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M&M: blending medicine and music

Marcello D. Bronstein1

https://orcid.org/0000-0002-0113-5201

I t is always said that medicine is a combination of science and art: sometimes it’s 
more science, in other occasions it’s more art. This issue of AE&M provides a 

real demonstration on how these two conditions can be blended. Dr. Oscar Bruno, 
a distinguished Professor of Medicine in Buenos Aires (Argentina), worldwide 
acknowledged endocrinologist and an opera lover, wrote an outstanding essay about 
Amelita Galli-Curci, one of the most important coloratura sopranos from the first  
half of the 20th century and that had her beautiful voice damaged after a thyroid 
surgery. (1) I am sure that our readers will be delighted by this article. 

Disclosure: no potential conflict of interest relevant to this article was reported.
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Why did Amelita Galli-Curci  
lose her voice?

Oscar D. Bruno1

https://orcid.org/0000-0002-0580-234X

T he main reason that led me to write this paper was the presentation of a poster 
at the 12th International Thyroid Conference in Kyoto, Japan (2000), about 

“Complications of Thyroidectomy in Patients with Radiation-Induced Thyroid 
Neoplasms”. This poster was illustrated with a picture of the well-known opera singer 
Amelita Galli-Curci (1) (Figure 1). At that time, I became aware of what was called 
among American neck surgeons “the nerve of Galli-Curci”. But, what was the story 
behind it? 

Figure 1. Poster presented by Kikuchi and cols. at the 12th International Thyroid Conference 
2000 in Kyoto; the red arrow pointed at a portrait of AG-C, by then a symbol of complications 
of thyroid surgery.

PERSONAL BACKGROUND

Amelita GALLI BELLISOMI (born in Milan, Italy, in the year of 1882 and died in 
1963, in La Jolla, California, USA) was a prestigious coloratura soprano from the 
first half of the 20th century, well-known over the world. In her youth, she wished to 
become a piano soloist, but after an audition with a family friend, Pietro Mascagni 
(composer of Cavalleria Rusticana, L’amico Fritz, Le maschere, among others), he 
convinced her to pursue a career of opera singer. She made her operatic debut at Trani, 
as Gilda in Giuseppe Verdi’s Rigoletto, and from that time onwards, she became very 
popular and widely acclaimed by critics and public in Italy. She married an aristocratic 
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man, Marquis Luigi Curci in 1908, when she adopt-
ed the hyphenation Galli-Curci (AG-C) along all her 
singing life, despite their divorce in 1920. She toured 
Europe, Russia and South America. In Buenos Aires, 
she performed twice with Enrico Caruso at The Colon 
Theatre, in 1915 (2). She travelled to Argentina several 
times due to professional engagements, but also prob-
ably because a significant part of her family lived there. 
We have to underline that, after an economic crash, her 
father migrated to Argentina. Her two brothers, Enrico 
and Giuseppe, also artistically well-endowed, used to 
live in the city of Rosario (Argentina) (Figure 2).

One of the stories involving Amelita (not verified) 
tells that in her last trip to Buenos Aires she decided 
to go to North America, because as World War I had 
broken out, there would be a significant risk of an 
attack to the ship that would take her back to Europe. 

She sang for the first time at the Metropolitan Opera 
House (MET) in New York in 1916. Right after that she 
became engaged with the Opera Theatre of Chicago for 
several years, before becoming the main soprano at the 
MET of New York, from 1920 to 1930, when Amelita 
decided to give up opera singing and start giving recitals 
in different parts of the world (2). In 1935 she travelled 
with her second husband, Homer Samuels (her pianist 
partner), across India. In New Delhi she was affected 
by a worrisome dysphonia. Amelita had been suffering 
from a progressive asymmetric enlargement of the 

neck for fifteen years (Figure 3) and, therefore, she 
attributed her voice problems to this lump. At that time 
she heard that a prestigious American surgeon, Dr. 
Arnold H. Kegel, was performing epidemiologic studies 
about goiter in India and decided to consult him. She 
continued touring Asia accompanied by the surgeon, 
who observed how the goiter influenced her vocal 
performance. After obtaining an X-ray test in Tokyo, he 
determined that there was a reduction of around 50% 
in her tracheal caliber due to compression by the goiter, 
hence, he proposed a surgical treatment (2).

Back in the US (in Chicago), Amelita underwent 
surgery under local anesthesia, which allowed testing 
her vocal organs during the procedure. The “potato” 
(as she called it), which measured 11 x 5 cm and 
weighed 184 g was removed. The patient was happy 
(Figure 4) and declared that “the result of the operation 
is just short of marvelous. My voice is like a young colt - I 
will have to restrain it” (2). However, she also declared 
to the Time Magazine: “The operation has pulled my 
voice way down and I would like to come back to opera as 
a lyric soprano instead of a coloratura”. There is some 

Figure 2. Family picture taken in Rosario in one of the visits of AG-C to 
Argentina. Red arrow, AG-C; yellow arrow, husband Homer Samuels; white 
arrow, brother Giuseppe; green arrow, brother Enrico.

Figure 3. The red arrow points at Galli-Curci’s lump on the right side of 
her neck.
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controversy on whether Galli-Curci’s voice improved 
after surgery or, if on the contrary, she progressively 
lost his singing skills. On the one hand, there are some 
authors who advocate for the opposite (3). On the 
other, after her first post-surgery operatic performance 
in 1936, in Chicago, as Mimi in La Bohème, the critics 
unanimously commented on her lack of upper range, 
inability to sustain notes and notorious breathlessness: 
“She had command neither of voice nor of breath” wrote 
Eugene Stinson, of the “Daily News”. She gave some 
recitals during one more year and then she retired at 
the age of 54 (2). 

MEDICAL HISTORY (THE NERVE OF GALLI-CURCI: 
MYTH OR REALITY?)

Those who concluded that Galli-Curci was affected 
by thyroid surgery explained that the damage to the 
external branch of the superior laryngeal nerve which 
innervates the crico-thyroideal muscle, derived in her 
inability to sing and sustain high pitches; so, this nerve 
has become to be known since then as the “nerve of 
Galli-Curci”. Some other specialists did not agree with 
that interpretation. Instead, they attributed her vocal 
decline to the effect of aging as it happened to others 
sopranos who changed their vocal registries from col-
oratura to dramatic as happened with Joan Sutherland 
or Montserrat Caballé (3).

But there is another possible explanation which 
was briefly evoked by some authors (4): the possibility 
that Amelita remained hypothyroid after surgery. 
Thyroid hormone receptors are present in the larynx 
and hypothyroidism is well known to affect voice (5,6). 
A severe lack of thyroid hormones is manifested by a 
hoarse voice. Although there is no information about 
the extension of the thyroidectomy, it was probably 
significant, given the weight (184 g) of what was 
removed during surgery. It has been quoted that after 
the operation she had a suggestive 15 pounds increase 
in body weight (4). At that time, diagnosis of thyroid 
insufficiency was mainly based on clinical grounds and 
on the measurement of basal metabolic rate which 
allowed diagnosis of obvious myxedema states (severe 
hypothyroidism), but not of less evident deficiencies. 
Although we do not know how she was treated, there is 
a paucity of data in the literature on the effect of subtle 
deficiency on vocal abilities, mainly in professional 
singers who naturally might be at risk. A harsh voice 
amongst more severe signs of hypothyroidism has 

been correlated with the presence of antityroglobulin 
antibodies (ATG) (7), but we do not know if Amelita 
also had autoimmune thyroiditis, since ATG levels were 
not measured in 1935 and the thyroid pathology failed 
to reveal it. Moreover, adjustment of thyroid reposition 
through the measurement of serum protein bound 
iodine (PBI) was only introduced in the forties (8,9) 

and that of thyroid stimulating hormone in the sixties 
(10). Since 1960, thyrotropin releasing hormone 
(TRH) tests have allowed the detection of more 
slight deficiencies (8) and, nowadays, ultrasensitive 
immunoradiometric thyroid-stimulating hormone 
(TSH) assays using monoclonal antibodies allow an 
even more delicate control of thyroid therapy, having 
replaced TRH-TSH tests (11). This control seems to 
be optimized in some cases through the measurement 
of serum levels of free triiodothyronine (12). 

There is no information about either her being 
treated with thyroid extracts or about how she was 
clinically and biochemically controlled. In this respect, 
it is worth remembering that it was Murray, in 1891, 
known as the father of endocrine-replacement therapy, 
who first described the cure for hypothyroidism with 
the administration of sheep thyroid extracts. In 1940 
Means (13) wrote: “The treatment of the usual type 
of myxedema is so simple that we need not devote much 

Figure 4. Galli-Curci in hospital after surgery (New York Public Library for 
the Performing Arts and Associated Press).
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time to it. The objective should be to rid the patient of his 
symptoms and clinical signs with the smallest daily ration 
of thyroid by mouth that will accomplish this purpose. 
Usually this will be found to be in the neighborhood of 
one to one and a half grains of thyroid once daily. If such 
dosage produces any sort of untoward symptoms, angina 
or other, thyroid should be stopped for a few days and 
then resumed in smaller dosage”. Nowadays we know 
that things are not that easy…Treatment for thyroid 
deficiency has continued to evolve during two thousand 
years, from the therapy of Chinese cretins with sheep 
thyroids in the 6th century to the purified preparations 
of levothyroxine employed presently. A detailed 
historical review of the evolution of the hypothyroidism 
treatment can be found in two excellent publications 
(14,15). At the time Amelia underwent surgery and 
during the following years, the usual therapy consisted 
in the administration of USP grains of desiccated 
thyroid extracts. Control and adjustment of therapy 
was based on clinical grounds, such as body weight, 
edema, pulse rate, skin quality, sensitivity to cold and 
measurement of basal metabolic rate or Achilles tendon 
relaxation time.

Therefore, it is clear that in those years diagnosis, 
evaluation, thyroid hormone substitution and control 
of therapy of the hypothyroid status were rudimentary 
compared to our days and that a persistent moderate or 
subtle deficiency could have been the cause of the vocal 
decline of Amelita Galli-Curci.

In summary, we cannot attribute her loss of vocal 
performance either to the superior laryngeal nerve 
lesion or to aging, but rather to the possibility of 
hypothyroidism due to an imperfectly regulated thyroid 
replacement. This is only an imaginative hypothesis 
and, to conclude with a well-known Italian phrase as 
a tribute to Amelita Galli-Curci: “si non è vero è ben 
trovato…” (if it is not true, it is well invented…).
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Pegvisomant for acromegaly: 
does it always works?
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T wo studies published in this present issue of the Archives of Endocrinology and 
Metabolism, by Natalia Garcia Basavilbaso (1) and coworkers, as well as the one 

by Cesar Boguszewski and coworkers (2), describe the treatment response in real-life 
of pegvisomant (PEGV) therapy in acromegaly patients, including aspects of safety 
and efficacy.

Taken together, these data reflect the everyday practice results of 184 patients from 
27 dedicated centers from Brazil and Argentina. These two essays are essential and very 
welcomed as they report indeed what is happening in real-life with a compound that, 
in theory, as well as during registration studies, somewhat promised to be efficacious 
in controlling disease activity in virtually all acromegaly patients (3,4). However, as 
was also reported in both older and newer publications from the analyses of data 
coming from the Pfizer Inc Initiated Global, non-interventional safety surveillance 
study of long-term treatment with PEGV (ACROSTUDYtm), the efficacy of PEGV 
in normalizing serum IGF-I levels apparently does not exceed about two-thirds  of 
treated patients (5,6).

In the Argentine study, 43 patients (45%) received PEGV monotherapy, while 41 
(55%) received combination therapy (68.3% with long-acting somatostatin analogs). 
Serum IGF-I levels decreased to normal ranges in “only” 63% of patients after a median 
treatment duration of 27 months, with a daily mean dose of about 12 mg (2). In the 
Brazilian report, PEGV was used as monotherapy in 11% of the cases, while normal 
IGF-I levels were obtained in about 75% of patients (1). Why more patients cannot 
be controlled in the real-life setting of center of excellence? This still remains a very 
significant question. A very important issue, for sure, is that in none of the published 
reports on long-term efficacy data, the maximal allowed dose of PEGV (30 mg daily) 
has been used in those subjects that were not well controlled in their IGF-I levels. Also, 
in both reports in this issue of the Journal, it was observed that the mean and maximal 
dosages of PEGV could have been higher, especially in non-controlled subjects. Data 
from Brazil, e.g., show that normalization of serum IGF-I levels at any point during 
therapy was obtained in 80 (74.1%) patients: 11 (92%) in monotherapy and 69 (71%) 
in combined treatment. The median maximum dose of PEGV in monotherapy was 15 
mg/day and in combined treatment it was 10 mg/day, but these values appeared not 
to be statistically different. The Argentine data mentioned that the prescribed dose of 
PEGV ranged from 20 to 210 mg weekly, which was accompanied by a normalization 
of IGF-I levels in 53 % and 47% of combined and monotherapy treatment respectively, 
and as with the Brazilian data without a significant difference between those two. 
Noteworthy is that the group of patients in the Argentine study not achieving disease 
control, received an average daily dose of 13,9 mg that could have left room for an 
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increase up to 30 mg daily. Although not allowed by 
the label, some patients need more PEGV to have their 
IGF-I levels normalized. That is another lesson that 
ACRODAT thaught us (7). Gathering all the literature 
data and the two studies in this issue, it appears that 
patients who need more PEGV to normalize their 
IGF-I levels have a more aggressive disease, as they 
are younger, have higher baseline IGF-I levels, more 
hypertension, more sleep apnea and diabetes and are 
more overweight. A better understanding of this dose-
efficacy relationship of PEGV might avoid inappropriate 
dosing and prevent serum IGF-I levels from remaining 
unnecessarily uncontrolled. Both studies don’t observe 
much difference between the PEGV doses used in 
the controlled versus the uncontrolled groups, which 
is difficult to interpret since a proper dosing has not 
been used in either of the groups. Therefore, the 
major challenge for advocates of PEGV treatment in 
the coming years must be to instruct clinicians to use 
PEGV in doses that do normalize IGF-I is almost all 
subjects and don’t stop halfway in dose titration.

When safety is concerned, both studies address this 
very well and the data show that the well-known side-
effects of localized lipodystrophy and hepatotoxicity 
do occur and the reported incidence varies with the 
interval between observation of the patients, mostly in 
an outdoor setting. Data from ACROSTUDY probably 
underscore the real incidence because of the wider 
interval between reported visits of 6 months to 1 year 
(5,6). However, all in all, these side effects appear to be 
not frequent or serious enough to prevent large-scale 
use of PEGV in acromegaly patients that really need 
such an effective drug as it remains by far the most 
effective medical treatment available to date. What 
remains important to follow up closely is the potential 
increase in tumor size in patients on PEGV treatment, 
especially in those without concomitant somatostatin 
analog treatment. Both studies mentioned this well and 

in detail. One could conclude that this does happen in 
some subjects with aggressive tumors and that none of 
the treating physicians link it to the use of PEGV, but 
the incidence is very low and well below 5%. 

In conclusion, these two large retrospective studies 
from South America nicely add important real-life data 
to the increasing pile of reports on safety and efficacy 
of PGV in the treatment of acromegaly patients. Both 
again show that proper dosing of PEGV in all patients 
remains a challenge and, for sure, leave room for even 
higher efficacy rates in the future.

Disclosure: SJN and AJvdL have received speakers fees and/or 
grants from Ipsen, Novartis and Pfizer Inc. They are member of 
the advisory board of Crinetics.
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ABSTRACT
Objective: To describe the long term safety and efficacy of pegvisomant (PEGV), and the predictors 
of treatment response in patients with acromegaly in the real life setting. Subjects and methods: We 
retrospectively reviewed the clinical, hormonal and radiological data of acromegalic patients treated 
with PEGV in 17 Argentine centers. Results: Seventy-five patients (age range 22-77, 51 females) with 
acromegaly have been treated with PEGV for up to 118 months (median 27 months). Before PEGV, 
97.3% of patients had been treated with medical therapy, surgery and/or radiotherapy, two patients 
had no previous treatment. At that time, all patients had an IGF-1 above the upper normal limit (ULN) 
(mean 2.4 x ULN ± 0.98, range 1.25-7). At diagnosis of acromegaly 84% presented macroadenomas, 
prior to PEGV only 23,5% of patients remained with tumor remnant > 1 cm, the remaining showed 
normal or less than 1 cm images. Disease control (IGF-1 ≤ 1.2 x ULN) was achieved in 62.9% of 
patients with a mean dose of 11.8 mg/day. Thirty-four patients (45%) received PEGV monotherapy, 
while 41 (55%) received combined therapy with either somatostatin analogues and/or cabergoline. 
Adverse events related to PEGV were: local injection site reaction in 5.3%, elevated liver enzymes 
in 9.3%, and tumor size growth in 9.8%. Pre-PEGV IGF-I level was the only predictor of treatment 
response: 2.1 x ULN vs 2.8 x ULN in controlled and uncontrolled patients respectively (p < 0.001). 
Conclusion: this long term experience indicates PEGV treatment was highly effective and safe in 
our series of Argentine patients with acromegaly refractory to standard therapies. Arch Endocrinol Metab. 
2019;63(4):320-7

Keywords
Pegvisomant; acromegaly; GH receptor antagonist; clinical trial
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INTRODUCTION 

Acromegaly is a chronic disease characterized by 
excessive secretion of growth hormone (GH), 

most often from a growth hormone-secreting pituitary 
adenoma, with resultant hepatic overproduction of 
insulin-like growth factor I (IGF-1) (1). It is a rare 
condition, with an estimated incidence of 3 to 11 cases 
per million inhabitants per year (2) and a prevalence of 
40 to 78 cases per million inhabitants (3). GH excess 
is associated with a significant increase in morbidity, 
including hypertension, diabetes, cardiovascular disease, 
sleep apnea, and cancer. Reduction of GH levels and 
normalization of IGF-1 reduces mortality to rates similar 
to those reported in the general population (4-6). 

The treatment of choice for most patients is 
transsphenoidal surgery, with results depending on 
tumor characteristics and neurosurgeon’s experience. 
Experienced surgeons can achieve a cure rate of up to 
90% in patients with microadenomas and of 50% to 
70% in macroadenomas (7,8). Approximately half of 
patients will not be cured by surgery and will require 
adjuvant medical therapy and/or radiotherapy. Three 
classes of drugs are currently available: Somatostatin 
receptor ligands (SRLs), dopamine agonists (DA) and 
GH receptor antagonist, PEGV (9).

The first-generation SRLs, octreotide and 
lanreotide, are the drugs of choice in adjuvant therapy 
of acromegaly when remission has not been achieved 
after surgery as well as while awaiting the effect of 
radiotherapy. The rate of IGF-1 normalization with 
SRLs in patients who were naïve to medical therapy as 
well as in those who have undergone surgery ranges 
between 38% and 68% (10-12). 

Pasireotide, a second-generation SRL approved in 
2014 for use in acromegaly is effective in 15%-20% of 
patients who are not controlled using first-generation 
SRLs, at doses of 40 mg and 60 mg, respectively. 
However, the higher rates of hyperglycemia and 
diabetes might affect its use in some cases (13).

Cabergoline a D2 receptor agonist, achieves 
IGF-1 normalization in up to 34% and 50% of cases 
as monotherapy or combined therapy with SRL 
respectively (14).

PEGV, a genetically modified analog of human GH, 
is the only drug acting as a GH receptor antagonist 
that, when binding to this receptor, inhibits IGF-1 
synthesis and release (15). This drug was approved in 
2003 by the FDA for the treatment of acromegaly and is 
recommended in patients previously treated by surgery 

or radiotherapy whose disease cannot be adequately 
controlled even with the maximum doses of SRLs (16). 
PEGV may be used as monotherapy or in combination 
with SRL and/or DA (17). The GH receptor antagonist 
may also be highly useful in acromegalic patients with 
poorly controlled diabetes mellitus in whom SRLs 
might worsen glucose metabolism (18).

The effectiveness of PEGV varies widely depending 
on the type of study (controlled vs. observational 
clinical trial) (19). In fact, IGF-1 levels returned to 
normal in over 90% of patients in controlled clinical 
trials (20,21), while the normalization rate was lower 
in observational trials (22)

In 2010, we published our first experience from a 
multicenter real-life study in our country, where we 
analyzed the outcome of 28 patients with acromegaly 
treated with PEGV for a mean time of 12 months 
(23). We found that disease control had been achieved 
in 58% of patients with a mean dose of PEGV of 9.6 
mg/day (23). We reported a rate of adverse events 
similar to the rates observed in various publications. 
Therefore, we decided to continue analyzing these and 
new patients with the aim of obtaining further data on 
the effectiveness and safety of PEGV in the long-term 
treatment of acromegaly in real life data set

The aim of our study was to contribute further data 
to the national registry of patients initiated in 2010. 
This is a multicenter, retrospective, observational study 
whose main objective was to evaluate the efficacy 
and safety of PEGV in the long-term treatment of 
acromegaly in the clinical practice setting. A secondary 
objective was to search a predictor of treatment 
response with PEGV 

SUBJECTS AND METHODS

The study is not based on a protocol but conducted 
according to international algorithms and the reality of 
our healthcare system, whether public or private (real-
life study). 

Ambulatory patients from 17 sites in Argentina 
with a diagnosis of acromegaly, treated with PEGV for 
at least two months at any time during the course of 
their disease. Diagnosis of acromegaly was based on 
elevated age- and sex-adjusted IGF-1 levels and lack of 
GH suppression to < 1 ug/l during the oral glucose 
tolerance test (OGTT) (14).

Baseline data at the time of the diagnosis of 
acromegaly were collected: age, gender, GH and IGF-1 
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levels and tumor size (micro/macroadenoma). Data on 
various treatment regimens (surgery, radiotherapy, drug 
therapy), and size of tumor remnant prior to PEGV 
initiation were also registered. Finally, biochemical and 
imaging data during treatment with the GH receptor 
antagonist were analyzed.

PEGV treatment indication and monitoring were at 
the treating physician’s criterion.

IGF-1 levels were measured at local labs and 
interpreted according to each laboratory’s age- and 
gender-adjusted reference ranges.

IGF-1 results were expressed as the ratio of the 
absolute value to the upper normal limit of the reference 
method (IGF-1xULN). A cutoff point ≤ 1.2 x ULN as 
parameter of biochemical control to PEGV therapy was 
considered in this analysis.

As regards drug safety, tumor size and liver enzyme 
levels were evaluated before and after treatment with 
PEGV, as well as the occurrence of other adverse events 
such as local reactions at the site of injection. 

Inform consent was obtained from all individual 
participants included in this study.

Statistical analysis 

For the descriptive analysis, categorical variables were 
expressed as the frequencies, percentages and 95% 
confidence intervals, and the numerical variables were 
expressed as the mean ± SD, 95% confidence intervals 
for mean. The Student test for paired samples was used 
to evaluate the differences between IGF-I levels before 
and after PEGV therapy. The ANOVA for repeated 
measures was applied to evaluate the differences 
in the follow up to the 3, 6 and last follow up. The 
Cochran’s Q test for sample paired with Bonferroni 
correction was used to compare proportions between 
follow ups. The difference was considered significant 
when p < 0.05.

RESULTS
Baseline characteristic 

Seventy -five patients (51 women), age 41.96 ± 12.61 
years (range 21-68) diagnosed with acromegaly 
between 1985 and 2012 were included. 

Baseline IGF-1 (IGF-1/ULN) at the time of 
diagnosis of acromegaly was 3 ± 1.4 ULN (range 
1.4 to 5.6).Of the 75 patients, 63 (84%) had images 
consistent with macroadenomas, and 10 (13.3%) with 

microadenomas. In 2 patients clinical and biochemical 
GH excess was documented, with no evidence of 
pituitary tumor or ectopic disease (Table 1).

Previous treatments

Of the total of 75 patients, 30 (40%) were treated with 
surgery and drug therapy; 28 (37.3%) with surgery, 
radiotherapy and medical treatment; 12 (16%) only drug 
therapy; 3 (4%) radiotherapy and medical treatment 
prior to the start of PEGV. Some of the reasons why 
surgery was not considered as first option of treatment 
were: invasive tumors with low chance of cure, patients 
with severe comorbidities and high surgical risk, lack of 
a neurosurgical team with expertise in pituitary tumors, 
and patient rejection.

Two patients (2.7%) received PEGV as first line 
treatment (Table 1). One was a 67-year-old woman 
with a microadenoma at the diagnosis and severe 
chronic obstructive pulmonary disease who was 
contraindicated for using SRL due to gallbladder 
lithiasis. The other patient was a 58-year-old woman 
with a microadenoma as well, and severe hypertension 
who initiated primary therapy with PEGV assuming a 
faster and more effective control of IGF-1 excess.

Of the 73 patients receiving drug therapy prior to 
PEGV, 48 (65.8%) received SRL first generation in 
combination with cabergoline, while 25 (34.2%) were 
treated only with SRL. 

Table 1. Baseline Patient Characteristics (n = 75)

Sex, % Females 68%

Age at diagnosis, years 41.9 (21-68)

IGF1 x ULN at diagnosis 3 ± 1.4 (range 1.4-5.6)

Tumor size at diagnosis % macro 84%

Previous Therapy

  Surgery + MT

  Surgery + RT + MT

  Medical Treatment alone

  RT alone

  No therapy

97.3%

40%

37.3%

16%

4%

2.7%

Age prior PEGV years 47.5 (22-77)

IGF-1 xULN at start of PEGV 2.4 ± 0.98 (range 1.25-7)

Tumor size prior PEGV % macro 23.5%

Data are expressed as median or percentage.
MT: medical therapy; RT: radiotherapy.
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Pre-pegvisomant residual tumor size

Information on residual tumor size after multimodal 
treatments, and prior to PEGV therapy, was as following: 
37,3% patients had no residual tumor (including 2 
patients with normal MRI at the time of diagnosis), 
39.2% and 23.5% showed residual tumor size < 1 cm 
and > 1 cm respectively.

Treatment with Pegvisomant

The mean age of patients at the time of initiating 
treatment with PEGV was 47.5 years (22-77). Mean 
serum IGF-1 (IGF-1/ULN) levels prior to PEGV therapy 
were 2.4 ± 0.98 (range 1.25 to 7). The dose of PEGV 
prescribed ranged from 20 to 210 mg weekly. The mean 
dose was 11.8 mg/daily. Median treatment duration with 
PEGV was 27 months, with a range of 2 to 118 months.

Thirty-four patients out of 75 (45%) received 
monotherapy with PEGV, and 41 (55%) received 
combined therapy. Of the latter, 28 (68.3%) received 
SRL; 8 (19.5%) cabergoline with SRL, and the 
remaining 5 (12.2%) cabergoline.

