1c was 
-0.92 (-0.80 to -1.0); p-value= <0.00, than with either 
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dapagliflozin add-on to metformin plus saxagliptin, 
exenatide, or glibenclamide, for which the differences 
(95% CI) in grand mean change were -0.73 (-0.59 
to -0.81), -0.70 (-0.58 to -0.82) and -0.65 (-0.50 to 
-0.70), respectively. The final mean HbA1c values in 
each group were 7.2 ± 0.4%, 7.1 ± 0.5%, 7.0 ± 0.4%, 
and 7.2 ± 0.4%, respectively.

Secondary effectiveness variable

Glycemic control

The group that used dapagliflozin as an add-on 
therapy to metformin plus insulin achieved a greater 
reduction in HbA1c, but the proportion of patients 
achieving HbA1c target (<7%) was highest in those 
who used dapagliflozin as an add-on to metformin plus 
saxagliptin in a sustained manner starting in week 24 
(Figure 1). Regarding the glycemic control included in 
the mean change in FPG from baseline to week 52, 
a linear downward trend was observed for all groups 
from the earliest time point assessed (p-value= <0.001). 
Reductions in FPG from baseline were significantly 
greater with dapagliflozin add-on to metformin plus 
saxagliptin [at week 52, the difference (95% CI) in 
grand mean change was -46.20 (-39.22 to -53.19); 
p-value= <0.00]. Overall, only 26% of patients achieved 
the HbA1c target of <7%; however, 43.1% of the patients 
reported a reduction of >1% in their basal HbA1c. 

A greater downward trend was observed among 
men and elderly patients, but without statistically 
significant differences. Other variables evaluated, such 

as the evolution of T2DM diagnosis, weight loss and 
race, did not show the same trend. 

Insulin dose

The insulin dose was not modified significantly 
throughout the study. Table 3 shows insulin dose at 
baseline and weeks 12, 24, and 52 (p-value= 0.9023).

Cardiovascular risk factors

The secondary endpoints in the assessment of 
cardiovascular risk factors were the change in 
systolic and diastolic BP and change in body weight 
from the beginning of the study until week 52. 
Reductions in systolic and diastolic BP from baseline 
were significantly greater and earlier in patients 
who used dapagliflozin as an add-on to metformin 
plus saxagliptin [at week 52, the differences (95% 
CI) in grand mean change was -23.82 (-22.02 
to -25.62); p-value <0.001 and -7.77 (-6.61 to 
-9.93); p-value <0.001, respectively. In the groups 
that used dapagliflozin as an add-on to metformin 
plus glibenclamide, exenatide, and insulin, even 
though a linear downward trend was observed from 
the beginning, the differences were statistically 
significant from week 24 (p-value = <0.001). 

The reduction in systolic BP was greater among 
men, elderly individuals, patients of African descent, 
and those who received a β-blocker or calcium-channel 
blocker as part of their antihypertensive treatment, but 
the differences were not statistically significant. Other 

Week 24 

Glycaemic goal (HbA1c < 7%)

Week 52Week 12

50
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Figure 1. Proportion of patients with HbA1c < 7% (%).
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evaluated variables, such as the evolution of T2DM 
diagnosis, did not show the same trend. Weight loss 
was not related to a reduction in systolic BP (R2-value: 
0.03, p-value:0.067). 

A significant reduction in weight was observed in 
all the study groups, and it was statistically significant 
for all measurements (p-value <0.001), maintaining a 
linear downward trend in all groups. The mean changes 
from baseline in weight was greater at each point in 
time with dapagliflozin add-on to metformin plus 
exenatide [adjusted mean ± SE change at week 12 
(−2.18 ± 1.66 kg), at week 24 (−3.14 ± 1.78 kg) and at 
week 52 (−3.79 ± 1.81 kg)]. At week 52 the differences 
(95% CI) in grand mean change from baseline in HbA1c 
was -3.04 (-2.73 to -3.36); p-value = <0.001). During 
the treatment, 89.4% of all patients lost weight 

Overall, there were no differences between the 
results in terms of age, gender, race, and the evolution 
of T2DM diagnosis. 

Safety 

The proportion of patients with adverse events was small. 
The most frequent adverse event was hypoglycemia in 
patients using dapagliflozin as an add-on to metformin 
plus insulin (n = 9/34), and there were two cases of 
major hypoglycemia. Hypotension and urinary tract 
infection were infrequent. 

DISCUSSION

This article provides relevant information about 
population groups not studied in previous research, 
such as Hispanics and people of African descent. These 
findings will help clinicians make decisions regarding 
the treatment of diabetes in countries with a significant 
population of these ethnic groups. In terms of the other 
sociodemographic characteristics, the distribution was 

homogeneous for age and gender among the analyzed 
groups and the information available in the literature.

Evidence from randomized clinical trials that 
allows for the evaluation of the behavior of these 
four combination therapies remains scarce. Recently, 
Al AdAwi and cols. (15) published a retrospective 
observational study in which they assessed the efficacy 
of adding dapagliflozin to four groups of patients, each 
with dual or triple basal treatment. The results indicated 
a decrease of 1% to 2.3% in baseline HbA1c, which 
was greater than 9 % in all groups; similarly, baseline 
glycemia ranged from 36 to 85 mg/dL. In our study, 
baseline HbA1c reductions ranged from 0.8% to 1.1%, 
and FPG reductions ranged from 30.9 to 62.4 mg/dL. 

Although, benefits were observed in the various 
clinical outcomes in all four groups, for the group 
that used dapagliflozin as an add-on to metformin 
plus glibenclamide, the maximum reduction of HbA1c, 
its stable trend over time, and its results in terms of 
decrease in FPG and the percentage of patients who 
reached HbA1c <7% were similar to those reported in 
series such as Matthaei and cols. (16). However, the 
reduction in weight was greater in their study (-2.2 to 
3.0 kg), which is probably explained by the sulfonylurea 
used in that research. Other studies (17) show that the 
use of glimepiride is associated with a decrease in body 
weight of approximately 3 kg.

The treatment regimen that has received the 
greatest support in medical literature is the use of 
dapagliflozin as an add-on to metformin plus saxagliptin. 
Randomized double-blind clinical trials that compared 
this triple therapy to dual therapy plus placebo reported 
a reduction in HbA1c of 0.96% at 24 weeks (18) and 
0.74% at 52 weeks (19), with a total reduction between 
1.09% (20) and 1.2% (21). These results are similar to 
ours, as were FPG values   reported in previous studies 
(18-21). Likewise, the proportion of patients with 
HbA1c <7% reported in other publications ranged from 
29% (19) to 47% (20) at 52 weeks and from 30% to 

Table 3. Insulin dose

Baseline Week 12 Week 24 Week 52

Minimum (IU/day) 8 10 8 8

Maximum (IU/day) 27 30 32 32

Mean (IU/day) 18.6 18.2 17.8 18.4

Standard deviation (IU/day) 5.5 5.7 6.8 7.7

IU: international units.
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45% at 24 weeks (18), with weight loss that ranged 
from 1.4 to 2.4 kg in the other series (18-21). These 
findings are comparable with the present study; in fact, 
based on our findings, this regimen appears to be the 
most effective.

The greatest weight loss (between 2.2 and 3.8 kg) 
was observed in the dapagliflozin add-on to metformin 
plus exenatide group, which had a sustained linear 
downward trend. These data are similar to those 
described in the DURATION-8 study, which showed 
reductions of 1 to 2.6 kg at week 28 (22) and 0.7 to 2.8 
kg at week 52. Their trend was not linear; however, it 
did stabilize from week 28 to week 52 (23). This can be 
explained by the effect of GLP1 analogs on weight, as 
they induced reductions in responders of up to 4.2 kg 
among diabetics (24), and up to 8 kg in non-diabetics 
(25). In our study, this group also had a slightly higher 
reduction in HbA1c and FPG when compared to the 
data obtained by Jabbour and cols. (23). However, they 
reported that the percentage of patients with HbA1c 
<7% reached 53.9% at 28 weeks and 44% at 52 weeks 
(23), which is a higher proportion than reported in our 
results. 

The highest reduction in HbA1c was seen in the 
dapagliflozin add-on to metformin plus insulin group, 
with reductions reported of up to 1.1%, a linear trend 
until week 24, and a subsequent stabilization at the same 
value until week 52. Although there are few studies on 
this combination as a triple or dual therapy, Al AdAwi 
and cols. included a triple therapy group with insulin, 
dapagliflozin, and other oral anti-diabetic agents, which 
reached a maximum HbA1c reduction of 2.3% at week 
52 with a continuous linear downward trend (15). This 
can be explained by the presence of an initial HbA1c 
value higher than that reported for our patients in 
this study (10.8% vs. 8.3%). In other series with initial 
HbA1c close to 10%, there have been decreases of 1.6% 
reported at 12 weeks (26), and of 0.74% at 52 weeks 
in the DAISY (Dapagliflozin Added to patients under 
InSulin therapY) trial (27). Likewise, in subgroup 
analyses from the DIAMOND study program, Billings 
and cols. demonstrated that the magnitude of the 
change in HbA1c was numerically greatest for the 
highest baseline subgroup (28). Regarding weight, 
the later study also showed a reduction similar to the 
present study’s findings. An important point found in 
the publications is the insulin dose and its reduction 
when dapagliflozin is started, which varies from 3 
units (27) to 19 units (26). Unlike our series, the 

mean of international units per day was not modified 
throughout the study, so it did not contribute to the 
change in HbA1c level.

The reduction in systolic and diastolic BP in all the 
groups studied was notable, as it ranged from 15.82 to 
27.41 mmHg for systolic BP and from 3.97 to 10.86 
mmHg for diastolic BP, especially when compared to 
other series that did not exceed 7 mmHg of reduction in 
systolic BP values and 2.9 mmHg in diastolic BP values 
(16-21). This could be explained due to the need to 
optimize BP control as part of a new model of integrated 
diabetes care using a multidisciplinary team approach. 
Our patients received follow-up care in a cardiovascular 
risk program in which adjustments were made in the 
antihypertensive therapy (47.31%, 22.76%, and 18.78% 
at 12, 24 and 52 weeks). Furthermore, a very high initial 
BP has not been observed in other series, in which mean 
systolic BP was 130 mmHg (16-21) compared to 148 
mmHg in the present study. Publications that assessed 
the hypotensive effect of dapagliflozin found variations 
in the decrease in BP, which depends on whether the 
patient is hypertensive. A decrease ranging from 1.2 
to 4.9 mmHg in systolic BP at 12 weeks (27,29) was 
reported; in addition, among hypertensive patients, a 
decrease in systolic BP of 3.6 mmHg and a decrease in 
diastolic BP of 1.2 mmHg at 24 weeks was reported, 
with decreases of 2.6 and 1.2 mmHg, respectively, 
among non-hypertensive patients (30). There might be 
other variables and confounding factors not taken into 
consideration, such as adjustment of antihypertensive 
medication during follow-up care performed by 
specialists from unidentified medical centers. 

All the patients received a T2DM diagnosis 4.5 to 
7.3 years ago, and no patient reached the glycemic 
control target with dual therapy. This can be explained 
by the progressive decline of β-cell function over 
the years, after the diagnosis of diabetes. Turner 
and cols. described the difficulty of achieving tight 
glycemic control on monotherapy during the first 
3 years following a diagnosis of diabetes. Likewise, 
approximately 9 years after receiving the diagnosis, 
75% of patients needed multiple therapies to achieve 
the target (31). 

In our study, elderly patients achieved a greater 
downward trend reduction in HbA1c and systolic 
BP. These data are similar to those analyzed in the 
DECLARE-TIMI 58 study, which showed a greater 
reduction in this age group, although without 
statistically significant differences (32). There were no 
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differences between sexes, and SGLT-2i has not shown 
a sex-by-drug interaction, so it is effective and safe 
regardless of sex (33). 

In reference to systolic BP, greater reductions of 
up to 4 mmHg were reported among individuals 
of African descent compared to Hispanics. In a 
randomized, placebo-controlled double-blind study, 
in black patients with T2DM, SGLT-2i had a fully 
antihypertensive effect at 6 months, with a reduction 
up to 13.74 mmHg (34). 

We also evaluated antihypertensive treatment. 
Our results showed a greater downward reduction of 
as much as 3.6 mmHg when the patients also took a 
β-blocker or calcium-channel blocker compared to 
other types of treatments. In a randomized, double-
blind, placebo-controlled study, Weber and cols. 
reported that BP-lowering properties of dapagliflozin 
were particularly favorable in patients already receiving 
a β-blocker or calcium-channel blocker (29). 

Our results showed that those patients who 
received angiotensin-converting enzyme inhibitors 
(ACEI) or angiotensin receptor blockers (ARBs) had 
a greater downward reduction in HbA1c and weight 
loss of up to 0.7 Kg compared to those treated with a 
β-blocker or calcium-channel blocker. A meta-analysis 
of randomized controlled studies found that the 
combination therapy with ACEIs or ARBs and SGLT2i 
in the treatment of T2DM can exert synergistic effects, 
which may result in complementary pharmacokinetics 
and pharmacodynamics (35). 

Weight loss was not related to a greater reduction 
in BP. Oliva and cols. evaluated this and suggested that 
SGLT-2i may have BP-lowering effects beyond weight 
loss (36). 

Limitations

The study only demonstrated the behavior of the event 
within a specialized medical center. Although all the 
patients who participated during the established period 
met the selection criteria, the population size was 
small. At the beginning of the study, the groups were 
not homogeneous, with FPG, as well as the duration 
of T2DM, with statistically significant differences. This 
could have contributed to obtaining greater reductions 
in HBA1c within subgroups with greater baseline 
glycemic levels. Furthermore, body mass index was 
not calculated, given the absence of height data, which 

eliminated the possibility of grouping the patients 
according to their weight status. 

Strengths

The evaluation was carried out under real conditions 
with adherent patients who complied with all established 
controls as directed by the endocrinology unit. To date, 
there is no information available in the literature where 
these 4 management proposals are followed up.

Public Health Impact

Nowadays, it is not just enough to obtain adequate 
control based on a glucose-centered goal; the intention 
is to go beyond it and achieve optimal control of 
cardiovascular risk factors, including weight and blood 
pressure, generating a positive impact in reducing the 
risk of complications in the short and long term, which 
is reflected in a decrease in health costs.

Recommendations

Taking into account the results obtained here, 
dapagliflozin could be considered as an intensification 
alternative in those uncontrolled type 2 diabetic 
patients with dual therapy that included optimal dose 
of metformin, glomerular filtration rate ≥ 45 ml/min, 
who suffer from overweight and uncontrolled arterial 
hypertension. 

In conclusion, the addition of dapagliflozin as 
an alternative for intensification of dual therapy of 
uncontrolled type 2 diabetic patients consistently 
improved, not only FPG and HbA1c, but also body 
weight and blood pressure, with statistically significant 
results. The combination of dapagliflozin added to 
metformin plus saxagliptin showed better results, 
guaranteeing a greater number of patients with HbA1c 
<7%.
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ABSTRACT
Objective: A disintegrin and metalloproteinase with thrombospondin motifs 4 (ADAMTS-4) and 
ADAMTS-5 normal expression levels are essential for ovulation and subsequent fertilization. The 
objective of the present study was to assess expression pattern of these genes in cumulus cells 
(CCs) taken from patients with polycystic ovary syndrome (PCOS) and to investigate any possible 
relationship with the oocyte quality. Subjects and methods: ADAMTS-4 and -5 expression levels 
within CCs containing oocytes at the metaphase II (MII) and germinal vesicle (GV) stages, taken from 
35 patients with PCOS and 35 women with normal ovarian function, were investigated using RT-
qPCR. Moreover, possible correlations between ADAMTS-4, ADAMTS-5, and progesterone receptors 
(PRs) expression as well as oocyte quality were evaluated. Results: ADAMTS-4 and -5 expression 
levels were dramatically diminished in the CCs of the PCOS patients when compared to the controls. 
ADAMTS-4 and -5 expression levels were correlated with each other and with the oocyte quality. 
Furthermore, lower expression levels of ADAMTS-4 and -5 in the PCOS patients were strongly 
correlated with the diminished PRs expression levels. Conclusions: Downregulation of ADAMTS-4 
and -5 in the human CCs of the PCOS patients correlated with the decline in the PRs expression, 
and impaired oocyte quality may cause lower oocyte recovery, maturation, and fertilization rate. Arch 
Endocrinol Metab. 2021;65(1):60-6

Keywords 
ADAMTS-4; ADAMTS-5; PCOS; oocyte quality; progesterone receptors 

INTRODUCTION

Polycystic ovary syndrome (PCOS) is a complex 
multifactorial endocrine abnormality common 

among women at reproductive age (1). Impaired ovarian 
steroidogenesis and folliculogenesis, neuroendocrine 
axis dysfunction, changes in metabolism, insulin 
secretion and sensitivity, adipose cell dysfunction, 
and altered inflammatory factors are involved in 
PCOS pathogenesis (2). PCOS abnormalities in the 
intra-follicular milieu negatively influence the oocyte 

gene expression and oocyte cytoplasmic or nuclear 
maturation (3). 

During the ovulation process, levels of extracellular 
matrix (ECM) components such as versican, aggrecan, 
brevican, and hyaluronic acid increase in ovaries 
following (luteinizing hormone) LH surge (4). 
LH induces expression of pivotal genes involved in 
ovulation, such as the progesterone receptor (PR) 
(5). Previous study highlighted a significantly lower 
expression of PRs in granulosa cells (GCs) of PCOS 
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compared to controls (6). A series of proteinases 
such as matrix metalloproteinases and a disintegrin 
and metalloproteinase with thrombospondin motifs 
(ADAMTS) proteinases cause destruction and 
remodeling of ECM compounds (7). Binding of 
progesterone to PR on GCs results in a remarkable 
enhancement of ADAMTS-1 expression, which breaks 
the follicle wall (4). 

ADAMTS-1, -4, and -5 have a role in degradation 
of brevican and versican and other ECM structures (4). 
Versican contributes to remodeling and maintenance of the 
ECM structural and functional integrity and movement of 
cumulus cells (CCs) (4). Versican proteolysis in the peri-
ovulatory period causes cumulus-oocyte complex (COC) 
expansion, which is essential for successful ovulation (4,8). 
Follicle-stimulating hormone (FSH) provokes follicle 
growth and survival, and also, stimulates ADAMTS -1, 
-4, and -16 expression, indicating a mechanistic link 
between these proteolytic enzymes and follicle growth 
(9). Although expression of ADAMTS-4, -5, -9, -16, and 
-17 was reported in ovaries, only ADAMTS-1 has been 
studied extensively (4). Adamts-4 and -5 expression  has 
been observed previously in the GCs and CCs of rodents 
and monkeys during folliculogenesis (9). Karakose 
and cols. suggested that ADAMTS-1, ADAMTS-5, 
ADAMTS-9 aggrecanases, and interleukin molecules may 
play a role in PCOS pathogenesis (10).

Therefore, we assumed that ADAMTS-4 and -5 
dysregulation might be associated with oocyte 
abnormalities in PCOS patients. The present study aimed 
to assess ADAMTS-4 and -5 expression levels in the CCs 
of patients with PCOS and women with normal ovarian 
function during an IVF procedure. Moreover, possible 
correlations were investigated between ADAMTS-4  
and -5 expression with oocyte quality.

SUBJECTS AND METHODS

This cross-sectional study was carried out on 70 infertile 
women (35 women with PCOS and 35 women with 
normal ovulatory function) aged 18-39 years (mean age = 

29.4 ± 5.3) undergoing intra-cytoplasmic sperm injection 
(ICSI) during 2016-2017. The exclusion and inclusion 
criteria for the control and PCOS groups were defined, 
as reported in previous study (11). All procedures used 
in the present study including measurement of the basal 
serum levels of FSH and LH, ovarian stimulation and 
CCs collection, RNA isolation, cDNA synthesis, and 
quantitative real‑time PCR as well as evaluation of oocyte 
quality parameters were similar to those reported in the 
previous work of the authors (11). Briefly, for ovarian 
stimulation, PCOS and control patients recruited to the 
study were treated with a GnRH agonist in the mid-
luteal phase of the previous menstrual cycle. Recombinant 
FSH (Gonal-F, Merck Serono, Switzerland) was used for 
ovarian stimulation. Ultrasound was implemented every 
1-3 days to assess follicle development. Daily FSH doses 
could be adjusted according to the ovarian response after 
first 3-5 days of treatment. Moreover, 5000-10,000 IU 
of human chorionic gonadotropin (hCG, Choriomon, 
IBSA, Lugano, Switzerland) was administered following 
detection of at least three dominant follicles (diameter 
≥18-20 mm). Oocyte retrieval was performed 34-36 h after 
hCG administration with transvaginal ultrasound-guided 
needle puncture. COCs were isolated through ultrasound-
guided vaginal puncture. CCs surrounding oocytes were 
removed with strippers following a short time exposure 
to the hyaluronidase (SAGE, Trumbull, CT) at 37 °C. 
The oocytes were categorized into mature oocytes with 
the first polar body (metaphase II, MII) and immature 
oocytes at the germinal vesicle (GV) stage in accordance to 
the nuclear status. To form CCGV and CCMII groups for 
qPCR analysis, purified CCs were separately pooled from 
one of the patients. CCs were centrifuged at 800×g for 8 
min at room temperature, and resulting pellets were used 
for RNA purification. The oocytes were injected using the 
ICSI procedure, and fertilization was confirmed 16-18 h 
after insemination when two pronuclei were appeared.

Primer sequences used in real time PCR (RT-PCR) 
analysis, are listed in Table 1. This study was a part of 
a project approved by the Ethics Committee of the 
Hamadan University of Medical Sciences (IR.UMSHA.

Table 1. Characteristics of the primers

Product size bpAccession numberReverse primerForward primerGene

199NM_001320336.1TGTAACACGCCTAACAGGGCTTGGGGAGACGCTGCTACTAADAMTS-4

173NM_007038.4TGGAATCGTCATGGGAGAGGTCGGGAGGATTTATGTGGGCADAMTS-5

177NM_001101.4TAACGCAACTAAGTCATAAAGATCAAGATCATTGCTB-actin

206NM_001202474TCCTTGTCCACTTCACTTCTCATCCATACTTATCCTTCACPR total

85NM_000926.4GGGTTGTAGATTTCACTCGGTAAGCCTTGTTGTATTPR-B
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REC.1394.499) (11). The data were analyzed using SPSS 
software version 16. The results are presented as mean ± SE. 
Comparison between the groups with normal distribution 
was performed using Independent Sample T-Test, and 
Mann-Whitney U test was used for nonparametric analyses. 
The relationship between the parameters was determined 
using Spearman coefficients. P-values less than 0.05 were 
considered statistically significant.

RESULTS
Study population

Clinical characteristics and IVF-ET outcomes of the 
PCOS patients and the women with normal ovarian 
function are shown in Table 2. No considerable 
difference was noticed between the PCOS and control 
groups regarding age, duration of infertility, BMI, total 
rFSH dose, and FSH level. However, in agreement 
with the results of previous investigations, basal LH 
concentrations were higher in the PCOS patients than 
in the controls (p = 0.02). As shown in Table 2, the 
number of follicles punctured and oocytes retrieved 
in the PCOS patients was considerably higher than 
those in the control group (p < 0.0001 and p = 0.009, 
respectively). However, no significant difference was 
observed between the groups in terms of MII oocytes. 
Moreover, the oocyte quality parameters, as depicted 
in Table 2, were considerably higher in women with 
normal ovarian function when compared to the 
PCOS patients. In more details, oocyte recovery rate 

Table 2. Clinical characteristics and IVF-ET outcomes in PCOS and control groups

Variable Controls PCOS P-value

Age (year) 30.8 ± 0.93 29.06 ± 0.83 0.1

BMI (kg/m2) 25.5 ± 0.76 26.3 ± 0.78 0.4

Duration of infertility (year) 5.59 ± 0.97 6.46 ± 0.76 0.4

Basal FSH (IU/L) 5.8 ± 0.45 6.8 ± 0.4 0.07

Basal LH (IU/L) 4.6 ± 0.29 7.08 ± 1.05 0.02

Total rFSH dose (IU) 17297 ± 88.3 15208 ± 77.8 0.08

Number of follicles punctured 7.6 ± 0.8 14.8 ± 1.6 <0.0001

Number of oocytes retrieved 7.5 ± 0.7 11.13 ± 1.03 <0.009

Oocyte recovery rate (%) 1.05 ± 0.06 0.86 ± 0.06 0.05

Number of MII oocytes 6.3 ± 0.7 7.6 ± 0.7 0.2

Number of GV oocytes 0.88 ± 0.18 3.07 ± 0.51 <0.0001

Oocyte maturation rate (%) 0.8 ± 0.03 0.7 ± 0.03 0.01

Fertilization rate (%) 0.57 ± 0.04 0.46 ± 0.03 0.05

PCOS: polycystic ovary syndrome; BMI: body mass index; MII: metaphase II. Data were presented as mean ± SEM and compared by Independent-Samples T-test.