IGF-1 levels during treatment with pegvisomant

We considered IGF-1/ULN ≤ 1.2 as the cutoff point 
for referring to controlled disease. 

Biochemical treatment response was evaluated in 62 
of 75 patients. Thirteen patients were excluded from the 
treatment response analysis due to the lack of available 
or reliable IGF-1 levels, or early drug discontinuation. 

Disease control was achieved in 39 patients (62.9%) 
during the last follow up and were included into the 
“controlled group”: IGF-1 levels did not return to 
normal in 23 patients (36.9%), who were included into 
the “uncontrolled group” (Figure 1).

Considering the total group of 62 patients, the 
mean pre-PEGV IGF-1 level (IGF-1/ULN) was 2.35 
(95% IC 2.10-2.59), decreasing to 1.37 (95% IC 1.16-
1.58), and 1.26 (95% IC 0.99-1.52), at 3, 6 months of 
treatment respectively and to 1.19 (95% IC 0.99-1.40), 
at the last follow-up, observing statistical differences 
between the pre-PEGV IGF-1 level and the other 
values (p < 0.001) (Figure 2).

 When IGF-1 levels were analyzed in the different 
groups of patients according to biochemical response we 
obtained the following results: in controlled patients mean 
pre-PEGV IGF-1 levels decreased from 2.06 (95% IC 
1.77-2.35), to 0.78 (95% IC 0.65-0.91) (p < 0.0001), in 
uncontrolled patients mean pre-PEGV IGF-1 decreased 
from 2.83 (95% IC 2.45-3.21), to 1.89 (95% IC 1.72-
2.06), at the last follow-up (p < 0.0001) (Figure 3). 

% controlled patients

48.1%

62.2% 62.9%

0%

pre PEGV 3 months

% Control CI 95.0% LB CI 95.0% UB

6 months Last folow

3.00

IGF1 pre PEGV IGF1 3 months IGF1 6 months IGF1 last folow up

– Mean – 95% CI for mean LB – 95% CI for mean UB

2.50
2.35

1.37

2.00

1.50

1.00

1.20

0.50

1.26 1.19

Figure 1. Response Rate of the 62 patients with acromegaly during follow 
up treatment with PEGV.

Figure 2. IGF-1 levels (IGF-1/ULNin 62 patients with acromegaly, before 
and during long term follow up treatment with PEGV.

3.50

IGF1 pre PEGV IGF1 last folow up IGF1 pre PEG IGF1 last folow up

Non controled last follow upControled last follow up

3.00

2.1

2.8

2.50

2.00

1.50

1.00

0.50

1.9

0.8

– Mean     – CI 95% LB    – CI 95% UB

Figure 3. IGF-1 levels (IGF-1/ULN) in controlled vs uncontrolled patients 
with acromegaly before and at the last follow up treatment with PEGV.
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Regarding modality of treatment, there were 
normalization of IGF-1 levels in 64.7% and 60.7% of 
combined and monotherapy treatments respectively, 
with no significant difference. Considering cutoff levels 
of IGF-1 x ULN ≤ 1, 58% of patients were defined as 
controlled under PEGV treatment. 

Predictors of response

There was no difference in age, gender, previous 
radiotherapy or pre-PEGV GH levels between 
patients who were controlled and those who were 
not after PEGV treatment When comparing mean 
pre-PEGV IGF-1levels in the group of patients who 
achieved disease control vs. the group of patients with 
uncontrolled disease, we found significant lower mean 
levels in the controlled group: 2.1 vs. 2.8; (p < 0.001).

Dose of pegvisomant

The mean dose of PEGV used in the whole group was 
11.5 mg/day. The group of patients not achieving 
disease control received an average dose of 13.9 mg/d 
(median 15, range 6-30), higher than that received by 
the group with controlled disease (mean 10.6 mg/d, 
median 10, range 3-20) (p = 0.046).

We did not find significant differences between the 
dose of PEGV prescribed as combined therapy and the 
one prescribed as monotherapy: 11.4 mg/d (SD = 53) 
vs. 11.4 mg/d (SD = 5.6), respectively (p = 0.99).

Regarding uncontrolled patients, most of them 
were prescribed to increase the dose of PEGV, however 
due to the lack of social security support, adverse 
events, or lack of compliance, dose optimization was 
not completely fulfilled.

Safety

Sixteen patients experienced an adverse event related 
to PEGV. 

Local adverse events

Four out of 75 patients (5.3%) experienced local adverse 
events: 3 had localized lipodystrophy and 1 cellulitis. 
Of these 4 patients, 2 required PEGV discontinuation.

Hepatotoxicity

Increased transaminase levels (> 3X ULNwas reported in 7 
of 75 (9%) patients. Following treatment discontinuation 
or dose reduction, transaminase values returned to 
normal in all patients. Two patients reinitiated treatment, 
at this time with no enzyme elevation. The five remaining 
patients did not reinitiate treatment with PEGV: 3 as a 
precaution, 1 by decision of the patient and 1 due to 
drug unavailability. One of the patients was previously 
published (24).

Tumor growth

Four out of 50 patients (8%) with available images, 
showed an increase in tumor size on PEGV. Three 
patients (2 macroadenomas, 1 microadenoma) 
had been operated on and received SRL prior to 
the use of PEGV, one of them with elevated Ki 67 
on tumor pathology, had also undergone gamma 
knife radiotherapy (Figure 4). Both patients with 
macroadenomas required subsequent surgery due to 
tumor growth under PEGV; one of them, additional 
radiotherapy as well. The patient with a microadenoma 
returned to SRL therapy after 1 year PEGV, with tumor 
shrinkage in the long term follow up. The fourth patient 
started PEGV as first line treatment, due to severe 
comorbidities and partial contraindication to surgery 
and SRL; the tumor increased from 7 to 11 mm after 
1year PEGV. After that term the patient became lost to 
follow-up. All four patients achieved normal or reduced 
levels of IGF-1 under PEGV treatment, three of them 
on monotherapy and one on combination therapy with 

Figure 4. Coronal T1 weighted image after gadolinium. (A) Tumor remnant on the left side of the pituitary gland before PEGV (after 1st surgery, RT and 
SRL). (B) Tumor growth After 72 months PEGV monotherapy. (C) Disease remission and no tumor remnant after 2nd surgery.

A B C
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SRL. It should be noted that the images (MRI) were 
not evaluated by a central team.

PEGV discontinuation due to serious adverse 
events was documented in 6 patients (3 local reaction, 
2 hepatotoxicity and 1 tumor enlargement). Some 
patients discontinued therapy as a precaution or due to 
lack of PEGV availability.

DISCUSSION

PEGV was approved for use in acromegaly in Argentina 
in 2005. The present study is the largest Latin American 
series of patients with acromegaly that shows long-term 
treatment outcome with PEGV.

We demonstrated that PEGV treatment is 
effective and safe in our cohort of Argentine patients 
with acromegaly similar to that observed in other 
populations. We have expanded the national registry of 
patients with acromegaly treated with PEGV, from our 
first experience in 2010 when we analyzed the outcome 
of 28 patients with acromegaly treated with PEGV for a 
mean treatment duration of 12 months, achieving IGF-
1 normalization in 58.8 % of them (23).

Acromegaly is associated with increased mortality 
and morbidity when levels of GH and IGF-I fail to 
normalize (25). Although surgery and tumor-targeted 
drugs allow disease control in most patients, there are 
some cases that require additional treatments. In our 
patient series, 77.3% had undergone previous surgery, 
97.3% had received first-generation SRLs alone or in 
combination with cabergoline, and 41.3% received 
radiotherapy prior to the initiation of PEGV. There 
were only two patients who initiated PEGV as primary 
treatment.

PEGV effectiveness in normalizing IGF-1 levels 
in patients with acromegaly is highly variable. In 
controlled prospective studies, normalization of IGF-1 
levels is observed in up to 97% of patients (20] while 
in observational studies based on daily clinical practice, 
such normalization is lower (26,27). Acrostudy is the 
largest international study of acromegalic patients 
treated with PEGV conducted since 2004 to the 
present. The first and second interim analysis of this 
study included data collected on 1288 and 2090 
patients respectively, obtaining disease control in 63% 
to 73% of them (26,27)

Multiple factors contribute to the discrepancy in 
IGF-1 control between clinical trials and observational 
studies: the absence of a dose titration scheme according 

to each patient’s needs (typically done in clinical trials), 
the use of different criteria for disease control, the 
use of combined treatments schemes, the centralized 
review of data in controlled clinical trials (such as 
laboratory values and images), the regularity of follow-
up of the individuals evaluated, and patients treatment 
compliance. Notably, non-controlled observational 
studies usually include patients who have not achieved 
acromegaly control despite multiple treatments, often 
those with more aggressive disease and probably 
more comorbidities, thus leading to a bias in patient 
enrollment (26). 

We considered IGF-1/ULN ≤ 1.2 as the cutoff 
point for referring to controlled disease, according to 
our day to day clinical practice, since below this cutoff 
level we do not change therapeutic decisions. On the 
other hand, there is enough evidence supporting the use 
of this cutoff value in acromegalic patients monitored 
under medical treatment with PEGV or LRS (28).

We demonstrated that PEGV was effective in 
normalizing IGF-1 in 62.9% of patients, with a mean 
treatment duration of 27 months. We expanded the 
database of patients with acromegaly treated with 
PEGV started in 2010.

These results are better to those obtained in our first 
analysis, possibly due to the use of higher mean doses of 
PEGV (11.5 mg/day vs 9.6 mg/day respectively) and 
longer follow up. 

Recently, a Brazilian study (29) published the 
findings from a series of 27 patients retrospectively 
evaluated, reporting 85% normalization of IGF-1 
under PEGV treatment. The authors attribute this 
high rate of effectiveness to the fact that they are 
tertiary reference center with high experience in 
treating acromegaly and therefore, patients have a 
more appropriate dose adjustment to attain the goals 
of disease control. The median dose of PEGV was 
10 mg/day in the controlled patients, whereas it was 
22.5 mg/day in the uncontrolled patients. In our 
study the median doses were 10 and 15 mg/day for 
the controlled and uncontrolled patients respectively, 
suggesting the lack of optimization in the latest group 
which didn´t reach the maximal allowed daily dose 
according to the label. It is remarkable the significant 
decrease of IGF-1 in the uncontrolled group, in spite 
of not achieving a safe IGF-1. This rate of reduction 
in IGF-1 levels may improve associated comorbidities 
of patients with partial controlled acromegaly, and as a 
consequence enhance their quality of life.
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On the other hand the greater use of combined 
therapy with PEGV and SRL might improve the 
number of controlled patients, as shown by the 
Brazilian study (74% combined treatment) and previous 
reports (30,31). In our series, 55% of patients were 
on combination therapy, which could possibly be not 
enough to get a better rate of response. 

Regarding the safety of PEGV, we found that 
the increase in liver enzymes associated with the use 
of PEGV was 9%, similar to 7.7% and 7.4% reported 
by the French and Brazilian groups, respectively 
(29,32). Other investigators reported higher rate of 
hepatotoxicity for combined treatment with SRL (30). 

Tumor growth under PEGV treatment in our study 
was 8%, similar to that reported by Grottoli and cols. in 
2015 (8.8%) (33). Our study, as in most observational 
studies, did not use a central team for reviewing the 
images. Buchfelder and cols. demonstrated in a large 
group of PEGV-treated patients, that tumor progression 
was rare. Out of 307 patients, 18 were reported to have 
tumor-size increases as adverse events, but only 3 were 
considered true growth after the re-evaluation. They 
recommend a careful serial evaluation of all available 
images to avoid misinterpretations (34). 

There are few studies in the literature addressing 
predictors of response to PEGV treatment (35). 
We found that the group of controlled patients had 
significant lower pre-PEGV IGF-1 levels than the 
group of patients not achieving disease control. 
Therefore, lower baseline IGF-1 levels before the 
initiation of PEGV might predict a better response to 
PEGV treatment, in agreement with findings reported 
by the Brazilian group (29). 

The limitations of the study might be the low 
number of patients compared to the international 
series, the lack of optimization of the PEGV treatment 
with higher doses in the uncontrolled group, and the 
lack of a central team for the evaluation of the images. 
However, it has the strength to be the largest series 
of PEGV treatment in acromegaly in Latin America, in 
the setting of a real life data.

 In conclusion, this observational, multicenter 
study for the evaluation of the response to PEGV 
treatment in 75 patients with acromegaly in Argentina 
demonstrates that PEGV is an effective and safe drug 
for the treatment of uncontrolled acromegaly, with 
IGF-1 normalization rates similar to those reported in 
the international literature. The significant decrease in 
IGF-1 levels is ultimately associated with a reduction 

in acromegaly comorbidities, an improvement in the 
quality of life and prolonged life expectancy 
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ABSTRACT
Objective: Investigate the therapeutic response of acromegaly patients to pegvisomant (PEGV) in a 
real-life, Brazilian multicenter study. Subjects and methods: Characteristics of acromegaly patients 
treated with PEGV were reviewed at diagnosis, just before and during treatment. All patients with 
at least two IGF-I measurements on PEGV were included. Efficacy was defined as any normal IGF-I 
measurement during treatment. Safety data were reviewed. Predictors of response were determined 
by comparing controlled versus uncontrolled patients. Results: 109 patients [61 women; median age at 
diagnosis 34 years; 95.3% macroadenomas] from 10 Brazilian centers were studied. Previous treatment 
included surgery (89%), radiotherapy (34%), somatostatin receptor ligands (99%), and cabergoline 
(67%). Before PEGV, median levels of GH, IGF-I and IGF-I % of upper limit of normal were 4.3 µg/L, 
613 ng/mL, and 209%, respectively. Pre-diabetes/diabetes was present in 48.6% and tumor remnant in 
71% of patients. Initial dose was 10 mg/day in all except 4 cases, maximum dose was 30 mg/day, and 
median exposure time was 30.5 months. PEGV was used as monotherapy in 11% of cases. Normal 
IGF-I levels was obtained in 74.1% of patients. Glycemic control improved in 56.6% of patients with 
pre-diabetes/diabetes. Exposure time, pre-treatment GH and IGF-I levels were predictors of response. 
Tumor enlargement occurred in 6.5% and elevation of liver enzymes in 9.2%. PEGV was discontinued in 
6 patients and 3 deaths unrelated to the drug were reported. Conclusions: In a real-life scenario, PEGV 
is a highly effective and safe treatment for acromegaly patients not controlled with other therapies.  
Arch Endocrinol Metab. 2019;63(4):328-36 
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INTRODUCTION

At target cells, two distinct receptor-binding sites of 
the GH molecule bind to the extracellular domains of 
two identical pre-dimerized growth hormone receptors 
(GHR) forming an active 2:1 complex. Activation 
of GHR triggers a cascade of intracellular signaling 
including the JAK-STAT pathway, which is a key mediator 
of many genomic actions of GH (1,2). Pegvisomant 
(PEGV) is a genetically engineered analog of human 
GH with a single-amino-acid substitution at position 
120 (glycine) of binding site 2 of the GH molecule that 
promotes GHR antagonism. Its molecular structure also 
comprises amino acid substitutions within GH binding 
site 1 and addition of polyethylene glycol moieties that 
increase the half-life and reduce the immunogenicity 
of the compound. When PEGV binds to the GHR, it 
inhibits IGF-I synthesis and release (3,4).

The development of PEGV has opened a new 
perspective in acromegaly treatment (3,4). Despite 
that many patients obtain biochemical control of the 
disease with surgery, radiotherapy and/or medical 
therapy with somatostatin receptor ligands (SRL) and/
or cabergoline, a significant proportion of acromegaly 
patients remain inadequately controlled and in need 
of additional treatment (5). Accordingly, PEGV was 
approved in Europe, USA and other countries around 
the world for the treatment of acromegaly in patients 
previously treated by surgery or radiotherapy and not 
controlled with maximum doses of SRLs (4,6). In 
these cases, PEGV may be used as monotherapy or in 
combination therapy with SRL and/or cabergoline. 
In Brazil, PEGV was approved to be commercialized 
in 2005, but its therapeutic use is not included in 
the 2013 and 2018 reports on the Clinical Protocol 
and Therapeutic Guidelines for Acromegaly of the 
Ministry of Health, due to cost-effectiveness issues 
(7,8). As a consequence, PEGV treatment in Brazil is 
not reimbursed and its use is limited and only possible 
through “judicialization” – legal cases brought by 
individuals claiming their constitutional rights using 
the judicial system, or exceptionally, by individual out-
of-pocket expenditures (9).  

Sustained PEGV concentrations are crucial to its 
efficacy, since the drug is a reversible, competitive GHR 
antagonist (3). In the pivotal long-term clinical trials 
with PEGV, normalization of serum IGF-I was observed 
in up to 97% of patients treated with PEGV during 
12 months with doses as high as 40 mg/day (10,11). 
However, efficacy has been lower in observational real-

life studies, where high doses are rarely used, as the 
recommended dose range by the regulatory agencies 
is 10-30 mg daily (4). A recent report from the 
ACROSTUDY, an observational registry intended to 
collect data on PEGV therapy, including 2,090 patients 
treated with PEGV up to 12 years in 15 countries, found 
that the percentage of patients with normal IGF-I levels 
increased from 53% at year 1 to 73% at year 10, and 
not surprisingly, accompanied by an average daily dose 
increment from 12.8 mg at year 1 to 18.9 mg at year 10 
(12). In the same report, serious adverse events related 
to the drug, as evaluated by the treating physicians, 
were described in 2.3% of the patients. Elevation of 
liver enzymes (ALT or AST) greater than three times 
in relation to pre-treatment levels was observed in 3% 
of the cases. Most patients (72.2%) had no change in 
tumor size relative to the previous scan, 16.8% had a 
decrease, 6.8% an increase and 4.3% had both (12).   

The present real-life study was designed to obtain 
information on the Brazilian experience with PEGV 
treatment in acromegaly patients. We have collected 
clinical, laboratorial and radiological data from 10 
reference centers specialized in the management of 
pituitary diseases from different regions of Brazil. 
The primary aim was to examine efficacy and safety of 
PEGV treatment, followed by identification of good 
predictors of therapeutic response.    

SUBJECTS AND METHODS

This is a retrospective, multicenter, real-life study, 
involving acromegaly patients treated with PEGV in 
10 pituitary reference centers in Brazil. Diagnosis of 
acromegaly was made according to clinical features and 
elevated and/or non-glucose-suppressible serum GH 
levels, associated with increased IGF-I levels adjusted 
for age (13). A GH-secreting pituitary adenoma was 
evidenced by imaging at diagnosis in all cases, and the 
tumors were classified as micro (<1 cm) or macroadenoma 
(≥1 cm) according to the largest diameter. 

Clinical, laboratorial and radiological characteristics 
of the study group were reviewed at diagnosis (DIAGN), 
just before PEGV treatment (PEGV-OFF) and during 
PEGV treatment until the last visit available (PEGV-ON). 
Information was obtained regarding age, gender, GH 
and IGF-I levels, tumor size, previous and concomitant 
treatments, glucose homeostasis, initial and maximal 
PEGV dose, and duration of treatment. All patients 
with at least two IGF-I measurements during PEGV 
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treatment were included. Since this was a real-life study, 
serum IGF-I levels were determined at local laboratories 
and the results were interpreted according to the age-
adjusted reference range for each specific assay used at 
the different settings. To standardize the results, serum 
IGF-I levels were expressed as a percentage of the upper 
limit of the normal (%ULN) reference range of each 
method. Indication and monitoring of PEGV treatment 
were carried out according to the treating physician’s 
clinical judgment, but data on liver enzymes, glucose and 
glycated hemoglobin A1c (HbA1c) levels, and tumor 
growth during medical treatment were determined in 
a routine practice in all cases. The main indication to 
initiate PEGV was uncontrolled disease after surgery and 
maximum dose of first generation SRLs and cabergoline, 
with or without previous radiotherapy. In few cases, 
PEGV was initiated in patients participating in clinical 
trials or due to adverse events of other medications. 
Efficacy was defined as any IGF-I measurement within 
the normal reference range adjusted for age during 
PEGV treatment. Safety data, including adverse events 
and dropouts, were also reviewed. Predictors of response 
were evaluated by comparing results from controlled 
and uncontrolled patients. 

Statistical analysis

For the descriptive analysis, categorical variables were 
expressed as the percentage and frequency, and the 

numerical variables were expressed as the median 
(minimum – maximum values) or mean ± SD, 
according to the distribution of the sample. The Mann-
Whitney U test was used to evaluate the differences 
between hormonal levels at diagnosis, before and after 
PEGV therapy, as well as in the comparison between 
controlled and uncontrolled groups of patients. Fisher’s 
exact test was used to examine the association between 
categorical variables. The Spearman test was used for 
correlations. The difference was considered statistically 
significant when p <0.05.

RESULTS

Study population

A total of 109 patients (61 women and 48 men) 
were included in the study (Table 1). At diagnosis, 
the median age was 34 years (range 12-82) and a 
GH-secreting macroadenoma was demonstrated in 
103 (95.4%) patients and a microadenoma in only 5 
patients (4.7%). In one case the information about 
tumor size was unavailable. Median GH levels were 
24.2 mg/L (0.9 – 1136 mg/L), median IGF-I levels 
were 1053 ng/mL (396 – 2376 mg/L) and median 
IGF-I ULN were 327% (120 – 756%). The results 
of 27 patients from one single center have been 
previously published (14). 

Table 1. Clinical, laboratorial and radiological characteristics of the study population at diagnosis and just before pegvisomant treatment (PEGV-OFF)

Total (N = 109) Women (N = 61) Men (N = 48)

At diagnosis

Age (yrs) 34 (12 – 82) 37 (12 – 82) 34 (12 – 63)

Micro/Macroadenoma (n) 5/103 2/58 3/45

GH (µg/L) 24.2 (0.9 – 1136) 20.8 (3.0 – 680) 26.0 (0.9 – 1136)

IGF-I (ng/mL) 1053 (396 – 2376) 910 (396 – 2376) 1190 (409 – 2320)

IGF-I (%ULN) 327 (120 – 756) 313 (129 – 672) 349 (120 – 756) 

At PEGV-OFF

Previous surgery (%) 97 (89) 53 (87) 44 (92)

Previous radiotherapy (%) 37 (34) 21 (34) 16 (33)

Previous SRL (%) 108 (99) 60 (98) 48 (100)

Previous cabergoline (%) 73 (67) 39 (64) 34 (71)

Pre-diabetes/Diabetes (%) 53 (49) 33 (54) 20 (42)

Tumour remnant (%) 77 (71) 39 (64) 38 (79)

GH (µg/L) 4.3 (0.71 – 209) 4.0 (0.72 – 209) 4.7 (0.71 – 101)

IGF-I (ng/mL) 613 (262 – 1503) 569 (275 – 1503) 650 (262 – 1312)

IGF-I (%ULN) 209 (99 – 637) 194 (99 – 637) 220 (100 – 596) 

Values are shown as median (min – max); %ULN: % upper limit of normal; SRL: somatostatin receptor ligands; no significant differences between men and women were observed.
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A total of 97 (89%) patients were submitted to 
transsphenoidal surgery, 37 (34%) patients were treated 
with radiotherapy and 73 (67%) received cabergoline. 
All but one patient were medically treated with SRL 
prior to PEGV. Just before PEGV treatment (PEGV-
OFF), the median GH levels were 4.3 mg/L (0.71 – 
209 mg/L), median IGF-I levels were 613 ng/mL (262 
– 1503 ng/mL) and median IGF-I ULN were 209% 
(99.7 – 637%). The only patient with an IGF-I ULN 
below 100% was a 15-year-old girl with an IGF-I level 
of 843 ng/mL (ULN = 850 ng/mL) and GH level 
of 2.2 mg/L after surgery, octreotide and cabergoline, 
who was still growing and complaining of severe joint 
pain. Pre-diabetes/diabetes were present in 53 (48.6%) 
of the patients, and 77 (71%) had a tumor remnant 
in the magnetic resonance imaging (MRI) (Table 1). 
There were no significant differences between men and 
women at diagnosis and at PEGV-OFF.  

Pegvisomant treatment (PEGV-ON)

The initial dose of PEGV was 10 mg/day in 105 
patients. In the other 4 cases, initial dose was 15 
mg, 20 mg and in two cases 40 mg/week in two 
applications (5.7 mg/day). In 12 (11%) of the cases, 
PEGV was used as monotherapy in the whole period 
of observation, while it was associated with SRL in 92 
and/or with cabergoline in 23 patients, at different 
periods of time throughout the treatment, following 
treating physician’s judgement. The median duration 
of PEGV exposure was 30.5 months (2 – 124 

months), with a median maximum dose of 10 mg/
day. The initial dose was maintained during the entire 
period of PEGV exposure in 58 (53%) patients, it was 
increased to 15 mg/day in 12 (11%), to 20 mg/day in 
26 (24%) and to 30 mg/day in only 11 (10.2%). None 
of the patients received daily dose of PEGV higher 
than 30 mg/day (Table 2). No statistically significant 
differences between men and women were noted at 
PEGV-ON.  

Normalization of serum IGF-I levels at any point 
during therapy was obtained in 80 (74.1%) patients: 
11 (92%) in monotherapy and 69 (71%) in combined 
treatment. The median maximum dose of PEGV 
in monotherapy was 15 mg/day and in combined 
treatment was 10 mg/day, but these values were not 
statistically different. Figure 1 shows individual IGF-I 
ULN values before and after PEGV treatment in the 
whole cohort. In the PEGV-ON period of the study, 
median IGF-I levels and IGF-I ULN were 206 ng/mL 
(30 – 946) and 84.4% (12.6 – 253.3), respectively, 
values significantly lower in relation to PEGV-OFF 
values (p < 0.00001; Figure 2). There was no difference 
in the PEGV treatment outcomes comparing patients 
who were previously irradiated with those who were 
not. Normal IGF-I was observed in 26 of 37 patients 
(70.3%) previously treated with radiotherapy and in 
54 of 72 patients (75%) not irradiated. Improvement  
of glycemic control determined by fasting glucose  
and HbA1c levels was documented in 30 of 53 
patients (56.6%) with pre-diabetes/diabetes at PEGV-
OFF period. 

Table 2. Therapeutic approach and efficacy of pegvisomant (PEGV) treatment in Brazilian acromegaly patients

Total (N = 109) Women (N = 61) Men (N = 48)

PEGV initial dose 10 mg/day (%) 105 (96) 58 (95) 47 (98)

PEGV maximum dose (mg/day)

5,7 (%)

10 (%)

15 (%)

20 (%)

30 (%)

2 (1.8)

58 (53)

12 (11)

26 (24)

11 (10.2)

2 (3.3)

36 (59)

5 (8.2)

13 (21.3)

5 (8.2)

0 (0)

22 (45.8)

7 (14.6)

13 (27.1)

6 (12.5)

PEGV monotherapy (%) 12 (11) 8 (13.1) 4 (8.3)

PEGV + SRL (%) 92 (84.4) 53 (87) 39 (81.2)

PEGV + cabergoline (%) 23 (21) 11 (18) 12 (25)

PEGV exposure (months) 30.5 (2 – 124) 30.0 (2 – 110) 30.5 (2 – 124)

IGF-I (ng/mL) 206 (30 – 946) 192 (30 – 828) 220 (88 – 946)

IGF-I (%ULN) 84.4 (12.6 – 253.3) 72.5 (12.6 – 253.3) 89.5 (21.6 – 246)

Normal IGF-I on PEGV (%) 80 (74.1) 44 (73.3) 36 (75.0)

Values are shown as median (min – max); %ULN, % upper limit of normal; SRL, somatostatin receptor ligands; no significant differences between men and women were observed.
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Tumor enlargement was described in 5 (6.5%) of 77 
patients with tumor remnant at PEGV-OFF. Only one 
of the 5 patients was in monotherapy, and in all cases 
it was observed in aggressive tumors and considered 
unrelated to PEGV treatment by the treating physician. 
Elevation of liver enzymes greater than 3 times in relation 

to pre-treatment levels occurred in 10 (9.2%) patients, 
lipohypertrophy, pain at injection site and headache 
were reported by 5, 3 and 2 patients, respectively 
(Table 3). Six women and no man discontinued PEGV 
treatment, and the causes were lipohypertrophy, pain 
at injection site, headache, elevation of liver enzymes, 
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Figure 1. Individual IGF-I levels, expressed as a percentage of the age-adjusted upper limit of normal (ULN) range, before (dark blue circles) and after 
(light blue circles) pegvisomant (PEGV) treatment in 109 Brazilian patients with acromegaly. 

Figure 2. IGF-I levels at diagnosis, just before pegvisomant treatment (PEGV-OFF) and nadir values after pegvisomant treatment (PEGV-ON) in 109 
Brazilian patients with acromegaly. Horizontal lines in the box plots represent from top to bottom: 97, 75, median, 25, and 3 percentiles, and the dots 
represent mean values.
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Table 3. Safety data on pegvisomant treatment in Brazilian acromegaly patients

Total (N = 109) Women (N = 61) Men (N = 48)

Tumour enlargement (%)* 5 (6.5) 5 (12.8)   0 (0)

Elevation of liver enzymes (%) 10 (9.2) 5 (8.2) 5 (10.4)

Lipohypertrophy (%) 5 (4.6) 4 (6.5) 1 (2.1)

Pain at injection site (%) 3 (2.7) 3 (4.9) 0 (0)

Headache (%) 2 (1.8) 2 (3.3) 0 (0)

Treatment discontinuation (%)# 6 (5.5) 6 (9.8) 0 (0)

Death (unrelated to therapy) (%)§ 3 (2.7) 2 (3.3) 1 (2.1)

* In 77 patients with tumor remnant at beginning of treatment (39 women, 38 men).

# Lipohypertrophy, pain at injection site, headache, elevation of liver enzymes, allergic reaction, pregnancy.

§ sudden death (unknown cause), stroke, severe heart failure.
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allergic reaction, and pregnancy. Three deaths were 
observed, all considered not related to PEGV therapy: 
a sudden death of unknown cause, one due to stroke 
and one caused by severe heart failure. 

Predictors of treatment response

Table 4 shows the comparison of clinical and 
laboratorial characteristics at diagnosis and PEGV-OFF 
phases between patients controlled and uncontrolled at 
PEGV-ON. The median duration of PEG exposure was 
41 (2 – 120) months in the controlled group, which 
was significantly higher than 22 (3 – 124) months 
observed in the uncontrolled group (p = 0.03). At 
PEG-OFF, median GH levels were significantly lower 
in the controlled patients [3.75 mg/L (0.71 – 101) vs 
7.8 mg/L (1.03 – 209), p < 0.01)], as well as median 
IGF-I levels [570 ng/mL (262 – 1155) vs 717 ng/mL 
(279 – 1503), p < 0.001)] and IGF-I ULN [194% (99 
– 434) vs 241% (124 – 637), p < 0.001)]. There was 
no difference between the two groups regarding age 
at diagnosis, gender, previous radiotherapy, and the 
presence of tumor remnant or pre-diabetes/diabetes.

DISCUSSION

This first Brazilian multicenter real-life study has 
confirmed the conclusion of previous clinical trials and 
observational studies that PEGV is an effective and 
safe medical therapy to acromegaly patients. In fact, 
PEGV might be the only therapeutic option to obtain 
biochemical control in a subgroup of patients who 
remain with active disease after surgery, radiotherapy, 
SRLs and cabergoline (15). Although the analysis of 
surveillance data suggests a biochemical control rate in 

approximately 75% of patients treated with PEGV as 
first-line monotherapy, PEGV is preferably a second-
line medical therapy, as it has no effect on the GH-
secreting adenoma (13,15,16). This recommendation 
is in line with the Brazilian experience, as in our cohort 
89% of patients were operated, all but one patient 
was treated with SRL, 67% received cabergoline and 
roughly one-third was treated with radiotherapy before 
PEGV. 

Acromegaly is associated with enhanced mortality 
and a high morbidity when normalization of GH 
and/or IGF-I levels is not achieved (17). There is some 
evidence that total direct treatment costs are higher 
for patients with uncontrolled compared to those with 
controlled disease (18). Thus, one should expect that 
a medication that promotes biochemical control rate in 
two-third of patients, as observed in our study, would 
result in a cost-effective treatment. However, our study 
was not designed to evaluate this outcome and there 
are still many unanswered questions about the benefits 
of controlled versus uncontrolled disease in relation to 
the economic impacts to health systems (8,18). 

The SRLs octreotide and lanreotide are the first-
line medical therapy in most acromegaly patients, with 
biochemical control observed in 20-40% of patients, 
depending on the study design (13,15,19-22). The 
new generation SRL pasireotide is effective in up to 
20% of patients who do not respond to octreotide or 
lanreotide (23,24). Our result of 74.1% of patients 
achieving normal IGF-I confirms that PEGV is one of 
the most effective drugs to obtain biochemical control 
in acromegaly. This percentage is slightly lower than 
that observed in a previous Brazilian single center 
study, in which 85% of 27 patients were successfully 

Table 4. Comparison of clinical, laboratorial and radiological features between controlled (normal IGF-I levels on pegvisomant (PEGV-ON) and uncontrolled 
acromegaly patients 

Controlled (N = 80) Not controlled (N = 29) P-value

Age at diagnosis (yrs) 35 (12 – 75) 31 (12 – 82) 0.09

Female (%) 44 (55) 17 (58.6) 0.73

Tumour Remnant (%) 55 (68.7) 22 (78.6) 0.32

Previous radiotherapy (%) 26 (32.5) 11 (37.9) 0.59

Pre-Diabetes/Diabetes (%) 36 (45) 17 (58.6) 0.20

PEGV exposure (months) 41 (2 – 120) 22 (3 – 124) 0.03

GH PEGV-OFF (µg/L) 3.75 (0.71 – 101) 7.80 (1.03 – 209) 0.01

IGF-I PEGV-OFF (ng/mL) 570 (262 – 1155) 717 (279 – 1503) < 0.001

IGF-I PEGV-OFF (ULN%) 194 (99 – 434) 241 (124 – 637) < 0.001

PEGV-OFF: just before PEGV treatment; %ULN: % upper limit of normal.
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treated (14). In both studies the median daily dose 
of PEGV was 10 mg, and no patient received doses 
higher than 30 mg after a median time of exposure 
of 30.5 months. The results from the single center 
and the present multicenter study in Brazil are 
surprisingly better than expected, as in the last report 
from the ACROSTUDY, an average dose of 12.8 
mg was associated with normal IGF-I in 53% of the 
patients at year 1 (12). A percentage of 73% of normal 
IGF-I, similar to that of our study, was described 
in the ACROSTUDY only at year 10 with a higher 
average dose of 18.9 mg (12). Besides the differences 
attributable to variable doses of PEGV in the studies, 
several other factors have been associated with the 
therapeutic responses to PEGV. Age, gender, body 
mass index, previous radiotherapy and the presence 
of diabetes have been suggested as predictive of the 
PEGV dose required for normalization of IGF-I levels 
(25-27). Height and weight were not available in our 
study, while age, gender, previous radiotherapy and 
diabetes were not correlated to PEGV dose and were 
not predictive of response to PEGV. On the other 
hand, we found that pre-treatment GH and IGF-I 
levels and time of exposure were predictors of response. 
In agreement, baseline GH and IGF-I levels have been 
correlated with the PEGV dose required to normalize 
serum IGF-I in patients with active acromegaly (28). 

Another possible factor influencing the results of 
PEGV therapy in acromegaly among different studies 
is the number of patients in monotherapy and in 
combined therapy with SRLs and/or cabergoline. 
PEGV has shown efficacy rates as high as 97% when 
given in combination with an SRL and delivered once 
or twice weekly (29). In addition, effectiveness might 
continue after SRL discontinuation (30). This number 
is higher than that reported on long-term treatment 
with PEGV as monotherapy in the ACROSTUDY, 
where normal IGF-I was observed in 67.5% of patients 
at 5 years of therapy (31). In our study, PEGV was used 
as monotherapy in the whole period of observation in 
only 11% of the patients, while the vast majority of 
patients were also exposed to SRL at variable times 
during follow-up, and a smaller proportion was co-
exposed to cabergoline. These percentages are fairly 
similar to those of the Brazilian single center study (14), 
and might explain the good efficacy results observed 
in both real-life Brazilian studies, even that a large 
proportion of patients were treated with the lowest 
doses of PEGV. Accordingly, it has been previously 

demonstrated that the combined therapy of SRLs 
with PEGV can normalize IGF-I levels in virtually all 
patients and control tumor size in a vast majority of 
patients if an adequate dose of PEGV is used (32). 

In our study, approximately 60% of patients treated 
with PEGV presented an improvement of their pre-
diabetes/diabetes status, which is very relevant in 
comparison to other medications that are neutral or 
might even worsen glycemic control. A recent meta-
analysis of prospective interventional studies have 
shown that PEGV, in monotherapy or combined 
with SRLs, improves glucose metabolism by reducing 
fasting plasma glucose and insulin levels, HbA1c, and 
insulin resistance, independently of disease control 
(33). In agreement with that, a consensus statement on 
acromegaly therapeutic outcomes has recommended 
PEGV as the best medical option for patients with 
impaired glucose tolerance unresponsive to first-
generation of SRLs, due to its beneficial effect on 
insulin sensitivity and glucose tolerance (15). 

The safety profile in our experience was fairly similar 
to what has been described in previous studies (4,6). 
One of the major concerns related to PEGV therapy 
is the potential growth of the somatotroph pituitary 
adenoma due to reduced feedback mechanisms. 
Tumor enlargement was described in 3.2% out of 
936 patients with a minimum of two available MRI 
examinations in a comprehensive review of 1288 
subjects in ACROSTUDY (34). In the most recent 
ACROSTUDY report, 6.8% of 2090 patients had an 
increase in tumor size, very similar to our findings 
(12). In all of our cases, tumor growth was not 
considered as a consequence of PEGV treatment and 
occurred in patients harboring aggressive GH-secreting 
adenomas unresponsive to multimodal therapies. It is 
possible that SRLs withdrawal might contribute to 
tumor growth in some cases, but it was not possible 
to evaluate the influence of SRLs withdrawal in our 
study due to its real-life design. Mild elevation of liver 
enzymes occurs in 9.2% of our cohort, as compared to 
2.5 % described in other studies (4), and it was a reason 
for PEGV discontinuation in one female patient. In the 
other cases, liver enzymes returned to normal upon 
temporary drug discontinuation, dose reduction or 
without intervention. There were other five dropouts, 
all in women, due to lipohypertrophy, pain, headache, 
allergic reaction, and pregnancy. There were also three 
deaths during follow-up that were considered unrelated 
to PEGV therapy by the treating physicians.
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In summary, PEGV treatment has been proved to 
be highly effective and safe in a large cohort of Brazilian 
patients with active acromegaly and not controlled with 
all other available therapeutic modalities. It might be 
particularly useful in patients with impaired glucose 
tolerance. In our study, lower pre-treatment GH 
and IGF-I levels and longer time of exposure were 
associated with better response to PEGV therapy.
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Is thyroid nodule volume 
predictive for malignancy?

Nagihan Bestepe1, Didem Ozdemir2, Husniye Baser1, Berna Ogmen1, 
Nuran Sungu3, Mehmet Kilic4, Reyhan Ersoy2, Bekir Cakir2

ABSTRACT
Objective: We aimed to determine the roles of preoperative thyroid nodule diameter and volume 
in the prediction of malignancy. Subjects and methods: The medical records of patients who 
underwent thyroidectomy between January 2007 and December 2014 were reviewed. The nodule 
diameters were grouped as < 1 cm, 1-1.9 cm, 2-3.9 cm and ≥ 4 cm, and volume was grouped as >  
5 cm3, 5-9.9 cm3 and > 10 cm3. ROC (Receiver Operating Characteristic) curve analysis was performed 
to find the optimal cutoff value of diameter and volume that can predict malignancy. Results: There 
were 5561 thyroid nodules in 2463 patients. Five hundred and forty (9.7%) nodules were < 1 cm, 2,413 
(43.4%) were 1-1.9 cm, 1,600 (28.8%) were 2-3.9 cm and 1,008 (18.1%) were ≥ 4 cm. Malignancy rates 
were 25.6%,10.6%, 9.7% and 8.5% in nodules < 1 cm, 1-1.9 cm, 2-3.9 cm and ≥ 4 cm, respectively. 
When classified according to volume, 3,664 (65.9%) nodules were < 5 cm3, 594 (10.7%) were 5-9.9 cm3 

and 1,303 (23.4%) were ≥ 10 cm3. The malignancy rates were 12.7%, 11.4% and 7.8% for the nodules 
< 5 cm3, 5-9.9 cm3 and ≥ 10 cm3, respectively (p < 0.001). In ROC curve analysis, an optimal cutoff 
value for diameter or volume that can predict malignancy in all thyroid nodules or nodules ≥ 4 cm 
could not be determined. Conclusion: In this surgical series, malignancy risk did not increase with 
increasing nodule diameter or volume. Although the volume of malignant nodules ≥ 4 cm was higher 
than that of benign nodules ≥ 4 cm, there was no optimal cutoff value. The diameter or volume of 
the nodule cannot be used to predict malignancy or decide on surgical resection. Arch Endocrinol Metab. 
2019;63(4):337-44
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INTRODUCTION 

T hyroid cancer is the most common type of 
endocrine malignancy. According to a survey 

conducted in 2012, it constitutes 2.1% of all malignancies 
worldwide, with an ever-increasing incidence for both 
genders (1). This apparent increase might be related to 
more common use of screening techniques nowadays. 
Thyroid ultrasonography (US) is more commonly 
and widely used in patients with thyroid dysfunctions 
or for nodules incidentally detected during neck or 
thorax imaging or carotid US performed for different 
indications. This approach results in earlier detection 
and treatment of thyroid cancers in spite of the 
increasing incidence (2).

While the prevalence of thyroid nodules determined 
by palpation is 5% for females and 1% for males, these 
rates increase to 19%-68% when high-resolution US is 
used (3-6). It is critical to detect and evaluate these 
nodules for possible thyroid cancer because 5%-15% of 

all thyroid nodules are histopathologically malignant 
(7). High-resolution US is the preferred imaging 
method for thyroid nodules, and fine needle aspiration 
biopsy (FNAB) is considered the gold standard method 
for the discrimination of benign and malignant nodules 
preoperatively. Diagnostic samples are obtained in 89%-
95% of FNAB procedures, and 55%-74% are reported 
as definitively benign, while 2%-5% as definitively 
malignant. The remaining samples are categorized 
as cytologically indeterminate, which includes atypia 
of undetermined significance/follicular lesion of 
undetermined significance (AUS/FLUS) in 2%-18% 
of nodules, follicular neoplasia/suspicious for follicular 
neoplasia (FN/SFN) in 2%-25%, and suspicious for 
malignancy (SM) in 1%-6% (8-12).

Clinical features and US findings play an important 
role in predicting the malignancy risk of a nodule. 
Young age, male sex, family history of thyroid cancer 
and radiotherapy to the head and neck region are factors 
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shown to be related with increased risk of thyroid cancer 
(13,14). Ultrasonographically, hypoechoic pattern, 
solid composition, presence of microcalcification, 
irregular margin, increased vascularity and high strain 
index in elastosonography are suspicious features for 
malignancy (15,16).

There is a strong correlation between the lesion 
size and malignancy potential in the majority of cancer 
types (17). However, the relationship between increased 
nodule size and thyroid cancer is still controversial. 
A number of studies reported an increased risk of 
malignancy with increasing nodule size (18-21), while 
many others denied an independent relationship (22-25). 
The largest nodule diameter was generally considered 
the nodule size in the majority of these studies. To our 
knowledge, nodule volume was not evaluated in thyroid 
cancer previously. In this study, we aimed to determine 
the role of nodule volume as a risk factor for malignancy 
and to compare the diagnostic values of nodule diameter 
and volume in the prediction of malignancy.

SUBJECTS AND METHODS
In this retrospective study, patients who underwent total 
thyroidectomy and/or lobectomy between January 
2007 and December 2014 in our clinic were evaluated. 
Operation was performed based on the decision of a 
committee composed of endocrinology, general surgery, 
nuclear medicine and pathology specialists. Local ethical 
committee approval was obtained in accordance with 
the ethical standards of the Declaration of Helsinki. 
Patients who had a family history of thyroid carcinoma 
or exposure to radiotherapy to the head and neck region 
were excluded, as well as the patients with incidental 
papillary microcarcinoma. Patients for whom there 
were no preoperative US findings, whose postoperative 
histopathological results were not available and whose 
preoperative US and postoperative histopathological 
lesions were not matched were also excluded.

For preoperative US, the Esaote color Doppler 
US (Model 796 FDII; MAG Technology Co. Ltd., 
Yung-Ho City, Taipei, Taiwan) and a superficial probe 
(Model LA523 13-4 5.5-12.5 MHz) were used. The 
anteroposterior (AP), transverse (T) and longitudinal 
(L) diameters of each nodule were measured by US. 
The volume of nodules was calculated using the 
ellipsoid formula (AP x T x L x π/6) (cm3).

Thyroid nodules were grouped into four categories 
(< 1 cm, 1-1.9 cm, 2-3.9 cm and ≥ 4 cm) based on 
the largest nodule diameter. Similarly, the volume 

of nodules was examined in three groups: > 5 cm3,  
5-9.9 cm3 and > 10 cm3.

Thyroid nodules were matched with postoperative 
pathological lesions in accordance with the 
nodule localization defined in preoperative US. 
Histopathological results were classified as benign 
and malignant. Nodular hyperplasia, colloidal goiter, 
follicular adenoma and Hurthle cell adenoma were 
defined as benign thyroid lesions. Malignant nodules 
were subgrouped as papillary thyroid cancer (PTC), 
follicular/Hurthle cell carcinoma and other malignancies 
(medullary, anaplastic, thyroid lymphoma, metastatic 
tumor, etc.). The malignancy rates were calculated in 
the diameter and volume groups separately.

In addition, a separate analysis including only 
differentiated thyroid cancer was performed, and these 
tumors were compared with benign nodules. In this 
analysis, other tumors (medullary, anaplastic, thyroid 
lymphoma, metastatic tumor, etc.) were excluded from 
the malignant group.

The SPSS 24.0 software package (IBM Corp., 
Armonk, NY, USA) was used for statistical analysis. We 
presented the descriptive statistics as mean ± standard 
deviation and nominal variables as number of cases 
and percentages. A comparison between categorical 
variables was made using a chi-square t-test. Student’s 
t-test for parametric variables and Fisher’s exact test or 
the Mann-Whitney U test for nonparametric variables 
were used to investigate the difference between groups. 
A p-value lower than 0.05 was accepted as indicating 
statistical significance. Additionally, we performed 
ROC curve analysis for nodule diameter and volume 
in order to find an optimal cutoff value that can predict 
malignancy.

RESULTS

Data of 5,561 thyroid nodules in 2,463 patients were 
analyzed. There were 541 (22.0%) male and 1,922 
(78.0%) female patients, and the mean age of the 
cohort was 49.0 ± 12.4 years (range: 17-85 years). 
The mean nodule diameter and volume were 2.43 
± 1.63 cm (range: 0.39-12.2 cm) and 8.5 ± 17.0 cm3 
(range: 0.007-237 cm3), respectively.

Histopathological results of nodules classified 
according to the maximal diameter

There were 540 (9.7%) nodules < 1 cm, 2,413 (43.4%) 
nodules 1-1.9 cm, 1,600 (28.8%) nodules 2-3.9 cm and 
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1008 (18.1%) nodules ≥ 4 cm (Table 1). Malignancy 
rates were 25.6%, 10.6%, 9.7% and 8.5% in nodules  
< 1 cm, 1-1.9 cm, 2-3.9 cm and ≥ 4 cm, respectively. 
When the nodule group of 1-3.9 cm was evaluated 
separately, the malignancy rate was 10.2%. The 
malignancy rates were 12.0% and 8.5% for the nodules 
< 4 cm and ≥ 4 cm, respectively (p = 0.002).

In the group of nodules < 1 cm, the mean diameter 
was 0.86 ± 0.11 cm in histopathologically benign and 
0.81 ± 0.12 cm in malignant groups (p < 0.001). In 
this group, volumes of benign and malignant nodules 
were similar (Table 1). In the group of nodules 
1-1.9 cm, the mean diameter was 1.4 ± 0.28 cm in 
histopathologically benign and 1.33 ± 0.27 cm in 
malignant groups (p < 0.001). In this group, volumes 
of benign and malignant nodules were similar. In the 
group of 2-3.9 cm, mean diameters and volumes were 
similar for benign and malignant nodules (p = 0.594 
and p = 0.278, respectively). For the nodules ≥ 4 cm, 
the mean diameter was 5.29 ± 1.48 cm in benign and 
5.46 ± 1.41 cm in malignant nodules (p = 0.448), and 
the mean volume of benign nodules was significantly 
lower than that of malignant nodules (33.2 ± 26.4 cm3 

vs. 42.0 ± 36.1 cm3, p = 0.01).

Among 138 malignant nodules < 1 cm, 97.1% were 
PTC, 2.2% were follicular/Hurthle cell carcinoma and 
0.7% were other types of malignancies (Table 2). There 
were 255 malignant nodules in the group of 1-1.9 cm. Of 
these nodules, 94.9% were PTC, 3.9% were follicular/
Hurthle cell carcinoma and 1.2% were others. Among 
155 malignant nodules of 2-3.9 cm, 85.2% were PTC, 
11.6% were follicular/Hurthle cell carcinoma and 3.2% 
were others. Out of 86 malignant nodules ≥ 4 cm, 
67.4% were PTC, 22.1% were follicular/Hurthle cell 
carcinoma and 10.5% were others (Table 2).

Histopathological results of nodules classified 
according to the volume

There were 3,664 (65.9%) nodules < 5 cm3, 594 
(10.7%) nodules 5-9.9 cm3 and 1,303 (23.4%) 
nodules ≥ 10 cm3. The malignancy rates were 12.7%,  
11.4% and 7.8% for the nodules < 5 cm3, 5-9.9 cm3 and 
≥ 10 cm3, respectively (p < 0.001) (Figure 1). When 
nodules were grouped as < 10 cm3 and ≥ 10 cm3, 533 
(12.5%) of 4,258 nodules < 10 cm3 and 101 (7.8%) of 
1,303 nodules ≥ 10 cm3 were malignant (p < 0.001).

According to the analysis including all nodules, the 
mean volume was 8.7 ± 1.98 cm3 in histopathologically 

Table 1. Comparison of mean diameter and volume in histopathologically benign and malignant thyroid nodules classified according to maximal diameter 

Histopathology
p

Benign Malignant

All nodules (cm) 2.47 ± 1.62 2.08 ± 1.59 < 0.001

< 1 cm (n = 540)

Diameter (cm)

Volume (cm3)

n = 402 (74.4%)

0.86 ± 0.11

0.212 ± 0.087

n = 138 (25.6%)

0.81 ± 0.12

0.202 ± 0.090

< 0.001
0.289

1-1.9 cm (n = 2,413)
Diameter (cm)

Volume (cm3)

n = 2,158 (89.4%)
1.4 ± 0.28

0.91 ± 0.62

n = 255 (10.6%)
1.33 ± 0.27

0.83 ± 0.56

< 0.001
< 0.047

2-3.9 cm (n = 1,600)
Diameter (cm)

Volume (cm3)

n = 1,445 (%90.3)  
2.84 ± 0.58

7.0 ± 4.6

n = 155 (% 9.7)
2.82 ± 0.57

  6.6 ± 4.1

0.594

0.278

≥ 4 cm (n = 1,008)
Diameter (cm)

Volume (cm3)

n = 922 (91.5%)
5.29 ± 1.48

33.2 ± 26.4

n = 86 (8.5%)
5.46 ± 1.41

42.0 ± 36.1

0.448

0.010

Table 2. Distribution of malignancy types in groups classified according to the maximal nodule diameter 

Diameter Papillary thyroid cancer Follicular/Hurthle cell cancer Other* p

< 1 cm (n = 138)

1-1.9 cm (n = 255)

2-3.9 cm (n = 155)

≥ 4 cm (n = 86)

134 (97.1%)

242 (94.9%)

132 (85.2%)

58 (67.4%)

3 (2.17%)

10 (3.9%)

18 (11.6%)

19 (22.1%)

1 (0.72%)

3 (1.2%)

5 (3.2%)

9 (10.5%)

< 0.001

* Other: medullary, anaplastic, thyroid lymphoma, metastatic tumor etc.
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benign and 7.4 ± 0.96 cm3 in malignant groups (p = 
0.036).

In the group of nodules < 5 cm3, the mean volume 
was 1.3 ± 1.2 cm3 in histopathologically benign and 
1.0 ± 1.1 cm3 in malignant groups (p = 0.007). In this 
group, mean diameters of benign and malignant nodules 
were similar (Table 3). In the 5-9.9 cm3 group, mean 
diameters and volumes were similar for benign and 
malignant nodules (p = 0.444 and p = 0.5, respectively).

For the nodules ≥ 10 cm3, the mean diameter 
was 4.87 ± 1.49 cm in benign and 5.09 ± 1.48 cm in 

malignant nodules (p = 0.326), and the mean volume 
of benign nodules was significantly lower than that 
of malignant nodules (28.9 ± 24.4 cm3 vs. 37.0 ±  
34.1 cm3, p = 0.003).