(p = 0.05), oocyte maturation rate (p = 0.01), and 
fertilization rate (p = 0.05) were markedly lower in the 
PCOS patients compared to the controls.

ADAMTS-4 and -5 expression in PCOS patients and 
women with normal ovarian function

PCR analysis revealed significant expression of 
ADAMTS-4 and -5 genes in the human CCs. 
Quantitative real-time PCR demonstrated significantly 
higher ADAMTS-4 mRNA expression levels in the 
control group compared to the PCOS women (p = 
0.01, Figure 1a). Furthermore, ADAMTS-5 mRNA 
expression levels were remarkably reduced in the PCOS 
patients when compared to women with normal ovarian 
function (p = 0.007, Figure 1b). 

Associations between ADAMTS-4 and -5 expression 
and oocyte maturation 

To evaluate possible correlations between ADAMTS-4 
and -5 expression with oocyte maturation, expression 
levels of these genes were assessed in CCs containing 
MII and GV oocytes. ADAMTS-4 mRNA expression 
levels were notably higher in CCs containing MII 
oocytes compared to CCs with GV oocytes in the both 
PCOS and control groups (p < 0.0009 and p = 0.006, 
respectively, Figures 1c and 1d). Moreover, ADAMTS-5 
expression levels considerably decreased in CCs with 
GV oocytes compared to CCs with MII oocytes in the 
both PCOS and control groups (p < 0.0001 and p = 
0.001, respectively, Figures 1e and 1f).
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Figure 1. ADAMTS-4 and -5 expression in the cumulus cells of the polycystic ovary syndrome and control groups.    

Associations between ADAMTS-4 and -5 expression 
and oocyte quality in PCOS patients

There were strong positive correlations between 
ADAMTS-4 and -5 mRNA expression levels with the 
oocyte recovery rate (p < 0.0001, r = 0.91 and p = 0.008, 
r = 0.0.54, respectively, Figures 2a and 2b). In addition, 
ADAMTS-4 and -5 mRNA expression levels were 
markedly associated with the oocyte maturation rate (p 
= 0.001, r = 0.6 and p < 0.0.0001, r = 0.66, respectively, 
Figures 2c and 2d). Moreover, the fertilization rate was 
strongly correlated with ADAMTS-4 and -5 mRNA 
expression levels (p < 0.0001, r = 0.85 and p = 0.01, r 
= 0.52, respectively, Figures 2e and 2f).  

The association between ADAMTS proteoglycanases 
and PRs

The relationship between ADAMTS-4 and -5 
expression levels and PR mRNA expression levels is 
shown in Figure 3. As shown in the figure, a positive 
relationship was observed between ADAMTS-4 and -5 
mRNA expression levels in the study population (r = 
0.53, p = 0.001). Additionally, ADAMTS-4 expression 

in women with and without PCOS was remarkably 
correlated with total progesterone and progesterone 
receptor B (PRB) (r = 0.6, p < 0.0001, Figure 3b 
and r = 0.42, p < 0.0001, Figure 3c, respectively). A 
meaningful relationship was also observed between 
ADAMTS-5 and total progesterone mRNA expression 
levels (r = 0.59, p < 0.0001, Figure 3d).

DISCUSSION
ADAMTS-4 and -5 as major members of the 
aggrecanase group (ADAMTS-1, -4, -5, and -9) are 
primarily expressed from mural GCs and will be 
selectively localized in the ECM of expanded COCs 
(9,12). The results of the present study demonstrated 
a notable decrease in ADAMTS-4 and -5 expression 
levels in women with PCOS when compared to women 
with normal ovarian function, which was significantly 
associated with the decreased expression levels of PRs 
and impaired oocyte quality. 

ADAMTS-1, -4, and -5 are functionally and structurally 
associated and grouped due to their overlapping activities 
on aggrecan, versican, and brevican degradation (13). 
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Figure 3. Correlations between ADAMTS-4, ADAMTS-5, and PRs expression in the cumulus cells.

Figure 2. Correlations between ADAMTS-4 and -5 expression with recovery rate, maturation rate, and fertilization rate in the cumulus cells.

1.002a
Re

co
ve

ry
 R

at
e

0.80

0.60

0.40

0.0000E0 5.0000E-4 1.0000E-3 1.5000E-3 2.0000E-3 2.5000E-3

R Sq Linear = 0.816

r=0.91
p<0.0001

1.002c

M
at

ur
at

io
n 

Ra
te 0.90

0.80

0.70

0.0000 0.0100 0.0200 0.0300 0.0400 0.0600

R Sq Linear = 0.412

r=0.6
p=0.001

0.60

0.0500

0.802e

Fe
rt

ili
za

tio
n 

Ra
te 0.70

0.60

0.50

0.40

0.0000 0.0100 0.0200 0.0300 0.0400 0.0600

R Sq Linear = 0.666

r=0.85
p<0.0001

0.30

0.0500

1.25

2b

Re
co

ve
ry

 R
at

e

ADAMTS-4 expression ADAMTS-5 expression

ADAMTS-4 expression ADAMTS-5 expression

ADAMTS-4 expression ADAMTS-5 expression

1.00

0.75

0.50

0.00000E0 5.00000E-5 1.00000E-4 1.50000E-4 2.50000E-4 3.00000E-4

R Sq Linear = 0.358

r=0.54
p=0.008

0.25

2.00000E-4

1.002d

M
at

ur
at

io
n 

Ra
te 0.90

0.80

0.70

0.00000E0 1.00000E-4 2.00000E-4 4.00000E-4

R Sq Linear = 0.426

r=0.66
p<0.0001

0.60

3.00000E-4

0.802f

Fe
rt

ili
za

tio
n 

Ra
te 0.70

0.60

0.50

0.40

0.00000E0 5.00000E-5 1.00000E-4 1.50000E-4 2.00000E-4 3.00000E-4

R Sq Linear = 0.375

r=0.52
p=0.01

0.30

2.50000E-4

0.010003a

AD
AM

TS
-4

 e
xp

re
ss

io
n

ADAMTS-5 expression

0.00800

0.00600

0.00400

0.00200

0.00000E0 1.00000E-4 2.00000E-4 3.00000E-4 4.00000E-4 5.0000E-4

r=0.53
p<0.001

Observed
Linear

0.00000

3d

AD
AM

TS
-5

 e
xp

re
ss

io
n

0.00600

0.00400

0.00200

0.00000E0 1.00000E-4 2.00000E-4 3.00000E-4 4.00000E-4 5.0000E-4

r=0.59
p<0.0001

Observed
Linear

0.00000

0.010003c

AD
AM

TS
-4

 e
xp

re
ss

io
n

PR-B expression

0.00800

0.00600

0.00400

0.00200

0.0000 0.0100 0.0200 0.0300 0.0400

r=0.42
p<0.0001

Observed
Linear

0.00000
0.0500 0.0600

0.050003b

AD
AM

TS
-4

 e
xp

re
ss

io
n

Total PR expression

Total PR expression

0.04000

0.03000

0.02000

0.01000

0.0000 0.0100 0.0200 0.0300 0.0400 0.0600

r=0.59
p<0.0001

Observed
Linear

0.00000
0.0500



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

65

ADAMTS-4 & -5 & PCOS

Arch Endocrinol Metab. 2021;65/1

In the current study, significant correlations observed 
between these proteoglycanases indicate their function in 
the cleavage or modification of ECM proteoglycans (14). 
Previous studies have revealed that ADAMTS-1 knockout 
mice exhibit impaired fertility because of the diminished or 
absent versican processing in ovarian follicles, which leads 
to lack of ovulation. This suggests that ADAMsTS-1 is 
essential for the normal folliculogenesis, ovulatory process 
and subsequent fertilization (15). Studies conducted 
during folliculogenesis process indicated an active form 
of ADAMTS-1 in the basement membrane surrounding 
growing follicles. Furthermore, versican as a common 
substrate for Adamts-1, -4, and -5 has been identified in 
the follicular basement membrane from the early stage 
of the follicle growth. These findings suggest that the 
ADAMTS-1 cleavage of versican is involved in structural 
remodeling of the ovarian follicle and cumulus-oocyte 
matrix during ovulation (16). 

Prior to ovulation, ADAMTS-4, ADAMTS-5, 
and versican are co-expressed within the GCs of small 
growing follicles and play indispensable roles at the early 
stages of the follicular growth and during the ovulation 
process (17).

Although the number of oocytes is comparable 
between PCOS patients and healthy women following 
controlled ovarian hyperstimulation during the IVF 
treatment, most of follicles retain their defects, which may 
affect the oocyte quality (3). It was previously established 
that the number of follicles and follicular volume were 
merely independent predictors of IVF/ICSI outcomes. 
Therefore, a healthy follicle is crucial for successful oocyte 
retrieval, oocyte maturation, and fertilization (18). Yung 
and cols. demonstrated that ADAMTS-1 expression in 
human CCs was significantly associated with the oocyte 
fertilization capacity (19). Moreover, some studies 
indicated that CCs gene expression predicts the oocyte 
quality and the subsequent pregnancy (20,21). 

To our knowledge, no studies have examined the 
correlation between ADAMTS-4 and -5 expression with 
the oocyte quality. Here, we illustrated a significant 
differential expression of ADAMTS-4 and -5 in CCs 
from mature and GV oocytes in the PCOS and control 
groups. The results of the current study indicated a lower 
ADAMTS-4 and -5 expression in CCs from the PCOS 
patients compared to the controls, which was closely 
correlated with the reduced oocyte retrieval, oocyte 
maturation, and fertilization rates. Lower oocyte recovery 
and maturation rates, and subsequently, lower fertilization 
rate was observed in the PCOS patients compared to the 

controls. Dysregulated expression of these genes may 
be attributed to abnormalities in the microenvironment 
surrounding oocytes induced by PCOS, which alter 
survival and proliferation of CCs (3). 

Induction of ADAMTS-1 in ovulating follicles 
from cows, pigs, horses, and primates has been shown 
to be mediated by activity of PRs (9,17). Moreover, 
PRs  knockout mice are completely infertile because of 
their inability to up-regulate ADAMTS-1 and failure to 
ovulate even under the effect of exogenous hormones (9). 
Decreased expression of PRs was observed in GCs from 
the PCOS patients, which might be a sign for maturation 
defect or follicular arrest in GCs (6). The present 
study demonstrated a noticeable association between 
downregulated expression of ADAMTS-4 and -5 with 
PRs in the PCOS patients. Additionally, we previously 
indicated downregulation of ADAMATS-1 and -9 as two 
other aggrecanase family members in the PCOS patients, 
which was notably associated with reduced expression of 
PRs and also lower oocyte recovery and oocyte maturation 
rates, as well as lower fertilization rates (11).

Some previously published studies pointed out 
that PR mRNA expression was induced in COCs and 
GCs in a pattern similar to that of ADAMTS-1 and -4 
(22,23). Therefore, it appears that progesterone- and PR-
dependent pathways contribute to functional alternations 
in follicular cells during the ovulation process (24).

In summary, our study documented that diminished 
ADAMTS-4 and -5 expression in the PCOS patients 
was closely associated with the impaired oocyte quality, 
demonstrating that intrinsic CC dysfunction influenced 
the oocyte quality. Normal expression of ADAMTS-4 
and -5 appears to play indispensable roles in the oocyte 
maturation. Dysregulation of these genes may be 
associated with abnormalities of endocrine and intra-
ovarian paracrine factors. However, further studies 
are required to investigate mechanisms underlying 
dysregulation of these aggrecanases on ovulatory 
problems in PCOS. 
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ABSTRACT
Objective: To develop, adapt and validate an instrument named “CSII – Brazil” to assess users’ 
conceptual and procedural knowledge of continuous subcutaneous insulin infusion systems. 
Materials and methods: Methodological and exploratory study developed in three stages: a) 
instrument development; b) content validation and cultural adaptation (evaluation by a committee 
of experts and pre-test with CSII users); c) psychometric validation through instrument application 
in a sample of 60 patients by means of the web tool e-Surv. Internal consistency and reproducibility 
analyses were performed within IBM SPSS Statistics 20 programming environment. Results: The 16 
multiple-choice question instrument successfully attained a content validity index of 0.97, showing 
satisfactory internal consistency, with 0.61 Cronbach’s alpha [95% CI 0.462-0.746] and an intraclass 
correlation coefficient of 0.869 [95% CI: 0.789-0.919] between the test and retest scores. Conclusion: 
The CSII – Brazil instrument is considered adequate and validated to assess continuous subcutaneous 
infusion system users’ conceptual and procedural knowledge. Arch Endocrinol Metab. 2021;65(1):67-78 

Keywords 
Diabetes mellitus; insulin infusion system; knowledge; cultural adaptation; validation studies

INTRODUCTION

Treatment for type 1 diabetes mellitus (T1D) has 
made significant progress over the past 50 years, 

mainly with the advent of the continuous subcutaneous 
insulin infusion (CSII) in the 90’s, which allows for 
the patient to obtain more accurate doses of insulin, 
comfort and safety (1). 

A number of patients with T1D can be candidates 
for CSII use, but for successful treatment, users need 
to be the target of continuous training and monitoring 
regarding proper use of the system (2).

CSII users must be instructed about basic concepts 
related to terms appearing in the device menu and 

messages prompted by patient’s use (conceptual 
knowledge) as well as essential actions to be performed 
to use the device (procedural knowledge), such as to 
how to insert and connect the infusion system and 
how to set up basic parameters such as time, date, basal 
insulin doses, food and glycemic correction boluses. 
Users are also required to learn how to program 
advanced settings (such as temporary basal rates, 
extended/dual/square wave), be capable to identify 
alarms and solve the most common problems involving 
CSII use, such as cannula or catheter occlusion and 
non-administration of insulin. Furthermore, users must 
also be instructed on how to properly dispose of waste 
yielded by supplies in proper packaging (3).
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CSII is a high-cost and delicate management 
treatment, but it offers numerous resources for users 
who manage to learn how to make use of it. Training 
and education by healthcare providers is thus a constant 
need in order to avoid the risk of poor glycemic control, 
diabetic ketoacidosis, lipodystrophy and non-adherence 
to treatment (4).

An instrument to assess patients’ knowledge and 
use of CSII is an excellent tool in diabetes education, 
as it allows a more objective way to evaluate users’ 
understanding of how the system works and how to use 
it. In order to ensure instrument quality and reliability, 
validity must be measured (5). An instrument for this 
purpose has not been found in the literature.

The aim of this study was to develop, culturally 
adapt, and validate an instrument to assess users’ 
conceptual and procedural knowledge of CSII (CSII 
– Brazil).

MATERIALS AND METHODS

This is a methodological and exploratory study 
carried out from July 2017 to August 2019 in 
the city of Belo Horizonte, State of Minas Gerais, 
Brazil. The project was approved by the Ethics 
and Research Committee Involving Human Beings 
(CAAE number 65656117.6.1001.5138) at Santa 
Casa of Belo Horizonte Hospital. Agreement to 
participate in the study was obtained by using a Free 
Informed Consent Form signed by participants upon 
accessing an electronic questionnaire within the 
e-Surv webtool.

Stage 1 – Instrument development

Based on national and international T1D guidelines, 
in addition to user manuals and instructions provided 
by different CSII models and brands, a panel of 
researchers with expertise in diabetes, comprising a 
dietitian, a nurse and two endocrinologists, developed 
the instrument and assessed all stages until the final 
version (6-10). 

Specific topics on CSII use were identified for testing 
in the questionnaire and a first version (V1) was drafted 
with 17 questions. The instrument was designed to be 
brief and a self-administered questionnaire (Figure 1). 

In establishing a general conceptual structure, the 
instrument was developed in two parts: the first one 
made up of yes or no questions aimed to assess self-
reported basic conceptual knowledge about T1D 
concepts which are referred to in the device menu and 
messages prompted by patient’s use. These comprised: 
sensitivity factor, insulin-carbohydrate ratio, glycemic 
objective, active insulin time and others. The reason for 
having this first part was the need to assess whether 
users report being able to understand basic concepts of 
their treatment related to the terms used to name them 
in the device. 

The second part comprised questions on user 
procedural knowledge about CSII therapy, ranging 
from dealing with basic systems (technique and 
regularity of the exchange of supplies, adjustment of 
date and time, administration of basal doses and bolus 
of insulin, correct disposal of supplies and special 
bolus programming, temporary basal rates and other 
advanced CSII settings).

Literature
review

V1

Construct
definition

Items 
elaborated

by the Expert
Committe

Judges
Committee

Second version 
of the instrument

(V2)

V3 - Print
version

Online
Instrument

Digital Version –
E-surv

Face-to-
Face Test

5 CSII users

Face-to-Face
Test

10 CSII users

Expert
Committee

Third version of
the instrument

(V3)

Test
60 CSII users

Retest
60 CSII users

Statistical
evaluation

Instrument
validated

First version 
of the instrument

(V1)

STAGE 1 STAGE 2 STAGE 3 STAGE 4 STAGE 5

Figure 1. Steps in the process of preparing and validating the instrument CSII.
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Stage 2 – Assessment by expert committee

For content validation, a link to access the instrument 
on the web platform e-surv was sent by e-mail to 27 
experts (labelled as Judges Committee), among them 
endocrinologists (n = 10), nurses (n = 3) and dietitians 
(n = 7) with experience in CSII therapy, as well as 
applied linguists (n = 7) from different regions of 
Brazil, who assessed each item in V1 and rated them 
with the following options: One star standing for need 
for full reformulation; Two stars, partial reformulation 
(substantial revision needed); Three stars, need for 
partial reformulation, with minor editing to enhance 
text style; and Four stars – no need for reformulation. 
A comment box was also provided for the experts’ 
considerations and suggestions. 

Once assessment was concluded, the Content 
Validity Index (CVI – the level of agreement of experts 
on adequacy of the items) was computed: the number 
of scores 3 and 4, divided by the total number of scores 
by all members of the committee. Results greater than 
or equal to 0.78 being considered acceptable (11). 

After reviewing V1, following experts’ suggestions, 
2 questions were merged into single one, since they 
dealt with the same topic (general alarm), and version 2 
(V2) was obtained, with 16 questions.

Stage 3 – Cultural adaptation 

Cultural adequacy of V2 was verified through a pre-test 
(face-to-face) with 10 CSII users of a public diabetes 
center. Each participant was requested to read the whole 
instrument; subsequently, the participant was asked to 
point out whether the items were clear, accurate, and 
relevant. The participant’s feedback was discussed by 
the panel of researchers responsible for developing 
the questions, who deemed all comments relevant 
and reformulated those items that reached less than 
80% of agreement (12). The reformulated items were 
subsequently tested in the same group of participants. 

When there was no need for further reformulation, 
either in the number of questions or in their content, and 
thus no need for a new assessment by the researchers, 
version (V3) was obtained, which was considered 
culturally adequate to be submitted to psychometric 
validation.

Stage 4 – Adaptation for web access

At this stage, an electronic version was prepared on 
the web platform e-Surv. Five CSII users recruited at 

a public diabetes center received a link to access and 
answer a version of the instrument on the Web, to 
test its use and describe their experience. No technical 
difficulty in accessing and answering the questionnaire 
via the e-Surv platform was reported.

Stage 5 – Validation

A link to access an electronic version of the instrument 
on the e-Surv platform was sent via e-mail to 103 
patients referred by endocrinologists from public and 
private diabetes centers from Belo Horizonte, Minas 
Gerais, Brazil. Exclusion criteria were patients who 
were under 18 years old and patients who did not 
answer or answered incorrectly the questions in the 
first part of the instrument. A retest was performed in 
the final sample of 60 patients (after exclusions), with a 
minimum interval of 7 days and a maximum of 21 days 
between the tests (13). 

To assess the number of correct answers, a score 
of one to three was assigned to each alternative in 
each question. The coding of participant responses 
was based on an increasing order, with the lowest 
score being assigned to the wrong answer and the 
highest one to the correct answer. The instrument has 
twelve three-alternative multiple choice questions and 
four two-alternative multiple choice questions. The 
maximum expected score if respondent answers all 
questions correctly is 44 whereas incorrect answers in 
all questions yields a minimum 16.

Statistical analysis 

Absolute and relative frequencies were used to describe 
the sample characteristics and the proportion of correct 
answers. Internal consistency and reproducibility were 
verified to analyze the reliability of the construct. 
Cronbach’s alpha (CA) was used to assess the internal 
consistency of the instrument. 

The instrument reproducibility was evaluated 
through test-retest (temporal stability), computing the 
intraclass correlation coefficient (ICC) and Kappa index 
were added to the percentage of concordant responses 
in the test and retest, defined as the ratio between the 
number of individuals who selected the same answer 
(regardless of being correct or incorrect) at both test 
and retest and the total number of individuals (11,12). 
Floor and ceiling effects were measured by the number 
of respondents receiving the minimum and maximum 
scores, respectively.
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The significance level adopted for the statistical 
tests was 5%. For data analysis, SPSS version 20.0 was 
used.

RESULTS
Instrument development

This stage spanned 6 months and consisted in 
bibliographic search and review and meetings by a panel 
of researchers. A first version of the instrument made 
up of 25 questions was drafted, which were eventually 
reduced, as 7 questions were discarded and 2 of them 
merged into a single one, for the sake of clarity and 
convenience. V1 was finalized with 17 questions, which 
became 16 in V2 and V3, with a number of alternatives 
per question ranging from 2 to 3 (totaling 44 items 
– each alternative being considered an item, for the 
purposes of statistical analysis). 

All steps described in the literature were followed in 
the validation process.

Assessment by expert committee 

Of the 28 members in the expert committee, 35.7% 
were physicians, 25% dietitians, 25% applied linguists, 
and 10.7% nurses. Among healthcare professionals, 
most (71.4%) had treated patients who had used or 
were using CSII (Table 1).

The instrument achieved good scores by the 
committee regarding clarity and relevance, with a total 
CVI of 0.97. For item relevance, the average CVI was 
0.99. For clarity, the index was 0.95 (Table 2).

Validation

Among the 60 patients who answered the final version 
of the instrument (test and retest), age ranged from 18 
to 82 years old (36.2 ± 12.43 years) and gender was 
predominantly female. All patients in the sample had 
attended elementary school and most of them reported 
a monthly income of over five times the minimum 
wage in Brazil. 21,6% of them had purchased their 
CSII themselves (Table 3). Due to its homogeneity, the 
instrument was considered as unidimensional. In this 
context, the total CA alpha value was 0.61 (95% CI: 
0.462-0.746). Floor effects (percent with minimum 
score) were 0%, and ceiling effects (percent with 
maximum score) 7%.

An ICC value of 0.869 (95% CI: 0.789-0.919) was 
obtained. The Kappa coefficient, which assesses the 

Table 1. Expert committee demographic data 

Variables n (%)
n = 27

Gender

Female 18 (64.3)

Male 9 (32.1)

Expertise domain

Medicine 10 (35.7)

Applied linguistics 7 (25.0)

Nutrition 7 (25.0)

Nursing 3 (10.7)

First degree obtained

Less than 5 years ago 3 (10.7)

5 to 10 years ago 11 (39.3)

10 to 20 years ago 11 (39.3)

Over 20 years ago 2 (7.1)

Graduate education level 

First degree 2 (7.1)

Diploma course 7 (25.0)

Master’s degree in progress 3 (10.7)

Master’s degree 7 (25.0)

Doctoral degree in progress 4 (14.3)

Doctoral degree 4 (14.3)

Professional practice area

Ambulatory and outpatient care 19 (67.8)

Scientific research 6 (21.4)

Consulting 2 (7.1)

Prior participation in expert committees

No 17 (60.7)

Yes 10 (35.7)

Did not answer 1 (3.6)

degree of agreement, varied between 0.5-1.0 (mean: 
0.80). When the alpha absence index was calculated, 
there was a slight impact on reducing AC and no 
questions were removed (Table 4). The instrument is 
available in Supplementary Material.

The average final score during test was 39.4 (31-44 
marks). 34 participants (56.6%) scored over 40 (90% 
correct answers). 

Among the 16 questions in the instrument, four 
of them had a success rate greater than 90%. They 
deal with the topics: adjusting time and date of the 
pump whenever necessary, observing information 
prompted by alarms, eliminating air bubbles in the 
infusion set when changing disposables, and rotating 
infusion sites.
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Table 2. Total CVI per instrument’s item of CSII – Brazil 

Description  Relevance Clarity

How do you manage to deal with CSII time and date settings? 1.00 0.93

How do you manage to deal with pump alarms or alert sounds? 0.96 0.82

In case of an occlusion alarm or non-delivery of insulin, what do you do? 0.96 0.86

How often do you perform hand hygiene with soap and water and/or 70% alcohol when changing disposables? 1.00 0.93

How often do you clean your skin before applying the cannula? 1.00 0.96

How many times do you move the plunger to lubricate the reservoir/cartridge before aspirating insulin? 1.00 0.96

Do you check for and remove air bubbles in the infusion set when changing disposables? 1.00 1.00

Do you remove air bubbles before and after connecting the infusion set to the insulin reservoir? 1.00 1.00

How often do you change your cannula? 1.00 1.00

Do you rotate pump infusion sites? 1.00 0.96

Have you ever had lipodystrophy (nodules, local hardening) at cannula application sites since you started using your pump? 1.00 1.00

Can you set basal insulin doses on your own? 1.00 1.00

Can you activate and program the temporary basal function? 1.00 1.00

Can you set boluses (insulin/carbohydrate ratio, sensitivity factor and glycemic goal) on your own? 1.00 1.00

Can you program bolus types (“dual wave” and “square wave”) on your own? 1.00 1.00

Where do you dispose of supplies (needles, lancets, cannulas, infusion sets, insulin vials)? 0.96 0.89

In case of an emergency do you have spare syringes or application pens, fast and slow insulin, batteries, and disposables 
readily available for use?

0.96 0.89

CVI (mean) 0.991 0.951

TOTAL CVI PER ITEM 0.99 0.95

TOTAL INSTRUMENT CVI 0.97

CSII: continuous subcutaneous infusion systems; CVI: Content Validity Index.

Four questions showed less than 70% correct answers. 
The topics dealt with in them were: measures in case of 
occlusion alarm (63.3% answered that they performed 
the change of the entire infusion set); changing the 
infusion set (63.3% answered that they changed the set 
every 3 days); special bolus programming (58.3% of 
patients showed knowing how to program) and disposal 
location for the infusion set, syringes and needles (only 
33.3% of patients performed correct disposal in a rigid 
plastic container or in a suitable packaging for discard).

DISCUSSION

CSII is an expensive therapy, not very accessible in 
Brazil, but a promising one with numerous resources 
for T1D management, which merits research towards 
its dissemination. It represents a treatment option that 
must be carefully prescribed in order to guarantee 
successful results.

Implementing an instrument with psychometric 
qualities tested for the clinical practice of diabetes 
educators will enable a more efficient direction in 

patient follow-up. In addition to contributing to 
education of CSII users in the Brazilian cultural context, 
the design and development of such an instrument can 
be of fundamental importance in the identification of 
flaws in relation to the practices oriented to the use of 
CSII. This evaluation, in turn, will make it possible to 
readjust the teaching-learning process, so that the use 
of CSII can be optimized, guaranteeing the benefits 
that this system can bring to the user.

The collaborative work by an interdisciplinary team 
(a panel of researchers with expertise in diabetes and 
CSII) to develop the instrument made it possible to 
clarify and solve problems encountered during the 
process of drafting the items, in addition to allowing 
the adaptation of concepts and terms to the language 
used by the target subjects.

Assessment by an expert committee through the web 
tool e-Surv proved a reliable and efficient methodology 
(14). This furthered collaboration between healthcare 
and applied linguistics experts towards adaptation of the 
instrument, in addition to offering experts a channel to 
provide suggestions. 
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Table 4. Correlation between test and retest answers agreement 
percentage and Cronbach’s alpha coefficient for CSII – Brazil 

Question
Cronbach’s 

Alpha if item 
is removed

95% CI for 
Cronbach’s 

alpha

Percentual 
agreement 
test-retest 

Kappa 
index

1 0.601 0.437-0.735 95 0.95

2 0.602 0.438-0.736 96 0.784

3 0.604 0.440-0.736 86 0.711

4 0.55 0.364-0.701 90 0.75

5 0.61 0.452-0.742 80 0.504

6 0.589 0.419-0.726 96 0.861

7 0.622 0.465-0.748 98 0.98

8 0.576 0.401-0.718 93 0.859

9 0.611 0.450-0.741 98 0.793

10 0.628 0.474-0.752 100 1

11 0.644 0.497-0.763 88 0.708

12 0.605 0.442-0.737 91 0.742

13 0.608 0.447-0.739 90 0.669

14 0.593 0.425-0.729 90 0.806

15 0.6 0.435-0.734 83 0.743

16 0.59 0.421-0.727 100 1

TOTAL 0.61 0.462-0.746 92.1 0.803

Table 3. Demographic data of participants in psychometric validation of 
CSII – Brazil 

Variables n (%) 
n=60

Age (years) 36.2 ± 12.43

Time since diagnosis (years) 19.5 ± 9.3

Time using CSII (years) 6.1 ± 4.7

Gender

Female 44 (73.3)

16 (26.6)Male

Education level

Unfinished high school 2 (3.3)

Finished high school 11 (18.3)

College (degree not awarded) 9 (15)

College (degree awarded) 38 (63.3)

Monthly family income

Up to 1 minimum wage 2 (3.3)

1 to 2 minimum wages 15 (25)

3 to 4 minimum wages 14 (23.3)

Over 5 minimum wages 29 (48.3)

Patient access to CSII 

Public Healthcare System funded (as result of patient-filed 
lawsuit)

47 (78.3)

Privately purchased 13 (21.6)

Medical follow-up

Public Healthcare System 14 (23.3)

Private healthcare insurance system 46 (76.6)

CSII model

Medtronic – Paradigm VEO 25 (41.6)

Medtronic – Minimed 15 (25)

Roche Accu-Check Spirit combo 12 (20)

Medtronic – Paradigm 722 5 (8.3)

Medtronic – Paradigm 715 2 (3.3)

Roche Accu-Chek Spirit 1 (1.6)

CSII: continuous subcutaneous insulin infusion.

The instrument scored successfully in terms of 
agreement within the expert committee regarding 
clarity and relevance, with an excellent CVI (0.97). 
It should be noted that the maximum value for CVI 
is equal to 1, so the results obtained are close to the 
maximum evaluation limit (11). 

A face-to-face test with a small group of people (15) 
proved successful. In carefully developed instruments, 
two or three face-to-face tests are usually sufficient, 
which was confirmed in our sample, which required 
two rounds of tests (16).

As regards internal consistency, a CA index of 0.61 
was obtained. A CA index above 0.5 is acceptable 
when the sample is between 25 to 50 participants; in 
a basic investigation or exploratory research, a value 
of around 0.60 would suffice to meet acceptability 
(17-19). Several studies report interferences to which 
the CA index is subject, which demands caution in its 
interpretation. It is worth noticing that instruments 
with a large number of items or samples have higher 
CA values (20-22).   

The authors believe that an adequate CA index was 
achieved, considering the context in which the study 
was performed, with a restricted sample due to the 
fact that the therapeutics is still poorly available in our 
country (12). 

The CA absence index was carried out, but no 
questions were excluded, due to the small difference 
that would result in the final CA. As ours is a brief 
instrument, with a reduced number of questions 
pertaining to a single domain, removing a question 
would have a negative impact; thus, all of them were 
considered essential by the panel of experts.

The results showed good stability of the instrument, 
with a high level of agreement between test and retest 
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(all questions showed more than 80% agreement). The 
ICC (0.869) and the Kappa index (mean 0.80) proved 
that the instrument showed stability, reproducibility 
and confidence (11).

No studies were found describing the development 
and validation of instruments to assess the knowledge 
of CSII users, which did not allow for our results to be 
compared.

The first part of our instrument seeks to elicit users’ 
self-reported conceptual knowledge deemed necessary 
for a successful treatment with insulin. In the case 
of CSII, it is important that users be familiar with 
terms that the system displays as messages. Assessing 
clear understanding of these terms is then essential to 
adequate use of the system. 

For the validation stage, patients who scored 
poorly in part 1 were excluded for retest. Daily clinical 
practice recommends that, whenever a patient is in 
doubt or does not know how to answer a question, 
administration of instruments must be interrupted so 
that the patient’s doubt is clarified, and the instrument 
can be newly applied after clarification. This is seen as 
a moment to improve or revise concepts that may have 
not be consolidated. 

The second part of the instrument was meant to 
assess CSII users’ procedural knowledge regarding 
decisions they are required to make when using a CSII. 

The instrument is intended to be self-administered 
and in patient familiar settings, such as a physician’s 
waiting room. Feedback provided by the instrument 
allows endocrinologists to identify the difficulties faced 
by a patient and, even during clinical consultation.

When we analyzed the performance of the patients 
in the test, the question that obtained the lowest rate 
of correct answers did not surprise us; this was related 
to proper handling or correct disposal of sharps. A 
solution to incorrect behavior by T1D patients is to 
instruct and train them (23,24). 

It was also expected that the question about the 
user’s ability to deal with special boluses (double/
square, wave/prolonged) would have the lowest hit 
rates, as this is not frequently addressed in patient 
education or training.

Currently in Brazil we are experiencing constant 
delays in the delivery of supplies, and while developing 
this instrument we have noticed how patients make 
wrong decisions due to this, especially regarding 
inappropriate use of catheters and cannulas for longer 
than recommended. The risk of complications such as 

infections and interruption of insulin administration 
increases with this poor practice.

As regards other items in the instrument, 
participants’ performance was homogeneous and with 
good success rates; however, there are some gaps in 
the skills of these patients, which points to the need to 
intensify care and education.

In conclusion, the instrument proved useful, reliable 
and stable for application to users with CSII to assess 
conceptual and procedural knowledge with a view to 
enhancing health care practices.
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SUPPLEMENTARY MATERIAL

INSTRUMENTO SICI – BRASIL

Qual a marca e o modelo da bomba de Insulina que você utiliza? Marca ______________________Modelo _______________________

ETAPA 1
Você sabe o significado dos termos abaixo?

Dose total diária de insulina Sim ( ) Não ( )

Dose total diária de insulina basal Sim ( ) Não ( )

Relação insulina/carboidrato Sim ( ) Não ( )

Meta glicêmica Sim ( ) Não ( )

Fator de sensibilidade Sim ( ) Não ( )

Tempo de insulina ativa Sim ( ) Não ( )

Caso alguma resposta da questão anterior tenha sido NÃO, pare o preenchimento. Informe ao profissional de saúde, para esclarecimento da dúvida, antes de continuar 
a responder.

ETAPA 2

01 Em relação ao ajuste da hora e data da bomba, marque a resposta com a qual você se identifica:

 Não me preocupo com hora e a data da bomba.

 Ajusto a hora e a data da bomba sempre que tiver necessidade, por exemplo, no horário de verão e em outros fusos horários.

 Não sei como ajustar a hora e a data da bomba.

02 Quando qualquer alarme da bomba dispara, o que você faz?

 Silencio o alarme e sempre observo a informação fornecida pela bomba.

 Silencio o alarme e nem sempre observo a informação fornecida pela bomba.

 Não sei o que fazer.

03 Em caso de alarme de oclusão ou de não administração de insulina, o que você faz?

 Troco apenas a cânula e/ou cateter

 Troco a cânula, cateter e reservatório

 Não sei o que fazer e entro em contato com a equipe de saúde

04 Você faz a higiene das mãos antes de trocar os descartáveis?

 Todas as vezes

 De vez em quando

 Nunca

05 Você faz a higiene da pele antes de aplicar a cânula?

 Todas as vezes

 De vez em quando

 Nunca

06 Antes de aspirar a insulina, quantas vezes você movimenta o êmbolo para lubrificar o reservatório/cartucho?

 Nenhuma

 1-2 vezes

 3 vezes ou mais
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07 Durante a troca de descartáveis, você observa e elimina as bolhas de ar do conjunto de infusão?

 Sim

 Não

 Às vezes

08 Você faz a troca da cânula com qual frequência?

 De 2 em 2 dias

 De 3 em 3 dias

 De 4 em 4 dias ou mais

09 Você faz rodízio dos locais de aplicação da cânula?

 Sim

 Não

 Às vezes

10 Após o início do uso da bomba de insulina, você percebeu endurecimento ou qualquer alteração nos locais de aplicação da cânula?

 Sim

 Não

11 Você precisa de ajuda para configurar as doses de insulina basal na bomba?

 Sim

 Não

12 Você sabe ativar e programar a função de dose basal temporária?

 Sim

 Não

 Não sei o que é isso

13 Você sabe configurar sem ajuda os bolus (relação insulina/ carboidrato, fator de sensibilidade, meta glicêmica e tempo de insulina ativa)?

 Sim

 Não

14 Você sabe programar sem ajuda os bolus especiais (duplo/ multionda e quadrado/ prolongado)?

 Sim

 Não

 Não sei o que é isso

15 Onde você descarta as agulhas, lancetas, cânulas, conjuntos de infusão e frascos de insulina? 

 Todos em lixo comum.

 Todos em recipiente plástico rígido ou embalagem própria para descarte.

 Apenas materiais cortantes em recipiente rígido ou embalagem própria para descarte, restante em lixo comum.

16 Em caso de necessidade, você tem sempre disponível o kit de emergência (seringas ou canetas de aplicação, insulina rápida e lenta, pilhas 
e materiais para a troca de descartáveis)?

 Sim

 Não
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CODIFICAÇÃO

01 Em relação ao ajuste da hora e data da bomba, marque a resposta om a qual você se identifica:

2 Não me preocupo com hora e a data da bomba.

3 Ajusto a hora e a data da bomba sempre que tiver necessidade, por exemplo, no horário de verão e em outros fusos horários.

1 Não sei como ajustar a hora e a data da bomba.

02 Quando qualquer alarme da bomba dispara, o que você faz?

3 Silencio o alarme e sempre observo a informação fornecida pela bomba.

2 Silencio o alarme e nem sempre observo a informação fornecida pela bomba.

1 Não sei o que fazer.

03 Em caso de alarme de oclusão ou de não administração de insulina, o que você faz?

2 Troco apenas a cânula e/ou cateter

3 Troco a cânula, cateter e reservatório

1 Não sei o que fazer e entro em contato com a equipe de saúde

04 Você faz a higiene das mãos antes de trocar os descartáveis?

3 Todas as vezes

2 De vez em quando

1 Nunca

05 Você faz a higiene da pele antes de aplicar a cânula?

3 Todas as vezes

2 De vez em quando

1 Nunca

06 Antes de aspirar a insulina, quantas vezes você movimenta o êmbolo para lubrificar o reservatório/cartucho?

1 Nenhuma

2 1-2 vezes

3 3 vezes ou mais

07 Durante a troca de descartáveis, você observa e elimina as bolhas de ar do conjunto de infusão?

3 Sim

1 Não

2 Às vezes

08 Você faz a troca da cânula com qual frequência?

2 De 2 em 2 dias

3 De 3 em 3 dias

1 De 4 em 4 dias ou mais

09 Você faz rodízio dos locais de aplicação da cânula?

3 Sim

1 Não

2 Às vezes

10 Após o início do uso da bomba de insulina, você percebeu endurecimento ou qualquer alteração nos locais de aplicação da cânula?

1 Sim

2 Não
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11 Você precisa de ajuda para configurar as doses de insulina basal na bomba?

1 Sim

2 Não

12 Você sabe ativar e programar a função de dose basal temporária?

3 Sim

2 Não

1 Não sei o que é isso

13 Você sabe configurar sem ajuda os bolus (relação insulina/carboidrato, fator de sensibilidade, meta glicêmica e tempo de insulina ativa)?

2 Sim

1 Não

14 Você sabe programar sem ajuda os bolus especiais (duplo multionda e quadrado/ prolongado)?

3 Sim

2 Não

1 Não sei o que é isso

15 Onde você descarta as agulhas, lancetas, cânulas, conjuntos de infusão e frascos de insulina?

1 Todos em lixo comum.

3 Todos em recipiente plástico rígido ou embalagem própria para descarte.

2 Apenas materiais cortantes em recipiente rígido ou embalagem própria para descarte, restante em lixo comum.

16 Em caso de necessidade, você tem sempre disponível o kit de emergência (seringas ou canetas de aplicação, insulina rápida e lenta, pilhas 
e materiais para a troca de descartáveis)?

2 Sim

1 Não
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ABSTRACT
Objective: To describe the clinical characteristics, management, and fetal outcomes of patients 
diagnosed with gestational diabetes mellitus (GDM) or overt diabetes (OD) during pregnancy who 
followed up at a public healthcare referral center in Brazil. Materials and methods: A retrospective 
cohort study based on the medical records of women diagnosed with dysglycemia during 
pregnancy between January 2015 and July 2017 was conducted. Results: Out of 224 pregnant 
women evaluated, 70% were overweight/obese. GDM was observed in 78.6% of pregnant women, 
while 21.4% presented with OD. Approximately 59% of patients could be diagnosed with GDM or 
OD by fasting plasma glucose (FPG) alterations alone. Exclusive diet therapy was used in 50.9% 
of patients. The need for insulin therapy was higher in OD patients (60.4%) than in GDM patients 
(38.1%) (p = 0.006). Women who needed insulin (n = 96) had a mean initial dose of 0.33 IU/kg (±0.27) 
and a final value of 0.39 IU/kg (±0.34). The cesarean rate was 74.3%. The fetal outcomes evaluated 
were macrosomia (2.15%), large for gestational age (LGA) fetus (15.83%), intensive care unit (ICU) 
need (4.32%), Apgar score ≤7 (6.47%), hypoglycemia (14.39%) and jaundice (16.55%). Conclusions: 
Patients with GDM and OD presented with several similar clinical features. Approximately half of 
the patients presented with adequate glycemic control only with diet management. Patients with OD 
presented a higher need for insulin therapy. Although overweight and obesity were frequent within 
both groups, they could possibly explain many of our findings. Arch Endocrinol Metab. 2021;65(1):79-84 
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INTRODUCTION

Elevated glucose levels during pregnancy are 
associated with a high risk of unfavourable 

obstetric and perinatal outcomes (1). The magnitude 
of hyperglycemia promotes different consequences, and 
the differential diagnosis between overt diabetes (OD) 
during pregnancy and gestational diabetes mellitus 

(GDM) itself should be performed because these are 
distinct clinical conditions (1,2).

In turn, hyperglycemia during pregnancy is a 
treatable condition, and adequate metabolic control 
may reduce the risk of complications (3,4). Dietary 
counselling associated with physical activity and 
glycemic monitoring are the first and fundamental 
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aspects of the therapeutic approach (5,6). When 
nonpharmacological treatment is insufficient, as in up 
to 53% of the cases, although some studies indicate 
a prevalence of failure of approximately 20% to 30%, 
drug therapy is then recommended (6,7).

Brazilian data on the diagnosis and management of 
dysglycemia in pregnancy are scarce, especially those 
from the public health network. Thus, the present study 
aimed to describe real-life data concerning the main 
clinical characteristics of and the therapeutic approach 
and most relevant perinatal outcomes in patients with 
GDM and OD who were followed at a referral center 
of the public health network of the Federal District, 
Brazil.

MATERIALS AND METHODS

A retrospective cohort study was carried out at 
the Specialized Outpatient Clinic of Gestational 
Endocrinopathies at the Regional Hospital of 
Taguatinga, Federal District. Medical data for patients 
who had a diagnosis of GDM or OD with a follow-up 
between January 2015 and July 2017 were obtained 
through a chart review.

For diagnosis, the criteria recommended by the 
Brazilian Society of Diabetes (8), which establish that 
patients presenting with the following alterations are 
diagnosed with GDM, were used: FPG ≥ 92 mg/dL 
and ≤ 126 mg/dL or an oral glucose tolerance test 
(OGTT) with 75 g of anhydrous glucose presenting 
one altered point (fasting ≥ 92 mg/dL, after 1 hour  
≥ 180 mg/dL, and after 2 hours ≥ 153 mg/dL). On the 
other hand, patients with a diagnosis of OD were those 
with a fasting plasma glucose (FPG) ≥ 126 mg/dL and 
a 2-h plasma glucose on an OGTT ≥ 200 mg/dL. The 
goal of treatment adopted at our service is to maintain 
pre-prandial blood glucose lower than 95 mg/dL and 
postprandial blood glucose lower than 140 mg/dL 
after one hour using blood glucose self-monitoring (8).

Despite the orientation of blood glucose 
measurements one and two hours after 75-g anhydrous 
glucose stimulation at diagnosis, most of the 
laboratories of the Secretariat of Health of the Federal 
District use a protocol that includes measurements of 
FPG and 2-h plasma glucose on an OGTT only. For 
this reason, it was not possible to include blood glucose 
measurements after one hour.

Data were collected according to the chart number, 
date of birth, date of last menstruation, gestational 

age at diagnosis and at the first consultation with an 
endocrinologist, blood glucose values on diagnostic 
tests, body mass index (BMI) prior to gestation, weight 
gain, type of treatment, insulin dosage, birth data 
(gestational age, type of delivery and birth weight) and 
main fetal outcomes (hypoglycemia defined by glycemic 
levels lower than 50 mg/dL, need for intensive care 
unit (ICU), clinically diagnosed jaundice confirmed 
with laboratory tests and Apgar score ≤ 7).

We considered a fetal weight greater than 4 kg to 
indicate a macrosomic fetus, and a large for gestational 
age (LGA) fetus was indicated when the fetal weight 
was above 90th percentile according to gestational 
age. A local intrauterine growth pattern chart, which 
has been validated and is broadly used in the Federal 
District, was employed to determine the percentile of 
each newborn (9).

Descriptive statistics were used to present the 
clinical and demographic variables of the patients. 
Absolute and relative frequencies, means and standard 
deviation, and median and interquartile intervals were 
used as appropriate. Differences in the distribution of 
categorical variables were analysed with the chi-square 
test. The Shapiro-Wilk test was used to verify whether 
continuous variables were normally distributed. 
Parametric continuous variables were evaluated with a 
t test, and nonparametric variables were evaluated with 
the Mann-Whitney test. The Spearman correlation 
test was used to evaluate correlations between the 
variables. Poisson regression analysis was employed to 
calculate the risk ratio of factors associated with insulin 
treatment. The level of significance was set at a p-value 
<0.05. Analyses were performed using the Statistical 
Package for Social Sciences (SPSS), version 22.0.

This work was approved by the Local Research 
Ethics Committee under the Certificate of 
Presentation for Ethical Appreciation (CAAE) 
number 75695917.7.0000.5553/Approval Number 
2.283.783.