Rates of PTC among < 5 cm3, 5-9.9 cm3 and ≥  
10 cm3 malignant nodules were 94.2%, 83.8% and 
71.3%, respectively (p < 0.001) (Table 4). Follicular/
Hurthle cell carcinoma constituted 4.3% of malignant 
nodules < 5 cm3, 11.8% of malignant nodules 5-9.9 cm3 
and 21.8% of malignant nodules ≥ 10 cm3.

According to the results of the analysis including 
only differentiated thyroid cancer (DTC), in the group 
of nodules < 5 cm3, the mean volume was 1.3 ± 1.2 cm3 
in histopathologically benign nodules and 1.0 ± 1.1 cm3 
in DTC (p = 0.001). In this group, mean diameters of 
benign nodules and DTC were similar (Table 5). In the 
5-9.9 cm3 group, mean diameters and volumes were 
similar for benign nodules and DTC (p = 0.465 and p 
= 0.929, respectively).

For the nodules ≥ 10 cm3, the mean diameter was 
4.87 ± 1.49 cm in benign and 5.03 ± 1.38 cm in DTC 
(p = 0.322), and the mean volume of benign nodules 
was significantly lower than that of DTC (28.9 ±  
24.4 cm3 vs. 34.4 ± 26.32 cm3, p = 0.031).

Table 3. Comparison of mean diameter and volume in histopathologically benign and malignant thyroid nodules classified according to nodules volume

Histopathology
p

Benign Malignant

All nodules (cm3) 8.7 ± 1.98 7.4 ± 0.96 0.036

< 5 cm3 (n = 3,664)
Diameter (cm)

Volume (cm3)

n = 3,199(87.3%)
1.52 ± 0.53

1.3 ± 1.2

n = 465 (12.7%)
1.32 ± 0.53

1.0 ± 1.1

0.506

0.007

5-9.9 cm3 (n = 594)
Diameter (cm)

Volume (cm3)

n = 526 (88.6%)
3.07 ± 0.5

7.3 ± 1.4

n = 68 (11.4%)
3.14 ± 0.43

7.3 ± 1.5

0.444

0.5

≥ 10 cm3 (n = 1,303)
Diameter (cm)

Volume (cm3)

n = 1,202 (92.2%)
4.87 ± 1.49

28.9 ± 24.4

n = 101 (7.8%)
5.09 ± 1.48

37.0 ± 34.1

0.326

0.003

100%
n = 3664 n = 594 n = 1303

87.3

12.7

< 5 cm3 5-9.9 cm3 ≥ 10 cm3

Malignant Benign

11.4 7.8

88.6 92.2

90%
80%
70%
60%
50%
40%
30%
20%
10%
0%

Figure 1. Malignancy rates of thyroid nodules classified according to 
volume.

Table 4. Distribution of malignancy types in groups classified according to the nodule volume

Volume Papillary thyroid  
cancer

Follicular/Hurthle cell 
cancer Other* p

< 5 cm3 (n = 465) 438 (94.2%) 20 (4.3%) 7 (1.5%)

< 0.0015-9.9 cm3 (n = 68) 57 (83.8%) 8 (11.8%) 3 (4.4%)

≥ 10 cm3 (n = 101) 73 (71.3%) 22 (21.8%) 6 (5.9%)

* Other: medullary, anaplastic, thyroid lymphoma, metastatic tumor etc.
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Table 5. Comparison of mean diameter and volume in histopathologically benign thyroid nodules and differentiated thyroid cancer classified according to 
nodules volume

Histopathology
p

Benign DTC*

All nodules (cm3) 8.7 ± 1.98 6.9 ± 0.86 0.012

< 5 cm3 (n = 3,657)
Diameter (cm)

Volume (cm3)

n = 3,199 (87.5%)
1.52 ± 0.53

1.3 ± 1.2

n = 458 (12.5%)
1.32 ± 0.52

1.0 ± 1.1

0.501

0.001

5-9.9 cm3 (n = 591)
Diameter (cm)

Volume (cm3)

n = 526 (89%)
3.07 ± 0.5

7.3 ± 1.4

n = 65 (11%)
3.12 ± 0.40

7.2 ± 1.5

0.465

0.929

≥ 10 cm3 (n = 1,297)
Diameter (cm)

Volume (cm3)

n = 1,202 (92.7%)
4.87 ± 1.49

28.9 ± 24.4

n = 95 (7.3%)
5.03 ± 1.38

34.4 ± 26.32

0.322

0.031

DTC: differentiated thyroid cancer.
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Figure 2. ROC Curve analysis for maximal nodule diameter.

Figure 3. ROC Curve analysis for nodule volume.

ROC curve analysis

ROC curve analysis showed that neither the maximal 
diameter nor the volume of the nodule was predictive 
of malignancy (Figures 2 and 3). In other words, there 
was no optimal cutoff value for either diameter or 
volume that could be used to predict the malignancy 
of thyroid nodules. Additionally, we could not find any 
cutoff value for volume that could help to diagnose 
malignancy in nodules ≥ 4 cm.

DISCUSSION

In this retrospective study, the malignancy rates were 
determined based on the diameter and volume of nodules 
in patients who had undergone total thyroidectomy or 
lobectomy. We evaluated the relationship between the 
thyroid nodule size and risk of malignancy and tried to 
determine whether the nodule diameter or volume can 
be used to discriminate benign and malignant nodules. 
There was no apparent malignancy risk increment for 
large nodules. In addition, neither the nodule diameter 
nor the volume was an independent variable for 
malignancy.

Most previous studies reported controversial 
results on the relationship between the nodule size 
and malignancy risk. Thyroid nodules ≥ 4.0 cm are 
generally referred for surgical removal, even if they 
have benign FNAB results, demonstrate no structural 
impingement upon surrounding neck structures and 
have no cosmetic problems. This approach is most 
probably based on previous studies that reported 
increased malignancy and false-negative rates for large 
thyroid nodules. Furthermore, the fact that the size is 
an important predictor of malignancy for most other 
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tissue types, such as the lung or adrenocortical gland, 
might influence this preference. The results reported 
in previous studies are still controversial and cannot 
indicate whether the size of the nodule should be 
considered when making a decision about whether 
or not to perform surgery for thyroid nodules. In 
a recent meta-analysis of 10 studies, Shin and cols. 
investigated the relationship between nodule size and 
postoperative histological diagnosis (24). Three studies 
showed a higher risk of malignancy in nodules ≥ 4.0 
compared to nodules < 4.0 cm (18,20,26). However, 
five studies reported no significant increase in the risk 
of malignancy in the case of larger nodule size (22-
24,27,28). Kamran and cols. examined 7,348 nodules 
in 4,955 patients who were operated on over the span 
of 14 years. The malignancy rates were 10.5% and 13% 
for the nodules < 2 cm and > 2 cm, respectively. They 
suggested a size-risk threshold of 2 cm (20). In the 
present study, malignancy rate was found to be 25.6% 
for nodules < 1 cm, 10.2% for nodules 1-3.9 cm and 
8.5% for nodules ≥ 4.0 cm, showing that the risk of 
malignancy decreases with increasing nodule size. 
We have discussed these results in our previous study 
(29). In summary, we have indicated that this finding 
might be related to the selection criteria of our study, 
which included an operative cohort. In addition, we 
performed FNAB in < 1.0 cm nodules when there were 
clinical indicators or suspicious US features as defined 
by the 2009 American Thyroid Association guidelines 
(7) and operated on these small nodules with higher 
suspicion of malignancy.

In the present study, we also observed that the 
malignancy rate was lowest for nodules ≥ 10 cm3, 
whereas it was the highest for nodules < 5 cm3, 
showing that there is an inverse relationship between 
the nodule volume and the risk of malignancy, similar 
to the relationship between nodule diameter and 
malignancy. The mean volumes were similar for benign 
and malignant nodules.

When grouped according to nodule diameter, 
histopathologically malignant nodules < 1 cm had 
a significantly lower diameter compared to benign 
nodules < 1 cm, while nodule volumes were similar. 
For nodules 2-3.9 cm, both the mean diameters and 
the mean volumes were similar in benign and malignant 
nodules. However, in the group of nodules ≥ 4 cm, 
histopathologically benign and malignant nodules had 
similar mean diameters, whereas malignant nodules 
exhibited significantly larger volume compared to 

benign ones. When grouping was made according to 
volume, the mean diameters of histopathologically 
benign and malignant nodules ≥ 10 cm3 were similar, 
although mean volume was higher in malignant ones. 
Almost all studies in the literature regarding the 
relationship between nodule size and malignancy have 
considered the nodule diameter as the size parameter. 
The present study is the first to evaluate the nodule 
volume as the size parameter, which is calculated by 
using all three diameters of a nodule. We demonstrated 
that histopathologically malignant nodules ≥ 4 cm 
had significantly higher volume than benign nodules 
≥ 4 cm. This result suggests that in nodules with the 
largest diameter ≥ 4 cm, malignancy risk increases with 
increasing volume.

Because the medullary and anaplastic carcinomas are 
symptomatic earlier, they are detected earlier. Therefore, 
this situation may cause a bias in the analysis. Thus, 
we performed a separate analysis including only DTC; 
however, we could not find any significant difference 
from the analysis including all thyroid cancers.

An important explanation for this might be higher 
risk of malignancy in round compared to oval nodules. 
However, based on the results of ROC curve analysis, 
there was no independent relationship between nodule 
volume and malignancy in ≥ 4 cm nodules, and 
therefore, no clear cutoff value could be determined 
that can predict malignancy. Similarly, considering 
all nodules, ROC curve analysis showed that neither 
nodule diameter nor nodule volume was a good 
predictor of malignancy (AUC = 0.60 and AUC = 
0.59, respectively), and there was no clear cutoff value 
for nodule size that can predict malignancy.

Kamran and cols. reported that the proportion of 
PTC decreased while follicular/Hurthle carcinoma 
increased as nodules enlarged (20). In the present 
study, we obtained similar results, showing that the 
rate of follicular/Hurthle cell carcinoma increased 
significantly as the nodule diameter increased. This 
was also true regarding the nodule volume. The rate 
of PTC, which is the most common type of thyroid 
cancer, was highest in the group with smaller nodule 
diameter and volume. In other words, larger malignant 
nodules had higher rates of follicular and Hurthle cell 
carcinoma or other rare types of malignancy. These 
results suggest that the diagnosis of PTC is achieved 
at an early stage and does not originate from a benign 
lesion. On the contrary, the increasing rate of follicular 
and Hurthle cell carcinoma in larger nodules can be 
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attributed to the fact that nodule growth increases the 
risk of secondary genomic mutations, which transform 
a benign nodule into a malignant one. Another 
explanation is that the histological findings of follicular 
carcinoma (capsular and/or vascular invasion) may 
occur only when a nodule grows beyond a certain size. 
The situation is different for PTC, in which malignancy 
is histologically determined based upon nuclear and 
cellular morphological changes, and such results can be 
valid in thyroid nodules regardless of their size.

The variation in the results of the studies dealing 
with the relationship between nodule size and 
malignancy risk might be related to the differences in 
selection criteria. In most of these studies, a relationship 
between nodule size and risk of malignancy was valid, 
particularly for patients with follicular or Hurthle cell 
neoplasm. Tuttle and cols. examined 103 patients 
for whom cytological findings were consistent with a 
follicular neoplasm and who had undergone surgery at 
some point during a 5-year period. Final pathological 
results showed that the rate of malignancy was 40% and 
13% for nodules ≥ 4 cm and < 4 cm, respectively (p = 
0.03) (30). In another study including 243 patients with 
a follicular adenoma and 152 patients with a follicular 
carcinoma, carcinomas were more likely to be ≥ 3 cm 
when compared to adenomas (53% vs. 34%, p < 0.001). 
Based on these findings, the authors recommended near 
total or total thyroidectomy for patients with an FNAB 
consistent with a follicular neoplasm and a nodule size 
≥ 3 cm (31). Chen and cols. examined 37 patients with 
Hurthle cell adenoma and 20 patients with Hurthle cell 
carcinoma with a mean tumor size of 2.4 ± 0.2 cm and 
4.0 ± 0.4 cm, respectively. The rate of malignancy was 
17% for tumors ≤ 1 cm, 23% for tumors 1-4 cm and 65% 
for tumors ≥ 4 cm. Depending on these results, they 
recommended near total or total thyroidectomy for all 
patients with a Hurthle cell neoplasm ≥ 4 cm (32).

The most important limitation of our study was its 
retrospective design. The study group was composed of 
patients who had undergone surgery, which probably 
caused increased malignancy rates. In our series, larger 
nodules were prompted to surgery, even when FNAB 
was benign, owing to fear of malignancy potential or 
other compression symptoms or substernal expansions. 
In addition, the patients in whom surgery was indicated 
for toxic multinodular goiter were also included in 
our series. These patients had also undergone surgery 
due to larger nodule dimensions, despite low risk of 
malignancy.

In conclusion, nodule size does not appear to be 
an independent risk factor for malignancy in thyroid 
nodules. Such an inference is valid for both nodule 
diameter and volume. For follicular and Hurthle cell 
carcinomas, the risk of malignancy seems to increase 
linearly when nodule size increases. Although malignant 
nodules had significantly higher volume compared to 
benign ones among nodules ≥ 4 cm, an optimal cutoff 
value could not be determined. Our results suggest 
that it is not possible to predict malignancy or decide 
on surgical resection considering only the diameter or 
volume of the nodule.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Epidemiological study of metabolic 
syndrome in Brazilian soldiers 

Marcos de Sá Rego Fortes1, Samir Ezequiel da Rosa1, 
Walmir Coutinho2, Eduardo Borba Neves1

ABSTRACT
Objective: The aim of this study was to carry out an epidemiological analysis of metabolic syndrome 
among Brazilian Army soldiers. Subjects and methods: Two thousand seven hundred and nineteen 
male soldiers of the Brazilian Army were evaluated from 2014 to 2016. Characteristics: age = 27.77  
(± 8.59) years and BMI = 25.15 (± 3.41) kg/m2. Blood tests and anthropometric measures were 
performed following the criteria of the International Diabetes Federation Task Force on MS 
Epidemiology and Prevention, 2009. The epidemiological analysis was based on Odds ratio (OR) with 
confidence interval (CI). Results: The prevalence of MS found was 12.21%. Both WC and BMI proved 
to be good predictors of changes in MS physiological markers. Increased WC and BMI were strongly 
associated with all physiological markers. Soldiers with WC ≥ 90 were more likely to present MS with 
OR = 33.37 (24.37-45.7). Soldiers with WC ≥ 90 also presented high risk of: high triglycerides with OR = 
5.98 (4.69-7.61); low HLD-c with OR = 1.78 (1.47-2.16); and increased systolic blood pressure OR = 3.10 
(2.55-3.76). Soldiers with BMI ≥ 30 had a high risk of: increased glucose with OR = 2.69 (1.93-3.75); and 
increased diastolic blood pressure with OR = 3.02 (2.22-4.10). Conclusion: Both WC and BMI can be 
considered as good predictors of changes in MS physiological markers. We believe that WC and BMI 
should be used as screening tools to indicate the soldiers that must undergo blood tests to monitor 
MS prevalence. Arch Endocrinol Metab. 2019;63(4):345-50
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INTRODUCTION

The increase of the global burden of Non-
Communicable Chronic Diseases (NCDs) is a public 

health problem worldwide. NCDs are multifactorial in 
nature and share several modifiable risk factors such as 
smoking, physical inactivity, inadequate diet, obesity, 
dyslipidemia and alcohol consumption (1-3).

The increasing incidence of overweight and 
obesity represents a serious public health problem 
with implications for society and health systems (4). It 
contributes to the morbidity and mortality by Diabetes 
Mellitus, Heart Disease, Stroke and Cancer (5). It has 
been suggested that overweight and obesity, in addition 
to causing these diseases, can also significantly reduce 
life expectancy. 

An study developed by Chaves and cols. (6), 
including the years 1980-2005, and using the Brazilian 
Army database with 8.989.508 teenagers aged 17-19 
years, showed an increasing trend of overweight and 
obesity prevalence in all Brazilian states, In that period, 
the number of teenagers with overweight increased 
three-fold and with obesity, six-fold. Another study 
(7) with Brazilian militaries showed the following 

percentages of obese or overweight subjects: 12.91%, 
7.98% and 17.84%, considering the Body mass index 
(BMI), waist/ hip ratio (WHR) and waist circumference 
(WC), respectively. The best anthropometric indicator 
for systemic arterial hypertension was the waist/hip 
index (Odds Ratio = 4.45, 1.45-13.17).

Metabolic syndrome (MS) is a complex disorder, 
characterized by a cluster of cardiovascular risk factors, 
such as high blood pressure, central fat deposition, 
dyslipidemia and insulin resistance (8-10), MS includes 
a constellation of cardiovascular and type 2 diabetes 
risk factors. Its etiology involves complex interactions 
between genetics, metabolism and environmental 
factors, including diet. Its prevalence has increased 
in developed and developing countries, in males and 
females, and in adults, teenagers and children (11). 
Vidigal and cols. (12) identified, in a recent systematic 
review, MS prevalence in the Brazilian adult population 
varying between 28.9% and 29.6%, according to the 
criterion used to define it. Half the studies have used 
the NCEP-ATP III (2001) criterion for MS diagnosis. 

Although MS has appeared in many forms and 
definitions for more than eight decades, only in the 
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last five years, the real controversy over its definition 
and meaning emerged (13). It is defined in many ways 
by: NCEP/ATP III (National Cholesterol Education 
Program Expert Panel on Detection, Evaluation, and 
Treatment of High Blood Cholesterol in Adults); IDF 
(International Diabetes Federation) and WHO (World 
Health Organization) among others (14).

Different organs adopt different criteria to define 
MS and the cut-off points for its components. In 2009, 
a new definition of MS was presented as a consensus 
between IDF and AHA/NHLBI after a meeting 
between their respective representatives aiming at 
arriving at a common denominator for its definition, 
since there was divergence between the two criteria. 
In this manner, the main characteristic of this new 
criterion is that obesity, defined by the cut-off point 
of the abdominal circumference, by ethnic groups, is 
no longer a prerequisite. Obesity, however, remains an 
important risk factor to be investigated (9).

Surveys conducted by IPCFEx (Brazilian Army 
Research Institute of Physical Fitness) show that from 
the 17th BRABAT to the 21st BRABAT, the percentage 
of soldiers with MS increased from 3.2% to 10.9%. 
Another study involving 1,383 men (18 to 62 years 
old) allotted in military organizations of Grande Natal 
– RN, conducted with soldiers from the Brazilian Navy 
found prevalence of 17.6% using IDF criteria (15). 
The anthropometric indices (body mass index, waist 
circumference and waist-hip ratio) are the most widely 
used methods for measuring general and abdominal 
obesity in large epidemiological studies. Body mass 
index is used to measure general adiposity, while waist 
circumference and waist/hip ratio measure abdominal 
adiposity. There is a correlation between BMI, WC and 
the total mass of the adipose tissue. 

Haghighatdoost and cols. (16) point out that 
general obesity measured by the BMI is a known risk 
factor for diabetes. Although BMI is frequently claimed 
as a simple measure to determine disease risk, it has 
several constraints: it does not differentiate lean mass 
from fat mass nor fat distribution. It is important to 
mention that visceral adiposity plays a more important 
role in the development of insulin resistance and 
diabetes, than general adiposity (17). Therefore, WC 
was adopted as a measure of abdominal adiposity that 
takes into consideration fat distribution. In this sense, 
WC has been considered better than BMI in estimating 
intra-abdominal adipose tissue and provides a measure 
of body fat distribution (18-20). In this sense, the aim 

of this study was to carry out an epidemiological analysis 
of metabolic syndrome among Brazilian Army soldiers, 
considering these anthropometrics index as risk factors.

SUBJECTS AND METHODS

A cross-sectional observational study was conducted 
adopting a quantitative approach of MS prevalence 
and its components, according to the criteria of the 
Joint Scientific Statement (9). It evaluated 2,719 male 
soldiers from the Brazilian Army, serving in all regions 
of the country, from 2014 to 2016. The present study 
was registered at the National System of Ethics in 
Research (SISNEP, Portuguese acronym), submitted 
and approved by the Ethics Committee of the Marcílio 
Dias Naval Hospital, under no. 1.551.242, CAAE no. 
47835615.5.0000.5256. Data collection was divided 
into two days. On the first day, an anthropometric 
evaluation was carried out, determining body mass 
(BM) with the soldier in the orthostatic position, 
barefoot, using only a swimsuit, with the aid of a Lider 
digital analytical scale, P150M model, with 200 kg 
maximum load and increments of 0.1%. 

The height was measured with a metallic 
stadiometer, brand Sanny. The soldiers stood erect, 
with the arms extended and attached to the trunk, 
feet joined and keeping contact with the stadiometer 
by the heel, with the head oriented in the Frankfurt 
plane. The measures were performed in respiratory 
apnea, aiming at minimizing possible instabilities of the 
vertebral column. 

The WC was measured with a 2M anthropometric 
tape from Sanny medical, Starret, model SN 4010. The 
soldiers remained standing, with relaxed abdomen, arms 
extended and weight equally distributed between the 
legs, with the feet near and parallel. The measurement 
was taken at the end of the expiration, taking care not 
to compress the skin, at the midpoint between the last 
rib and the iliac crest. The anthropometric variables 
were obtained following recommendations of Lohman 
and cols. (21).

On the second day, the biochemical tests of MS 
markers (TG, HDL-C, GLUC) were performed. Samples 
were collected in IPCFEx clinical analysis laboratory, 
strictly following the collection recommendations of 
the Brazilian Society of Clinical Pathology/Laboratory 
Medicine from 2010 and the resolution of the Collegiate 
Board – RDC no. 306/2004 – ANVISA for sample 
managing and disposal. A hemodynamic evaluation 
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(SAP, DAP) was conducted next as prescribed in 
VI Guidelines for the use of Ambulatory Arterial 
Pressure Monitoring published by the Brazilian Society 
of Cardiology 2010. The parameters of the Joint 
Scientific Statement (9) were used for MS diagnosis. 
All participants were informed of the procedures and 
risks to which they would be submitted and signed a 
Free Informed Consent Term.

Statistics

A descriptive and exploratory analysis was carried out 
to characterize the population under study according 
to their demographic characteristics. Univariate analysis 
was performed to examine the associations of the 
variables investigated, odds ratios (OR) and respective 
confidence intervals (CI) were calculated. The receiver-
operating characteristic (ROC) curve analysis was used 
to determine cut-off points of an index composed by 
the sum of excess in BMI and WC, and their sensitivity 
and specificity values to identify MS subjects.

RESULTS

The following table presents the characteristics of the 
variables related to the sample’ MS, expressed as mean 
and standard deviation (Table 1).

All values obtained are within the normality range 
(Table 2).

The table above shows low prevalence when 
compared to that of the Brazilian civilian population, 
which, according to national studies ranges between 
28.9 and 29.6% (Table 3).

Estimated OR was 33.37, i.e., the probability 
of presenting the syndrome was 34 times higher in 
exposed individuals (altered WC) than in those that 
were not exposed (not altered WC) (Table 4).

Estimated OR was 14.66, i.e., the probability to 
develop the disease was approximately 15 times higher 
in exposed individuals (altered BMI) than in those that 
were not exposed (not altered BMI) (Table 5).

Table 1. Anthropometric characteristics and risk factors for MS of male soldiers of the Brazilian Army, serving in all regions of the country, from 2014 to 
2016. (n = 2,719)

Age (years) WC (cm) BMI SAP (mmHg) DAP (mmHg) GLUC (mg/dL) TG (mg/dL) HDL-c (mg/dL)

Mean 27.8 88.9 25.1 120.3 77.2 88.9 92.0 47.0

S.D. 8.6 13.9 3.4 10.1 8.8 13.9 57.4 13.1

Values expressed in absolute numbers. S.D.: standard deviation.

Table 2. MS prevalence in Brazilian soldiers, with central obesity (WC) and 
BMI who participated in the UN peacemaking mission in Haiti between 
2014 and 2016. (n = 2,719)

Absolute 
Frequency

Relative 
Frequency

Effective soldiers 2,719 100,00%

MS 332 12.21%

N MS 2,387 87.79%

Table 3. Groups of soldiers with and without metabolic syndrome and WC 
(n = 2,719)

WC With MS Without MS Total

Altered WC 278 319 597

Not altered WC 54 2,068 2,122

Total 332 2,387 2,719

Odds ratio: 33.37 (CI = 24.37 – 45.7).

Table 4. Group of soldiers with and without metabolic syndrome and BMI 
(n = 2,719)

WC With MS Without MS Total

Altered BMI 122 91 213

Not altered BMI 210 2,296 2,506

Total 332 2,387 2,719

Odds ratio: 14.66 (confidence interval from 10.79 to 19.91).

The table above shows that increased WC and BMI 
were strongly associated with all physiological markers. 
Soldiers with increased WC presented high risk of 
increase of altered SAP with OR = 3.10 (2.55 – 3.76); 
altered DAP with OR = 2.39 (1.91 – 3.00); altered 
GLUC with OR = 2.47 (1.94 – 3.14); altered TG with 
OR = 5.98 (4.69 – 7.61); altered HDL-c with OR = 
1.78 (1.47 – 2.16).

Soldiers with altered BMI presented high risk of 
increase of altered SAP with OR = 2.84 (2.15 – 3.77); 
altered DAP with OR = 2.96 (2.18 – 4.03); altered 
GLUC with OR = 9.62 (7.17 – 12.91); altered TG 
with OR = 2.26 (1.51 – 2.76); altered HDL-c with OR 
= 1.74 (1.31 – 2.32).
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Table 5. Prevalence (P), odds ratio (OR) and confidence interval of MS risk factors in the group of soldiers (n = 2,719)

Altered n P (%) OR (IC 95%)

Altered WC

SAP 257 9.5 3.10 (2.55 – 3.76)

DAP 153 5.6 2.39 (1.91 – 3.00)

GLUC 129 4.7 2.47 (1.94 – 3.14)

TG 183 6.7 5.98 (4.69 – 7.61)

HDL 220 8.1 1.78 (1.47 – 2.16)

Altered BMI

SAP 99 3.6 2.84 (2.15 – 3.77)

DAP 70 2.6 2.96 (2.18 – 4.03)

GLUC 55 2.0 9.62 (7.17 – 12.91)

TG 69 2.5 2.26 (1.51 – 2.76)

HDL 82 3.0 1.74 (1.31 – 2.32)

Table 6. Values of sensibility and specificity to MS when analyzed BMI and 
WC together soldiers (n = 2,719) 

Sum of excess in BMI 
and WC, in relation 
their cut-off points

Sensibility Specificity

-38.01 1.00 0.00

-14.49 0.99 0.30

-12.39 0.98 0.37

-10.13 0.97 0.46

-8.47 0.96 0.53

-6.88 0.95 0.59

-0.71 0.90 0.80

0.02 0.89 0.82

0.37 0.88 0.83

0.59 0.87 0.83

1.21 0.86 0.84

1.48 0.85 0.85

2.48 0.80 0.87

3.21 0.75 0.88

4.26 0.70 0.90

5.19 0.65 0.91

6.01 0.60 0.92

6.97 0.55 0.93

8.09 0.50 0.94

9.40 0.45 0.95

10.57 0.40 0.96

11.72 0.35 0.97

13.91 0.30 0.98

15.62 0.25 0.99

17.87 0.20 0.99

22.26 0.13 1.00

The comparison of BMI with WC, shows that GLUC 
and TG presented the greatest differences. Individuals 
with altered WC have 2.5 times more probability of 
presenting altered GLUC, while those with altered 
BMI have approximately 10 times more chances of 
presenting altered GLUC. Concerning TRIG, with 
altered WC, the probability is approximately 6 times, 
while with altered BMI the probability is 2.3 times.