RESULTS

A total of 234 patients were diagnosed with GDM 
and OD between January 2015 and July 2017. Ten 
were excluded due to insufficient data. Therefore, 224 
patients were evaluated.

The general characteristics of the sample are 
shown in Table 1. In regards to their pre-gestational 
BMI, 77 patients (34.4%) were obese, 77 (34.4%) 
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were overweight, 58 (25.9%) had a normal BMI, 1 
(0.4%) was underweight, and 11 (4.9%) did not have 
information on their pre-pregnancy weight.

A hundred and seventy six women (78.6%) met the 
criteria for GDM, while 21.4% presented with OD. 
The main characteristics of GDM and OD groups 
are presented in Table 1. Patients with OD presented 
a higher need for insulin therapy and higher insulin 
doses. Age, gestational age (GA) at diagnosis, GA at 
first appointment, pre-conception BMI and weight gain 
were not significantly different between the groups.

Regarding glucose at diagnosis, approximately 67 
patients (30%) showed high FPG (measured alone 
or during the OGTT), 92 (41%) showed high blood 
glucose after 2 hours on the OGTT, and 65 (29%) 
presented changes in both. There was a delay of 

approximately 7 weeks from when the exams were 
performed to the first medical evaluation at our 
center.

Exclusive diet therapy was used in 114 patients 
(50.9%), diet plus insulin therapy was used in 96 
(42.9%), and diet plus oral antidiabetic therapy was 
used in 14 (6.2%). Among those on antidiabetic drugs, 
12 used metformin, 1 used glibenclamide, and 1 used 
glibenclamide associated with metformin. Among the 
96 patients who received insulin, a total of 7 (7.3%) 
were on metformin as well.

When insulin-treated (n = 96) vs. non-insulin-
treated (n = 128) patients were compared (Table 2), 
insulin-treated patients showed higher FPG, 2-h plasma 
glucose on an OGTT, and weight gain during pregnancy 
and a higher prevalence of OD.

Table 1. Comparison of the characteristics between GDM and OD patients

Characteristics Overall
(n = 224)

GDM
(n = 176)

OD
(n = 48) P-value*

Age (years)a 33.00 (±7.00) 33.00 (±7.00) 31.00 (±10.00) 0.267

GA at diagnosis (weeks)a 26.00 (±9.00) 26.00 (±9.00) 26.07 (±8.46) 0.765

GA at first appointment (weeks)a 32.57 (±6.36) 32.86 (±6.57) 32.21 (±6.25) 0.243

Pre-gestational BMI (kg/m²)a 28.00 (±7.54) 27.97 (±7.94) 28.40 (±6.35) 0.353

Gestational weight gain (kg)a 8.15 (±7.40) 8.00 (±6.80) 9.30 (±8.70) 0.445

Need for insulin therapyb 96 (42.8) 67 (38.1) 29 (60.4) 0.006**

Initial dose of insulin IU/kga 0.23 (±0.39) 0.17 (±0.25) 0.53 (±0.56) <0.001**

Final dose of insulin IU/kga 0.28 (±0.44) 0.19 (±0.29) 0.55 (±0.53) 0.002**

GDM: gestational diabetes mellitus; OD: overt diabetes; GA: gestational age; BMI: body mass index; FGP: fasting plasma glucose; OGTT: oral glucose tolerance test.
a Values expressed as median (± interquartile range).
b Values expressed as proportion n (%).
* P-values were based on Mann-Whitney test (skewed continuous variables) or chi-square test (categorical variables).
** P-value < 0.05. Number of patients who needed insulin therapy and doses of insulin were significantly different through the comparison between GDM and OD groups.

Table 2. Comparison between insulin-treated and non-insulin-treated patients

Insulin-treated group
(n = 96)

Non-insulin-treated group
(n = 128) P-value*

Age (years)a 34.00 (±9.00) 32.00 (±7.00) 0.407 

GA at diagnosis (weeks)a 26.00 (±8.86) 26.00 (±8.75) 0.828 

GA at 1st appointment (weeks)a 32.43 (±6.50) 32.71 (±6.25) 0.478 

Pre-gestational BMI (kg/m²)a 28.32 (±6.40) 27.57 (±8.07) 0.201 

Gestational weight gain (kg)a 9.35 (±6.90) 6.90 (±7.00) 0.038**

FPG at diagnosis (mg/dL)a 98.00 (±26.00) 93.00 (±18.00) 0.004**

2-h plasma glucose on OGTT (mg/dL)a 167.50 (±38.00) 165.00 (±25.00) 0.033**

Overt diabetes frequencyb 29 (30.2) 19 (14.8) 0.006**

FGP: fasting plasma glucose; OGTT: oral glucose tolerance test; GA: gestational age; BMI: body mass index.
a Values expressed as median (± interquartile range). 
b Values expressed as proportion n (%).
* P-values were based on Mann-Whitney test (skewed continuous variables) or chi-square test (categorical variables).
** p < 0.05.
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The regression model (data not shown) to evaluate 
risk factors for insulin treatment did not show any 
association with the type of diabetes (GDM or OD), 
age, GA at diagnosis, GA at the first consultation, BMI 
preconception, weight gain, FPG or 2-hour plasma 
glucose on an OGTT. This means that no explanatory 
variable was significant in the Poisson regression model 
using insulin as a response.

Women who needed insulin (n = 96) had a mean 
initial dose of 0.33 IU/kg (±0.27) and a final value of 
0.39 IU/kg (±0.34) (data for GDM and OD groups are 
displayed in Table 1). There was a correlation between 
FPG at diagnosis and the initial dose of insulin (r = 
0.511; p < 0.001) and between FPG at diagnosis and 
the final dose of insulin (r = 0.526, p < 0.001). Among 
patients with OD (n = 48), 19 (39.6%) obtained glucose 
control without insulin, although in 3 cases, metformin 
was associated with the diet.

After assessing medical records, it was possible to 
obtain data on gestational age and type of delivery 
in 171 women (76.3%). The mean gestational age at 
delivery was 38.45 ± 1.86 weeks, and cesarean sections 
occurred in 127 cases (74.3%). The insulin-treated 
patients showed a lower gestational age at delivery 
(median 38.00 ± 1.11 weeks) than patients who were 
treated by diet (median 39.00 ± 1.89) (p < 0.001). A 
higher prevalence of cesarean section was also observed 
(p = 0.003) when comparing insulin-treated [available 
data for 71 women, cesarean section in 61 (85.9%)] 
vs. non-insulin-treated patients [available data for 100 
women, cesarean section in 66 (66%)]. Regarding 
postpartum re-evaluations, only 71 patients (31.7%) 
returned for outpatient follow-up.

Medical records of the fetal outcomes were obtained 
for 139 patients (62.1%). The main outcomes are 
displayed in Table 3.

DISCUSSION

The recent change in the diagnostic criteria raised the 
prevalence of dysglycemia in pregnancy (10,11), but 
the concomitant increase in obesity and metabolic 
syndrome leads to implications in this scenario as well 
(7). Overweight in pregnant women with diabetes is 
associated with deleterious maternal-fetal outcomes 
(7,12,13). In the present study, the pre-gestational 
BMIs indicated that 70% had overweight or obesity. 

As expected, there was a higher prevalence of 
GDM than OD at diagnosis (Table 1), occurring in 
approximately 79% of the cases. Similar findings have been 
shown in other series (14,15). There was an important 
delay between laboratory diagnosis and specialized care, 
which reflects the need to improve assistance.

In 2016, the Pan American Health Organization, 
the Ministry of Health and the Brazilian Federation 
of Gynecology and Obstetrics together with the SBD 
announced new recommendations for the screening and 
diagnosis of GDM and OD, considering the reality of 
public health and the latest World Health Organization 
criteria, and all were within the recommendations of the 
International Association of Diabetes and Pregnancy 
Study Groups (IADPSG) (2). This new guideline 
proposes a flowchart for situations in which technical 
or financial availability are limited, by recommending 
the exclusive use of FPG as a diagnostic tool for GDM 
and OD during pregnancy.

Table 3. Main perinatal outcomes (n = 139)

Perinatal Outcomes Overall
(n = 139)

GDM group 
(n = 105)

OD group
(n = 34)

Birth Weight (g)a* 3,266.24 ± 468.61 3,279.21 ± 411.21 3,222.66 ± 610.66

LGA (n)b 22 (15.83) 14 (13.33) 8 (23.53)

Macrosomia (n)b 3 (2.15) 1 (0.95) 2 (5.88) 

Need for ICU (n)b 6 (4.32) 2 (1.90) 4 (11.76)

Apgar score ≤ 7 (n)b 9 (6.47) 6 (5.71) 3 (8.82)

Hypoglycemia (n)b 20 (14.39) 12 (11.43) 8 (23.53)

Clinical jaundice (n)b 23 (16.55) 17 (16.19) 6 (17.64)

OD: overt diabetes; GDM: gestational diabetes mellitus; LGA: large for gestational age; ICU: intensive care unit.
a Values expressed as mean (± standard deviation).
b Values expressed as proportion n (%).
* P-value = 0.552 (Result obtained from Student’s t-test) when comparing GDM vs. OD. Differences in the other outcomes were not evaluated because of the small number of patients with 
complications in each group.
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The use of FPG alone for the diagnosis of gestational 
diabetes was reviewed by Dickinson in 2019 (16). 
The difference in test performance depends on the 
population studied. Better performance was seen in 
Caucasians than in South Asians. When applied to the 
HAPO study, FPG would diagnose only approximately 
55% of GDM cases. In our sample, only 59% of 
pregnant women could be diagnosed by FPG, which 
does not reach the expectation of the guideline, which 
estimates coverage of 86% (2). The Brazilian Study of 
Gestational Diabetes retrospectively analysed FPG as a 
tool to avoid the OGTT using a cohort from 1991 to 
1995 and found a sensitivity of 86%. However, their 
population was younger (mean maternal age 27.8 
years) and lighter (mean BMI at enrolment 26 kg/m2) 
(17) than ours (median maternal age 33 years and 
pre-conception BMI 28 kg/m2). This could reflect 20 
years of the obesity epidemic and changes in aspects of 
fertility. Perhaps this point should be better evaluated in 
further studies, especially when considering its impact 
on public health.

Pharmacological treatment was necessary for 49% 
of the patients. This finding is consistent with other 
studies in which failure rates with nonpharmacological 
treatment may reach 53% (6,7). An interesting point is 
that 39.6% (n = 19) of the patients diagnosed with OD 
(n = 48) achieved the therapeutic goal without the use 
of insulin.

There are several studies examining oral antidiabetic 
drugs during pregnancy, mainly metformin and 
glibenclamide (18-20). Evidence favouring metformin 
instead of glibenclamide has been reported (19,21), 
although it was not confirmed (20). Metformin is a 
cheap and easy-to-use drug that helps up to 66% of 
women with GDM, but since its long-term safety is still 
questioned, the first choice is still insulin (22).

There are studies demonstrating that some clinical 
and laboratory parameters may predict the need for 
insulin therapy (6,7). Although we found that weight 
gain, FPG, 2-h plasma glucose on the OGTT, and 
the diagnosis of overt diabetes presented a statistically 
significant association with insulinization individually 
(Table 2), which is consistent with previous studies 
(6,7), the regression model did not show multiple 
associations with these characteristics.

For patients who needed insulin, the final dose was 
approximately 0.4 IU/kg. This result suggests that 
low insulin doses may be sufficient in many cases. This 
finding can be related to the fact that the new diagnosis 

criteria proposed by IADPSG (1) include many patients 
with milder glucose elevations.

An alarming finding was the high prevalence of 
cesarean deliveries (74.3%). Brazil is second in the 
world in terms of the number of cesarean sections 
(23). In studies with patients with GDM or OD, the 
incidence of cesarean deliveries ranges from 23.7% to 
51.4% (4,5,14). The presence of insulinization seemed 
to promote a greater indication for cesarean section in 
the present study.

Also noteworthy was the low postpartum outpatient 
return rate, which was approximately one third of the 
women, indicating that it is essential to implement 
strategies to improve follow-up, considering the 
importance of ensuring continuality of care in OD patients 
and preventing type 2 diabetes in GDM cases (24-26).

Regarding the main fetal outcomes, there was a low 
prevalence of macrosomia (2.15%), and the rate of LGA 
newborns (15.83%) was comparable to that from other 
clinical studies (4,13,27). On the other hand, the need 
for ICUs (4.32%) was lower than that found in the 
literature, which varies between 9.6 and 35% (14,28).

The present study has some limitations, such as 
its retrospective nature, the small number of cases 
evaluated and the lack of the 1-hour values for OGTTs 
in most of our data. Despite the absence of novelty, our 
study addresses important issues because it reflects the 
real-life daily routine at a specialized center of the public 
health network in Brazil after the adoption of IADPSG 
(1) criteria for GDM diagnosis. This is particularly 
important when considering that daily clinical practice 
should be adapted to the available resources in each 
scenario according to current guidelines (2,22).

In conclusion, patients with GDM and OD presented 
with several similar clinical features. Approximately 
half of the patients presented with adequate glycemic 
control only with diet management. Patients with 
OD presented a higher need for insulin therapy and 
insulin-treated patients presented with a higher rate 
of cesarean section. Although overweight and obesity 
were frequent within both groups, they could possibly 
explain many of our findings.
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ABSTRACT
Objective: Internet usage for obtaining health-related information is widely popular among patients. 
However, there are still concerns about the reliability and comprehensibility of online information. 
The purpose of this study is to investigate the reliability and readability of osteoporosis-related 
websites. Materials and methods: On April 2, 2020, we searched the term “osteoporosis” on Google 
(https://www.google.com). We evaluated the first 200 uniform resource locators (URLs) in the query 
results regarding typology, the Journal of the American Medical Association (JAMA) scores, Health 
on the Net Foundation Code of conduct (HONcode) certification, Flesch–Kincaid Grade (FKG), and 
Simple Measure of Gobbledygook (SMOG) scores. The JAMA scoring system and HONcode stamp 
were used for assessing the reliability, whereas FKG and SMOG scores were used to assess the 
readability of online information. Results: Of the 151 analyzed websites, 57 (37.7%) were classified 
as highly reliable, and 19 (12.6%) were assigned with HONcode certification. The average FKG scores 
(8.81 ± 2.21) and SMOG scores (7.63 ± 1.81) were below the recommended grade, which is considered 
as easily readable. High reliable information was found to have higher readability scores, thereby 
representing the difficulty of readability. We observed a weak correlation between the increased 
reliability of information and decreased readability. Conclusion: Osteoporosis-related content on 
the internet generally has low reliability. High-reliable information is available online in scientific 
published materials, health portals, and news. Although the readability of the overall material is 
acceptable, the high-reliable websites still require high literacy and comprehension skills. Arch 
Endocrinol Metab. 2021;65(1):85-92
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INTRODUCTION

Osteoporosis is a disease that is characterized by 
low bone mass, deterioration of bone tissue, and 

disruption of bone microarchitecture, further leading 
to compromised bone strength and an increased risk of 
fractures (1). Osteoporosis is the most common bone 
disease in humans, which represents a significant health 
problem. It usually remains silent until the occurrence 
of fractures, which may cause secondary health 
problems, including death (2). Aging, sex steroid 
deficiency, glucocorticoids, reduced bone quality, 
disruption of microarchitectural integrity are some risk 
factors associated with an increased risk of osteoporotic 
fractures (3). An adequate intake of serum calcium 
and vitamin D, decreasing consumption of alcohol 
and caffeine, regular exercise, prevention of falls, and 

pharmacologic therapy are used for the management of 
osteoporosis (4). 

With the wide usage of the internet, there is easier 
accessibility of online information regarding diseases, 
drugs, treatment choices, and surgical procedures. It 
has been demonstrated that half of the adult population 
in the United States uses the internet to obtain health-
related information (5). The main reasons for patients 
using online information are to verify information 
from doctors, find answers to their questions, and 
seek alternative treatment options (6). Modern-day 
patients are keen to search the internet after a specific 
diagnosis. The chronic course of osteoporosis and 
its treatment may incite patients to seek alternative 
sources of information, and clinicians may encounter 
patients who had obtained information from online 
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sources. Although the availability of online sources 
may be useful for patients’ participation, there are 
increasing concerns about the quality and accuracy 
of online health-related information (7-9). While the 
online content varies from high-reliable to misleading 
information, there is no specific mechanism to assess 
the accuracy and reliability of online health-related 
sources. Patients with low health literacy skills 
may have difficulty in assessing the health-related 
information. Previous research has documented 
that many individuals are unaware of the risk 
factors of osteoporosis and potentially debilitating 
consequences (10,11). Hence, patients’ education is 
an essential component for the effective prevention 
and management of osteoporosis. Physicians need to 
refer the patients to accurate sources.

To our knowledge, there is only one study that 
has assessed the readability and reliability of online 
materials on osteoporosis and evaluated 27 websites in 
2005 (9). Because the information on the internet is 
rapidly growing, an update of online information on 
osteoporosis with more websites is a necessity. In this 
manner, the purpose of this study is to evaluate the 
reliability and readability of websites on osteoporosis. 
Additionally, this study aimed to determine the website 
typologies that provide high-reliable information on 
osteoporosis.

MATERIALS AND METHODS

Study design and data collection

For this descriptive study, we searched websites on 
Google (https://www.google.com) by using the search 
term “osteoporosis” on April 2, 2020. This term was 
chosen to contain a larger website sample. Recently, 
Google is the leading search engine in January 2020 with 
a market share of 87.35% (12); therefore, Google was 
used as the main search engine for our study. We signed 
out from Google account and also deleted cookies and 
browser history before the search to avoid the effects of 
previous internet use (such as Google Ads) on search 
results. We recorded the first 200 uniform resource 
locators (URLs) of websites consistently similar to the 
previous studies (13-16). Internet users typically review 
websites on the first page of query results (17). The 
first page on Google includes ten websites; therefore, 
the first ten websites are considered as the most viewed. 

The following exclusion criteria were employed 
for our study: 1) websites that required subscription 
or registration, 2) inaccessible websites, 3) websites 
that contained no information about osteoporosis, 
4) repetitive websites, 5) websites that contain 
non-readable information such as videos or sound 
recordings, and 6) websites in languages other than 
English. 

If no criteria appeared on the website’s homepage 
while evaluating the websites, then we applied a 
three-click rule. The three-click rule is a rule of web 
design regarding the design of website navigation. 
This rule recommends that the website’s user should 
be able to discover any information with no more 
than three clicks of a mouse. It is based on the belief 
that the website users will become frustrated and 
often leave if they cannot find the information within 
the three clicks (18). If there were many relevant 
topics on URL indexed in Google, per the three-
click rule, then we analyzed the most current topic if 
the topics were sorted according to date or the first 
topic if no clue about the date was explicit on URL.

This study did not assess any human participants 
or animals. Therefore, the approval of the ethics 
committee was not required for this study. 

Types of websites

Websites were divided into the following eight 
categories: 1) commercial (websites that sell products 
or provide services to generate profits), 2) government 
(websites created, administered, or regulated by an 
official government agency), 3) health portals (websites 
that provide health-related information on various 
topics), 4) news (newspaper or magazine websites 
that are created to provide news and information), 
5) nonprofit (charitable/supportive/educational 
websites that were not established to generate profits), 
6) professional (websites created by organizations or 
individuals with professional medical qualifications), 
7) scientific publishing (online scientific journals or 
academic publishing), and 8) others (websites that 
could not be classified in any type of typology). Two 
independent assessors (OVY, MSK) evaluated the types 
of websites. If there was an inconsistency regarding the 
evaluation of the website, then a third independent 
assessor (FB) evaluated the website and made the final 
decision. 
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The Journal of the American Medical Association 
(JAMA) score  

The JAMA scoring system comprised four parameters: 1) 
authorship (authors and contributors, their affiliations, 
and relevant credentials should be provided), 2) 
attribution (references and sources for all content should 
be listed clearly, and all relevant copyright information 
should be adequately noted), 3) disclosure (website’s 
“ownership” should be prominently and fully disclosed, 
as should any sponsorship, advertising, underwriting, 
commercial funding arrangements or support, or potential 
conflicts of interest), and 4) currency (dates on which 
the content was posted and updated should be indicated) 
(7). The absence of each parameter is scored as 0 points, 
and its presence as 1 point. The maximum possible total 
score is 4, where the minimum score is 0. A website 
with ≥3 points is considered as high-reliable, whereas 
≤2 is considered as low-reliable (19). Two independent 
investigators (OVY and MSK) evaluated JAMA scores. If 
the sought information about a parameter was written in 
any location on URL or was available with a simple click 
from the URL, then the score was considered as 1 for 
the parameter. If there was a discrepancy among JAMA 
scores, then a third independent assessor (FB) evaluated 
and finalized the website. 

Health on the Net Foundation Code of conduct 
(HONcode) certification  

Health on the Net Foundation (a nonprofit 
organization) issued a code of conduct (HONcode) 
for medical and health websites to address the 
reliability and usefulness of medical information on 
the internet (20). The code only states that the site 
holds to the standards so that the readers can know 
the source and purpose of the presented medical 
information. The certification process evaluates eight 
main topics comprising authoritative, complementarity, 
privacy, attribution, justifiability, transparency, financial 
disclosure, and advertising policy (21). The HONcode is 
voluntary, which means that webmasters and information 
providers can apply for HONcode certification. However, 
HONcode certification is costly; therefore, its usability 
may be limited. We examined whether the HONcode 
stamp exists on the homepage or relevant URL.

Readability

We used an online tool to assess the Flesch-Kincaid 
Grade (FKG) and the Simple Measure of Gobbledygook 

(SMOG) scores of websites (https://www.webfx.
com/tools/read-able/). The “FKG Level Formula” 
presents a score as a US grade level, thereby making 
it easier for teachers, parents, librarians, and others to 
judge the readability level of various books and texts. 
The FKG evaluates the average sentence length and 
average syllables per word in the calculation of the 
readability score (22). The SMOG grade is a measure 
of readability that estimates the years of education 
needed to understand a piece of writing. In addition 
to parameters in the FKG scoring system, the SMOG 
grade evaluates the number of polysyllabic words in 30 
sentences (23). The SMOG is widely used, particularly 
for checking health-related texts (24). 

Statistical analysis

We used IBM SPSS Statistics v21.0 statistical software 
(Armonk, NY, USA) to perform all statistical analyses. 
Moreover, we used the Shapiro-Wilk test to test 
the variable distribution. Descriptive statistics were 
indicated as “mean ± standard deviation” and “median, 
minimum − maximum” for quantitative variables, 
whereas “frequency and percentage [n (%)]” were 
indicated for categorical variables. We used Cohen’s κ 
to determine the inter-rater reliability for categorical 
or ordinal items, and the Mann–Whitney U test to 
compare two groups with non-normally distributed 
variables. We employed the Spearman’s rank correlation 
analysis to assess the correlations among non-normal 
distributing variables. The relations were interpreted 
as highly correlated when r was ≥ 0.60, moderately 
correlated when r was between 0.30 and 0.60, and 
weakly correlated when r was ≤ 0.30 (25). A p-value 
of less than 0.05 was considered statistically significant 
for this study.

RESULTS

Among the 151 websites evaluated, based on typologies, 
the websites were classified as commercial (n = 39, 
26%), nonprofit (n = 27, 18%), health portals (n = 22, 
14%), news (n = 22, 14%), professionals (n=18, 12%), 
scientific publishing (n = 15, 10%), government (n = 7, 
5%), and others (n = 1, 1%) (Figure 1).

The inter-rater reliability for determining the 
typology was almost excellent (Cohen’s kappa 
coefficient (κ) = 0.954). It was demonstrated that 
internet users typically access and read websites on the 
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Figure 1. Types of websites in the whole search.

Table 1. Types of websites in the study

Type Initial 10
n (%)

Websites other than initial 10
n (%) p

Commercial 1 (10.0%) 38 (27.0%) 0.206*

Government 2 (20.0%) 5 (4.0%)

Health portal 1 (10.0%) 21 (15.0%)

News 3 (30.0%) 19 (13.0%)

Nonprofit 2 (20.0%) 25 (18.0%)

Professionals 1 (10.0%) 17 (12.0%)

Scientific publishing 0 (0.0%) 15 (11.0%)

Others 0 (0.0%) 1 (1.0%)

Total (n) 10 141

* Fisher exact test.

(κ) = 0.930). Among all the websites evaluated, 19 
(12.6%) had HONcode stamp, whereas 132 (87.4%) 
were not certified by the stamp. When the typologies 
of websites were evaluated in terms of JAMA scores, 
93.3% of scientific publishing websites, 59.1% of news 
websites, 59.0% of health portals, 22.2% of nonprofit 
websites, 17.9% of commercial websites, 16.7% of 
professional websites, 14.3% of government websites, 
and 0.0% of other websites were classified as high-
reliable websites. Table 2 presents the JAMA scores 
and classifications according to the website typologies. 
When the JAMA scores of the first ten and remaining 
websites were compared, there was no significant 
difference between the groups (p = 0.623). Table 3 
presents the comparison of JAMA scores of the initial 
ten and remaining websites. 

The mean FKG score was 8.81 ± 2.21 (median = 
8.7, min = 2.2, and max = 16.9), and the mean SMOG 
score was 7.63 ± 1.81 (median = 7.4, min = 1.8, max 
= 14.1) in the evaluated websites. When the initial 
ten and remaining websites were compared in terms 
of readability scores, there was no difference for FKG 
and SMOG scores (p = 0.425 and 0.461, respectively). 
When websites were compared according to reliability 
in terms of readability, high-reliable websites had higher 
FKG and SMOG scores than low-reliable websites  
(p = 0.004 and < 0.001, respectively). Table 4 presents 
the between-group comparisons of readability scores. 
Additionally, we observed weak positive correlations 
between the JAMA scores and readability scores  
(r = 0.202, p = 0.013 for FKG and r = 0.283, p = 
<0.001 for SMOG).

first page of the search engine (17). Google indexes 
ten websites on its first page. When we compared the 
first ten pages and the remaining webpages in terms 
of typology, we observed no significant difference  
(p = 0.206). Table 1 presents the different typologies of 
websites searched in our study. 

The overall JAMA scores of 151 websites were 
2.2 ± 1.19 (median = 2, min = 0, max = 4). Of 
these websites, 57 (37.7%) were classified as high-
reliable (JAMA score ≥ 3), whereas 94 (62.3%) were 
classified as low-reliable websites (JAMA score ≤ 2). 
The inter-rater reliability for determining the JAMA 
score was almost excellent (Cohen’s kappa coefficient 

Comercial 
n = 39 (26%)

Others 
n = 1 (1%)

Scientific 
publishing 

n = 15 
(10%)

Professionals 
n = 18 (12%)

Nonprofit 
n = 27 (18%)

News 
n = 22 (14%)

Health portal 
n = 22 (14%)

Government  
n = 7 (5%)
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Table 3. JAMA scores of first ten and remaining

Websites Initial 10 (n = 10)

Mean ± SD

Median (Min-Max)

Others (n = 141)

Mean ± SD

Median (Min-Max)

p 

JAMA score 2.4 ± 1.26

2 (1-4)

2.19 ± 1.19

2 (0-4)

0.623#

# Mann-Whitney U test.
JAMA: Journal of the American Medical Association.

Table 2. JAMA scores according to website typologies

Type
JAMA score
Mean ± SD

Median (Min-Max)

JAMA High-reliable
n (%)

JAMA Low-reliable
n (%) p

Commercial 1.56 ± 0.94

1 (0-4)

7 (17.9%) 32 (82.1%) <0.001*

Government 2.14 ± 0.9

2 (1-4)

1 (14.3%) 6 (85.7%)

Health portal 2.95 ± 1.0

3 (1-4)

13 (59.0%) 9 (41.0%)

News 2.64 ± 1.09

3 (0-4)

13 (59.1%) 9 (40.9%)

Nonprofit 1.67 ± 1.04

2 (0-4)

6 (22.2%) 21 (77.8%)

Professionals 1.78 ± 0.88

2 (1-4)

3 (16.7%) 15 (83.3%)

Scientific publishing 3.73 ± 0.8

4 (1-4)

14 (93.3%) 1 (6.7%)

Others N/A 0 (0.0%) 1 (100.0%)

* Fisher exact test (comparison of high-reliable and low-reliable websites).
JAMA: Journal of the American Medical Association; N/A: not applicable.

Table 4. Comparison of readability scores of websites

Mean ± SD
Median (Min-Max)

Mean ± SD
Median (Min–Max) p

Websites on the first page and others Initial 10 

(n = 10)

Remaining websites

(n = 141)

FKG 9.12 ± 1.53

9 (7.1-11.3)

8.79 ± 2.25

8.5 (2.2-16.9)

0.425#

SMOG 7.74 ± 0.94

7.85 (6.3-9.3)

7.62 ± 1.86

7.4 (1.8-14.1)

0.461#

Websites according to JAMA score High-reliable

(n = 57)

Low-reliable

(n = 94)

FKG 9.47 ± 2.41

9.3 (4.8-16.8)

8.42 ± 1.99

8.1 (2.2-16.9)

0.004#

SMOG 8.23 ± 2.06

8 (1.8-14.1)

7.26 ± 1.53

7 (3.4-13.8)

<0.001#

# Mann-Whitney U test.
FKG: Flesch-Kincaid Grade; SMOG: Simple Measure of Gobbledygook score; JAMA: Journal of the American Medical Association.
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DISCUSSION

Internet is widely used by patients as a source of 
information (26). The ability to obtain medical 
information accurately, conveniently, and quickly 
helps patients to be better informed on decision 
making and participating. Tools such as search 
engines assist patients in finding related information 
online. However, finding relevant information may 
be challenging; also, the content of most websites 
may contain inconsistencies and inaccuracies. In this 
study, we aimed to evaluate whether online sources 
provide high-reliable and readable information about 
osteoporosis. We also sought to determine which types 
of sources provide more high-reliable information. 
Moreover, we attempted to ascertain whether there 
is a difference between websites on the first page and 
remaining pages in terms of reliability and readability. 
Nevertheless, we sought whether there is a correlation 
between the reliability and readability of the websites. 
A large number of websites were commercial, nonprofit 
websites, news, and health portals in our whole search 
process, whereas there were news, government, and 
nonprofit websites on the first page of Google. There 
was no difference between the initial ten websites and 
the remaining websites in terms of typology. Scientific 
publications, health portals, and news had high-reliable 
content, and in terms of JAMA scores, there was no 
difference between the first ten websites and the 
remaining websites. The FKG and SMOG readability 
scores were similar in the first ten pages and remaining 
pages. High-reliable pages had higher readability scores 
than low-reliable pages; hence, they were harder to 
read. There was a weak positive correlation between 
JAMA and readability scores. 

There are many types of websites providing health-
related information. We sorted these webpages into 
eight categories; however, even in the same category, 
there is a variety of styles for providing the information. 
Two independent investigators evaluated the website 
typology and inter-rater reliability for determining 
the typology, which was almost excellent (Cohen’s κ 
= 0.954). The third investigator finalized the decision. 
Most of the health portals and news sites were 
administered by professional media corporations, which 
are aware of health-related writing rules. This practice 
resulted in higher JAMA scores for these typologies. 
Interestingly, government-supported websites and 
websites by professional organizations and individuals 

lacked high-reliable information. These websites mostly 
did not provide the authors’ name(s) or references by 
self-confidence. Even though readers may have to trust 
the information provided on these types of websites, 
correct referencing, dates, and author names need to 
be proven and provided. These websites should provide 
the readers with adequate information; thus, nonexpert 
readers may assess the reliability of information easily. 
There are concerns about websites with financial 
purposes for providing biased and incomplete or 
incorrect information (16). As legitimating these 
concerns, commercial websites mostly (82.1%) 
provided low-reliable information. Gladly, there was 
only one commercially purposed website in the initial 
ten websites. Many studies demonstrated that high 
rates of online information are related to commercial 
purposes (16,27,28). However, these rates were lower 
than those presented in our study. This result may be 
related to a different evaluation method. We accepted 
hospital webpages, which are offering an appointment 
with a physician or providing a telephone number for 
reservation after the information as webpages with a 
commercial purpose, which may be the reason for 
higher commercial rates. 

Of the evaluated 151 websites, 57 (37.7%) were 
classified as high reliable, whereas 94 (62.3%) were 
classified as low reliable. The high rates of low JAMA 
scores represent that there is unreliable information on 
osteoporosis on the internet. Qualification, according 
to JAMA scores, vary in studies investigating online 
information on different topics. Arif and Ghezzi (14) 
reported a 37% rate of high-reliable websites on breast 
cancer-related information. In more recent studies, 
Basavakumar and cols. (13) reported a 43% rate of 
high-reliable websites on fibromyalgia, and Kocyigit 
and cols. (16) reported 46% rate of high-reliable 
websites on Ankylosing spondylitis. The presence 
of the HONcode stamp varied from 7% to 53% in 
the aforementioned studies. HONcode certification 
rate was 12.6% in our study, thereby indicating a low 
certification process. None of the scientific published 
materials had a HONcode stamp, which may be the 
cause of low rates. The necessity of a HONcode 
certification for scientific publishing is a matter of 
debate; however, adequate certification methods 
could be necessary for appropriate and truthful online 
information. A protocol or a committee to assess health 
information-related websites before they are accessible 
to the public may be considered.
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Joshi and cols. (29) evaluated the nutrition-related 
information on osteoporosis in different websites. They 
entered five search terms in various search engines and 
categorized the websites according to their extensions 
(such as .gov, .edu, .com). They assessed the websites 
with a scale by the Agency for Health Care Policy and 
Research and found that .org and .com sites present 
better reliability of information about nutrition on 
osteoporosis than other websites. We disagree with this 
categorization. Recently, many nonprofit organizations 
use a website with .com extension, many websites 
with .com extension may provide better reliability of 
information than websites with .org extension. Another 
study by Mack and cols. (30) assessed the reliability 
and accuracy of online physical activity resources for 
osteoporosis. They also used multiple keywords for 
their search and demonstrated a low accuracy of online 
information. In their study, just over half of the websites 
indicated high-reliable information. They concluded 
that accurate physical activity information on the web 
might contribute to better health and well-being of 
patients with osteoporosis. 

Wallace and cols. (9) evaluated the readability and 
reliability of web-based osteoporosis information with 
suitability assessment of materials (SAM) and DISCERN 
tools. They searched the first 30 websites indexed in three 
popular search engines of that time and evaluated 27 
websites. They determined that 51.9% of online materials 
were not suitable according to SAM and DISCERN 
tools for treatment options, as these contents indicated 
inadequate reliability. Also, they found out that 82.6% of the 
materials were unavailable for reading with an average level 
at a grade of 11.5 ± 2.8. They concluded that web-based 
information is above the reading ability of most American 
adults, and much of this information has inadequate 
reliability. We found out that there were 57 (37.7%) high-
reliable websites among the evaluated websites. Regarding 
the increase of online material since 2005, we expected a 
decrease in high-reliable online material. In our study, FKG 
scores [8.81 ± 2.21 (median = 8.7, min = 2.2, max = 16.9)] 
were below the ninth grade, which is considered to be easily 
understood by 13- to 15-year-old students (31). The mean 
SMOG scores were 7.63, which indicates that seven to 
eight years of education is necessary for reading the texts. 
On the contrary, the FKG score [9.47 ± 2.41 (median = 
9.3, min = 4.8, and max = 16.8)] and the SMOG score 
[8.23 ± 2.06 (median = 8, min = 1.8, max = 14.1)] were 
increased when we assessed the high-reliable websites, 
thereby indicating a statistical difference between high- and 

low-reliable websites (p = 0.004 for FKG and p < 0.001 
for SMOG). This observation demonstrates that the high-
reliable websites are challenging to read, and the owners of 
the websites may pay attention to ease the readability in their 
online materials. We also sought to determine a correlation 
between reliability scores and readability of online texts. As 
a result, we found a weak positive correlation; however, it 
is not possible to fully conclude that all of the high-reliable 
materials are hard to read.

Our study is not without limitations. Firstly, we only 
searched for one word, “osteoporosis”. The results may 
be different with more keywords. There are various 
methodological evaluations of online information. We 
used one of the methodologies employed in recent 
studies (13,14,16), but results might be different with 
different methods. The JAMA scoring system, used in 
this study, also has some limitations. It does not directly 
assess the content accuracy of online information, and 
some websites which have rich content and high-quality 
information may present lower scores in the evaluation. 
In this study, we did not evaluate the accuracy of 
the content, which may be subject to another study. 
Moreover, we only evaluated websites that were English. 
Finally, the geographic location, where website searches 
were performed, might have affected the results. 

In conclusion, most of the scientific published 
materials, news, and health portals provide high-reliable 
information. Among 200 websites, the initial (first) ten 
have similar scores with the remaining websites in terms 
of reliability and readability. Most of the materials are 
below the reading ability of an average American adult. 
High-reliable material is harder to read, and there is 
a weak correlation between JAMA scores and higher 
readability scores. The website providers should 
thoroughly consider reliability and readability and 
establish more broad-based certification methods for 
health-related information on the World Wide Web. 
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ABSTRACT
Objective: We assessed plasma adiponectin and its correlation with carotid intima-media-thickness 
(CIMT), as a marker of atherosclerosis, and urine albumin/creatinine ratio (ACR) in patients with non-
alcoholic fatty liver disease (NAFLD). Subjects and methods: The study included 100 Egyptian 
subjects (50 patients with NAFLD with no history of diabetes or hypertension and 50 age and sex-
matched normal healthy control subjects). Urine albumin/creatinine ratio (ACR) was assessed in all 
participants and fasting plasma adiponectin was measured using ELISA technique. Ultrasonography 
was used to diagnose NAFLD. CIMT was assessed using high-resolution Doppler ultrasonography. 
Results: Mild albuminuria was detected in patients with NAFLD (mean urine ACR = 42 ± 30 mg/g). 
Plasma adiponectin was significantly lower and urine ACR and CIMT significantly higher in patients 
with NAFLD as compared with the control group (P < 0.001 for all). A significant negative correlation 
was found between plasma adiponectin and both urine ACR and CIMT in patients with NAFLD  
(P < 0.001 and < 0.05 respectively). A significant positive correlation was also found between CIMT and urine 
ACR in those patients (P < 0.05). Plasma adiponectin and urine ACR were independent determinants of 
CIMT in patients with NAFLD (P < 0.01 and < 0.05 respectively). Conclusion: Patients with NAFLD, without 
diabetes, have an increased risk of atherosclerosis and cardiovascular disease. Hypoadiponectinemia and 
low-grade albuminuria are important markers of that risk. Arch Endocrinol Metab. 2021;65(1):93-7

Keywords
Plasma adiponectin; albuminuria; carotid intima-media thickness; non-alcoholic fatty liver disease;  
urine albumin/creatinine ratio 

INTRODUCTION

Non-alcoholic fatty liver disease (NAFLD) is 
a chronic liver disease characterized by fat 

accumulation without history of viral hepatitis or 
heavy alcohol intake (1). Albuminuria is a well-
known risk factor of both cardiovascular and chronic 
kidney disease (2). The relationship between NAFLD 
and albuminuria has been reported in many studies, 
but the results were inconsistent (3). Adiponectin 
is an adipokine abundantly produced and secreted 

by adipose tissues. It is widely recognized for its 
antidiabetic, anti-inflammatory, antiatherogenic, and 
cardio-protective effects (4). Adiponectin expression 
and its plasma levels are decreased in obese patients 
(5,6). It has also been reported that plasma levels of 
adiponectin are decreased in patients with NAFLD 
(7). Negative correlation between plasma adiponectin 
level and carotid intima-media thickness (CIMT), as a 
marker of atherosclerosis, was also reported in patients 
with type 2 diabetes (8). 
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In our study, we assessed plasma adiponectin and its 
correlation with CIMT, as a marker of atherosclerosis, 
and urine albumin/creatinine ratio (ACR) in patients 
with NAFLD.

SUBJECTS AND METHODS 

The study included 100 Egyptian subjects (55 females) 
aged 44-63 years (50 patients with NAFLD with no 
history of diabetes or hypertension and 50 age and 
sex-matched normal healthy control subjects). They 
were recruited from the internal medicine clinic at 
Cairo University hospital. All patients had negative 
hepatitis B and C viral markers. Patients with history of 
alcohol intake or hepatitis, high BP > 130/85 mmHg, 
diabetes mellitus, atherosclerotic cardiovascular disease, 
impaired renal function (serum creatinine higher than 
normal limits for age and sex), primary hyperlipidemia 
as well as pregnant women and smokers were excluded 
from the study. Primary hyperlipidemia was defined as 
total cholesterol > 300 mg/dL or LDL cholesterol > 
190 mg/dL or triglycerides > 300 mg/dL with history 
of xanthomas or family history of myocardial infarction 
before 55 years of age (9,10). The study was approved 
by Cairo University ethical committee and review 
board. All participants provided written informed 
consents. 

All participants were subjected to complete physical 
examination including blood pressure (BP) and body 
mass index (BMI) assessment. Laboratory investigations 
included serum fasting and post prandial blood glucose 
(FBG and PPBG), glycated hemoglobin (HbA1c), lipid 
profile, liver and kidney function tests and urine ACR. 
Fasting plasma adiponectin level was measured using a 
commercially available ELISA kit. 

Liver ultrasound was done by conventional Bmode 
with a convex 3.5 MHz probe (ALT HDI ultramark 
machine). All participants were examined by the same 
operator and the same ultrasound device. NAFLD 
was defined as the presence of four ultrasonographic 
criteria: hepatorenal echo contrast, liver brightness, 
deep attenuation, and vascular blurring in the absence 
of seropositivity for hepatitis B surface antigen or 
antibody to hepatitis C virus, alcohol consumption, 
history of other causes of liver disease or medications 
known to produce fatty liver disease during the last six 
months prior to the study (11).

Measurement of CIMT was performed using high 
resolution color-coded Doppler ultrasonography (ALT 

HDI, Ultramark) using a 12 MHz linear array. All the 
study subjects were examined in the supine position, 
with the head turned 45° from the side during scanning. 
The reference point for the measurement of CIMT was 
the beginning of the dilatation of the carotid bulb, with 
loss of the parallel configuration of the near and far walls 
of the common carotid artery. The sonographer located 
the leading edges corresponding to the transition zones 
between lumen-intima and media-adventitia over a 
length of one cm proximal to the reference point at 
its thickest point, not including plaques. Plaque was 
identified as a localized thickened lesion (≥ 1.1 mm). All 
the results were the mean of the two sides. The mean 
CIMT of four measurements determined by B-mode 
ultrasound using a linear transducer (7.5-10 MHz) 
was calculated in each patient. Doppler examination 
for all participants was performed by the same skilled 
sonographer.

Data was transferred to the Statistical Package of 
Social Science Software program, version 23 (IBM 
SPSS Statistics for Windows, Version 23.0. Armonk, 
NY: IBM Corp.) to be statistically analyzed. Data were 
presented as mean ± standard deviation (SD. Spearman 
correlation coefficients (r values) were calculated to 
signify the association between different quantitative 
variables. Multivariate regression analysis was used to 
evaluate the independent association of risk factors. P < 
0.05 was considered statistically significant.

RESULTS

Urine ACR was significantly higher in patients with 
NAFLD as compared with the control group (42 ± 
30 vs 21 ± 8 mg/g, P < 0.001). Plasma adiponectin 
was significantly lower in patients with NAFLD as 
compared with the control group (37.6 ± 20.5 vs 48 ± 
10.5 µg/dL, P < 0.001). CIMT was significantly higher 
in patients with NAFLD as compared with the control 
group (0.10 ± 0.02 vs 0.08 ± 0.02 mg/g, P < 0.001). 
A significant negative correlation was found between 
plasma adiponectin and both urine ACR and CIMT 
(P < 0.001 and < 0.05 respectively) in patients with 
NAFLD. A significant positive correlation was found 
between CIMT and urine ACR (P < 0.05) in those 
patients. No significant correlation could be established 
between CIMT and either systolic or diastolic BPs. No 
significant difference was found between males and 
females in any of the studied parameters. Multivariate 
regression analysis revealed that the determinants of 
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CIMT in patients with NAFLD were age, systolic BP, 
urine ACR (P < 0.05 for all) and plasma adiponectin  
(P < 0.01). Results of the study are summarized in 
Tables 1 and 2.

DISCUSSION

NAFLD is associated with dysregulation of metabolic 
and inflammatory pathways which can lead to 
extrahepatic manifestations involving the kidney (12). 
The results of the previous research work on the 
relationship between NAFLD and albuminuria have 
been inconsistent (3). Adiponectin plays a pivotal role 
in energy metabolism. Its plasma level is decreased in 
obesity and increases after weight loss (5,13). 

We assessed plasma adiponectin and urine ACR 
and their correlation with CIMT, as a marker of 
atherosclerosis, in patients with NAFLD without 
diabetes mellitus. Our results revealed low level 
albuminuria in patients with NAFLD. Urine ACR 
was significantly higher in patients with NAFLD as 
compared with the control group. Kang and cols. also 
reported that patients with NAFLD, without diabetes, 
had low-grade albuminuria, but they included only 
men in their study (12). Lin and cols. also found that 
NAFLD was significantly associated with an increased 
risk of low-grade albuminuria in middle-aged and 
elderly Chinese men (14).

Our study showed that plasma adiponectin was 
significantly lower in patients with NAFLD as compared 
with control subjects. These results agree with those of 
Bugianesi and cols. who reported significantly lower 
plasma adiponectin levels in patients with NAFLD as 
compared with healthy control subjects in Italy, but 
their study participants were mainly males (7). Fadaei 
and cols. also reported a lower adiponectin level in 
Iranian patients with NAFLD as compared with a 
control group (15). 

A significant negative correlation was found between 
plasma adiponectin and urine ACR in our study 
group. Atta and cols. found an association between 
microalbuminuria and adiponectin in obese non-diabetic 
individuals (16). Ahima also reported that Obese African 
Americans had reduced  adiponectin  levels associated 
with albuminuria (17). Kacso and cols. reported that 
lower plasma adiponectin levels seem to be predictive 
of increased urine ACR in patients with type 2 diabetes 
(18). Serum adiponectin was found to inversely correlate 
with albuminuria in men with essential hypertension (19). 

Table 1. Clinical and laboratory data of the NAFLD patients and control 
group

Variable
NAFLD

 (n = 50)
Mean ± SD

Control
(n = 50)

Mean ± SD
P value

Age (years) 53 ± 6.1 54 ± 6.8 NS

SBP (mmHg) 125 ± 4.6 125 ± 4.5 NS

DBP (mmHg) 78 ± 4.7 77 ± 5.4 NS

BMI (kg/m2) 37.1 ± 6.6 35.4 ± 4.4 NS

FBS (mg/dL) 84 ± 10 83 ± 5 NS

PPBG (mg/dL) 131 ± 19 128 ± 10 NS

HbA1c (%) 5.6 ± 0.5 5.4 ± 0.7 NS

ALT (IU/L) 36 ± 19 26 ± 6 <0.01

AST (IU/L) 31 ± 18 22 ± 6 <0.01

Creatinine (mg/dL) 0.78 ± 0.16 0.76 ± 0.14 NS

Urine ACR (mg/g) 42 ± 30 21 ± 8 <0.001

Cholesterol (mg/dL) 188 ± 33 165 ± 17 <0.01

TG (mg/dL) 149 ± 76 110 ± 18 <0.001

LDL (mg/dL) 111 ± 35 99 ± 12 <0.001

HDL (mg/dL) 48 ± 10 47 ± 8 NS

Adiponectin (µg/dL) 37.6 ± 20.5 48 ± 10.5 <0.001

CIMT (mm) 0.10 ± 0.02 0.08 ± 0.02 <0.001

NAFLD: non-alcoholic fatty liver disease; T2DM: type 2 diabetes mellitus; NA: not applicable; 
SBP:, systolic blood pressure; DSP: diastolic blood pressure; BMI: body mass index;  
FBG: fasting blood glucose; PPBG: postprandial blood glucose; HbA1c: glycated hemoglobin; 
ALT: alanine transferase; AST: aspartate transferase; UAC: urinary albumin creatinine ratio;  
TG: triglycerides; LDL: low-density lipoprotein; HDL: high density lipoprotein; CIMT: carotid 
intima-media thickness; SD: standard deviation; NS: non-significant. P < 0.05 is statistically 
significant. 