It was found good values of sensibility and specificity 
to MS when analyzed BMI and WC together, through 
a simple index that was calculated by the sum of excess 
in each variable, in relation their cut-off points. The 
values of sensibility and specificity for each cut-off 
point, of the cited index, are presented in the Table 6.

DISCUSSION

MS is defined as a constellation of interconnected 
physiopathological, biochemical, clinical and metabolic 
factors that directly increase the risk of cardiovascular 
disease, type 2 diabetes mellitus and all-cause mortality. 
Insulin resistance, visceral adiposity, atherogenic 
dyslipidemia and high blood pressure are some of the 
various factors that constitute the syndrome (22-24). 
According to Stern and cols. (25), the risk of diabetes is 
increased 5-fold in people with MS.A possible explanation 
is lipotoxicity predisposing to beta cell dysfunction, in 
addition to insulin resistance, core pathophysiological 
element of metabolic syndrome (26).

The prevalence of metabolic syndrome found in 
the present study was 12.21%. According to Bortoletto 
and cols. (24), a systematic review among the adult 
population worldwide showed high prevalence of MS, 
ranging from 25% to 35%, with higher frequency in 
women. A cross-sectional study conducted by Costa 
and cols. (15), involving about 1.400 individuals 

from the Brazilian Navy and using the criterion of 
the International Diabetes Federation (IDF) for MS 
diagnosis, as in the present research, found prevalence 
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of 17.6%. All specific combinations of risk factors for 
MS that exceeded the expected prevalence presented 
abdominal obesity as one of its components. Those 
authors also reported that central obesity appeared as the 
most common factor in combinations with prevalence 
higher than expected, which seems to corroborate its 
importance in MS phenotype. 

The prevalence of hypertension, type 2 diabetes 
mellitus, dyslipidemia and MS is greater in individuals 
with high values of WC, than in those with normal 
values within the same category of BMI (27). In the 
present study, 22% of the sample presented altered WC 
that is above the cut-off point. Of those, 10.2% were 
classified as syndromic. In addition, it was found that 
the OR of those subjects with altered WC developing 
MS was approximately 34 times higher than the OR of 
individuals with WC below the cut-off point. On the 
other hand, the OR of individuals with altered BMI 
was 15 times. 

Among the measures of obesity, WC and BMI were 
significantly associated with all risk factors for MS. BMI 
was more significant for GLUC than WC, while the 
latter correlated mainly with TG. Indeed, among the 
various categories of BMI, those within the category 
of normal WC presented substantially higher amounts 
of abdominal fat, which consists, almost entirely of 
visceral fat, than those within the category of low WC. 

Regarding the hemodynamic parameters, in the 
present study, the soldiers with increased WC presented 
high risk of altered SAP increase with OR = 3.10 and 
altered DAP with OR = 2.39.

Levine and cols. (28) examined the prevalence of 
hypertension (systolic AP ≥ 140 mmHg, or diastolic AP 
≥ 90 mmHg, or use of self-reported antihypertensive 
drugs) by BMI and WC, focusing on moderate WC, 
in a large national biracial cohort of American adults 
aged between 45 and 84 years. They found prevalence 
of hypertension of 44% of those with low WC, 55% 
(women < 80 cm; men < 94 cm), with moderate 
WC (women 80-88 cm; men 94–102 cm) and 66% 
with high WC (women > 88 cm; men > 102 cm).
Moderate WC was associated with prevalence of arterial 
hypertension regardless the BMI in middle-aged adults 
and the elderly. The difference was that in the present 
study the blood pressure was measured separately, i.e., 
systolic and diastolic. 

Janssen and cols. (27) grouped 14.924 adult 
participants by BMI and WC in accordance with the 
cut-off points of the “National Institutes of Health”. 

The OR for hypertension, diabetes, dyslipidemia and 
MS were calculated. With some exceptions, among the 
three BMI categories, those with high WC values were 
increasingly more predisposed to have hypertension, 
diabetes, dyslipidemia and MS than those with normal 
WC values. These results are in agreement with those 
found in the present research. 

Regarding the association between WC and GLUC, 
the present study found OR of 2.47 for individuals 
with altered WC. Gill and cols. (29) investigated the 
independent contributions of WC, physical activity, and 
sedentary behavior to GLUC in South Asians living in 
Scotland. In the multivariate regression analysis, WC was 
significantly associated with fasting GLUC concentration, 
result that corroborates the findings of the present study.

Another study conducted by Mainous and cols. 
(30) concluded that among individuals within a healthy 
BMI range, the prevalence of pre-diabetes substantially 
increases with abdominal obesity. Similar result was 
found by Haghighatdoost and cols. (16).

On the other hand, Yang and cols. (31) aimed to 
find the best anthropometric indicator to discriminate 
the dyslipidemia prevalent in a non-obese Chinese 
population aged over 40 years. The BMI showed a 
higher correlation with lipids than WC and waist/hip 
ratio, not only in the stepwise regression analysis, but also 
in logistic regression. The study suggested that the BMI 
also played an important role in the classification of risk 
of adverse lipid concentration in non-obese individuals. 
In addition, BMI was more associated with low HDL-C 
e less associated with total cholesterol, regardless of 
gender, age and prevailing MS. In the present study, 
individuals with altered BMI and with altered TG and 
HDL-c had 3-fold greater probability of developing MS 
than those with normal concentration of those lipids. 

Some authors have used the receiver-operating 
characteristic (ROC) curve analysis to determine 
optimal cut-off points for BMI and WC in relation 
to the area under the curve (AUC), sensitivity and 
specificity to metabolic syndrome screening. However, 
few of them studied these two variables combined (32-
34). Takahashi and cols. (34) studied 3,915 men and 
2,032 women and conclude that when combined BMI 
and WC, the sensitivity for the MS diagnosis increased 
to more than 80%. This results are in agreement with 
those presented in the present study that describe, i.e., 
a cut-off point (1,48 as Sum of excess in BMI and WC, 
in relation their cut-off points) which shows 85% of 
sensibility and 85% of specificity.
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We concluded that BMI and WC are good predictors 
of MS and that the additional risk to health explained by 
WC probably reflects its capacity to act as a substitute 
for abdominal fat, particularly, visceral fat. Our findings 
suggest that BMI and WC should be used as screening 
tools to indicate blood test to monitor MS prevalence. 

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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Prevalence of antithyroperoxidase 
antibodies in a multiethnic Brazilian 
population: The ELSA-Brasil Study

Carolina Castro Porto Silva Janovsky1, Marcio Sommer Bittencourt1,2,  
Alessandra C. Goulart1, Itamar S. Santos1,3, Bianca Almeida-Pititto4,  
Paulo A. Lotufo1,3, Isabela M. Benseñor1,3

ABSTRACT
Objective: In this study, we aimed to describe the prevalence and distribution of positive 
antithyroperoxidase antibodies (TPOAb) according to sex, age strata, and presence of thyroid 
dysfunction using baseline data from the Brazilian Longitudinal Study of Adult Health (ELSA-
Brasil). Materials and methods: Thyroid hormone tests were obtained from each study participant 
at baseline. Levels of thyroid-stimulating hormone (TSH) and free thyroxine (FT4) were measured 
using a third-generation immunoenzymatic assay. Antithyroperoxidase antibodies were measured 
by electrochemiluminescence and were considered to be positive when ≥ 34 IU/mL. Results: The 
prevalence of TPOAb among 13,503 study participants was 12%. Of participants with positive TPOAb, 
69% were women. Almost 60% of the individuals with positive TPOAb were white. The presence of 
positive TPOAb was associated with the entire spectrum of thyroid diseases among women, but 
only with overt hyperthyroidism and overt hypothyroidism in men. Conclusion: The distribution of 
positive TPOAb across sex, race, age, and thyroid function in the ELSA-Brasil study is aligned with the 
worldwide prevalence of positive TPOAb reported in iodine-sufficient areas. In women, the presence 
of TPOAb was related to the entire spectrum of thyroid dysfunction, while in men, it was only related 
to the occurrence of overt thyroid disease. Arch Endocrinol Metab. 2019;63(4):351-7
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INTRODUCTION 

T hyroid dysfunction is emerging as one of the 
most common diseases in developed countries 

(1-5). Although the prevalence of overt disease 
(hypothyroidism and hyperthyroidism) is lower than 
2%, subclinical disease is far more prevalent (5-10). 
Subclinical hypothyroidism may be present in 4%-15% 
of the population (11) and is seen mainly in older 
women (5,6,12).

Autoimmune thyroid disease has emerged as the 
main cause of thyroid dysfunction after the frequency 
of goiter caused by iodine deficiency decreased 
following compulsory salt iodination in developing 
countries (13-16). Worldwide, the most common 
conditions associated with thyroid dysfunction are 
overt and subclinical hypothyroidism (10,17-19) due 
to autoimmune Hashimoto’s thyroiditis (20-22). 
Among other features, the presence of serum 
antithyroperoxidase antibodies (TPOAb) is the main 
diagnostic element of this condition (23-25). 

The prevalence of positive TPOAb across race, 
gender, and age is still not well established in the 
general population in Brazil. Therefore, we aimed in 
this study to describe the prevalence and distribution 
of TPOAb according to sex, age strata, and presence 
of thyroid dysfunction using baseline data from the 
Brazilian Longitudinal Study of Adult Health (ELSA-
Brasil).

MATERIALS AND METHODS

This was a cross-sectional analysis using baseline data 
from the ELSA-Brasil, a prospective cohort study. The 
study design and cohort profile have been published 
elsewhere (26). Briefly, the study cohort comprised 
15,105 active and retired civil servant employees from 
six different Brazilian cities (Salvador, Vitória, Belo 
Horizonte, Rio de Janeiro, São Paulo, and Porto Alegre) 
aged between 35 to 74 years at baseline. Information 
on sociodemographic data, personal and family history 
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of diseases, lifestyle factors, mental health, cognitive 
status, and occupational exposure were assessed from 
August 2008 to December 2010 (27). The aim of the 
study was to determine the incidence of cardiovascular 
disease and diabetes along with factors associated with 
these conditions. Nonclassical risk factors possibly 
associated with cardiovascular diseases, such as thyroid 
function, were also measured. 

The institutional ethics committee approved the 
protocol of the study, and written consent was obtained 
from all individuals.

Thyroid function

Thyroid hormone tests were performed on every 
participant of the study at baseline. Levels of thyroid-
stimulating hormone (TSH) and free thyroxine 
(FT4) were measured using a third-generation 
immunoenzymatic assay (Siemens, Deerfield, IL, USA) 
in serum obtained from centrifuged venous blood 
samples taken after an overnight fast. FT4 levels were 
only evaluated in participants with abnormal TSH 
levels. In this study, the reference range was 0.4-4.0 
mIU/L for TSH and 0.8-1.9 ng/dL for FT4, which 
is similar to the reference range used in the National 
Health and Nutrition Examination Survey (NHANES 
III) (5) and recommended by Surks and cols. (2). 

Levels of TPOAb were measured by 
electrochemiluminescence (Roche Diagnostics, 
Mannheim, Germany) and were considered positive 
when ≥ 34 IU/mL. 

Participants in the ELSA-Brasil were classified 
into five categories of thyroid function according to 
levels of TSH and FT4 (when TSH was abnormal) 
and information regarding the use of medication to 
treat thyroid disorders: overt hyperthyroidism (low 
serum TSH and high FT4 levels or use of medication 
to treat hyperthyroidism); subclinical hyperthyroidism 
(low serum TSH, normal FT4 levels, and no use of 
thyroid medication or thyroid hormone); euthyroidism 
(normal TSH, normal FT4 levels and no use of 
thyroid medication or thyroid hormone); subclinical 
hypothyroidism (high TSH levels, normal FT4 levels, 
and no use of thyroid medication or thyroid hormone); 
and overt hypothyroidism (high TSH and low FT4 
levels or use of levothyroxine to treat hypothyroidism). 
Therefore, subclinical thyroid disease was defined only 
in participants not taking medications to treat thyroid 
disorders. 

Participants were excluded from the cohort when 
using medications that could affect the thyroid function 
such as amiodarone, carbamazepine, carbidopa, 
phenytoin, furosemide, haloperidol, heparin, interferon, 
levodopa, lithium, metoclopramide, propranolol, 
primidone, rifampicin, and valproic acid (28). 

Other variables

Age is presented as continuous or categorical (35-44, 
45-54, 55-64, and 65-74 years) variables. Race was 
self-reported and categorized as white, brown, black, 
Asian, and indigenous. Anthropometric measures 
were obtained with standard techniques with the 
participants wearing light clothes. Body mass index 
(BMI) was calculated as weight divided by height 
squared (kg/m2). Hypertension was defined as the 
use of antihypertensive drug, systolic blood pressure  
≥ 140 mmHg or diastolic blood pressure ≥ 90 mmHg. 
The diagnosis of diabetes was based on self-report by 
the participant or use of oral antidiabetic agents or 
insulin therapy, fasting plasma glucose ≥ 126 mg/dL, 
2-hour post-prandial 75g glucose test ≥ 200 mg/dL, 
or glycosylated hemoglobin ≥ 6.5% (29). The diagnosis 
of dyslipidemia was considered in participants using 
cholesterol-lowering drugs or with an LDL-cholesterol 
level > 130 mg/dL.

Statistical analysis

Data are expressed as mean and standard deviation (SD) 
for continuous variables and as numbers of individuals 
(frequency) for categorical variables. Subjects with 
positive and negative TPOAb were compared with 
the chi-square test. Stata 13.0 (Stata Corp., College 
Station, TX, USA) was used for all analyses (30).  
A p value < 0.05 was considered significant.

RESULTS

We analyzed 13,503 participants with measured serum 
TPOAb levels. Positive TPOAb was observed in 12% of 
the cohort (Table 1). In this group, 69% were women 
and the mean age was 52.6 ± 8.7 years. 

BMI was slightly higher in the group with positive 
TPOAb (p = 0.02), whereas waist circumference was 
slightly higher in the group with negative TPOAb  
(p = 0.04). Other comorbidities (hypertension, diabetes, 
dyslipidemia, and smoking) were not associated with 
positive TPOAb.
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When stratified by age, the prevalence of positive 
TPOAb increased from the age of 35 to 64 years, 
although the prevalence was slightly lower in the 
elderly (p = 0.02). The same trend was noted in men 
(p = 0.02), while in women the prevalence increased 
linearly with age, from the age of 35 to 74 years  
(p < 0.001) (Figure 1).

When analyzed across the spectrum of thyroid 
function, 8.2% of the euthyroid population had positive 

TPOAb. Both overt and subclinical hypothyroidism 
represented the most common conditions associated 
with positive TPOAb, with a prevalence of 45.6% in 
participants with overt hypothyroidism and 27% in 
those with subclinical hypothyroidism (Figure 2). 
TPOAb was also present in 20% of the individuals with 
hyperthyroidism, including both subclinical and overt 
disease (Figure 2).

In women, the entire spectrum of thyroid diseases 
was associated with the presence of TPOAb, while 
in men, only overt hyperthyroidism and overt 
hypothyroidism were associated with the presence of 
the antibodies (Figure 3).

When divided by Brazilian regions, there were 
significant differences in the prevalence of TPOAb 
among the cities. The distribution of TPOAb positivity 
among the cities was 37.7% in São Paulo, 12.7% in 
Porto Alegre, 11.3% in Rio de Janeiro, 21.9% in Belo 
Horizonte, 6.1% in Vitória,  and 10.1% in Salvador. 

DISCUSSION

In our study of a large Brazilian population, positive 
TPOAb had a prevalence of 12% and was more 
common in women. This is the first cross-sectional 
study evaluating the prevalence of TPOAb in a large 
Brazilian adult cohort.

The largest data on this matter was collected by the 
National Health and Nutrition Examination Survey 
(NHANES III) between 1999 and 2002 and published 
in 2007 (5). In the survey, which represented the North 
American population, TPOAb was present in 13.0 ± 
0.4% of the participants. In the NHANES III cohort 
(5), increased serum TPOAb concentrations were 
more prevalent in women than men and less prevalent 
in blacks than other ethnic groups, as seen in our study. 
However, in the North American cohort, the TPOAb 
concentration increased with age, which contrasts with 
our findings, since in our study the prevalence increased 
only in women and not in men. 

Most studies have shown that the presence of 
TPOAb increases with age (5,25), which was not 
confirmed in our study. Aligned with our findings, 
Bjoro and cols. (24) have also observed that older 
people may not have higher TPOAb levels despite 
the presence of hypothyroidism. This could be due to 
atrophic degeneration of the thyroid gland caused by 
the autoimmune disease. 

Table 1. Characteristics of the cohort according to the presence or 
absence of antithyroperoxidase antibodies

Antithyroperoxidase antibodies
p< 34 IU/mL

n = 11,875
≥ 34 IU/mL
n = 1,628

Women (%) 6,206 (52.3) 1,124 (69) < 0.0001

Age (SD) – years 51.8 (9.1) 52.6 (8.7) 0.001

Age strata (%)

35-44

45-54

55-64

  65-74

2,742 (23.1)

4,675 (39.4)

3,265 (27.5)

1,193 (10)

312 (19.2)

654 (40.2)

490 (30.1)

172 (10.6)

0.003

Race (%)

White

Brown

Black

Asian

Indigenous

6,097 (52)

3,316 (28.3)

1,885 (16.1)

311 (2.7)

126 (1.1)

949 (58.8)

403 (25)

217 (13.4)

31 (1.9)

14 (0.9)

< 0.0001

BMI (SD) – kg/m2 26.9 (4.7) 27.2 (4.9) 0.02

Waist circumference (SD) 
- cm

91.1 (12.7) 90.4 (12.7) 0.04

Hypertension (%) 4,112 (34.6) 525 (32.2) 0.057

Diabetes (%) 2,275 (19.2) 284 (17.4) 0.10

Dyslipidemia (%) 6,874 (57.9) 981 (60.3) 0.07

Smoking (%)

Never

Past

Current

6,743 (56.8)

3,553 (29.9)

1,578 (13.3)

928 (57)

507 (31.1)

193 (11.9)

0.23

Alcohol use (%)

Never

Past

Current

1,240 (10.5)

2,326 (19.6)

8,294 (69.9)

185 (11.4)

331 (20.3)

1,112 (68.3)

0.36

Thyroid function <  0.0001

Subclinical 
hyperthyroidism (%)

154 (1.3) 18 (1.1)

Overt hyperthyroidism 
(%)

73 (0.6) 17 (1)

Subclinical 
hypothyroidism (%)

535 (4.5) 197 (12.1)

Overt hypothyroidism (%) 537 (4.5) 451 (27.8)

Euthyroidism (%) 10,560 (89) 941 (57.9)

SD: standard deviation; BMI: body mass index.
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Figure 1. Distribution of percentages of antithyroperoxidase antibodies (TPOAb) according to age strata (A: Entire cohort, B: Women, C: Men). TPOAb+ 
– positive TPOAb; yo – years of age.

Figure 2. Distribution (%) of thyroid function in individuals with positive antithyroperoxidase antibodies.
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Another important prospective study from an 
Iranian group (25) has analyzed the prevalence and 
incidence of TPOAb. At baseline, the prevalence of 
TPOAb in that study was 12.8%, and the total incidence 
of TPOAb positivity was 7.1 per 1000 person-years 
of follow-up. That group evaluated the association 
between TPOAb positivity and the incidence of 
hypothyroidism over time. In our study, considering 
the spectrum of disease, we could see that the more 
hypothyroid the participants, the higher the prevalence 
of positive TPOAb (27% in subclinical hypothyroidism 
and 45.6% in overt hypothyroidism). Although our 
cross-sectional study did not determine the risk of 
TSH increase with positive TPOAb, such risk might 
be expected, as reported in other longitudinal studies 
(25,31-33), and will be estimated in the ELSA-Brasil 

cohort in the near future, when prospective data about 
the thyroid function of the participants are available.

One important topic when discussing autoimmune 
thyroid disease is the iodine status of the population. 
Brazil is considered an iodine-sufficient area since salt 
iodination is compulsory in the country. However, 
no studies have determined the exact urinary iodine 
concentration in the general Brazilian population (34). 
Some studies have shown that pregnant women may 
be at risk for iodine deficiency (35), while others have 
shown iodine excess among preschool children (36-38). 
Considering that the population analyzed in the ELSA-
Brasil comprises adults with access to iodinated salt, we 
expected all the participants to be iodine-sufficient and 
the results to be compatible with those from iodine-
sufficient countries. 
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Figure 3. Distribution of the percentage of antithyroperoxidase antibodies (TPOAb) according to thyroid function, age strata, and gender (A: Entire cohort, 
B: Women, C: Men). TPOAb+ – positive TPOAb; yo – years of age.
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ELSA-Brasil is not a population-based study. The 
study participants had a higher education level and 
income status than the overall Brazilian population. 
Although we recognize that the sampling strategy of the 
ELSA-Brasil limits the investigation in the domains of 
extremely poor and unemployed individuals, the racial, 
social, and regional diversity captured in the cohort 
allow an in-depth investigation of important health-
related factors in Brazil. The applicability of estimates 
from the ELSA-Brasil study to the general Brazilian 
adult population is supported by their comparable 
prevalences of behavioral risk factors and chronic 
conditions. In the ELSA-Brasil, these variables were 
assessed with procedures similar to those used in the 
VIGITEL, an annual, telephone-based survey assessing 
behavioral risk factors of a representative sample of 
adults living in 27 state capitals and the Federal District 
in Brazil (39). Furthermore, the ELSA-Brasil included 

a large sample of participants from six different cities 
in Brazil. All measurements were obtained using the 
same protocol at all centers, with centralized training 
and under strict quality control. The difference in 
TPOAb prevalence among the cities is due to many 
variables. São Paulo accounts for the highest prevalence 
of positive TPOAb, but is the city with the highest 
rate of migration from other regions. Therefore, we 
cannot conclude that the different prevalences are 
affected by the region alone. Belo Horizonte, a region 
with an increased prevalence of goiter, also had a high 
prevalence of antibodies. The coastal cities had a lower 
prevalence of positive TPOAb, which could suggest an 
important role of iodine. Since the ELSA-Brasil was 
an epidemiologic cohort, we opted to evaluate the 
frequencies and prevalences in the country as a whole, 
instead of individualizing the analysis in regions, in 
order to prevent comparisons.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

356

Prevalence of antithyroperoxidase antibodies in Brazil

Arch Endocrinol Metab. 2019;63/4

In conclusion, this descriptive report on the 
prevalence of positive TPOAb in Brazil showed that 
12% of the population is TPOAb positive and that most of 
the individuals with positive TPOAb were white women. 
This finding is aligned with the prevalence of TPOAb 
positivity reported globally in iodine-sufficient areas.
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Body composition indices in 
Brazilian adults: age-specific and 
sex-specific percentile curves
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ABSTRACT
Objective: To establish percentile curves for measures and indices of body composition by age and 
sex and compare them with data from other ethnic groups. Subjects and methods: Cross-sectional, 
population-based study with adults aged 20-59 years (n = 689). Percentile curves adjusted by a 
third degree polynomial function were constructed for skeletal mass index (SMI), fat mass index, 
body fat, and load-capacity metabolic indices (LCMI) based on dual-energy X-ray absorptiometry 
(DXA). Results: SMIweight and SMIBMI showed decline from the third decade of life in both sexes, 
whereas SMIheight was not able to identify lean mass loss over the ages studied. There was a slight 
drop at the end of the fifth decade (50-59 years) in men. Among Americans and Chinese, the 50th 
percentile curve of SMIheight showed an earlier decline. The estimates of adiposity and LCMI curves 
peaked between 40-49 years and Americans and Chinese maintained an upward curve throughout 
adulthood. Conclusion: The data and curves showed that the SMI adjusted for BMI and body weight 
were more adequate in detecting the decline of lean mass in adults due to aging. In contrast, SMIheight 
had a positive correlation with age and its curve increased throughout the evaluated age groups. 
The results contribute to the evaluation to the nutritional status of adults and to the prevention and 
treatment of outcomes related to adiposity and deficit lean mass. Arch Endocrinol Metab. 2019;63(4):358-68

Keywords
Body composition; DXA scan; sarcopenia; skeletal mass index

INTRODUCTION

B ody composition evaluation is an important tool 
to assess the nutritional status and health of the 

population, especially regarding the prevention and 
treatment of cardiometabolic diseases (1). Despite being 
a non-invasive, low-cost, and reproducible method, 
the body mass index (BMI) has limitations, since it 
can not discriminate between fat mass and lean mass. 
Thus, using only BMI to measure body composition 
may be inappropriate because it groups people with 
different degrees of adiposity and lean mass into the 
same category of cardiovascular risk (1-4). In this sense, 
dual-energy X-ray absorptiometry (DXA) enabled us 
to advance in the concept of body composition and 
its relationship with health, as it allows the estimation 
of adiposity and lean body mass regardless of the 
nutritional status established by BMI (5).

Lean mass, whose main component is skeletal 
muscle mass, changes throughout the lifespan and 

research shows a higher prevalence of muscle mass 
deficit after the age of 60 years (5-9). At the end 
of the 1990s, Baumgartner proposed an index for 
evaluation of low lean mass in the elderly and studied 
its association with falls, fractures, functional disability, 
and frailty, introducing the term sarcopenia (8). Since 
then, new lean mass indices have been developed and 
studies found associations between low lean mass and 
other health outcomes which were not related to the 
musculoskeletal system such as cardiometabolic diseases 
(6,10-12). 

In addition to the index proposed by Baumgartner 
and cols. (8), which relates appendicular lean mass 
to height, other body composition indices assess the 
contribution of lean mass and adiposity to predict 
health risk. Among these, we highlight those indices 
that relate appendicular lean mass to body weight (11) 
and to BMI (10); total fat mass to height (13) and to 
total fat free mass (2); and, finally, the one that relates 
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fat mass of the trunk to the appendicular lean mass (2). 
The latter two are termed load-capacity metabolic 
indices (2). 