Table 2. Determinants of CIMT in patients with NAFLD (multivariate 
regression analysis) 

Variable P value

Age <0.05

SBP <0.05

DBP NS

BMI NS

FBS NS

PPBG NS

HbA1c NS

ALT NS

AST NS

Creatinine NS

Urine ACR <0.05

Cholesterol NS

TG NS

LDL NS

HDL NS

Adiponectin < 0.01

CIMT: carotid intima-media thickness; NAFLD: non-alcoholic fatty liver disease; SBP: systolic 
blood pressure; DSP: diastolic blood pressure; BMI: body mass index; FBG: fasting blood 
glucose; PPBG: postprandial blood glucose; HbA1c: glycated hemoglobin; ALT: alanine 
transferase; AST: aspartate transferase; UAC: urinary albumin creatinine ratio; TG: triglycerides; 
LDL: low-density lipoprotein; HDL: high density lipoprotein; NS: non-significant. P < 0.05 is 
statistically significant. 
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The association between plasma adiponectin and kidney 
disease is rather complex. The inverse correlation between 
adiponectin and low-grade albuminuria may suggest that 
adiponectin deficiency has a causative role in abnormal 
glomerular function (20,21). 

CIMT has been reported to be a representative of 
subclinical and asymptomatic atherosclerotic vascular 
diseases. It correlates with the extent of atherosclerotic 
lesions elsewhere in the body (22-24). In our study, 
CIMT was significantly higher in patients with NAFLD 
as compared with the control group. Our results agree 
with those of Fracanzani and cols. who reported a 
significant increase in CIMT in patients with NAFLD 
as compared with normal control subjects (25).

No significant correlation could be established, in 
our study between, CIMT and either systolic or diastolic 
BPs. But multivariate regression analysis showed that 
age and systolic BP were independent determinants of 
CIMT in patients NAFLD. Alizargar and Bai reported 
that age, waist circumference, systolic BP and HbA1C 
were determinants of CIMT in 331 subjects from a 
community-based prospective cohort study (26). 

Our study also revealed a significant positive 
correlation between CIMT and urine ACR in patients 
with NAFLD. Urine ACR was a strong determinant 
of CIMT in our study group. In an Iranian study, 
Shahrokh and cols. found a significant relationship 
between CIMT and renal parameters including 
albuminuria and estimated glomerular filtration rate in 
patients with type 2 diabetes (27). Similar results were 
reported in India by Gayathri and cols. (28).

Our results showed a significant negative 
correlation between plasma adiponectin and CIMT in 
the study group. Our study also revealed that plasma 
adiponectin was a strong determinant of CIMT in 
patients with NAFLD. Fadaei and cols. reported a 
negative a correlation between plasma adiponectin and 
CIMT in 49 Iranian patients with NAFLD (15). de 
Almeida-Pititto and cols. reported a significant inverse 
correlation between plasma adiponectin and CIMT 
in non-diabetic individuals with no cardiovascular 
disease in Brazil. (29). Shargorodsky and cols. reported 
an inverse relation between plasma adiponectin and 
CIMT in 47 obese non-diabetic Israeli individuals (30). 
However, the last two studies did not include patients 
with NAFLD.

Despite the important results of the study, we are 
aware of its limitations. The rather small number of the 
study group and the effect of dyslipidemia on CIMT 

are major ones. A larger study to assess the correlation 
of plasma adiponectin and urine ACR with CIMT 
in dyslipidemic and non-dyslipidemic patients with 
NAFLD will help to explore the antiatherogenic role 
of adiponectin and the value of albuminuria as a risk 
indicator in those patients.

In conclusion, low level albuminuria is detected 
in patients with NAFLD without diabetes. There is a 
negative correlation between plasma adiponectin and 
both urine ACR and CIMT in patients with NAFLD. 
There is also a significant positive correlation between 
CIMT and urine ACR in those patients. Urine ACR 
and Plasma adiponectin are independent determinants 
of CIMT in patients with NAFLD. Patients with 
NAFLD, without diabetes, have an increased risk of 
atherosclerosis. Hypoadiponectinemia and low-grade 
albuminuria are important indicators of that risk. 
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ABSTRACT
Objective: This study investigated the acute effects of high-intensity interval (HIIE) and moderate-
intensity continuous (MICE) exercise on ghrelin levels in obese men. Subjects and methods: A 
total of 10 obese men (age 27.6 ± 1.8 years, body mass index 35.4 ± 4.5 kg/m², body fat 39.9 ± 2.1%) 
performed two exercise sessions in a randomized order: HIIE (10 x 1 min intervals at 90% of the 
maximal heart rate [HRmax] interspersed by 1 min of active recovery) and MICE (20 min at 70% of 
the HRmax). Ghrelin levels were assessed pre-, post- and 1h post-exercise, and energy intake was 
assessed 1h post-exercise through an ad libitum meal. Results: HIIE and MICE showed a trend to 
decrease ghrelin levels immediately post-exercise (-14.1 ± 21.6% and -9.6 ± 23.8%, respectively, p 
= 0.07) and decreased 1h post-exercise (-12.7 ± 31.8% and -13.8 ± 21.7%, respectively, p < 0.05). No 
changes were observed for post-exercise energy intake (p > 0.05). There was a positive correlation 
between the change in ghrelin levels and post-exercise energy intake only for HIIE (r = 0.63, p = 
0.05). Conclusion: In summary, a single session of HIIE and MICE elicits a reduction on ghrelin levels 
without changing post-exercise energy intake in obese men. Arch Endocrinol Metab. 2021;65(1):98-104

Keywords
High-intensity interval training; appetite-regulating hormones; energy intake; hunger; obesity

INTRODUCTION

Obesity has increased rapidly in recent decades 
and became a major public health concern 

given its association with chronic diseases, including 
hypertension, type 2 diabetes, and cancer (1). Obesity 
is a multifactorial disease characterized by an excessive 
fat accumulation resulting from the chronic disruption 

between energy intake and energy expenditure, 
involving genetic, environmental and lifestyle aspects 
(2,3). 

Physical exercise leads to a negative energy 
balance and a cascade of central and peripheral 
compensatory adaptive mechanisms (4), playing a 
role in weight management and improvements in 
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metabolic dysfunctions associated to obesity (2,5). 
In addition, physiological control of energy intake 
is an important aspect which may affect weight loss 
(6,7). These responses are mediated by complex 
interactions between key brain regions involved 
in energy homeostasis and circulating appetite-
regulating hormones resulting in hunger and satiety 
episodes (8). In this context, ghrelin is considered 
a key appetite parameter given its concentration 
is associated with increased hunger and energy 
intake (7,9). This gastrointestinal hormone is the 
only known gut-derived peptide, is released from 
endocrine cells in the gastric mucosa, and plays an 
orexigenic role (10). 

Previous studies have suggested an interesting 
aerobic exercise effect promoting a transient reduction 
in appetite-related parameters, including ghrelin 
levels in healthy (11-13) and overweight individuals 
(14-16). This response seems to be associated with 
the exercise intensity and its changes in energy 
substrates (i.e. increased blood lactate and glucose) 
(9,17,18). High-intensity interval exercise (HIIE) 
has emerged as a promising approach for treating 
obesity given its significant improvements to obesity-
related comorbidities and reduced body fat (19,20); 
however, its effects on appetite related parameters 
and its relation with ghrelin and energy intake is not 
well known in obese individuals. To the best of our 
knowledge, only Sim and cols. (15) found reduced 
ghrelin levels following a single HIIE and moderate-
intensity continuous exercise (MICE) sessions in 
overweight men, but a significant decrease in energy 
intake was only found after HIIE. On the other hand, 
Martins and cols. (16) observed a significant decrease 
in ghrelin levels after brief HIIE and MICE sessions, 
with no difference in subsequent energy intake for 
both conditions. A recent meta-analysis suggests that 
there is a moderate reduction in ghrelin levels after an 
acute exercise session in overweight/obese individuals 
(21). However, there is a need for a head-to-head 
comparison between the effects of HIIE and MICE on 
ghrelin levels and subsequent energy intake in obese 
individuals.

Therefore, this study compared the acute effects 
of HIIE and MICE on ghrelin levels in obese men 
and post-exercise energy intake. It was hypothesized 
that the ghrelin levels and post-exercise energy intake 
following a single HIIE session would be lower than 
after a MICE session in obese men.

SUBJECTS AND METHODS
Study design and participants

This study is a randomized controlled crossover trial 
including active obese men (body mass index [BMI] 
of 30 to 39.9 kg/m2), aged between 22 and 41 years 
and not using any drugs. Active smokers and patients 
with gastrointestinal disorders, overt hypothyroidism, 
diabetes mellitus, hypertension, anemia, active infection 
or cancer were excluded. Participants were recruited 
from an invitation disclosed in university settings, e-mails 
and online social networks in the city of Natal, Brazil. 
The present study was conducted in accordance with 
the Declaration of Helsinki, and all procedures involving 
humans were approved by the Research Ethics Committee 
of Federal University of Rio Grande do Norte (Protocol 
No. 976.389/2015; CAAE 42441015.5.0000.5568). 
Written informed consent was obtained from all subjects. 
The trial was registered in the Brazilian clinical trials 
platform (ReBEC, No. RBR-62kr6f).

Procedures

The volunteers first attended the laboratory at 8 a.m. 
after 12 h of overnight fasting and remained there for 
the next 3 h. The first visit was used for familiarization 
and baseline measures, anthropometric assessment, 
followed by a graded exercise test (RT250, Movement®, 
Pompeia, Brazil) to determine the maximal treadmill 
velocity (MTV) and maximum heart rate (HRmax) in the 
experimental sessions to be performed. The volunteers 
then randomly underwent two experimental sessions 
on the following visits. Each session was interspaced 
by one week. Participants registered their food 
consumption 24 h before the first experimental session 
and were instructed to consume the same foods and to 
not exercise 24 h prior to each subsequent session.

Body composition 

Weight and height were measured by a digital scale 
(BC 553, Tanita®, Arlington Heights, IL, USA) and a 
portable stadiometer (Personal Caprice Portatil, Sanny®, 
São Bernardo do Campo, SP, Brazil), respectively. 
BMI was calculated and the nutritional status of each 
participant was classified (22). Body composition was 
evaluated by double-energy X-ray absorptiometry (GE, 
Medical Systems, Chicago, IL, USA). The participants 
were instructed to avoid diuretics and caffeinated 
beverages the day before the evaluation (23).
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Maximal graded exercise test

The participants performed a warm-up on a treadmill 
(RT250, Movement®, Pompeia, Brazil) at a speed 
of 2.0 km/h for three minutes. Next, they started 
the incremental test at a speed of 3.0 km/h and 
increments of 1.0 km/h every minute until voluntary 
exhaustion. The MTV was considered as the highest 
velocity sustained by a full stage of one minute (24-26). 
Heart rate (HR) was monitored during the test using 
a HR monitor (RS800CX, Polar®, Kempele, Finland) 
and recorded at the end of each minute. The highest 
HR value observed during the test was considered as 
the maximal heart rate (HRmax). Rating of perceived 
exertion (RPE) was also monitored during the test 
and recorded at the end of each minute according 
to the Borg scale 6-20 (27). The test ended when at 
least one of the following criteria was reached: (i) HR  
≥ 100% estimated for age; (ii) RPE > 18; or (iii) when 
participants voluntarily stopped (28).

Experimental sessions

The participants attended the laboratory after 
nocturnal fasting to perform the experimental sessions. 
The participants consumed a standardized liquid meal 
(Mass Titanium®, Max Titanium, Matão, Brazil) 60 
minutes prior to both exercise sessions. The commercial 
product was powdery, and it was reconstituted in water 
to provide 4.5 kcal x weight (kg) to each participant. 
According to the manufacturer, each 100 g of powder 
has 377 kcal (87.5% of carbohydrates, 11.2% of 
proteins and 1.3% of lipids). The offered meal met the 
nutritional recommendations for pre-exercise calorie 
amount and macronutrient distribution (29).

The MICE session consisted of 20 min performed 
continuously at 50% of the HRreserve or 70% of the 
HRmax, which is the exercise intensity recommended 
as moderate by guidelines (28). The participants 
performed a 3 min warm-up at 4 km/h before both 
exercise sessions, and a 2 min cool-down at the same 
speed after the exercise sessions. The HIIE session was 
performed in a 1:1 “effort-recovery”. The participants 
performed 10x1 min work bouts at 90% of their 
individual MTV reached on the maximal graded 
exercise test (~90% of the HRmax), interspersed by 1 min 
of active recovery at 30% of MTV (i.e. slow walking). 
This low-volume HIIE model was used in previous 
studies (25,26,30). HR was continuously recorded 
throughout the exercise sessions (Polar Electro®, Oy, 

Finland). In addition, whole-body RPE was assessed 
using the RPE 6-20 Borg scale (27) during the last 10 
s of each minute during the exercise sessions.

Ghrelin and lactate

Total ghrelin was assessed by enzyme immunoassay 
with specific kits (Sigma Aldrich®, St. Louis, MO, 
USA) in the experimental sessions at three time points: 
“pre” (pre-exercise), 1h after standardized meal; “post” 
(immediately post-exercise); and “post 1h” (1h post-
exercise). Based on previous studies (15,16,31), 1h post-
exercise is appropriate to identify the acute effects of 
exercise on ghrelin levels. A trained professional withdrew 
10 mL of blood from a vein in the antecubital region. The 
blood was subsequently centrifuged for 15 min at 3600 
revolutions per minute. The serum was separated into 
200 microliter aliquots and stored at -80 ºC for further 
analysis. Blood lactate was assessed “pre” (pre-exercise, 1h 
after standardized meal) and “post” (immediately post-
exercise). The tip of the individual’s finger was sanitized 
with a 70% alcohol solution and then pierced with a 
disposable lancet immediately after the HIIE and MICE 
sessions. Approximately 25 μL of blood was collected 
and analyzed on a specific portable monitor (Accutrend 
Plus®, Roche, Switzerland). Blood lactate was measured 2 
minutes following the cool-down in all participants.

Ad libitum energy intake

Ad libitum energy intake was measured through a 
meal offered one hour after the experimental sessions. 
The meal was offered in a reserved room as a “buffet” 
and participants were invited to eat “until they felt 
comfortably satisfied”. The following food options 
were part of this buffet: apples, bananas, toast, natural 
yogurt, potato chips, chocolate, fruit juice, boiled 
eggs, jam and butter. The food was weighed before and 
after consumption and dietary intake was performed 
with food analysis software (DietwinProfissional® 
version 2016, Porto Alegre, Brazil). The selected 
foods presented in the meal were chosen according 
to the Brazilian population’s food guide (32), which 
establishes guidelines for a healthy and adequate diet 
considering social, economic and cultural aspects of 
each region of Brazil.

Statistical analysis

Data normality was verified by Shapiro-Wilk test, 
asymmetry and kurtosis (z-score). A paired t-test was 
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used to compare the average of HR, RPE, lactate and 
ad libitum energy intake between the experimental 
conditions. Two-way repeated measures analysis of 
variance followed by Bonferroni’s post hoc were used 
to verify the interaction effect of condition by time 
and main effects for ghrelin levels. The effect size of 
the variances was calculated by the partial squared 
eta (partial η2). Pearson’s correlation coefficient was 
used to examine the relationship between relative 
change in ghrelin levels and energy intake values in 
each experimental condition. The significance level 
was adopted at p ≤ 0.05. The data were presented in 
mean ± standard deviation. All statistical procedures 
were performed using SPSS for Win v.25.0 (Statistical 
Package for Social Sciences, Chicago, IL, USA).

RESULTS

Table 1 shows the characteristics of the participants. As 
expected, the results of BMI and body composition are 
compatible with the diagnosis of obesity.

lactate levels following both exercise sessions (HIIE: 3.3 
± 0.6 vs. 12.5 ± 2.5 mmol/L, p < 0.01; MICE: 3.1 ± 
1.3 vs. 4.7 ± 1.6 mmol/L, p < 0.05). Furthermore, post-
exercise blood lactate was higher in the HIIE sessions 
compared to the MICE session (p < 0.01).

Ghrelin 

Figure 1 shows the ghrelin levels up to 1h post-exercise 
sessions. No significant interaction time by condition 
was observed, F (2, 18) = 0.00, p = 1.00, partial η2 = 
0.00, power = 0.05. However, a significant main effect 
of time was observed, F (2, 18) = 7.75, p = 0.004, partial 
η2 = 0.46, power = 0.91. Bonferroni’s post hoc analysis 
revealed that the ghrelin levels showed a trend to decrease 
immediately post-exercise (p = 0.07) and decreased 1-h 
post-exercise in both experimental conditions (p < 0.05, 
Figure 1A). Figure 1B shows the values of relative change 
in ghrelin levels. The MICE session showed a reduction 
of -9.6 ± 23.8 % and -13.8 ± 21.7% immediately and 1h 
post-exercise, respectively. HIIE showed a reduction of 
-14.1 ± 21.6% and -12.7 ± 31.8% immediately and one-
hour after exercise, respectively.

Table 1. Characteristics of the participants (n = 10)

Mean ± SD

Age (years) 27.6 ± 1.8

Weight (kg) 109.4 ± 18.3

Height (cm) 180 ± 8

Body mass index (kg/m²) 35.4 ± 4.5

Fat-free mass (kg) 65.4 ± 10.9

Body fat (%) 39.9 ± 2.1 

Habitual food intake

Energy intake (kcal) 2888 ± 656 

Carbohydrates (%) 56.3 ± 5.6 

Carbohydrates (g/kg/day)  3.8 ± 0.8

Protein (%) 15.6 ± 2.5

Protein (g/kg/day) 1.0 ± 0.1

Lipids (%) 28.1 ± 4.5 

Lipids (g/kg/day) 0.9 ± 0.2

Experimental sessions

The mean intensity of the HIIE session including work 
bouts and rest in intervals was higher than the MICE 
session (74 ± 8% vs. 52 ± 5% of the HRreserve or 84 ± 5% 
vs. 71 ± 5% of the HRmax, p < 0.01). The mean RPE 
responses to different exercise were higher in the HIIE 
session compared to the MICE session (13.6 ± 1.6 vs. 
11.8 ± 1.1, p < 0.01). There was an increase in the blood 

Figure 1. Ghrelin levels pre-exercise, immediately post-exercise and 1h 
post-exercise sessions.
HIIE: high-intensity interval exercise; MICE: moderate-intensity continuous exercise.
Panel A shows the absolute values of ghrelin levels.
Panel B shows the delta of change (post – pre-exercise values) of ghrelin levels.
Data are reported as means ± standard deviation.
*Main effect of time for both exercise sessions (p < 0.05).
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Ad libitum post-exercise energy intake

Figure 2 shows the ad libitum energy intake following 
the experimental conditions. There was no statistically 
significant difference between the MICE and HIIE 
sessions for post-exercise energy intake, t (9) = -0.987, 
p = 0.349. Similarly, there was no statistically significant 
difference for carbohydrates (88.3 ± 29.5 g vs. 95.4 ± 
30.8 g; t (9) = 1.15, p = 0.280), proteins (25.6 ± 7.3 g vs. 
95.4 ± 30.8 g; t (9) = 0.023, p = 0.982) or lipids (32.1 ± 
11.3 g vs. 33.4 ± 11.5 g; t (9) = 0.546, p = 0.598).

Correlation between ghrelin level and energy intake

Figure 3 shows the correlation between relative change 
in ghrelin and ad libitum energy intake values following 
the experimental conditions. There was a positive 
correlation for HIIE (r = 0.62, p = 0.05). Despite this, 
there was no correlation for MICE (r = -0.15, p > 0.05).

DISCUSSION

The main findings of the present study were: i) the 
MICE and HIIE sessions elicited a significant reduction 
in the ghrelin levels up to 1h post-exercise; ii) there was 
a positive correlation between the change of ghrelin 
levels and post-exercise energy intake only for the HIIE 
session; iii) post-exercise energy intake was not different 
between the HIIE and MICE sessions. Therefore, 
the initial hypothesis that a greater suppression of 
the appetite in obese men occurs in the HIIE session 
compared to MICE was not confirmed.

A low-volume MICE and HIIE session elicited a 
reduction in the ghrelin levels up to 1h post-exercise. 
This finding is in agreement with previous studies that 
have included normal weight (12,33) and overweight 
individuals (15,16) submitted to different exercise 
intensity protocols. The current literature suggests that 
reduced ghrelin levels during exercise is associated with 
an increased blood flow to muscle tissue, resulting in 
a lower activation of ghrelin P1/D1 producing cell 
sin the stomach (9,31), which may explain our results. 
Importantly, no differences in the ghrelin levels were 
found between the MICE and HIICE sessions. Different 
from our results, previous studies have demonstrated a 
greater decrease of ghrelin levels following “all-out” 
sprint interval exercise (15,34), which is different 
from the protocol used in the present study that 
involved interval bouts at a vigorous intensity. Thus, 
it is reasonable to think that “all-out” interval exercise 
protocols may elicit a dissimilar response on post-
exercise ghrelin levels compared to vigorous-intensity 
interval exercise. In addition, “low doses” of MICE and 
HIIE, as performed in the present study, may similarly 
decrease post-exercise ghrelin levels in obese men.

Acylated ghrelin is a peripheral hormone that is well 
known to stimulate hunger and food intake (31) which 
represents ~10%-20% of total ghrelin (10). It has been 
extensively speculated that exercise intensity is a factor 
which may influence exercise-induced suppression of 
this peptide (9,12,15,31), and despite this hormone not 
being evaluated in the present study, it is possible that 
“low doses” of MICE and HIIE should also suppress 
acylated ghrelin in an obese population. However, 
future investigations are necessary to elucidate these 
effects of different exercise intensity protocols on 
acylated ghrelin response in obese subjects.

In addition, no significant differences were found 
in the energy intake and macronutrients between the 

Figure 3. Correlation between the delta of change (post – pre-exercise values) 
of ghrelin levels and energy intake in the post-exercise ad libitum meal.
Panel A refers to the high-intensity interval exercise session.
Panel B refers to the moderate-intensity continuous exercise session.

Figure 2. Energy intake in the post-exercise ad libitum meal.
HIIE: high-intensity interval exercise; MICE: moderate-intensity continuous exercise.
Data are reported as means ± standard deviation and individual values (•).
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MICE and HIIE sessions. Similarly, Martins and cols. 
(16) did not find differences between “all-out” interval 
exercise (8 s “all-out” bouts interspersed by 12 s at 
low-intensity) and MICE (70% of the HRmax) on post-
exercise energy intake. On the other hand, Sim and 
cols. (15) observed a decrease in post-exercise energy 
intake following two interval exercise protocols (60s at 
100% of the VO2peak interspersed by 240 s at 50% of the 
VO2peak; 15 s at 170% of the VO2peak interspersed by 60 s 
at 32% of the VO2peak), but not following a MICE (60% 
of the VO2peak) session in inactive overweight men. 
Taken together, still little is known about the acute 
effects of MICE and HIIE on post-exercise energy 
intake, and the available studies have shown conflicting 
findings. Therefore, more data are needed for a better 
understanding of the potential role of “low doses” 
of aerobic exercise performed at different intensities 
(moderate vs. high) on post-exercise energy intake in 
obese populations.

Although no significant reduction in post-exercise 
energy intake was observed for the exercise conditions, 
a positive correlation between the change in ghrelin 
levels and the post-exercise energy intake was only 
found in the HIIE session. The increased blood 
flow directed to muscle tissue during higher physical 
exertion may reduce the activation of endocrine cells in 
the gastric mucosa, resulting in decreased ghrelin levels 
and subsequently a decrease in energy intake (9,15,33). 
In addition, we observed a higher post-exercise lactate 
in the HIIE compared to the MICE session (12.4 ± 2.5 
vs. 4.7 ± 1.60 mmol/L). Therefore, a potential role of 
blood lactate should be considered given that it binds 
to ghrelin-producing cells during exercise and inhibits 
their secretory function (18,35). Finally, a previous 
study using similar exercise protocols in obese men 
found a transient suppression on hunger perception 
after HIIE, but not after MICE, which may contribute 
to a reduced post-exercise energy intake (30). 

Regarding the strengths of the present study, there 
was a standardized meal before the exercise sessions 
in order to minimize individual changes in appetite. 
Furthermore, a post-exercise ad libitum energy 
intake measurement was implemented which enabled 
detecting food consumption as a “practical variable” 
together with biochemical variables (ghrelin and 
lactate levels). However, the present study has some 
limitations which should be mentioned. The exercise 
protocols were matched by time (20 min/session), but 
not by energy expenditure. Therefore, we do not rule 

out the possibility of there being bias related to higher 
calorie expenditure in the HIIE compared to the MICE 
session. Second, the absence of a control condition may 
have prevented a greater observation on basal ghrelin 
levels, although we did consider the pre-exercise values. 
Previous studies (13,15,16) have shown that both 
MICE and HIIE elicit a decrease in post-exercise ad 
libitum energy intake and ghrelin levels compared to 
a control condition without exercise. Thus, based on 
these studies (13,15,16) we have not included a control 
condition given that the main aim of the present study 
is head-to-head comparisons between MICE and HIIE 
protocols in obese men.

As a practical perspective, “low doses” of HICE and 
MICE might elicit reductions on ghrelin levels in obese 
men up to 1h post-exercise, which can contribute to 
facilitate a negative energy balance mediated by a 
transient appetite suppression. Future investigations 
on additional appetite biomarkers (PYY, CCK, insulin) 
and energy balance variables (respiratory exchange 
rate, energy expenditure during exercise) are important 
to elucidate such responses in obese populations. In 
summary, both low-volume HIIE and MICE elicit a 
transient reduction on ghrelin levels up to 1h post-
exercise, without a difference in subsequent ad libitum 
post-exercise energy intake in obese men.
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ABSTRACT 
Objectives: To evaluate the performance of telemonitoring in detecting clinical and psychological 
needs and adherence to the protective measures imposed by the COVID-19 pandemic in addition to 
providing remote assistance for patients with type 1 diabetes (T1D) in a public university center in 
Brazil. Subjects and methods: Telemonitoring protocol included phone calls and e-mails. Patients 
were asked to rate COVID-19-like symptoms, psychological symptoms, epidemiological issues, and 
adherence to diabetes management (insulin, exercise, and diet) using a 0-to-10 scale. An e-mail 
address and phone number were offered for further contact if needed. Clinical, demographic, and 
laboratorial data from the consultations before the pandemic were collected from medical records. 
Results: Among 321 patients with a previously scheduled consultation over the first 15 weeks of 
social distancing, 237 (73.8%) could be successfully contacted. Of these, 207 (87.3%) were exclusively 
evaluated by telemonitoring (190 only by phone or text message and 17 who were also reached 
by email), and 30 (12.7%) patients attended the consultation for medical reasons detected during 
the telephone screening. Overall, 44 (18.5%) patients reported COVID-19-like symptoms. One (2.3%) 
patient was hospitalized and subsequently died. Psychological symptoms were reported by 137 (60.4%) 
patients and 30 (12.7%) required remote psychological assistance. Appropriate social distancing was 
performed by 203 (87.9%) patients, and 221 (97.8%) referred use of masks. Conclusions: Telemonitoring 
T1D patients during the pandemic helped reduce the need for in-person consultations, detect clinical 
and psychological needs, and offer support to patients in addition to monitoring suspected COVID-19 
cases and the adherence to protective measures. Arch Endocrinol Metab. 2021;65(1):105-11

Keywords
Type 1 diabetes; COVID-19; telemonitoring 
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INTRODUCTION 

Diabetes and poor glycemic control are risk factors 
for adverse outcomes of COVID-19, such as severe 

acute respiratory syndrome (SARS) and death (1,2). In 
a multicenter study including type 1 diabetes (T1D) 
patients with confirmed or suspected COVID-19, 
17.5% required hospital admission, and 22.2% required 
intensive care, and one-third experienced diabetic 
ketoacidosis. These results reinforce the importance 
of closely monitoring patients with T1D during the 
COVID-19 pandemic (3). 

The International Diabetes Federation (4) and 
the Brazilian Diabetes Society (5) published specific 
recommendations for this period, such as self-monitoring 
blood glucose to avoid hyper- or hypoglycemia, guidance 
about COVID-19 symptoms, awareness of immediate 
medical evaluation, and assurance of a suitable stock of 
medications and supplies. However, the multidisciplinary 
therapeutic approach usually recommended for diabetes 
care was no longer feasible during the COVID-19 
pandemic due to the determination of social distancing. 
Therefore, the replacement of the usual in-person 
consultations with remote monitoring became urgently 
needed, leading to changes in many regulatory rules to 
telehealth (6) and unprecedented interactions among 
health care providers and patients (7). 

In accordance with the demands imposed by the 
pandemic, the medical team at the Rio de Janeiro State 
University’s Diabetes Unit instituted a telemonitoring 
protocol to manage patients with T1D, thereby 
minimizing their exposure risk. 

The aim of this study was to evaluate the 
performance of telemonitoring in detecting clinical and 
psychological needs and adherence to the protective 
measures imposed by the COVID-19 pandemic in 
addition to providing remote assistance for patients 
with T1D in a public university center in Brazil.

SUBJECTS AND METHODS

This observational study was conducted at the Diabetes 
Unit of Rio de Janeiro State University during the 
COVID-19 pandemic. The study was approved by the 
center’s local ethics committee, and Plataforma Brasil’s 
Certificado de Apresentação para Apreciação Ética 
(CAEE) number was 31780320.3.0000.5259.

Outpatients with T1D (defined by American 
Diabetes Association criteria) receiving follow-up 
treatment at our unit who had an appointment scheduled 

for the pandemic period (March to June 2020) were 
eligible for telemonitoring. We excluded those whom we 
did not successfully contact from further analysis because 
telemonitoring was not feasible. 

Clinical, demographic, and laboratorial data 
recorded in the last consultation before the pandemic 
were collected from medical records: age, duration 
of diabetes, body mass index (BMI), diagnosis of 
hypertension, diabetic retinopathy, diabetic neuropathy, 
and glomerular filtration rate (estimated by the Chronic 
Kidney Disease Epidemiology Collaboration creatinine 
equation in adults (8) or the Schwartz equation (9) 
for children and adolescents < 18 years). Patients were 
classified as children (younger than 19 years old), adults 
(between 19 and 59 years old), and older adults (60 
years old or older). Renal dysfunction was considered 
a glomerular filtration rate less than 60 ml/min/ 
1.73 m2. Patients were considered overweight or obese 
if BMI ≥ 25 or ≥ 30 kg/m2 in adults, and ≥ 85th and ≥ 
95th percentile in subjects < 18 years old, respectively.

The information assessed through telephone calls 
was as follows:

1. Clinical data: presence of symptoms suggestive 
of COVID-19 (fever, cough, headache, 
anosmia, loss of taste, myalgia, and shortness 
of breath, as well as fatigue and gastrointestinal 
symptoms); availability of tests for diagnostic 
confirmation; and hospitalization or death. 

2. Epidemiological data: close contact with 
individuals suspected or confirmed to have 
COVID-19, adherence to social distancing and 
mask recommendations, and influenza vaccination. 
Social distancing was classified as total if the 
patients remained at home all the time, partial 
if the patients left the house only for essential 
activities of short duration, and absent if they 
left home for work or nonessential activities. 
Appropriate use of masks was considered when 
the recommendation to use them outside home 
was respected. 

3. Difficulties in acquisition of supplies for diabetes 
treatment.

4. Adherence to diabetes management: taking 
medication (0 to 10 scale), diet (0 to 10 scale), 
and self-reported frequency of physical exercise.

5. Psychological effects of the COVID-19 
pandemic: presence of symptoms such as 
anxiety, fear, and insomnia, as well as the need 
for support by a mental health professional.
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Statistical analysis

The statistical analysis was performed using SPSS 
version 25.0. 

Nonparametric data are presented as median values 
(interquartile range). Mann-Whitney test was used 
for comparison between variables with nonparametric 
distribution and chi-square test was used to compare 
frequencies. A two-sided P value < 0.05 was considered 
statistically significant. 

RESULTS

From 321 T1D patients with previously scheduled 
appointments for the period of COVID-19 pandemic, 
237 (73.8%) could be successfully contacted by phone. 
For 84 (26.2%) patients, telemonitoring was not 
possible because of wrong phone numbers in the register 
or the patients did not answer the call despite multiple 
attempts. Of the 237 patients contacted by phone, 207 
(87.3%) were exclusively evaluated by telemonitoring 
(190 only by phone or text message and 17 who were 
also reached also by email), and 30 (12.7%) patients 
attended consultations for medical reasons detected 
during the telephone screening (Figure 1).

No differences were observed in clinical and 
demographic data between patients successfully and 
unsuccessfully contacted for telemonitoring (data not 
shown). 

Among successfully contacted patients, the majority 
were adults (63.7%) with a diabetes duration of 12 
[5.5-22] years and A1c of 8.7% [7.7-10]. Clinical and 
anthropometric characteristics are presented in Table 1. 

Overall, 44 (18.5%) patients described COVID-19-
like symptoms. Of those, 25% were pediatric patients, 

72.7% were adults, and 2.3% elderly people. One patient 
was hospitalized and died (2.3%) during this period 
(Table 1). It is important to mention that she had T1D 
for 14 years, cardiac autonomic, peripheral neuropathy 
and retinopathy with a poor glycemic control (last A1c 
was 12.3%), and whose BMI was 18 kg/m2. 

Considering the type of COVID-19-like symptom, 
fever (40.9%), myalgia (36.4%), headache (34.1%), 
and cough (31.8%) were the most prevalent. Other 
symptoms included loss of taste (27.3%), loss of smell 
(20.5%), shortness of breath (20.5%), and others 
(27.3%). Whether patients presented symptoms or not, 
no difference in sex, age, duration of diabetes, A1c levels, 
or presence of chronic complications was observed 
between them. Epidemiological data and adherence to 
preventive measures were also not different (Table 1). 

Thirty (12.7%) patients required psychological 
attention performed through telemedicine, mostly in 
the symptomatic group (11 [25%] vs. 19 )9.8%], P = 
0.006; Table 1) The most prevalent psychological 
symptoms attributable to the COVID-19 pandemic 
were fear, insomnia, and anxiety, affecting 39.4%, 
29.6%, and 46.3% of patients, respectively. The 
presence of psychological symptoms was not associated 
with gender, duration of diabetes, A1c levels, BMI, or 
adherence to insulin treatment or diet. Patients with 
psychological symptoms were older (30 [18-44] vs. 
21.5 [15-38.5] years old, P = 0.044) and practiced 
physical exercise less frequently (29 [21.2%] vs. 33 
[37.1%], P = 0.009). In addition, the adherence to diet 
was greater in patients who also adhered to physical 
activity (7.75 [6-9] vs. 7 [5-8], P = 0.012).

A higher proportion of pediatric and older 
patients respected social distancing (95.9% and 91.6%, 
respectively) compared to adults (83.5%, P = 0.001). 
Of those not completely social distancing, the majority 
in all age groups said they used masks outside. The 
adherence to influenza vaccination was higher in the 
older group (83.3%) compared to the adult (58.6%) 
and pediatric groups (46.5%, P = 0.036; Table 2) 

The effect of the pandemic on diabetes treatment 
stratified by age groups is presented in Table 2. Overall, 
17.3% of the patients referred to difficulties acquiring 
medical supplies. The self-reported scores for adherence 
to diet and exercise frequency were similar among age 
groups. The self-reported score for insulin treatment 
adherence was different among age groups (10 [9-10] 
in pediatric cases vs 9 [8-10] in adult and 10 [8-10] in 
older person’s cases, P = 0.004). 

Patients with scheduled 
consultation during the pandemic

N=321

Successfully contacted 

N=237 (73.8%)

In-person 
consultation

N=30

Unsuccessfully contacted 

N=84 (26.2%)

Telemonitoring

N=207

Exclusively by phone: N=190

By phone and email: N=17 

Figure 1. Flowchart showing the performance of the telemonitoring 
strategy
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Table 1. Clinical and epidemiological data from the whole population and comparison between symptomatic and asymptomatic patients 

Total COVID-19-like 
symptomatics Asymptomatics P value

N 237  44 193

Gender (Female) 129 (54.4) 28 (63.6) 101 (52.3) 0.174

Age (years) 27 [16-43] 33 [18.5-43] 26 [16-43] 0.532

Pediatric

Adults

Elderly

74 (31.2)

151 (63.7)

12 (5.1)

11 (25)

32 (72.7)

1 (2.3)

63 (32.6)

119 (61.7)

11 (5.7)

0.334

Duration of diabetes (years) 12 [5.5-22] 16 [7.5-23.5] 12 [5-22] 0.255

HbA1c (%) 8.7 [7.7-10] 8.6 [7.7-9.5] 8.7 [7.6-10.2] 0.637

Renal dysfunction1 16 (9.2) 1 (3.2) 15 (10.6) 0.201

Retinopathy2 70 (40.5) 12 (40) 58 (40.6) 0.955

Neuropathy3 30 (18.3) 8 (25) 22 (16.7) 0.274

Body mass index4 23.4 [19.7-27.1] 24.5 [21.2-28.6] 23.3 [19.7-26.9] 0.428

Eutrophic

Overweight

Obesity

135 (57.2)

68 (28.8)

33 (14)

23 (52.3)

14 (31.8)

7 (15.9)

112 (58.3)

54 (28.1)

26 (13.5)

0.762

Hypertension5 53 (22.8) 10 (22.7) 43 (22.9) 0.984

Frequency of symptoms

Fever 18 (40.9)

Myalgia 16 (36.4)

Headache 15 (34.1)

Cough 14 (31.8)

Dysgeusia 12 (27.3)

Anosmia 9 (20.5)

Shortness of breath 9 (20.5)

Others 12 (27.3)

Hospitalization 1 (2.3)

Death 1 (2.3)

Practice of exercise6 62 (27.4) 10 (23.3) 52 (28.4) 0.495

Adherence to diet7 7 [5.8-8] 7 [6-8] 7 [5-8] 0.616

Adherence to treatment8 137 (60.4) 9 [8-10] 10 [8-10] 0.174

Psychological symptoms9 137 (60.4) 28 (65.1) 109 (59.2) 0.478

Psychological consultation required 30 (12.7) 11 (25) 19 (9.8) 0.006

In-person consultation 30 (12.7) 4 (9.1) 26 (13.5) 0.430

Telemonitoring 207 (87.3) 40 (90.9) 167 (86.5) 0.43066

Influenza Vaccine10 128 (56.1) 23 (53.5) 105 (56.8) 0.697

Contact with confirmed or suspected COVID-1911 37 (15.8) 16 (38.1) 21 (10.9) 0.000

Social distancing12

None 28 (12.1) 6 (14) 22 (11.7) 0.431

Total 136 (58.9) 28 (65.1) 108 (57.4)

Partial 67 (29) 9 (20.9) 58 (30.9)

Use of masks13 221 (97.8) 42 (97.7) 179 (97.8) 0.955

Data presented as n (%) or median [interquartile range]. Missing data: 1 8 patients; 2 8 patients; 3 17 patients; 4 1 patient; 5 5 patients; 6 11 patients; 7 11 patients; 8 13 patients; 9 10 patients; 10  
9 patients; 11 3 patients; 12 6 patients; 13 11 patients. Data from chronic complications were obtained only for patients with criteria for annual screening. 
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Table 2. Clinical and epidemiological data from the whole population and stratification by age groups

Pediatric population
(n = 74)

Adults
(n = 151)

Elderly
(n = 12) P value

Close contact with suspected or confirmed case0 8 (11.1) 28 (18.7) 1 (8.3) 0.270

Social distancing1

None 3 (4.1) 24 (16.4) 1 (8.3)

Total 61 (83.6) 71 (48.6) 4 (33.3)

Partial 9 (12.3) 51 (34.9) 7 (58.3) 0.001

Use of masks, yes2 69 (98.6) 140 (97.2) 12 (100) 0.711

Influenza vaccination, yes3 33 (46.5) 85 (58.6) 10 (83.3) 0.036

Adherence to diet4 7 [5-9] 7 [6-8] 6 [5-8] 0.699

Adherence to insulin treatment5 10 [9-10] 9 [8-10] 10 [8-10] 0.004

Physical exercise, yes6 17 (23.9) 43 (29.9) 2 (18.2) 0.513

Problems in supplies acquisition, yes7 9 (12.9) 27 (18.8) 3 (27.3) 0.379

Psychological symptoms8 35 (48.6) 95 (66) 7 (63.6) 0.047

Psychologic telemonitoring required 7 (9.5) 21 (13.9) 2 (16.9) 0.585

Missing data: 0 3 patients; 1 6 patients; 2 11 patients; 3 9 patients; 4 11 patients; 5 13 patients; 6 11 patients; 7 12 patients; 8 10 patients.

DISCUSSION

During the COVID-19 pandemic, telemonitoring was 
expected to play an important role in assisting patients 
with chronic diseases to avoid their exposure to SARS-
CoV-2 infection. However, the success of this strategy 
in monitoring T1D patients in the public health system 
in Brazil was unknown, as was the effect of the pandemic 
on patients’ physical and mental health. To fill this gap, 
our study showed that telemonitoring reached 74% of 
T1D patients followed-up at our diabetes unit during 
the COVID-19 pandemic, and it allowed us to select 
urgent cases requiring in-person consultation and 
provide treatment guidance and psychological support 
to reinforce protective measures. Brazil’s health care 
system is traditionally structured on the model of face-
to-face interactions between patients and clinicians, 
and this paradigm shift, especially under an urgent 
circumstance, was a major challenge. 

To ratify our expectations, a 2015 Cochrane 
systematic review has already shown that telemedicine 
can result in improved blood glucose control in patients 
with diabetes (10). Similarly, children with asthma 
seen by telemedicine or in-person visits can achieve 
comparable degrees of asthma control (11). A recent 
Brazilian publication proposed that telehealth offers 
capabilities for remote screening, care, and treatment, 
and it assists monitoring, surveillance, detection, 
prevention, and mitigation of the effects on health care 
indirectly related to COVID-19 (12). 

The prevalence of symptoms suggestive of 
COVID-19 in our population was 18.8%. Although 
the association with worse outcomes in patients with 
diabetes is well established (2), the susceptibility to 
SARS-CoV-2 infection does not appear to be increased 
in these patients (13,14). Thus, it is expected that 
infection rate among people with diabetes does not 
differ from the general population. Although none of 
the suspected COVID-19 cases could be confirmed 
due to lack of testing, almost all patients presented mild 
to moderate symptoms and one needed hospitalization 
and later died in this period. The absence of diagnostic 
confirmation can be explained by the low access to 
diagnostic tests because the public health strategy in 
Brazil was to test only severe cases of the disease. In 
fact, other respiratory viruses can be responsible for 
infections during this period (15) and data from the 
Brazilian Ministry of Health showed that COVID-19 
was responsible for 53% of cases of hospitalization for 
SARS and 47% were due to other causes (16). 

The T1D patients’ adherence to social distancing 
was high: 95.9%, 83.6%, and 91.7% of pediatric, adult, 
and older patients, respectively. In addition, almost 
all patients who did not perform distancing or did so 
partially adhered to the use of masks. According to data 
obtained by the technology company In Loco using 
a methodology for monitoring cellular signals, our 
findings were higher than the 40.1% social distancing 
rate observed in the State of Rio de Janeiro on June 23, 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

110

Telemonitoring type 1 diabetes

Arch Endocrinol Metab. 2021;65/1

2020, and the 37.8% rate in Brazil on the same day. The 
maximum distancing rate recorded for the population 
in Rio de Janeiro since the beginning of lockdown was 
64.1% on March 22, 2020 (17). 

The COVID-19 pandemic may be associated with 
the onset or worsening of people’s psychological 
disorders (18). The reduced contact with friends, 
familial support, and social network imposed by social 
distancing can trigger anxiety, fear, and sleep disorders. 
Particularly in patients with chronic diseases, including 
diabetes, these psychological symptoms may worsen 
due to the fear of clinical decompensation and adverse 
outcomes associated with COVID-19. The majority of 
our patients reported symptoms such as feeling anxious, 
feeling fearful, or difficulty sleeping, regardless of the 
presence of COVID-19-like symptoms. However, 
a greater number of COVID-19-like symptomatic 
patients asked for psychological support. According to 
a recent study based on telemedicine, 88.4% of older 
type 2 diabetes patients felt anxiety related to the 
current pandemic (19).

We observed a low adherence to physical exercise, 
which could be explained by the difficulty of exercising 
at home. However, studies prior to the COVID-19 
pandemic have already shown that physical activity was 
performed by only 34% of patients with diabetes and 
the main reasons for inactivity included the perception 
of difficulty in exercising, feeling tired, and lack of time 
or local facilities (20,21). In addition, the score given to 
diet was lower than that attributed to the use of insulin 
in our study. Although dietary recommendations 
are important for optimal self-management in T1D 
patients, data show that this is one of the most difficult 
treatment pillars to follow (21).

Our study has some limitations. First, we were 
not able to contact all patients scheduled for 
consultations during the pandemic, which could have 
led to underestimation of the number of symptomatic 
patients and the number of hospitalizations or 
deaths. Furthermore, no symptomatic patient had a 
confirmatory test for COVID-19, so we cannot assure 
the etiology of flu-like syndrome. 

To overcome the barriers to providing 
telemonitoring that we encountered, periodic 
updates of personal information in medical records 
must be performed. Moreover, considering that 
a multidisciplinary approach is essential for good 
metabolic control, supplementary to medical and 
psychological support, we propose that strategies be 

developed to provide nutritional guidance and physical 
exercise programs that can be easily performed at home. 

In summary, telemonitoring T1D patients from 
our public diabetes center during the COVID-19 
pandemic was useful to reduce the need for in-person 
consultations and to detect clinical and psychological 
needs while providing remote assistance for patients. 
In addition, phone contact allowed us to reinforce the 
recommended protective measures to minimize risk of 
SARS-CoV-2 exposure. 
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SUMMARY
Pseudohypoparathyroidism comprehends an assorted group of genetically rare disorders that 
share end-organ resistance to parathyroid hormone. Genetic and epigenetic modifications on 
guanine nucleotide-binding protein alpha-stimulating gene locus are the most common underlying 
mechanisms associated with pseudohypoparathyroidism. Biochemical and molecular analysis stratify 
pseudohypoparathyroidism into types 1A, 1B, 1C, and 2. We describe an unusual case of sporadic 
pseudohypoparathyroidism type 1B. A 34-year-old Caucasian woman was admitted to the emergency 
department, with persistent asthenia, limb paresthesias, and tactile hyposensitivity. Her physical 
examination, previous personal and family histories were unsuspicious, except for mild, intermittent 
and self-limited complaints of paresthesia during her two pregnancies, but no detailed workup was 
done. No typical features of Albright hereditary osteodystrophy were observed. The initial laboratory 
investigation showed elevated parathyroid hormone level (311.2 pg/mL), hypocalcemia (albumin-
corrected serum calcium 4.3 mg/dL), hypocalciuria, hyperphosphatemia, hypophosphaturia, 
and vitamin D deficiency. Combined calcium, vitamin D, and magnesium supplementation was 
commenced, with symptomatic and analytical improvement. Albeit resolution of vitamin D deficiency, 
the patient relapsed with mild and intermittent lower limb paresthesias. Pseudohypoparathyroidism 
was confirmed by molecular identification of the 3-kb STX16 deletion. The treatment was readjusted, 
and one year later, symptomatic remission was attained. Clinical and biochemical features, and 
their respective course, along with lack of distinctive features of Albright hereditary osteodystrophy 
pointed to pseudohypoparathyroidism type 1B. A careful follow-up is needed to avoid complications 
and recurrence. Once correction of hypocalcemia and hyperphosphatemia is achieved, with no 
reported complications and recurrence, a good prognosis is anticipated, comparable to the general 
population. Arch Endocrinol Metab. 2021;65(1):112-6 

INTRODUCTION

In 1942, Fuller Albright and cols. (1) described a 
condition characterized by increased serum levels 

of parathyroid hormone (PTH) related to its end-
organ resistance, accompanied by hypocalcemia 
and hyperphosphatemia. The authors denominated 
that constellation of biochemical features as 
“pseudohypoparathyroidism” (PHP). Those patients 
were described as a global “thickset figure”, with 
rounded facies, short stature, short neck, brachydactyly, 
heterotopic subcutaneous ossifications, and cognitive 
impairment, a composite physical phenotype lately 
termed as Albright hereditary osteodystrophy (AHO). 