Reference data for lean mass and adiposity, as well 
as estimates of body composition indices using DXA 
are available for specific populations, which limits 
their generalization to other groups. In addition, the 
emergence of a new research topic associating lean 
mass deficit with cardiometabolic outcomes increased 
the interest in lean mass in adults, since, for years, 
discussions of the clinical implications involved only the 
elderly population (14-17). Thus, the development of 
reference values   according to age and sex in different 
populations, especially among adults, has become 
fundamental (15,18-21). 

Therefore, the objective of the present study was to 
establish percentile curves for measures and indices of 
body composition, specific for age and sex, from the 
adult population of a Brazilian city and to compare 
them with data from other ethnic groups. It should be 
noted that, to the best of our knowledge, this is the first 
population-based study to produce reference values   
among Brazilian adults.

SUBJECTS AND METHODS

Design and study population

This cross-sectional population-based study was carried 
out in the urban area of   the city of Viçosa-MG, with 
adults (20-59 years) of both sexes. Pregnant women, 
individuals who were bedridden or unable to undergo 
anthropometric measurements and those unable to 
respond the questionnaire were not included in the 
study. The OpenEpi program was used for the sample 
calculation, considering the following parameters: 
reference population of 43.431 individuals, confidence 
level of 95%, expected prevalence for low muscle mass 
of 15% (8), predicted sample error of 3.0%, and design 
effect of 1.0. Addition of 10% was included to cover 
losses or refusals and 10% to control of confounding 
factors, resulting in a final sample of 697 adults. The 
sampling process was by double-stage clusters, with the 
census tracts as the first-stage units and the households 
as the second-stage units. A total of 30 census tracts 
were selected from the 99 existing in the urban area 
of   Viçosa, and in each case the blocks were identified 
and numbered to specify the order to start work.  

The detailed methodology of the research is described 
in a previous publication (22).

The research project, which is the basis for this study, 
was approved by the Research Ethics Committee of the 
Federal University of Viçosa (Official Letter 02/2013). 
All participants signed the Informed Consent Term.

Socio-demographic variables and leisure-time 
physical activity 

A structured questionnaire was applied to the 
participants to obtain the variables age (20-29, 30-39, 
40-49 and 50-59 years), skin color (white and non-
white), and gender (female and male).

The International Physical Activity Questionnaire 
(IPAQ) was used to assess the level of leisure-time 
physical activity (LTPA) (23). LTPA was determined 
from the time spent with leisure physical activities in a 
normal week. Subjects who scored ≥ 150 minutes were 
classified as physically active and subjects who scored  
< 150 minutes as insufficiently active (24).

Anthropometric variables and body composition

Weight and height were measured with participants 
using as little clothing as possible and barefoot. Height 
was measured using a stadiometer and weight was 
measured in a Tanita® digital scale. BMI was calculated 
using the formula weight/height2 (1).

Body composition and its indices were evaluated 
and quantified by the DXA Lunar Prodigy Advance 
DXA System (GE Healthcare) model. All evaluations 
were performed by the same technician using the 
Incore Users Manual standard procedure.

The analyzed parameters were: total lean mass 
(TLM); fat free mass (FFM); appendicular lean mass 
(ALM), obtained by the sum of the lean mass of the 
arms and legs; total fat mass (FM) and truncal fat mass 
(TrFM), all expressed in kg. In addition, the percentage 
of total body fat (BF) was analyzed. With the ALM data, 
we obtained the skeletal mass index (SMI) relative to 
the height (SMIheight: ALM/height2, given in kg/m²), 
as proposed by Baumgartner and cols. (8); SMI relative 
to weight (SMIweight: ALM/weight x 100, given in %) 
(11); and SMI relative to BMI (SMIBMI: ALM/BMI, 
given in kg/kg/m2) (10). The fat mass index (FMI: 
FM/height2, given in kg/m2) was also obtained (13); 
and the two load-capacity metabolic indices (LCMI) 
proposed by Siervo and cols. (2): LCMItotal: FM/FFM 
e LCMIregional: TrFM/ALM.
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Statistical analyzes

The descriptive analysis was carried out using mean 
and standard deviation and estimates of absolute and 
relative frequency, after testing the normal distribution 
of the variables with the Shapiro-Wilk test, skewness 
coefficient, and graphical analysis. The Student’s t 
test was used to compare means of body composition 
and anthropometric variables between the sexes, and 
Pearson’s Chi-square test to compare frequencies 
of categorical variables between the sexes. Pearson’s 
correlation coefficient was used to evaluate the 
correlation between body composition indices and 
age. The level of significance for all tests was 5%. These 
analyses were performed with the statistical program 
Stata version 13.1.

To determine the cutoff point for lean mass deficit in 
the study population, data for young adults aged 20 to 
39 years were used as a reference. In this subgroup, the 
value of two standard deviations (SD) below the mean 
was established as the lower limit for SMIheight (8) and 
SMIBMI (10) and one SD below mean for SMIweight (11).

Curves were constructed from the percentiles 20, 
50, 75, and 90 of body composition indices, stratified 
by age group of 10 years and sex, using Excel (version 
2010, Microsoft Office). It was decided to adjust a 
third degree polynomial function that promotes 
smoothing of the curves, suppressing small variations 
in its shape and allowing better visualization (25). 
The 50th percentiles of SMIheight, FMI, and BF 
percentage were compared with reference values for 
the non-Hispanic and Mexican whites and blacks,   
derived from the GE Healthcare Lunar DXA system, 
published by the National Health and Nutrition 
Examination Survey (NHANES) 1999-2004 (21) 
as well as data of Chinese population (18). The 50th 
percentile of LCMItotal and LCMIregional were compared 
with secondary data from NHANES 1999-2004, but 
derived from the Hologic DXA system model without 
distinction of ethnicity (2).

RESULTS

The study included 689 subjects, with mean age 
of 36.10 years (SD = 12.27 years).Women were 
significantly older than men. Most participants were 
not white and were physically inactive. A significant 
difference was found for anthropometric and body 
composition indices between the sexes. Men were 

taller, had higher body weight and higher values   of 
total and regional lean mass, as well as higher values   of 
the three SMI evaluated, whereas the women showed 
higher values   for total and regional fat mass, as well as 
higher values   of LCMI. Over 40% of the sample was in 
the overweight and obesity range (Table 1).

The parameters evaluated showed a significant 
correlation with age. Correlation coefficients were 
similar between men and women. SMIweight and SMIBMI 
presented a negative correlation (-0.263 and -0.382 in 
males and -0.364 and -0.471 in females, respectively) 
and the other indices correlated positively with 
age (FMI: 0.265 and 0.334, BF: 0.228 and 0.293, 
LCMItotal 0.222 and 0.264, LCMIregional: 0.330 and 
0.389, SMIheight: 0.120 and 0.237 in men and women, 
respectively).

Cut-off points for SMI were generated in 204 men 
and 221 women between 20 and 39 years. The values   
found for SMIheight were 6.34 kg/m2 and 4.45 kg/m2, 
for SMIBMI 0.74 kg/kg/m2 and 0.49 kg/kg/m2, and 
for SMIweight 29.84% and 23.15%, respectively, for men 
and women. Our cut-off points were lower than those 
proposed by the other studies presented, except for the 
SMIheight value proposed by a study carried out in the 
Korean population (Table 2).

Figures 1 and 2 show the percentile curves for the 
indices evaluated in men and women, respectively. In 
both sexes, the SMIweight and SMIBMI showed a decrease 
as early as 20-29 years, with a sharper descending slope 
visualized in the second index. SMIheight showed a sligth 
upward curve for both men and women. Only the 
90th percentile curve showed a slight slope at 50-59 
years. LCMI, in turn, increased up to the age of 40-49, 
when their curves stabilized for both sexes. Similarly, 
there was evolution of BF for men and women and 
FMI for women, with increase until the fifth decade 
and subsequent stabilization. For men, FMI peaked in 
the transition from the fifth to the sixth decade, with a 
downward trend thereafter.

The detailed values   of the percentiles for the indices 
evaluated, according to age and sex, can be found in 
the supplementary material.

When comparing our results on SMIheight, FMI and 
BF with those from the Chinese and the NHANES (non-
Hispanic whites and blacks and Mexicans) studies, we 
found that the Chinese had the lowest values   for all age 
groups and both genders. Blacks presented the highest 
values for SMIheight, and our data were similar to those 
of whites and Mexicans for both men and women. Our 
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Table 1. Characteristics of study participants. Viçosa-MG, Brazil, 2012-2014 (n = 689)

Variables Total (n = 689) Men (n = 302) Women (n = 387) p value

Age (years) 36.10 (12.27) 34.46 (11.94) 37.39 (12.39) <0.01

Skin Color

White

Non white

287 (41.65)

402 (58.35)

141 (46.69)

161 (53.31)

146 (37.73)

241 (62.27)

<0.05

LTPA

PA

IA

203 (29.46)

486 (70.54)

91 (30.13)

211 (69.87)

112 (28.94)

275 (71.06)

0.73

Weight (kg) 69.93 (14.54) 77.63 (13.20) 63.88 (12.57) <0.001

Heighy (m) 1.66 (0.09) 1.74 (0.06) 1.60 (0.06) <0.001

BMI (kg/m2) 25.10 (4.61) 25.31 (4.14) 24.94 (4.95) 0.28

TLM (kg) 44.91(10,44) 54.62 (6.86) 37.33 (5.12) <0.001

ALM (kg) 20.08 (5,45) 25.14 (3,68) 16.12 (2.59) <0.001

FM (kg) 22.49 (9.50) 19.94 (9.20) 24.48 (9.26) <0.001

BF 31.70(10.02) 24.78 (8.29) 37.12 (7.64) <0.001

FMI (kg/m2) 8.23 (3.66) 6.58 (3.05) 9.52 (3.57) <0.001

SMI
height

 (kg/m2) 7.12 (1.34) 8.25 (0.95) 6.25 (0.86) <0.001

SMI
weight

 (%) 28.79 (5.08) 33.01 (3.82) 25.49 (3.13) <0.001

SMI
BMI

 (kg/kg/m2) 0.81 (0.21) 1.00 (0.15) 0.65 (0.10) <0.001

LCMI
total

0.49 (0.22) 0.34 (0.15) 0.61 (0.19) <0.001

LCMI
regional

 0.63 (0.29) 0.46 (0.22) 0.76 (0.27) <0.001

Nutritional status

Low weight 

Normal weight

Overweight

Obesity

22 (3.19)

366 (53.12)

207 (30.04)

94 (13.64)

7 (2.32)

151 (50.00)*

112 (37.09)*#

32 (10.60)#

15 (3.88)

215 (55.56)*

95 (24.55)*#

62 (16.02)#

* #<0.008

Values   presented in relative frequency (%) or mean (SD). SD: standard deviation; BMI: body mass index; TLM: total lean mass; ALM: appendicular lean mass; FM: total fat mass; FMI: fat mass index; 
SMI: skeletal mass index; LCMI: load-capacity metabolic index; LTPA: leisure time physical activity; PA: physically active; IA: insufficiently active.

* # Multiple comparison test.

Table 2. Comparison of cut-off points proposed by different studies for 
skeletal mass indices

Men Women

SMIheight (kg/m2)

Current Study 6.34 4.45

Baumgartner (8) 7.26 5.45

Australian (19) 6.94 5.30

AWGS (28) 7.00 5.40

KHANES IV (27) 5.51 4.24

SMIweight (%)

Current Study 29.84 23.15

KHANES (35) 30.98 24.81

 SMIBMI (kg/kg/m2)

Current Study 0.74 0.49

FNIH Sarcopenia Project (10) 0.78 0.51

SMI: skeletal mass index; AWGS: Asian Working Group for sarcopenia; KHANES: Korean National 
Health and Nutrition Examination Survey; FNIH: Foundation for the National Institutes of Health.

representative SMIheight curves showed a peak followed 
by stability in the fifth decade of life, while the other 
ethnicities generally peaked between 30-39 years, with 
a slight fall from 40-49 years, which was more evident 
among men (Figures 3 and 4).

White and Mexican men had the highest FMI, and 
our sample showed similar values   to those of blacks 
up to 30-39 years, but then, our sample surpassed the 
latter, peaking at 40-49 years and then falling. This fact 
was not recorded in the other ethnic groups, which 
maintained their ascending curves (Figure 3). Among 
women, who presented slightly ascending curves in 
practically all age groups, our values   were intermediate 
between whites and Chinese with a slight decline at 
the beginning of the sixth decade. Non-Hispanic black 
women and Mexican women had the largest FMI 
(Figure 4).
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Figure 1. 20, 50, 75 and 90 percentile curves for the indices evaluated among men. SMI: skeletal mass index; BMI: body mass index; BF: body fat;  
FMI: fat mass index; LCMI: load-capacity metabolic index.
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Figure 2. 20, 50, 75 and 90 percentile curves for the indices evaluated among women. SMI: skeletal mass index; BMI: body mass index; BF: body fat; 
FMI: fat mass index; LCMI: load-capacity metabolic index.
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Figure 3. Comparison curves of the 50th percentile of different populations for men. SMI: skeletal mass index; FMI: fat mass index; LCMI: load-capacity 
metabolic index; BF: body fat.
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Figure 4. Comparison curves of the 50th percentile of different populations for women. SMI: skeletal mass index; FMI: fat mass index;  
LCMI: load-capacity metabolic index; BF: body fat.
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BF of males of our population, of non-Hispanic 
whites, and Mexicans were the highest and similar 
among them, but after the 40-49 years, our data 
dropped, while the other curves maintained growth 
(Figure 3). In turn, women of the three ethnicities from 
the NHANES study showed higher BF, with the results   
of our sample approaching them at 40-49 years, but 
falling at 50-59 years. As with the male curves, the other 
ethnicities maintained the growth pattern (Figure 4).

The LCMI curves of our sample, for both sexes, 
peaked at 40-49 years and fell at 50-59 years, unlike the 
Americans, whose curves showed constant growth at all 
ages. LCMIregional of our sample was   higher than those 
of the Americans for most of the age groups evaluated. 
LCMItotal, in contrast, was superior to that of Americans 
only between 40-49 years (Figures 3 and 4).

DISCUSSION

To our knowledge, this is the first Brazilian population-
based study to evaluate percentile curves for SMI, 
LCMI, FMI and BF in adult population.

We found significant differences between sexes 
for the various body composition data. Women had 
higher adiposity and man had higher values   of lean 
mass, a fact already observed in other ethnic groups 
(15,18,20,26). BMI was similar between the sexes, 
confirming the weakness of this index as a measure of 
body composition (4).

Pearson correlation coefficients in both sexes 
revealed significant associations between the indices 
studied and age, with SMIBMI and LCMIregional showing 

the strongest correlations. SMI, with the exception of 
SMIheight, had negative correlations with age and FMI 
and LCMI had positive correlations, findings that 
emphasize the importance of studying the evolution 
of these indices throughout the lifespan. The negative 
correlation between age and the index proposed by 
Baumgartner and cols. (8) was not confirmed in our 
sample, differing from most of the authors. This result 
may be due to the fact that the other studies included, 
for the most part, elderly individuals (18-20,27). 
SMIheight does not consider fat mass in its adjustment 
from ALM, overestimating lean mass in overweight or 
obese individuals (6). Thus, in adulthood, increased 
adiposity may erroneously reflect an increase in SMIheight.

The comparison of the SMI cutoff points indicated 
variation among the different ethnic groups. In 
both, men and women, the cut-off points defined in 

our sample were the lowest for the three indices, the 
only exception being the cut-off point of Koreans for 
SMIheight, which was the lowest among the ethnicities 
evaluated and corroborates the findings of lower muscle 
mass in this population (27). 

The low cut-off point of our sample in the three 
lean mass indices studied may be related to the high 
prevalence of leisure-time physical inactivity (about 
70% in the sample). This finding may be a reflection 
of the urbanization process of the last decades, which 
is characterized by sedentary lifestyle, a diet rich in 
low nutritional value foods, and with high caloric 
value. This fact was also reported in an Asian study, 
with especially low cut-off points (28). A study with 
Brazilian men evaluated the cut point of SMIheight and 
found the value of 6.6 kg/m2. However, the reference 
population was in the age range of 20-29 years, which 
limits the comparison with our results (29). The 
difficulty in comparing with other national studies is 
related to different methodologies applied, such as the 
use of bioimpedance and predictive equations, as well 
as the use of different age groups (30-32).

When we evaluated the percentile curves of SMI 
in our sample, SMIheight was not able to identify lean 
mass loss in the studied ages, whereas SMIweight and 
SMIBMI detected a decline from the third decade of life 
between men and women. Since approximately 43% 
of our sample is in the overweight or obesity range, 
the lean mass loss assessed by the SMIheight may have 
been underestimated, corroborating the hypothesis 
that increased adiposity may reflect an increase in 
the lean mass when using this index (6,16). Most 
studies evaluating the percentiles of body composition 
indices (15,18-21,33) used the Baumgartner and cols. 
definition (8), while data with SMI adjusted for body 
weight and BMI were scarce. In a study with Brazilians 
above 20 years of age, Ushida and cols.(29) and Sousa 
and cols. (33) found that SMIBMI   decreased after 50 
years in men, whereas using SMIheight, this decrease 
occurred later, at 60-69 years in men and 50-59 years 
in women. When we evaluated the comparative curves 
of SMIheight obtained in our study, we found that both 
Chinese and Americans of both sexes showed a slight 
decline after 40-49 years, while our sample showed 
growth from 30-39 years until stabilization at the 
end of the next decade. In other populations, such 
as Australia and Mexico, where SMIheight was used, it 
was possible to detect the decline in lean mass from 
the fifth or sixth decade of life in men and women, 
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respectively (19,20). But in these studies, the largest 
declines occurred after age of 70 years and were more 
pronounced and accelerated in men.

In the present analysis, we used the LCMI proposed 
by Siervo and cols. (2) that fill a gap in the studies 
of body composition, which is the identification of 
individuals with both high adiposity and low muscle 
mass (2,17). It is a model that demonstrates the 
metabolic imbalance in the individual, that is, refers 
to the tissues that threaten the homeostasis of the 
organism and to those that maintain it, respectively, fat 
and musculature (2). The women presented the highest 
mean LCMI, but we found that both sexes evolved 
with an increase in these indices until the fifth decade of 
life, when they began a slight decline. In the NHANES 
study, this peak occurred between 60-70 years, and 
until that age, there was a permanent growth with later 
decline in comparison with our sample, showing the 
increasing degree of metabolic imbalance of Americans 
throughout adulthood (2). However, when assessing 
LCMIregional, our data on men and women remained 
superior to those of Americans throughout virtually 
the entire adulthood, despite the decline that began in 
the sixth decade. This regional index relates TrFM to 
ALM, referring to adiposity, mainly visceral or android, 
which is associated with high morbidity and mortality 
due to cardiovascular diseases in adults (34). These 
findings may reflect the high physical inactivity of the 
sample and warn about poor eating habits and the need 
for early measures of cardiometabolic risk prevention in 
this age group.

Data related to BF and FMI show the peak of 
adiposity between 40-49 years in men and women, but 
with a better scenario when compared to the Chinese 
and American population, where growth is maintained 
beyond the sixth decade, confirming the concern with 
the global growth of obesity (1,27). Studies with the 
American population indicate the increase in adiposity 
up to 80 years in men and 65 years in women (26), and 
this sustained increase is also observed among Asians 
despite their lower values   of fat mass (18,27). 

Some limitations of our study should be considered. 
The size of the sample used limits stratified analyses 
according to other characteristics such as ethnicity or 
skin color. The scarcity of data converted to the GE 
Lunar system, especially with regard to LCMIs, limits 
the conclusions based on comparisons of these indices. 
As a strength of our work, we highlight the sampling 
process, which allowed for the first time in Brazil a 

population-based study approaching body composition 
indices using percentile curves. Although our study 
was carried out with a representative sample of adults 
from a city of Minas Gerais, caution should be taken 
in extrapolating the results to the whole Brazilian 
population, taking into account the size of our country, 
the large population and the different characteristics of 
each region.

In conclusion, the data and curves showed that 
the SMI adjusted for BMI and body weight were 
more adequate in detecting the decline of lean mass in 
adults due to aging. In contrast, SMIheight had a positive 
correlation with age and its curve increased throughout 
the evaluated age groups.

LCMI curves and adiposity measurements showed 
growth up to the fifth decade of life, demonstrating 
the pattern of increasing metabolic imbalance of 
our sample in adulthood. Americans and Chinese 
maintained an upward curve until the sixth decade of 
life. The LCMIregional of our sample, which was superior 
to that of the Americans in practically all the adult age, 
reflects the early growth of visceral adiposity in the 
study population.

The data presented in this study contribute to the 
individual and collective assessment of the nutritional 
status of adults and also to the prevention, early 
identification, and treatment of outcomes related 
to adiposity and lean mass deficit. In addition, 
these data will be useful for comparison with future 
epidemiological studies.
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ABSTRACT 
Objective: Paraganglioma (PGL) and pheochromocytoma (PCC) are rare neuroendocrine tumors that 
were considered to be predominantly sporadic. However, with the identification of novel susceptibility 
genes over the last decade, it is currently estimated that up to 40% of cases can occur in the context of 
a hereditary syndrome. We aimed to characterize PGL/PCC families to exemplify the different scenarios 
in which hereditary syndromes can be suspected and to emphasize the importance for patients and 
their families of making an opportune genetic diagnosis. Materials and methods: Retrospective 
analysis of patients diagnosed with PGL/PCC. Germline mutations were studied using next-generation 
sequencing panels including SDHA, SDHB, SDHC and SDHD. Clinical data were collected from clinical 
records, and all patients received genetic counseling. Results: We describe 4 families with PGL/
PCC and germline mutations in SDH complex genes. 2 families have SDHB mutations and 2 SDHD 
mutations. The clinical presentation of the patients and their families was heterogeneous, with some 
being atypical according to the literature. Conclusions: PGL/PCC are more commonly associated with 
a germline mutation than any other cancer type, therefore, all individuals with these types of tumors 
should undergo genetic risk evaluation. NGS multigene panel testing is a cost-effective approach 
given the overlapping phenotypes. Individuals with germline mutations associated with PGL/PCC 
should undergo lifelong clinical, biochemical and imaging surveillance and their families should 
undergo genetic counseling. For all these reasons, it is critical that all medical staff can suspect and 
diagnose these inherited cancer predisposition syndromes. Arch Endocrinol Metab. 2019;63(4):369-75
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INTRODUCTION

P araganglioma (PGL) and pheochromocytoma 
(PCC) are rare neuroendocrine tumors of the 

autonomic nervous system that occur in the extra-
adrenal ganglia and adrenal medulla, respectively. 
The combined annual incidence of PGL/PCC has 
been estimated to be 1/300,000 with the peak age 
of occurrence being in the third to fifth decade of life 
without a gender difference (1). 

PCCs, which can be described as a form of 
sympathetic PGL and may be discovered incidentally 
as a mass on magnetic resonance imaging (MRI) or 
computed tomography. PCC symptoms are generally 
attributable to catecholamine hypersecretion (i.e., 
hypertension, headache, palpitations, excessive 
sweating, and anxiety) or mass effects (2). Meanwhile, 
PGLs of the skull base and neck are generally associated 
with parasympathetic nervous system structures and 
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without effects on catecholamine secretion. Thus their 
symptoms are produced by mass effects. 

Previously, PGL/PCC tumors were considered 
to be predominantly sporadic. However, the recently 
expanded availability of next generation sequencing 
methodology has led to the identification of novel PGL/
PCC susceptibility genes. It appears that some 40% of 
cases are linked to an autosomal-dominant hereditary 
syndrome (3-6). Even among cases considered to be 
sporadic with no family history, studies have shown that 
11–24% have a germline mutation affecting one of 16 
implicated PGL/PCC susceptibility genes (7-10). PGL/
PCC development has been related to mutations in 
three genes that cause well-known cancer susceptibility 
syndromes: VHL (von hippel-lindau tumor supressor), 
NF1 (neurofibromin 1), and RET (ret proto-oncogene). 
The syndromes associated with mutations in these 
three genes are Von Hippel-Lindau disease (VHL), 
neurofibromatosis type 1 (NF1), and Multiple Endocrine 
Neoplasia type 2 (MEN2), respectively.

Additionally, mutations affecting succinate 
dehydrogenase (SDH) complex subunit genes 
(SDHA, SDHB, SDHC, SDHD) and one of the SDH 
complex factor genes (SDHAF2) are associated with a 
predisposition to PGL/PCC with variable risks (11). 

Of these genes, SDHB is the most commonly mutated, 
resulting mainly in extra-adrenal sympathetic tumors 
with a high risk of metastasis (12,13), followed by 

SDHD, which has been associated with parasympathetic 
head and neck PGL. Interestingly, only paternally 
inherited SDHD mutations cause a disease phenotype, 
with rare exceptions (14-16). There are others tumor 
risks associated with SDH complex gene mutations, 
including gastrointestinal stromal tumors (GISTs) in 
Carney-Stratakis syndrome (dyad of PGL/PCC and 
GIST related to SDHB, SDHC, and SDHD mutations) 
and renal cell carcinoma, which has been described in 
some families with SDHB mutations (17,18). Although 
the Carney's triad (PGL/PCC and GIST, together with 
pulmonary chondroma) has been considered to be a 
sporadic condition, Carney's triad patients with germline 
mutations in SDHA, SDHB, and SDHC have been 
described recently (19). Germline mutations in SDH 
have also been found in patients with pituitary tumors, 
non-medullary thyroid cancer, neuroblastoma, adrenal 
hyperplasia, and testicular seminoma (20), though the 
significance of these findings is unclear. 

Other putative PGL/PCC susceptibility genes 
described in the literature include MAX and TMEM127, 

both of which were found in association with PCC 
(21,22). Mutations in FH, EGLN1, EGLN2, MDH2, 
EPAS1, and KIF1B have also been found in small 
numbers of cases with a possibly modest pathogenic 
contribution (6). Mutations in SDHAF2 and MAX 
genes exhibit parent-of-origin effects similar to SDHD 
mutations, as described above.

Given the high rate of inherited mutations 
associated with PGL/PCC, hereditary syndromes 
should be considered in all individuals with PGL 
and/or PCC, prioritizing those with the following 
findings: early onset (< 45 years old), recurrent or 
malignant tumors, multiple PGL/PCC or bilateral 
adrenal tumors and family history (23). The Endocrine 
Society recommends considering genetic testing in all 
patients with PGL/PCC with a clinical feature-driven 
algorithm based on tumor location and catecholamine 
biochemical phenotype to guide the selection of genes 
to the be tested. (23) Nevertheless, as panel gene 
testing is becoming more cost effective, it is replacing 
single-gene testing in most centers.