Nowadays, PHP encompasses a genetically 
heterogeneous group of rare disorders that share end-
organ resistance to PTH. The majority are detected 
in childhood (2). Although data about prevalence of 
PHP has been published [Japan – 0.34 in 100.000 
(3); Denmark – 1.1 in 100.000 (2)], real prevalence 
is unknown (4). Up to 90% of PHP or related 
disorders a molecular diagnosis is made (5). The most 
frequent culprit mechanisms are sporadic or autosomal 
dominantly inherited genetic mutations and/or 
epigenetic alterations involving guanine nucleotide-
binding protein alpha-stimulating (GNAS) gene locus 
on chromosome 20q13.3 (6). GNAS complex locus 
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encodes the α-subunit of the stimulatory G protein 
(Gsα), a key regulator of adenylyl cyclase  signal 
transduction. Hence, PTH response by measurement 
of serum and urinary cyclic adenosine monophosphate 
(cAMP) levels permit to categorise patients into PHP 
type 1 (diminished cAMP response), and PHP type 
2 (preserved cAMP response), notwithstanding both 
have impaired phosphaturic responses (4,7). The 
latter suggests that the defect is downstream to cAMP 
production in the PTH-mediated signal transduction 
pathway, but no specific genetic disruption has been 
found (8). 

Molecular analysis classifies PHP type 1 (PHP1) 
into three distinctive entities, namely PHP type 1A 
(PHP1A), PHP type 1B (PHP1B), and PHP type 
1C (PHP1C), although some overlaps may occur. 
PHP1A presents several heterozygous inactivating 
mutations affecting Gsα protein. PHP1C appears to 
represent a subgroup of PHP1A as they have clinical 
and biochemical similarities. However, PHP1C are 
solely related to GNAS mutations that affect receptor 
coupling, but not its basal activity (4,6,8).

The human GNAS locus suffers genomic imprinting 
by deoxyribonucleic  acid (DNA) methylation. It 
contains four differentially methylated regions 
(DMRs) comprising the promoters of four alternative 
transcripts: exon A/B (GNAS-A/B: TSS DMR = A/B), 
neuroendocrine secretory protein 55 (GNAS-NESP: 
TSS DMR = NESP), extra-large stimulatory G protein 
(GNAS-XL: Ex1 DMR = XL), and GNAS antisense 
(GNAS-AS1: TSS DMR = AS1) (7,9). Gsα is biallelically 
expressed in most tissues, but merely in the proximal 
renal tubules of humans, and, to a lesser extent, in the 
thyroid, pituitary, and gonads, it is paternally imprinted, 
the so-called tissue-specific genetic imprinting. Other 
transcripts of the GNAS complex locus (exon A/B, 
XLαs, and A/S) are paternally expressed. On the other 
hand, syntaxin-16 (STX16) and NESP55 suffer biallelic 
and maternal expression, respectively (10).

As far as is known, all PHP1B patients exhibit loss 
of maternal-specific methylation at exon A/B, leading 
to biallelic expression of the transcript (11,12). This 
defect might play a role in the repression of Gsα protein 
in the proximal tubule, and ensuing isolated PTH 
renal resistance. However, it has also been reported 
partial thyroid-stimulating hormone (TSH) resistance 
(13). Conversely, PHP1A and PHP1C patients display 
multiple hormonal resis tances (PTH, TSH, growth 
hormone-releasing hormone, and gonadotrophins). 

Thus, PHP1B is clinically and biochemically different 
from the other subtypes of PHP1 as it causes more 
restricted deficiency of Gαs protein. PHP1B lack 
distinctive features of AHO but patients may experience 
mild brachydactyly (7,14). The majority of PHP1B 
cases are sporadic. Up to 20% of cases are inherited 
in an autosomal dominant fashion, mainly due to 
3-kb deletions within maternal allele of STX16 gene 
and other GNAS upstream regions (5). The pathways 
how the aforementioned deletions lead to methylation 
defects in exon A/B are not well understood (7,15). 
Beyond exon A/B, in a majority of sporadic cases of 
PHP1B, other DMRs are additionally impaired. No 
molecular explanations to that have yet emerged (12). 
Up to 10% cases are caused by partial or complete 
paternal uniparental isodisomy involving the long arm 
of chromosome 20, which lead to a partial/complete 
deficiency of Gsα protein in maternally expressed 
tissues (5,16). A great proportion of sporadic PHP1B 
remains unresolved, and does not appear to be related 
to the GNAS locus. Emerging opinions have been in 
favour of the impact of environmental and exogenous 
factors on DNA methylation alterations observed on 
this subset of patients (17,18). 

Herein, we report a rare case of sporadic PHP1B 
due to a de novo 3-Kb STX16 deletion. 

CASE REPORT

A 34-year-old Caucasian woman was admitted to 
the emergency department (ED), due to a two-week 
duration of persistent asthenia, four-limb paresthesias, 
and tactile hyposensitivity. The physical examination was 
normal. The patient was normoponderal (body mass 
index 22.9 kg/m2). Chvostek and Trousseau signs were 
negative. She underwent broad biochemical analysis 
(Table 1). No other family member of the patient was 
diagnosed with thyroid or parathyroid disorders or 
disruptions of calcium homeostasis. She had no usual 
medication. The patient experienced a normal growth 
and development, with no clinical features of AHO. 
Her school performance was outstanding. She holds 
a master’s degree in Medicine. She had no reported 
disturbances during embryonic and fetal development 
or anomalies at birth. The patient’s daughters 
experienced a healthy growth without specific physical 
abnormalities. However, during both pregnancies, the 
patient had intermittent and self-limited complaints of 
paresthesias, but no specific workup was performed. 
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Differential diagnosis between PHP and vitamin D 
deficiency was assumed, conjugating clinical and analytical 
investigations. 

She was hospitalized, and promptly initiated calcium 
gluconate perfusion. Subsequently, etiological workup 
was carried out. Symptomatic resolution and analytical 
improvement were achieved. Biochemical analysis at 
discharge are described on Table 2. The patient was 
discharged with calcium carbonate 9 g/day, calcitriol 
0.75 mcg/day, cholecalciferol 2,400 IU/day and 
1.2 g elemental magnesium/day. She was referred 
to the endocrinology consultation, where additional 
assessment was performed (Table 3). 

Table 4. Six-month follow-up laboratory results

Parameters Patient’s 
value

Reference 
range

Albumin-corrected serum calcium (mg/dL) 6.9 8.8-10.2

Phosphate (mg/dL) 5.0 2.7-4.5

Magnesium (mEq/L) 1.72 1.3-2.1

Parathyroid hormone (pg/mL) 277 15.0-65.0

25-hydroxyvitamin D (mmol/L) 64 62.5-200

Creatinine (mg/dL) 0.61 0.51-0.95

Thyroid-stimulating hormone (μIU/mL) 2.08 0.27-4.2

Free T4 (ng/mL) 1.08 0.93-1.70

Free T3 (pg/mL) 3.05 2.57-4.43

Table 1. Laboratory findings at the emergency department

Parameters Patient’s 
value

Reference 
range

Albumin-corrected serum calcium (mg/dL) 4.3 8.8-10.2

Phosphate (mg/dL) 5.5 2.7-4.5

Magnesium (mEq/L) 1.5 1.3-2.1

Parathyroid hormone (pg/mL) 311.2 15.0-65.0

25-hydroxyvitamin D (mmol/L) 36 62.5-200

Creatinine (mg/dL) 0.52 0.51-0.95

pH 7.42 7.35-7.45

Thyroid-stimulating hormone (μIU/mL) 0.95 0.27-4.2

Free T4 (ng/mL) 1.35 0.93-1.70

Free T3 (pg/mL) 3.25 2.57-4.43

Table 2. Laboratorial evaluation at the hospital discharge

Parameters Patient’s 
value

Reference 
range

Albumin-corrected serum calcium (mg/dL) 7.2 8.8-10.2

Phosphate (mg/dL) 4.8 2.7-4.5

Parathyroid hormone (pg/mL) 156 15.0-65.0

Creatinine (mg/dL) 0.54 0.51-0.95

Table 3. Laboratorial evaluation at the endocrinology consultation

Parameters Patient´s 
value

Reference 
range

Albumin-corrected serum calcium (mg/dL) 7.7 8.8-10.2

Phosphate (mg/dL) 4.7 2.7-4.5

Parathyroid hormone (pg/mL) 156 15.0-65.0

25-hydroxyvitamin D (mmol/L) 62 62.5-200

Creatinine (mg/dL) 0.54 0.51-0.95

24-h urinary calcium (mg/24h) 2 100-320

24-h urinary phosphate (mg/24h) 320 400-1300

Thyroid peroxidase antibody (IU/mL) 21 <34

Thyroid-stimulating hormone receptor antibody 0.8 ≤1

Thyroglobulin antibody 73 <115

Despite correction of vitamin D levels, mild and 
intermittent lower limb paresthesias had returned. 
Parathyroid glands were not visualized on neck 
ultrasound. Dual-energy X-ray absorptiometry 
(DEXA) of forearm, lumbar vertebrae, and femur neck 
were normal. Genetic analysis showed the 3-kb STX16 
deletion, confirming PHP1B. 

During follow-up, the treatment was readjusted, 
and symptomatic remission was accomplished. The 
patient is currently medicated with calcium carbonate 
4.5 g/day, cholecalciferol 22,400 IU/month, calcitriol 
1 mcg/day, and 0.52 g of elemental magnesium/day. 
Table 4 exhibits current biochemistry panel. 

DISCUSSION 

In the present case, clinical and laboratorial features led 
us to raise suspicion of vitamin D deficiency or PHP. 
Hyperparathyroidism was in first instance ruled out as 
the patient presented hypocalcemia, low 24-hour urinary 
calcium, and normal renal function. After normalization 
of  vitamin D  levels, clinical and biochemical patterns 
persisted and, thus PHP became the main culprit. Then, 
straightforward investigation was readily carried out 
through genetic testing. Sequence analysis of GNAS 
exons 1 through 13 was the first step. No alterations 
were identified. Therefore, methylation analysis was 
subsequently performed. A single loss of methylation at 
GNAS-A/B: TSS DMR=A/B was revealed, suggesting 
PHP1B. Despite loss of methylation identifies an 
imprinting defect, its main cause remains indefinite. 
Hence, quantitative polymerase chain reaction (PCR) 
was executed to assess for deletions or duplications. 
A unique 3-kb microdeletion within maternal STX16 
allele was detected. Sporadic PHP1B was diagnosed in 
line with absence of family history, and an unremarkable 
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objective examination, due to isolated renal PTH 
resistance. 

Taking into account that a maternally inherited 3-kb 
deletion within STX16 is the main underlying cause of 
autosomal dominant PHP1B, the same concept does 
not apply to sporadic cases (14). In fact, as far as is 
known, there are only three cases published  in the 
literature of de novo 3-kb STX16 deletions. Mantovani 
and cols. (19) reported a de novo STX16 deletion after 
examining genomic DNA from 10 patients with clinically 
confirmed sporadic PHP1B. Later in 2012, Turan and 
cols. (20) found a solitary loss of methylation at GNAS 
exon A/B and the 3-kb STX16 deletion on two index 
cases with clinical and biochemical features of PHP1B. 
In one family, the patient’s mother and his sister did not 
show any clinical, biochemical or molecular alterations. 
Both siblings presented the same maternal allele, but 
the index case had an allelic loss for microsatellite 
marker 261P9-CA1 within STX16, comprising a de 
novo mutation. In the other family, the index case, 
his mother, three of his five siblings, and a maternal 
uncle exhibited the 3-kb STX16 deletion. The deceased 
maternal grandfather, his siblings, and other offsprings 
were also tested for the deletion. It was only detected 
in the grandfather, meaning that he was a carrier of a de 
novo STX16 deletion.

While rare, there are reported cases of PHP1B 
patients with mild to moderate AHO phenotype, the 
more common being isolated brachydactyly (21,22). 
Other end-organ hormone resistance, such as TSH [in 
some series > 50% of PHP1B patients (11)], may take 
place with mildly elevated TSH levels, which was not 
the case in our patient.

In 2018, the first international Consensus 
Statement for the diagnosis and management of PHP 
and its spectrum of disorders (8) was published. Its 
main goal was to provide patients and practitioners a 
comprehensive guide to report detailed new evidence 
concerning their molecular characterization and precise 
management. Establishing a correlation with the current 
case, the diagnosis of PHP is primarily clinical and 
biochemical, including PTH resistance as a mandatory 
criteria independent of positive family history, among 
other major criteria. Until recently, resistance to PTH 
was definitively established through measurements of 
cAMP and urine phosphate follow ing PTH infusion 
(the Ellsworth-Howard test) (23,24). However, this 
consensus (8) did not recommend performing the 
test on a daily basis practice, but might be relevant for 

research purposes. Thus, for practical concerns, it was 
not performed. 

The main goals of treatment comprise attempting 
to  re-establish and maintain normocalcemia and 
normophosphatemia while avoiding hypercalciuria. 
Therefore, the mainstay of therapy is active vitamin D 
compounds (calcitriol) and calcium supplementation 
(25). PTH levels should diminished as far as serum and 
urinary calcium levels allow (8). 

The 2018 consensus statement (8) also recommends 
that serum biochemistry panel and urinary calcium 
excretion must be obtained every 6 months in 
asymptomatic patients or more regularly in symptomatic 
patients, and when vitamin D requires increased 
dosage, such as during acute illnesses, pregnancy and/
or breastfeeding. Patients and their family members 
should be advised about clinical manifestations of 
hypercalcemia and hypocalcemia. Moreover, the patient 
should be routinely screened, treated, and monitored for 
other related endocrinopathies, chiefly hypothyroidism. 
Thyroid function tests accompanied by autoantibodies 
should be performed at diagnosis. Recognition of TSH 
resistance and its prompt management are advocated 
in all PHP patients. Afterwards, TSH levels should be 
checked yearly in adults.

Since PHP1B patients did not exhibit skeletal PTH 
resistance, a basal DEXA should be considered (4,26). 
Hyperparathyroid bone disease is a real possibility if 
PHP is left untreated (15). 

During follow-up, if neurological signs become 
apparent, a brain CT scan is mainly required to rule 
out the presence of intracranial calcifications due 
to persistent hyperphosphatemia and the ensuing 
elevation of serum calcium-phosphorus product (8). 
A standard  ophthalmic exam should be addressed to 
search for cataracts. Dental examinations should also 
be carried out. 

Once PHP1B might be asymptomatic for 
generations, all PHP1B patients should be tested for 
the 3-kb STX16 deletion even though with a negative 
family history (20). Regarding genetic counselling, 
guidance should be tailored to the diverse molecular 
findings. For a sporadic methylation defect involving 
the maternal allele, the index patient is uniquely 
affected, and further testing of other family members 
and future descendants is merely a matter of research 
interest (8). 

Until now, there are no reported cases of assisted 
or complicated pregnancies involving sporadic PHP1B 
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women (17). No data has arisen regarding lactation 
and timing of menopause (8). 

In conclusion, current evidence suggests that 
sporadic cases of PHP1B due to de novo 3-kb STX16 
deletions are fairly unique (20). This case also showed 
that this condition may remain clinically silent 
for several years. Treatment of hypocalcemia and 
hyperphosphatemia and a careful follow-up are needed 
to avoid complications and recurrence of both. Once 
it is accomplished, a good prognosis is expected, and 
similar with the general population (2). 
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ABSTRACT
This is a retrospective report of the frequency of severe hypoglycemia and the association between 
common mental disorders and type 1 diabetes mellitus treated with insulin analogues. Patients with 
severe hypoglycemia compared with those without this complication had a higher prevalence of 
positive screening for common mental disorders (88% vs. 77%, respectively, p = 0.03). Arch Endocrinol 
Metab. 2021;65(1):117-9

Keywords
Severe hypoglycemia; type 1 diabetes; common mental disorders

INTRODUCTION

Intensive treatment of type 1 diabetes (T1D) prevents 
and slows the progression of long-term complications 

of the disease, but severe hypoglycemia is a barrier in 
achieving strict glucose control in these patients (1). 
Insulin analogues, compared with human insulins, 
can better mimic endogenous insulin production and 
possibly contribute to reducing hypoglycemia (2) and 
increasing patient satisfaction with treatment (3). A 
bidirectional association between common mental 
disorders and severe hypoglycemia has been described 
(4,5), although this concept remains debatable.

The purpose of this study was to evaluate the 
frequency of severe hypoglycemia and its association 
with common mental disorders in patients with T1D 

treated with insulin analogues after introduction of 
these types of insulin in the public health system in 
Southern Brazil.

METHODS

To evaluate the aspects highlighted above, we studied 
516 adults with T1D living across 38 cities in Southern 
Brazil. The patients included in this study were selected 
from participants in a program of no-cost distribution 
of insulin analogues, whose enrollment in Brazil 
requires at least two severe hypoglycemic events within 
a period of 6 months. Severe hypoglycemia, defined as 
hypoglycemic episodes requiring assistance from another 
person, was evaluated using a self-report questionnaire. 
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The eligible population included patients aged 18 years 
or older who were using short-acting insulin analogues 
(lispro, aspart, or glulisine) and/or long-acting insulin 
analogues (glargine, detemir, or degludec). Patients 
with cognitive deficits or communication barriers were 
excluded.

Treatment satisfaction was evaluated using the 
Diabetes Treatment Satisfaction Questionnaire status 
version (DTSQs). The total DTSQs score varied from 
0 to 36, with higher scores indicating greater treatment 
satisfaction (6).

For mental health screening, the participants filled 
out the Portuguese version of the 12-item General 
Health Questionnaire (GHQ-12), previously validated 
in the Brazilian population (7). The questionnaire 
is a self-administered screening tool to detect non-
psychotic symptoms of mental health disorders in 
community settings. It checks whether participants 
recently experienced any specific symptom or behavior 
on a four-point Likert scale, ranging, per item, from 
1 to 4. A score equal to or greater than 3 indicated a 
positive screening for common mental disorders (8).

The protocol of the present study was approved by 
the Research Ethics Committee of Hospital de Clínicas 
de Porto Alegre (Certificado de Apresentação para 
Apreciação Ética [CAAE] 1.283.728).

RESULTS AND DISCUSSION

The patients had a median age of 35 years (interquartile 
range 28-45 years) and were 52% women. In all, 101 
(20%) patients reported severe hypoglycemia in the 
month before the data collection (Table 1). All patients 
used multiple daily insulin injections, and none of them 
used insulin pumps or sensors. Patients with severe 
hypoglycemia were older, had lower education level 
and longer diabetes duration, and used beta-blockers 
more often than those without severe hypoglycemia. 
Patients with severe hypoglycemia (versus those 
without this complication) also had a higher prevalence 
of positive screening for common mental disorders 
(88% vs. 77%, respectively, p = 0.027), as well as more 
symptoms of depression, anxiety, somatic signs, and 
social withdrawal. Additionally, the median DTSQs 
score was lower in patients with severe hypoglycemia 
compared with those without this complication.

This study has some limitations. First, severe 
hypoglycemia is associated with depression (9), and since 
severe hypoglycemia was also a criterion for enrollment 
in the government program of distribution of insulin 
analogues, it may have impacted our findings in this 
study. Second, the observational nature of the study 
could lead to reverse causality. Third, the prevalence of 

Table 1. Baseline patient and disease characteristics stratified according to frequency of severe hypoglycemia

Characteristic
Overall study 

population 
(N = 516)

Severe hypoglycemia
p

No
(N = 409)

Yes
(N = 101)

Age (years) 35 (28-45) 34 (27-45) 38 (31-49) 0.016

Sex (% women) 259 (52) 199 (50) 59 (56) 0.446

Ethnicity (% white) 446 (88) 348 (87) 91 (90) 0.552

School (% complete higher education) 189 (37) 162 (40) 27 (26) 0.006

Age at diagnosis (years) 17 (11-27) 17 (11-27) 18 (11-28) 0.664

Diabetes duration (years) 18 (11-25) 17 (10-24) 19 (13-27) 0.012

Duration of use of insulin analogues (years) 5 (3-10) 5 (3-10) 5 (2-10) 0.917

Body mass index (kg/m2) 24 (22-27) 24 (22-27) 25 (22-27) 0.688

Beta-blocker use 27 (5) 16(4) 11(10) 0.023

Rapid-acting insulin analogue use 458 (91) 360 (88) 94 (93) 0.439

Long-acting insulin analogue use 431 (86) 340 (83) 85 (84) 0.539

GHQ-12, CMD screening (≥3) 395 (77) 301 (77) 90 (88) 0.027

DTSQs total score 32 (29-35) 32 (29-35) 31 (27-34) 0.007

Data are presented as median (interquartile range) or n (%). GHQ-12 score, General Health Questionnaire screening. The GHQ-12 is considered positive for common mental disorders (CMD) when 
the score is ≥3 (%patients). DTSQs, Diabetes Treatment Satisfaction Questionnaire. DTSQs total score, items 1,4,5,6,7,8 (range 0-36). ANOVA was used for comparing numerical variables with 
normal distribution, and the Kruskal-Wallis test for data with a non-normal distribution. The Mann-Whitney and Wilcoxon tests were used for paired samples. Categorical variables were compared 
using the chi-square test. p<0.05 indicated statistically significant differences between groups.
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severe hypoglycemia was considerably higher compared 
with previous reports (10,11). This discrepancy may be 
due to different ways of assessing hypoglycemia and 
the diversity of the populations studied. Differences 
in health care delivery and local economic conditions 
may also affect patient access to education and blood 
glucose monitoring, which in turn may interfere in the 
recording of hypoglycemic episodes. Moreover, studies 
have reported that the use of beta-blockers increases 
the potential risk of severe hypoglycemia (12), and that 
psychiatric disorders are associated with an increased 
number of severe hypoglycemic episodes (9), with 
possible intentional manipulation of insulin doses by 
patients (13). The bidirectional association between 
mental health disorders and severe hypoglycemia may 
increase the burden of diabetes (4,5) and significantly 
impact patient satisfaction with treatment (14).
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whether the topic that they propose is of current potential interest to the Journal. 
Review articles should be no longer than 4,000 words in the main text, include no 
more than four figures and tables, and no more than 60 references. The author 
should mention the source and/or request authorization for use of previously publi-
shed figures or tables.

Consensus Statements 
Consensus Statements related to the endocrine and metabolic health standards and 
healthcare practices may be submitted by professional societies, task forces, and 
other consortia. All such submissions will be subjected to peer review, must be 
modifiable in response to criticism, and will be published only if they meet the usu-
al editorial standards of the Journal. Consensus Statements should typically be no 
longer than 3,600 words in the main text, include no more than six figures and ta-
bles, and no more than 60 references. 

Brief Report 

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