Based on the above, and considering the importance 
of this topic, we present four families with PGL/PCC 
and mutations in SDH complex subunit genes. Our aim 
was to exemplify different scenarios in which hereditary 
syndromes can be suspected. We emphasize the 
importance of making an opportune genetic diagnosis 
for patients and their families.

MATERIALS AND METHODS

We conducted a retrospective analysis, collecting clinical 
phenotype and genetic data of patients diagnosed with 
PGL/PCC. The patients were followed-up in the 
Department of Oncogenetics at A. C. Camargo Cancer 
Center, whose Ethics Committee approved this study. 

DNA extracted from peripheral blood samples 
obtained from all probands were submitted to mutation 
analyses in a next-generation sequencing platform 
with a physician-ordered basic panel including SDHA, 
SDHB, SDHC, and SDHD at a commercial Genetics 
Laboratory in Brazil. Variants found in target genes 
were classified based on guidelines of American College 
of Medical Genetics and Genomics, including their 
five-category system: class 1 (clearly not pathogenic),  
class 2 (unlikely to be pathogenic), class 3 (unknown 
significance),  class 4 (likely to be pathogenic), and class 
5 (clearly pathogenic) (24,25).
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RESULTS

In family 1, the index case patient had a jugular PGL 
that appeared at 40 years of age. Her brother had been 
diagnosed with metastatic PCC at 37 years old and 
died at 40 years old. The index case patient underwent 
genetic counseling and testing, which revealed a 
heterozygous c.393delA mutation (p.His132Thrfs*4) 
in SDHB that resulted in an adenine deletion that 
shifted the reading frame and created a premature 
stop codon. Her asymptomatic son and daughter were 
both found to be carriers. Imaging studies revealed a 
retroperitoneal PGL in the son, who was 12 years old. 
The proband’s sister was positive for the mutation but 
was unaffected at 43 years of age. That sister’s oldest 
son was positive for the mutation and diagnosed with 
PGL at 8 years old. The proband’s sister’s youngest 
daughter was also confirmed to carry the mutation, but 
was asymptomatic at the age of 9 years (Figure 1).

In family 2, the index case patient was diagnosed 
with a carotid body PGL at 33 years of age. She 
underwent genetic counseling and testing that revealed a 
heterozygous c.689G>A point mutation (p.Arg230His) 
in SDHB. This mutation has been reported previously to 
be pathogenic and has been observed in individuals and 
families with early-onset, multifocal, and/or malignant 
PGL/PCC (26). The proband’s asymptomatic brother 
tested negative for the mutation. 

In family 3, the index case patient had bilateral 
carotid body PGLs at 25 years of age. At the time of that 
diagnosis, she underwent excision surgery. Subsequently, 
she experienced PGL relapse bilaterally at 35 years old. She 
underwent genetic counseling and testing that revealed 
a heterozygous c.3G>C point mutation (p.Met1Ile) in 
SDHD, which had been described as pathogenic (27). 
Two paternal cousins had bilateral cervical PGLs at the 
ages of 39 years and 45 years; neither has been evaluated 
for the mutation. The asymptomatic children of the 
proband have not been tested yet either (Figure 2).

In family 4, the index case patient had a PCC at 38 
years old, and his son was diagnosed with metastatic 
PCC affecting a lung at the age of 11 years and bilateral 
carotid body PGLs at the age of 13 years. Th proband 
underwent genetic counseling and testing that revealed 
a heterozygous c.361C>T point mutation (p.Gln121*) 
in SDHD that resulted in a premature translational 
stop signal in the last exon of SDHD mRNA. The 
identified mutation had been classified previously as 
likely pathogenic (class 4), and was reclassified in last 
year as pathogenic (Class 5). The proband’s sister had 
jugular PGL at 38 years of age, but neither she nor 
the proband’s aforementioned son have been tested 
for the mutation. The proband indicated that his 
mother, a maternal uncle, and a maternal cousin had 
been diagnosed with PGL, but no history records were 
available to confirm this information (Table 1).

Breast cancer

Undefined cancer

+: Carrier
mut SDHB: mutation in SDHB gene
-: non-carrier
wt SDHB: wild-type SDHB gene
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Figure 1. Pedigree of family with mutation in SDHB gene
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Table 1. Comparison of families with germline mutations in SDH complex genes

Family 
ID

Mutated 
gene

Mutation 
(DNA)

Mutation 
(protein)

Earliest 
age of 

onset (yr)

Ages of all 
patients at 

diagnosis (yr)

Types of tumors 
in family Unexpected Clinical Features

F1 SDHB c.393delA p.His132ThrfsX4 8 8, 12, 37, 40
Abdominal and 

HN PGL PCC (M)
Index case with HN PGL*

F2 SDHB c.689G>A p.Arg230His 33 33 HN PGL Index case with HN PGL**

F3 SDHD c.3G>C p.Met1Ile 25 25, 39, 45 HN PGL
Typically presentation and paternally inherited 

transmission

F4 SDHD c.361C>T p.Gln121* 11 11, 13, 38, 38 PCC(M), HN PGL 
Unusual malignant PCC and maternally inherited 

transmission 

* Unusual for SDHB gene mutation. ** Unique presentation in the family, more frequent in sporadic scenario.
ID: identification; PCC: pheochromocytoma; PGL: paraganglioma; (M): metastases; HN: head and neck.

Figure 2. Pedigree of family with mutation in SDHD gene

Colorectal cancer, 80

62 53

90

Prostate cancer, 70

2 2 2

8 8 6

2 23

34
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39

mut SDHD

Colorectal cancer, 60 Prostate cancer, 67
70

Colorectal cancer, 59

+: Carrier
-: non-carrier
mut SDHD: mutation in SDHD gene

Most of the PGL/PCC cases identified in the 
four study families (11/12, 92%) were diagnosed in 
people younger than 40 years old. Recurrent, bilateral, 
multiple, and malignant tumors were prevalent in 8.3%, 
33.3%, 16.7%, and 16.7% of the cases in families 1–4, 
respectively. No probands or family members were 
diagnosed with GIST or renal cell carcinoma. Regarding 
catecholamine biochemical parameters, none of our 
patients had abnormal biochemical findings at initial 
investigations or follow ups.

DISCUSSION

Although rare, PGL/PCC show the highest degree 
of heritability among neoplasias (28). Genetic testing 
should be considered in all patients with these tumors 

because at least 30~40% of all patients with PGL/
PCC have pathogenic germline mutations, and up to 
50% of metastatic PGL/PCC may be associated with 
SDHB mutations. The confirmation of a hereditary 
syndrome in a patient makes it possible to diagnose 
and treat affected relatives early, reducing morbidity 
and mortality related to the disease (5,23,29). If 
clinical diagnosis of an established cancer susceptibility 
syndrome (e.g. VHL, NF1, or MEN2) can be made 
based on the presence of other cardinal manifestations, 
direct gene testing is recommended for molecular 
confirmation (11). 

In non-syndromic forms, the patient’s biochemical 
profile and clinical phenotype can guide gene 
testing prioritization based on established genotype-
phenotype correlations (30,31). Overlapping of 
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clinical phenotypes may complicate prioritization in 
gene-to-gene approaches. However, next-generation 
sequencing is being integrated with rapidity into clinical 
molecular diagnostics, including those for hereditary 
PGL/PCC syndromes, providing simultaneous 
analysis of multiple genes that allows faster and more 
cost-effective mutation detection than previously used 
Sanger sequencing methods (25,30). 

Families 1 and 4 included individuals with head and 
neck PGLs and individuals with PCCs, with metastatic 
PCC occurring in both families. The mutated genes 
differed between the two families with SDHB and SDHD 
being affected, respectively. SDHB mutations have been 
associated with extra-adrenal tumors predominantly in 
the abdomen and pelvis, but with the potential to occur 
at any location including the adrenal glands, head, and 
neck. They carry the highest risk of malignancy of all 
genes associated with hereditary PGL/PCC syndromes. 
A meta-analysis showed that the pooled prevalence of 
malignant PGLs in SDHB-mutation carriers was 23%, 
versus only 3% in SDHD-mutation carriers; SDHB 
mutations may also predict a shorter survival in persons 
with malignant PGL/PCC (13,29). The prevalence of 
germline mutations among children with PGL/PCC 
tumors in families 1 and 4 underscores the importance 
of mutation screening in all such families. 

The SDHB-mutated proband in family 2 was 
diagnosed with a cervical PGL and had no family history. 
The mutation site was not a particularly frequent site 
for SDHB mutations, but consistent with Timmers 
and cols.’s suggestion that SDHB-related PGL often 
presents in sporadic cases (32). The proband of family 
3 had a SDHD mutation and all affected individuals of 
this family had multiple head and neck PGLs, consistent 
with Benn and cols.’s  finding that individuals with 
SDHD mutations have an odds ratio of approximately 
24 of developing a skull base or neck PGL compared 
with individuals with SDHB mutations (33). 

The finding of a PCC in a patient with a mutated 
SDHD (family 4) can be explained by an established 
genotype-phenotype association wherein there is a 
tendency for SDHD-nonsense mutation carriers to 
develop PCC, particularly when the mutation is in the 5’ 
portion of the gene, as in family 4 (34,35). Interestingly, 
in family 4, the distribution of individuals with tumors 
was compatible with maternal transmission, differing 
from prior reports of tumor development occurring 
predominantly through paternally inherited SDHD 
mutations (16). However, this information remains to 

be corroborated by clinical reports for maternal relatives 
of the proband in family 4, and genetic testing should 
be performed to ensure that they are not phenocopies.

Immunohistochemistry (IHC) of SDH subunits 
can help to identify tumors in SDH mutation carriers. 
When any component of mitochondrial complex II is 
completely inactivated, the entire complex becomes 
unstable, resulting in degradation of the SDHB subunit. 
Therefore, IHC for SDHB is negative whenever SDHA, 
SDHB, SDHC, SDHD, or SDHAF2 is completely 
inactivated due to a germline mutation in any of the 
encoding genes (2). IHC for SDHA has been also 
used to reveal SDHA mutations (36). IHC for SDHB 
has also been used in both familial and (apparently) 
sporadic PGL/PCC to help guide molecular genetic 
testing; it has been reported to reduce testing effort, 
time, and costs (30,37,38).   However, this strategy was 
not available for our cases.

Surgical resection is the mainstay treatment for 
PGL/PCC following appropriate perioperative 
blockade established in published guidelines (23,30,39). 

However, the surgical approach should be personalized 
to underlying mutations. Most importantly, PGL/PCC 
should be resected with great urgency to minimize 
recurrence and metastasis risk in patients with SDHB 
mutations (2).

Individuals with germline mutations associated 
with PGL/PCC should undergo lifelong clinical, 
biochemical, and imaging surveillance (30,40). Follow-
up should be offered to unaffected and affected 
mutation carriers and relatives at risk based on family 
history who have not yet undergone genetic testing 
(2). Although there are established guidelines to guide 
surveillance for syndromic (VHL, NF1, and MEN2) 
PGL/PCC cases, there is not yet a clear consensus 
for screening carriers of mutations in lower-frequency 
susceptibility genes, which leaves variance in screening 
practices based on expert opinion (30,41). 

For patients with mutations affecting the SDH 
complex, surveillance should begin between 5 and 10 
years of age; it has been estimated that if screening 
started at 10 years of age, disease would be detected in 
all persons with SDHD mutations and 96% of persons 
with SDHB mutations (33). Surveillance should 
include three facets. Firstly, annual careful history 
and physical examination, including blood pressure 
monitoring, should be performed. Secondly, at-risk 
individuals should be subjected to annual biochemical 
screening of catecholamine metabolites, known as 
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free metanephrines, in plasma and/or fractionated 
metanephrines in 24-hour urine samples. Plasma free-
methoxytyramine and serum and/or 24-hour urine 
fractionated catecholamine (dopamine) levels should 
be evaluated for early detection of cervical PGL. 
Thirdly, regular imaging studies should be performed; 
MRI may be the preferable imaging modality to 
limit radiation exposure (11,41). Some authors have 
recommended MRI of the abdomen, thorax, and 
pelvis every 2 years for patients with SDHB mutations 
and MRI of the skull base and neck every 2 years for 
patients with SDHC or SDHD mutations; others have 
recommended MRI from the skull base to the pelvis (or 
full body if available) every 2 years for all the patients 
with mutations affecting the SDH complex, as well 
as for patients with mutations in TMEM127 or MAX 
(2,11,33,39). The frequency of imaging studies should 
be increased in the presence of elevated metanephrine 
levels and may include functional studies, such as 
123I-metaiodobenzylguanidine scintigraphy. Regarding 
other tumors, evaluation for GISTs should be performed 
in patients with gastrointestinal symptoms, obstruction, 
or anemia and renal cell carcinoma screening should be 
performed in patients with SDHB mutations (2). 

It has been proposed that genetic testing be offered 
from the age of 18 years to every person whose 
parent has a germline SDHD mutation, and further 
suggested that a primary medical evaluation, including 
imaging, be provided for confirmed SDHD carriers 
(40). This recommendation includes individuals for 
whom the affected parent is their mother, despite the 
aforementioned paternal parent-of-origin effect of 
SDHD mutations because, although rare, there have 
been cases of PGL/PCC in individuals carrying a 
germline SDHD mutation on the maternal allele (40).

High-altitude and chronic hypoxia exposure may 
increase penetrance of hereditary PGL/PCC syndromes 
(34). Therefore, lifestyles that promote long-term 
exposure to hypoxia (e.g. living at a high altitude) 
and that predispose one to chronic lung diseases (e.g. 
smoking) should be avoided in individuals with SDH 
genes  or MAX mutations (2). This recommendation 
was reinforced by recent data showing a gain-of-
function somatic mutation of EPAS1 – which encodes a 
transcription factor involved in the physiological response 
to oxygen concentration changes – in PGL/PCCs of four 
of five evaluated patients (80%) diagnosed with chronic 
hypoxemia due to cyanotic congenital cardiopathy (42).

It is our view that all patients with germline mutations 
associated with PGL/PCC should undergo genetic 

counseling regarding familial risk, and that predictive 
testing of asymptomatic family members be performed 
when a familial mutation has been identified. Early 
tumor detection facilitates surgical excision, reduces 
perioperative morbidity, and can prevent malignant 
transformation and metastasis (2). 

In conclusion, PGL/PCC tumors are commonly 
associated with a germline mutation. It is critical that 
all medical personnel interacting with these patients 
can recognize signs of inherited cancer predisposition 
syndromes, because the presence of germline mutations 
has important implications for treatment, screening, and 
the surveillance of patients and their family members. 
These considerations should be incorporated into 
routine care protocols for patients who have presented 
with a PGL or PCC.
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ABSTRACT
Objective: To test the influence of oral fructose and glucose dose-response solutions in blood 
glucose (BG), glucagon, triglycerides, uricaemia, and malondialdehyde in postprandial states in 
type 1 diabetes mellitus (T1DM) patients. Subjects and methods: The study had a simple-blind, 
randomized, two-way crossover design in which T1DM patients were selected to receive fructose and 
glucose solutions (75g of sugars dissolved in 200 mL of mineral-water) in two separate study days, 
with 2-7 weeks washout period. In each day, blood samples were drawn after 8h fasting and at 180 
min postprandial to obtain glucose, glucagon, triglycerides, uric acid, lactate, and malondialdehyde 
levels. Results: Sixteen T1DM patients (seven men) were evaluated, with a mean age of 25.19 ± 8.8 
years, a mean duration of disease of 14.88 ± 4.73 years, and glycated hemoglobin of 8.13 ± 1.84%. 
Fructose resulted in lower postprandial BG levels than glucose (4.4 ± 5.5 mmol/L; and 12.9 ± 4.1 
mmol/L, respectively; p < 0.01). Uric acid levels increased after fructose (26.1 ± 49.9 µmol/L; p < 0.01) 
and reduced after glucose (-13.6 ± 9.5 µmol/L; p < 0.01). The malondialdehyde increased after fructose 
(1.4 ± 1.6 µmol/L; p < 0.01) and did not change after glucose solution (-0.2 ± 1.6 µmol/L; p = 0.40). 
Other variables did not change. Conclusions: Fructose and glucose had similar sweetness, flavor 
and aftertaste characteristics and did not change triglycerides, lactate or glucagon levels. Although 
fructose resulted in lower postprandial BG than glucose, it increased uric acid and malondialdehyde 
levels in T1DM patients. Therefore it should be used with caution. ClinicalTrials.gov registration: 
NCT01713023.Arch Endocrinol Metab. 2019;63(4):376-84
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INTRODUCTION

S weetness is considered one of the most powerful 
determinants of food consumption (1). Among 

sugars, fructose has raised interest because it results 
in lower postprandial glucose concentrations than the 
ingestion of isocaloric amounts of other carbohydrates. 
Therefore, fructose used as a sweetening agent in the diet 
of patients with diabetes may have a definite advantage 
(2). Nevertheless, fructose has potentially harmful 
effects on other aspects of metabolism such as weight 
gain, cardiovascular diseases, and gout (3,4). Thus, 

the effects of fructose intake on diabetes complications 
must be studied.

Previous studies that included type 1 diabetes 
mellitus (TIDM) patients have examined the effect 
of this sugar given as part of a meal or as part of the 
sucrose molecule (2). The combination of the fructose 
and glucose produced a synergistic increase in glycogen 
accumulation in hepatocytes, while, when the fructose 
given alone contribute to increase triglycerides, lactate, 
pyruvate, and oxidative stress levels (3,4).
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In the absence of an international consensus on what 
is adequate or excessive fructose intake, we conducted 
a simple-blind, randomized, two-way crossover pilot 
study to examine the postprandial influences of an 
oral fructose and glucose tolerance test in the blood 
glucose, triglycerides, uricaemia, and malondialdehyde 
levels in T1DM patients. 

SUBJECTS AND METHODS

Subjects

T1DM patients were recruited through poster 
advertisements or invited during routine medical 
appointment at the Clementino Fraga Filho University 
Hospital, Brazil (between October 2013 and December 
2015) by an author.

All volunteers were diagnosed with T1DM 
according to the American Diabetes Association criteria 
(5), and used the subcutaneous insulin infusion system 
or multiple insulin injections with long-acting insulin 
analogues (glargine, detemir or degludec) combined 
with a short-acting analogs (aspart, lispro or glulisin).

Exclusion criteria were hypertension, renal or 
hepatic impairment, rheumatologic disease, evidence 
of diabetic complications, delayed gastric emptying 
or gastroparesis symptoms, use of anti-lipidemic, 
antibiotics or anti-inflammatory drugs or antidiabetic 
medications, smoking, alcoholism, visual difficulty, and 
parental history of other types of diabetes. Patients with 
disease duration less than three years were also excluded.

The sample size and selection by convenience. All 
participants signed an informed consent, and the study 
was approved by the Ethical Committee (Institutional 
Review Board, protocol 151/11) and was registered at 
ClinicalTrial.gov (NCT 01713023).

Study design

This was a pilot single-blind, randomized, two-way 
crossover study in which sixteen TIDM patients were 
randomly selected to receive either glucose or fructose 
in two separate oral dose-response solution, with 2-7 
weeks washout period.

One day before each study day, the researcher 
contacted the patient to ask about events that 
could influence the results (e.g. infection, flu, fever, 
hypoglycemia) or if they reported significant deviations 
from their usual life patterns. The test was rescheduled 
in those situations. They were also instructed to refrain 

from alcohol consumption and any unusual exercise 
and activity 24h before.

All participants maintained their usual long-acting 
insulin analogues dosage, while theirs dose of the 
short-acting analogs were suspended in the morning 
on each study day.

On each study day, the patient arrived at  
the Clementino Fraga Filho University Hospital at 
7-8h A.M. after 8h overnight fast. Upon arrival, 
anthropometric variables, capillary blood glucose  
(CBG) and venous blood glucose samples were 
collected.

A number generator was used to randomly select 
the order of each intervention (oral fructose or glucose 
tolerance test solution) to be assigned to each the 
patient.

All patients were instructed to drink each solution 
within three min and then complete questionnaires 
assessing the sweetness and palatability of the solution 
(6). CBG were collected at 30, 90, 120, and 180 min 
after consumption of the solutions. The second venous 
blood sample was drawn 180min after the volunteer 
received the test solution. As another authors (7-9), we 
have chosen these timepoints (T0-T180) to evaluate the 
glycemic response to carbohydrates because the total 
carbohydrates digestion and absorption occurs within 
three hours (180 min).

At the end of each intervention, the volunteers 
received a dose of the short-acting analogs, considering 
the postprandial capillary blood glucose, insulin 
sensitivity and the amount of carbohydrate in the snack 
that was offered.

Oral fructose and glucose tolerance test solutions 
and assessment of sweetness and palatability  

Oral glucose and fructose dose-response solutions 
were composed by 75g of white crystalline powder 
of fructose (Lowçucar, LightSweet, Brazil) or white 
crystalline powder dextrose (Glutol, Laborclin, Brazil) 
dissolved in 200 mL of mineral-water at ambient 
temperatures (21-25ºC or 73-77ºF).

The questionnaire described by Crapo and cols. (6) 
was used to quantify the sweetness and palatability of 
solutions.

Dietary intake and physical activity assessments

Before starting the intervention, patients filled in a 3-day 
(2 weekdays and 1 weekend day) food record. During 
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those three days, each food and drinks consumed had 
to be documented to allow quantitative estimation 
of dietary intake. Data were then entered into the 
DietPró 5.5i nutrition software (version 2010, Brazil) 
to convert the amount of food eaten into individual 
nutrients and the mean daily energy and nutrient intake 
for each patient was calculated. The 3-day energy and 
nutrient intakes were averaged to obtain a mean daily 
energy and nutrient intake for each patient.

The short-form of the international physical activity 
questionnaire was used to access the regular physical 
activity (10).

Capillary blood glucose assessments

In each study day, CBG were measured by fingerpick 
with the use of a glucometer (Accu-Chek Active; Roche 
Diagnostics, Brazil). The same glucometer was used 
for the same patients for all two examination-day. The 
CBG samples were obtained at baseline and 30, 90, 
120, 180 min after consumption of each oral sugars 
dose-response solutions.

Anthropometric measurements

Body mass index (BMI) was calculated as body weight 
in kilograms divided by the square of height in meters 
(11). Waist circumference was determined as the 
average of two measurements calculated to the nearest 
0.1 cm midway between the lower rib margin and the 
iliac crest after a normal expiration (12).

Body composition was measured hand-to-foot 
by tetrapolar bioelectrical impedance (Bioimpedance 
Analyzer 450, Biodynamics Corporation. Shoreline, 
WA, USA) (13).

Laboratory analysis

Screening blood tests performed at baseline included 
glycated hemoglobin (HbA1c), glucagon, fructosamine, 
creatinine, aspartate aminotransferase (AST), alanine 
aminotransferase (ALT), and cholesterol profile.

Glucose, triglycerides, glucagon, uric acid, 
lactate, and malondialdehyde levels were measured at 
baseline and 180 min after the intake of the OGTT 
and OFTT.

HbA1c was measured by the high-performance liquid 
chromatography (Variant II; Bio-Rad Laboratories®, 
USA). Fructosamine was measured by enzymatic 
colorimetric method (Roche Diagnostics®, UK).

Glucose, total cholesterol, HDL, and triglycerides 
were measured by an enzymatic colorimetric method 
(Labtest Diagnostic®, Brazil). LDL was calculated (14).

AST and ALT were determined using the ultraviolet 
kinetic method (Labtest Diagnostic®, Brazil).

Serum creatinine was measured by a direct 
colorimetric method (Labtest Diagnostic®, Brazil) to 
calculate creatinine clearance by using the Cockcroft–
Gault formula (15).

Uric acid and lactate were measured by kinetic 
enzymatic method, with kits from Labtest Diagnostic® 
(Brazil) and Roche Diagnostics® (UK), respectively.

Glucagon and malondialdehyde levels were 
determined using the enzyme-linked immunosorbent 
assay (Life Science Inc®, USA). Malondialdehyde limit 
of detection ranged between 40-130 ng/L.

Statistical analysis

Statistical analyses were performed in SPSS software 
(version 17.0; SPSS Inc, Chicago, IL, USA). A p-value 
< 0.05 was considered statistically significant.

Qualitative variables were described as frequency, 
whereas quantitative variables were described as the 
mean ± standard deviations (SD) and 95% CI.

The Mann-Whitney test was used for between-group 
comparison and the Wilcoxon test was used to compare 
the effects of tests in each group. Spearman correlation 
and linear regression were used to evaluate laboratory 
analysis interaction with anthropometric variables.

Time course of CBG were analyzed with repeated 
measures analysis of variance two-way ANOVA.

RESULTS

Characteristics of the study group at baseline

Sixteen TIDM patients (7 men) were evaluated, and 
their characteristics are presented in Table 1. All were 
in a basal-bolus plan, with 12 using multiple daily 
injections and 4 with a subcutaneous infusion system 
(details in the supplementary Table 1).

The baseline characteristics of the study group 
were measured at the first study day. However, when 
the washout period exceeds fifteen days (7 patients), 
the baseline characteristics were revalued on the 
second study day. Baseline characteristics did not 
change during the washout period (details in the 
supplementary Table 2).
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Patients presented an usual normoproteic, 
normoglycidic, hyperlipidic diet and an adequate fiber 
intake (17) (details in the supplementary Table 3). In 
addition, most patients were classified as active (details 
in the supplementary Table 4).

Regular physical activity and usual dietary intake did 
not change during the washout period.

Sweetness and palatability characteristics of 
solutions

Both solutions were well tolerated by all 16 TIDM 
patients, and no adverse events (like sickness, diarrhea 
or nausea) were observed.

Solutions had similar sweetness, flavor and aftertaste 
characteristics. However, oral glucose dose-response 
solution presented a lower dilution rate, while oral 
fructose dose-response solutions were readily diluted 
to homogeneous solutions (p <0.01) (Table 2).

Effects of oral fructose and glucose tolerance test 
solutions in the capillary blood glucose

Table 3 shows the CBG concentrations over time after 
drinking the oral sugars dose-response solutions.

Baseline CBG before intake the solutions were 
almost identical (p = 0.23).

The maximum difference in CBG concentrations 
between the baseline and after the administration of 
the solutions were observed at 120 min and 180 min, 
for oral fructose and glucose dose-response solutions, 
respectively. Two-factor repeated-measures ANOVA 
revealed a difference over time after the solutions (F = 
567.90; p < 0.01).

Postprandial changes in laboratory tests

The influences of the test solutions in the laboratory 
tests are presented in Table 4.

Table 2. Sweetness and palatability characteristics of oral fructose and 
glucose dose-response solution

Fructose Glucose p-value*

Sweetness 0.85 ± 0.92 
(0.00 – 3.00)

1.03 ± 1.10 
(0.00 – 3.00)

0.78

Flavor 6.23 ± 2.30 
(2.70 – 10.00)

5.48 ± 2.89 
(0.80 – 9.70) 

0.41

Dilution 8.93 ± 1.79 
(3.20 – 10.00)

5.20 ± 2.49 
(2.10 – 9.80)

< 0.01

Aftertaste 3.18 ± 2.96 
(0.00 – 9.90)

3.45 ± 2.64 
(0.00 – 7.90)

0.61

Data are means ± standard deviations (95% CI).
* p-values were derived by Mann-Whitney test.

Table 3. Capillary blood glucose concentrations (mmol/L) at baseline and over time the oral sugars dose-response solution

Baseline
Time after intake (minutes)

p-value†

30 90 120 180

Fructose 8.16 ± 3.00 

(2.55 – 11.98)

10.01 ± 3.47 

(3.99 – 15.53)

12.68 ± 4.30

(3.32 – 19.20)

13.44 ± 4.61

(3.49 – 19.36)

12.37 ± 5.30

(3.32 – 25.19)
< 0.01

Glucose 6.88 ± 3.07

(3.38 – 12.54)

12.49 ± 6.00

(6.10 – 31.19)

21.11 ± 3.41 

(15.59 – 27.41)

17.45 ± 4.00 

(14.85 – 22.75)

19.22 ± 4.60

(8.82 – 27.80)
< 0.01

p-value* 0.23 0.37 < 0.01 < 0.01 < 0.01 < 0.01

* p-values were derived by Mann-Whitney test.
† p-values were analyzed with repeated measures analysis of variance two-way ANOVA.

Table 1. Baseline characteristics of the study group 

Sex (female/male) 7/9

Age (years) 25.19 ± 8.8 (18 – 54)

Duration of type 1 diabetes (years) 14.88 ± 4.73 (7 – 27)

Body mass index (kg/m2) 24.7 ± 3.66 (17.6 – 30.3)

Waist circumference (cm) 84.45 ± 8.24 (67.50 – 96.50) 

Body fat (%) 24.05 ± 6.03 (14.30 – 32.90)

Lean body mass (%) 73.05 ± 11.19 (49.10 – 85.70)

Total body water (L) 39.06 ± 7.88 (28.90 – 51.00)

Glycosylated hemoglobin (%) 8.13 ± 1.84 (5.50 – 12.00)

Fructosamine (mcmol/L) 391.94 ± 87.36 (275.00 – 539.00)

Creatinine (µmol/L) 67.18 ± 24.75 (26.52 – 114.92)

Creatinine clearance (mL/s) 3.37 ± 1.29 (1.72 – 6.37)

Total cholesterol (mmol/L) 4.26 ± 1.20 (2.79 – 6.41)

HDL (mmol/L) 1.39 ± 0.46 (0.80 – 2.37)

LDL (mmol/L) 2.48 ± 0.78 (1.26 – 3.92)

Aspartate aminotransferase (units/L) 22.78 ± 8.65 (9.00 – 40.00)

Alanine aminotransferase (units/L) 16.47 ± 5.58 (10.00 – 31.00)

Basal insulin dose (units/kg/d) 0.52 ± 0.22 (0.25 – 1.13)

Total insulin dose (units/kg/d) 0.95 ± 0.33 (0.47 – 1.75)

Data are means ± standard deviations (95% CI).

Although the mean HbA1c values was slightly 
above target (< 7%), the other routine tests were mostly 
within the treatment goals set by the American Diabetes 
Association (16) (Table 1).
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Table 4. Effects of oral sugar dose-response solutions on baseline (T0) and postprandial (T180) laboratory tests

Fructose Glucose
p-value‡ p-value§

Levels* Δ* p-value† Levels* Δ* p-value†

Glucose (mmol/L) 

T
0

7.97 ± 3.29

(1.94 – 13.04) 4.48 ± 5.57

(-2.71 – 20.70)
< 0.01

6.70 ± 3.05 

(3.38 – 11.93) 12.98 ± 4.16

(4.38 – 19.75)
< 0.01

0.25

< 0.01
Glucose (mmol/L) 

T
180

12.47 ± 5.69 

(3.05 – 24.64)

19.65 ± 5.22

(6.32 – 28.91)
< 0.01

Triglycerides (mmol/L) 

T
0

3.56 ± 1.62 

(1.60 – 7.54) 0.20 ± 0.66

(-0.61 – 1.94)
0.32

3.85 ± 1.70 

(1.60 – 6.77) -0.24 ± 1.45

(-3.44 – 3.21)
0.20

0.54

0.07
Triglycerides (mmol/L) 

T
180

3.77 ± 1.94

(1.83 – 9.49)

3.60 ± 2.17 

(0.77 – 8.10)
0.65

Lactate (mmol/L) 

T
0

1.17 ± 0.54

(0.34 – 2.24) 0.13 ± 0.58

(-1.06 – 1.03)
0.21

1.14 ± 0.34 

(0.62 – 1.77) -0.14 ± 0.39

(-0.72 – 0.92)
0.07

0.95

0.05
Lactate (mmol/L) 

T
180

1.30 ± 0.69 

(0.36 – 2.96)

0.99 ± 0.35

(0.57 – 1.87)
0.16

Glucagon (ng/L) 

T
0

126.93 ± 64.21

(23.45 – 269.54) 13.04 ± 43.76

(-83.00 – 119.64)
0.10

131.46 ± 35.73 

(65.10 – 194.05) -11.06 ± 34.04

(-72.69 
– 40.36)

0.43

0.52

0.10
Glucagon (ng/L)

T
180

139.98 ± 53.12 

(50.43 – 229.77)

120.40 ± 34.22

(49.13 – 171.42)
0.20

Uric acid (µmol/L) 

T
0

3.48 ± 2.17

(1.70 – 10.90) 0.44 ± 0.84

(-0.60 – 3.20)
< 0.01

2.90 ± 0.85 

(1,50 – 4,30) -0.23 ± 0.16

(-0.50 – 0.00)
< 0.01

0.66

< 0.01
Uric Acid (µmol/L)

T
180

3.93 ± 2.93 

(1.70 – 14.10)

2.66 ± 0.82 

(1.50 – 3.80)
0.07

Malondialdehyde (µmol/L)

T
0

10.06 ± 2.06

(6.55 – 12.86) 1.40 ± 1.60

(-0.76 – 4.73)
< 0.01

11.78 ± 1.71 

(8.22 – 14.02) -0.27 ± 1.60

(-2.70 – 2.60)
0.40

0.03

< 0.01
Malondialdehyde (µmol/L)

T
180

11.46 ± 1.72 

(8.55 – 14.79)

11.50 ± 1.30 

(9.58 – 13.91)
0.82

* Means ± standard deviations (95% CI).
Delta (Δ): measured as the difference between postprandial and baseline values after each solution.
† p-values were derived by analysis of covariance with basal and postprandial values after each solution (Wilcoxon signed rank test).
‡ p-values were derived by Mann-Whitney test to compare basal and postprandial values between the oral fructose and glucose dose-response solutions. 
§ p-values were derived by Mann-Whitney test to compare the difference of delta between postprandial (T

180
) and baseline (T

0
) values between the oral fructose and glucose dose-response solutions.

At baseline, a few patients presented hypoglycemic 
episodes (glucose < 3.8 mmol/L) on fructose (n = 3; 
18.7%) and oral glucose dose-response solution (n = 1; 
6.2%). Hyperglycemic episodes (≥ 9.99 mmol/L) also 
occurred before the fructose (n = 5; 31.2%) and oral 
glucose dose-response solution (n = 1; 6.25%).  

Both solutions increased the postprandial plasma 
glucose levels (p < 0.01). However, glucose resulted 
in greater postprandial glycaemia when compared to 
fructose (p < 0.01).

Serum uric acid levels increased after fructose 
(p < 0.01) but reduced after oral glucose dose-
response solution (p < 0.01). The difference between 
postprandial and baseline values (delta) of uric acid 
also showed differences between solutions (p < 0.01).

Glucagon, triglycerides and lactate levels did 
not change after oral sugar dose-response solutions 

(fructose: p = 0.10, p = 0.32, and p = 0.21; glucose:  
p = 0.43, p = 0.20, and 0.07 respectively). 

At baseline, malondialdehyde serum levels were 
higher in patients before the oral glucose dose-
response solution than in those that received oral 
fructose dose-response solution (p < 0.01). However, 
we observed that the variation between postprandial 
and baseline values showed that glucose intake did not 
result in malondialdehyde elevation (p = 0.40) while 
fructose solution increased the malondialdehyde levels 
(p < 0.01). In addition, comparing the variations in 
malondialdehyde before and after the intake of the 
solutions also differed between fructose (p < 0.01), 
confirming the increase in malondialdehyde levels after 
oral fructose solution.

The relative contributions of baseline characteristic 
differences between patients were assessed by linear 
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regression and Spearman correlation. The duration 
of T1DM and HbA1c levels were not associated any 
of the laboratory variables (p > 0.05). BMI (p = 0.38;  
r = 0.38; p = 0.03), body fat (r = 0.37; p = 0.38;  
p = 0.03), and waist circumference (r = 0.43; p = 0.38, 
p = 0.02) as were independently associated with lactate 
levels.

DISCUSSION

In this study we showed that fructose solution resulted 
in lowe r blood glucose levels than oral glucose dose-
response solution in T1DM patients but increased 
uric acid and malondialdehyde levels. This was 
the first clinical trial that assessed the influences of 
monosaccharides in malondialdehyde levels in T1DM 
patients, which is a potential biomarker for oxidative 
stress. Oxidative stress is implicated in the pathogenesis 
of chronic diabetic complications (18).

The smaller rise in plasma glucose levels with the 
fructose solution than with the glucose solution shown 
in this analysis was expected and consistent with other 
studies (2,19). There are only a few clinical trials that 
assessed the effect of glucose and fructose intake in 
metabolic control of T1DM patients. These studies 
quantified the plasma glucose responses for several 
different food into a “glycemic index”. The “glycemic 
index” was defined as the increase in plasma glucose 
area from zero to 120min after ingestion of 50g of 
available carbohydrate from a test food compared 
with 50g of carbohydrate from a reference food 
(white bread or glucose). For fructose, a particularly 
“low glycemic index” was described, with a smaller 
postprandial increase in plasma glucose than with other 
carbohydrates (7).

This response is similar in T1DM and type 2 diabetes 
patients (20). Even though fructose and glucose have 
similar caloric content, they have different response on 
the carbohydrate metabolism. This should be partially 
explained by fructose clearance by the liver in an 
insulin independent manner as well as the activation of 
different pathways than other carbohydrates (3).

There has been some concern over the possibility of 
fructose induced hypertriglyceridemia and this question 
is particularly relevant for patients with diabetes, in 
which hypertriglyceridemia is the most common lipid 
abnormality (2,3). Fructose is metabolized in the liver 
by phosphorylation on the 1-position, a process that 
bypasses the rate-limiting phosphofructokinase step. 

Thus, hepatic metabolism of fructose favors lipogenesis, 
and may change circulating lipids (3).

High levels of fructose are converted to acetyl-CoA 
in the liver in a non-regulated manner, increasing the 
de novo lipogenesis, which facilitates the triglycerides 
production. Most of the studies evaluated its long-term 
use (from 2-4 weeks) of fructose in type 2 diabetes 
patients with overweight or obesity. These studies 
found a significant increase of the triglycerides levels, 
some with different responses according to gender, 
age and amount of fructose ingested (21,22). On the 
other hand, in our study, the acute effect of one single 
large load of fructose did not raise triglycerides levels. 
Fructose might have had a lower effect on the lipid 
metabolism in our patients because they were younger, 
and the majority was eutrophic, without features of 
insulin resistance. In addition, the fact that it was an 
acute exposure to fructose instead of chronic intake 
could also have influenced the results.

In this study, the effects of sugar solutions in 
plasma glucagon levels were different from previous 
analyses. In contrast to observed by Kramer and cols., 
we verified no changes in glucagon levels after OGTT 
in T1DM patients. However, the differences in study 
design may explain the contrary results. Our patients 
were treated with subcutaneous long-acting insulin 
analogs or subcutaneous infusion system, while in the 
study performed by Kramer and cols. the insulin was 
administered intravenously (23). 

No other studies evaluated glucagon levels in 
T1DM patients after a fructose overload. Although 
a previous study showed that the glucagon secretion 
was unresponsive to intravenous infusion of fructose 
during hypoglycemia in healthy subjects, we found a 
postprandial increase in glucagon levels after the intake 
of the OFTT in T1DM patients (24). This difference 
is probably due to an abnormal regulation of glucagon 
secretion in T1DM patients (25), and different routes 
of administration of fructose (23).

In contrast to healthy individuals, who have a 
reduction in glucagon levels after meals, previous 
studies have found that not only the α-cell secretory 
reserve is preserved by the ongoing autoimmune 
process in T1DM, but also that these patients have 
an inappropriately high glucagon response to meals 
(26,27). 

Moreover, glucagon is implicated in the pathogenesis of 
diabetic ketoacidosis (28,29). As fructose acutely increased 
glucagon levels in T1DM patients, it is possible that the 
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chronic use of this sugar as a sweetener might increase the 
risk of diabetes ketoacidosis in these individuals. 

The current study found a reduction in uric acid levels 
after OGTT and an elevation after the OFTT. No other 
studies assessed the effect of oral sugar dose-response 
solutions in uricaemia of T1DM patients. However, 
previous studies in healthy individuals (30) and in type 
2 diabetes patients (31) have shown similar results. We 
hypothesize that hyperglycemia with glycosuria resulted 
in an increase in the renal excretion of urates, leading 
to lower uric acid levels (32). Although we did not 
find any significant correlation between plasma glucose 
levels and uric acid, it is a consensus that glycosuria 
occurs when the blood glucose concentration is greater 
than 9.99 mmol/L (33).

In contrast to glucose, we verified an increase of the 
uric acid and malondialdehyde levels after OFTT. This 
probably occurs because the one key difference between 
fructose and glucose is in the initial carbohydrate 
metabolism. Fructose is metabolized in the liver 
by fructokinase, which uses ATP to phosphorylate 
fructose to fructose-1-phosphate. Unlike hexokinases, 
which phosphorylate glucose and have a negative 
feedback system to prevent excessive phosphorylation, 
fructokinase phosphorylates fructose as rapidly as it 
can, and this commonly leads to intracellular phosphate 
depletion. Lower intracellular phosphate levels result in 
the activation of AMP deaminase, which converts the 
AMP to inosine monophosphate, and subsequently in 
hypoxanthine. The enzyme xanthine oxidase catalyzes 
the oxidation of hypoxanthine to xanthine and then 
to uric acid, which plays a crucial role in oxidative 
stress because the action of xanthine oxidase produces 
superoxide radicals that are derived from reactive oxygen 
species (34). However, uric acid may contribute to more 
than 50% of the antioxidant capacity of the blood, and it 
also has a direct effect on the inhibition of free radicals 
such as peroxynitrite radical and peroxyl (35). 

The effect of fructose in the activity of xanthine 
oxidase might have increased the oxidative stress and 
induced the generation of malondialdehyde. Serum 
malondialdehyde and urinary F2-isoprostane are the 
most frequently measured biomarkers of oxidative 
stress, and their levels are increased in T1DM patients. 
Malondialdehyde is generated by both lipid oxidation 
and as a by-product of prostaglandin and thromboxane 
synthesis. Advanced glycation products generated in the 
hyperglycemic state stimulate lipolysis, which increases 
the production of malondialdehyde (36).

T1DM patients seem to have an increased 
susceptibility to oxidative stress due to decreased 
antioxidant defense caused by hyperglycemia and 
glucose variability (18). Fructose intake induces the 
activity of xanthine oxidase, which may have clinical 
relevance because this enzyme has been involved in 
the pathogenesis of oxidative stress and several diabetic 
chronic complications (37). Studies have described 
that high malondialdehyde levels is associated 
with glomerular hyperfiltration (38) and sympatic 
disfunction (39) in T1DM patients. Therefore, the use 
of fructose could be potentially harmful, leading to an 
increase of oxidative stress and turning patients more 
prone to the development of chronic complications. 
Further studies with the chronic use of fructose as a 
sweetener in T1DM patients are necessary to address 
this hypothesis.

Our patients reported that fructose was readily 
diluted to homogeneous solutions. In addition, both 
sugar solutions had similar sweetness, flavor and 
aftertaste characteristics. Other authors suggested that 
the fructose is more soluble in water, and sweeter than 
glucose (2-4). However, the perceived intensity for 
sugar taste perception differs among individuals, based 
on their prior experiences, age, gender, genetic taste, 
and diseases. Another study (40) has also showed that 
the taste sensation was reduced in T1DM patients, and 
the decreased taste acuity may be an important factor in 
the perception of sweet taste. 

Our study has limitations. First, because the 
stringent eligibility criteria required for participation 
in our crossover study, the sample was selected by 
convenience. Thus, the results could not represent 
what would happen in the entire population of T1DM 
(41). Secondly, we did not evaluate the post challenge 
glycosuria in the study group. This test would be 
helpful to identify if the decreased serum uric acid levels 
are a result of the increased glucose excretion (34). 
As a third limitation, the duration of T1DM, HbA1c 
levels, BMI, body fat, and waist circumference differed 
widely between patients included in the study, but this 
was a crossover study. Therefore, these differences 
did not interfere in the comparison between the two 
solutions. The fourth limitation included the hypo- and 
hyperglycemic episodes at baseline. Although the fasting 
glucose was not adequate at baseline, the crossover 
study design reduced the influence of confounding 
covariates because each crossover patient serves as his 
or her own control (42). The last limitation was that 
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we included only an acute evaluation of the effect of 
glucose and fructose in metabolic variables and a long-
term follow-up would also be important to determine 
the benefits and the risks of fructose in T1DM patients.

In conclusion, fructose intake elicited a lower blood 
glucose response than glucose and that did not induce 
alterations of the triglycerides, lactate or glucagon levels. 

However, the intake a large amount of fructose 
resulted in an increase of uric acid and malondialdehyde 
levels. Therefore, T1DM patients that use fructose as 
a regular sweetener should be aware that this practice 
might impact their susceptibility to hyperuricemia and 
stress oxidative, which might have clinical implications.

Further clinical studies will be needed to better 
understand the mechanisms, specifically regarding the 
uric acid and malondialdehyde metabolism and their 
potential role in diabetic microvascular complications. 
Therefore, future studies will be able to evaluate the 
fructose consumption, and to compare fructose and 
glucose with other sweetening agents (for example 
sucrose, honey, agave) in these patients.
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ABSTRACT
Introduction: Gigantism is a rare pediatric disease characterized by increased production of growth 
hormone (GH) before epiphyseal closure, that manifests clinically as tall stature, musculoskeletal 
abnormalities, and multiple comorbidities. Materials and methods: Case series of 6 male patients 
with gigantism evaluated at the Endocrinology Service of Hospital de San José (Bogotá, Colombia) 
between 2010 and 2016. Results: All patients had macroadenomas and their mean final height was 2.01 
m. The mean age at diagnosis was 16 years, and the most common symptoms were headache (66%) 
and hyperhidrosis (66%). All patients had acral changes, and one had visual impairment secondary 
to compression of the optic chiasm. All patients underwent surgery, and 5 (83%) required additional 
therapy for biochemical control, including radiotherapy (n = 4, 66%), somatostatin analogues (n = 5, 
83%), cabergoline (n = 3, 50%), and pegvisomant (n = 2, 33%). Three patients (50%) achieved complete 
biochemical control, while 2 patients showed IGF-1 normalization with pegvisomant. Two patients 
were genetically related and presented a mutation in the aryl hydrocarbon receptor-interacting 
protein (AIP) gene (pathogenic variant, c.504G>A in exon 4, p.Trp168*), fulfilling the diagnostic criteria 
of familial isolated pituitary adenoma. Conclusions: This is the largest case series of patients with 
gigantism described to date in Colombia. Transsphenoidal surgery was the first-choice procedure, 
but additional pharmacological therapy was usually required. Mutations in the AIP gene should be 
considered in familial cases of GH-producing adenomas. Arch Endocrinol Metab. 2019;63(4):385-93
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INTRODUCTION

Gigantism is a rare pediatric disease, with an incidence 
of 8 to 11 cases per million individuals per year. 

This disease is characterized by increased production 
of growth hormone (GH) when the epiphyses are still 
open, and in most cases is secondary to a pituitary 
adenoma (1). Gigantism can occur sporadically or have a 
hereditary component (2); in a case series by Rostomyan 
and cols. (3), a genetic cause was identified in 46% of the 
cases, of which the most common was a mutation in the 
hydrocarbon receptor-interacting protein (AIP) gene 
(28%), followed by X-linked acrogigantism (X-LAG; 
10%). McCune-Albright syndrome (5%), Carney 
complex (1%), and multiple endocrine neoplasia type 
1 (1%) are less common causes of gigantism (3). The 
main symptom of the disease is abnormal accelerated 
growth affecting the musculoskeletal system associated 
with some other comorbidities (1). The first-choice 

treatment for gigantism is transsphenoidal surgery 
(TSS) (4). However, complete remission of the disease 
is not usually achieved with surgical intervention 
alone and pharmacological therapy becomes necessary 
(2,5-7), of which somatostatin analogues (SSA) is 
the most common. If no response is obtained with 
SSAs, dopamine receptor agonists (cabergoline) or 
GH receptor antagonists (pegvisomant) can be added 
(8-10). In cases that fail to respond to surgery and 
pharmacological treatment, radiotherapy is used; 
however, the risk of hypopituitarism should be taken 
into account (8). 

The purpose of this study is to present 6 cases of 
gigantism treated in Colombia, including a 6-year 
follow-up and treatment outcomes. We also present the 
clinical history of 2 patients with gigantism secondary 
to familial isolated pituitary adenoma (FIPA) and AIP 
mutation.
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MATERIALS AND METHODS

 We present a review of 6 cases of gigantism secondary 
to pituitary adenomas, managed at the Endocrinology 
Department of Hospital de San José (Bogotá, 
Colombia), a tertiary referral center, between January 
2010 and December 2016. At this institution, we see an 
average of 110 cases of acromegaly per year. All patients 
provided a written informed consent for picture release. 
Data, including medical history and laboratory results, 
were collected retrospectively. Additional information 
was obtained directly from the patients.

AIP testing was requested from all patients but 
was only obtained from patients #1 and #5 (Table 1), 
confirming a diagnosis of FIPA with AIP mutation. 
Total genomic DNA extraction was performed from 
venous blood samples using conventional techniques, 
and an analysis of the complete AIP gene coding 
sequence (exons 1-6) was done including all exon-
intron junctions. The exon sequences were compared 
against the GenBank accession number NM_003977.2, 
with the A of the ATG translation initiation codon in 
position 1. To test for the c.504G>A (p.Trp168*) variant 
of the AIP gene, total genomic DNA was extracted 
from venous blood samples following a conventional 
technique. A conventional PCR assay was developed to 
amplify exon 4 of the AIP gene (wild type sequence, 
ENST00000279146) from DNA in both cases. The 
amplified product was purified and sequenced. 

The diagnosis of gigantism was established based 
on a height above 2 or more standard deviations for 
age (> 97th percentile), or a final height greater than 
2 standard deviations above the general population, 

using the Colombian height and weight chart (11). 
Biochemical and imaging diagnostic tests included 
increased serum GH and insulin-like growth factor-1 
(IGF-1) levels and evidence of a pituitary adenoma 
in the sella turcica on magnetic resonance imaging 
(MRI) (2,3). Since no standard criteria are available to 
define controlled disease in patients in gigantism, the 
biochemical diagnostic criteria for acromegaly were 
used for follow-up (12), i.e., IGF-1 in the normal range 
and GH level below 1 ng/mL.

RESULTS

In all, 6 cases of gigantism were managed at our Unit 
according to established criteria between 2010 and 
2016. The patients were all male and had a mean age at 
symptom onset of 12.3 years. Their mean age at diagnosis 
was 16 years, and their mean final height was 2.01 
meters (m). All patients had pituitary macroadenomas. 
The tumor sizes are described in Table 1. No record is 
available regarding the tumor sizes of patients #3 and #5 
since they arrived at our center after undergoing surgical 
procedures at another institution, so initial MRI reports 
were not available. The most common symptoms were 
headache and hyperhidrosis, which were present in 4 
patients, followed by acroparesthesia in 3 patients, and 
arthralgia and fatigue in 2 patients each. 

All 6 patients showed acral changes. One patient 
(patient #1) had visual impairment secondary to 
compression of the optic chiasm by the adenoma. Only 2 
patients (#1 and #5), had a family history of tall stature or 
other endocrine disorders. Table 1 presents a summary of 
the main clinical and laboratory findings of each patient.

Table 1. Demographic characteristics of patients with gigantism

Patient Gender

Age at 
symptom 

onset 
(years)

Age at 
diagnosis 

(years)

Final 
height 

(meters)

Height 
- father 
(meters)

Height 
- 

mother 
(meters)

Z-score 
population 

mean

Z-score 
mean 

parental 
height

Body 
weight 

(kg)

BMI 
(kg/
m2)

Tumor 
size

(mm)
ST RT MED

1 M 12 12 1.96 1.71 NA 4.2 NA 107 27.8 5 x 17.3 
x 29

TSS 
(2)1

YES LAR, 
PEG

2 M 13 21 2.2 1.68 1.68 5.9 6.17 108 22.3 18 x 20 
x 20

FC NO NA

3 M 11 11 2.1 1.58 1.5 4.5 6.69 103 23.3 NA FC YES OCT, 
CAB

4 M 14 17 1.93 1.7 1.5 2.26 3.63 75 20.35 16 x 15 
x 17 

TSS NO OCT

5 M 14 23 1.91 NA 1.53 1.98 NA 122 33 NA TSS YES NO

6 M 10 12 2 1.65 1.5 3.2 2.78 107 27.2 25 x 20 
x 20

TSS 
(2)1

YES LAR, 
PEG

CAB: Cabergoline, FC: Frontal craniotomy, LAR: Lanreotide, M: Male, MED: Medical treatment, NA: Not available, OCT: octreotide long-acting (LAR), PEG: Pegvisomant, ST: Surgical treatment, RT: 
Radiotherapy, TSS: Transsphenoidal surgery. 1. Number of surgeries performed.
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All 6 patients were initially managed with surgical 
resection of the tumor, including TSS in 4 patients 
(#1, #4, #5, and #6) and frontal craniotomy in 2 
patients (#2 and #3). Two patients required a second 
surgical intervention via TSS (patients #1 and #6). 
Immunohistochemistry confirmed exclusive production 
of GH by the adenomas in all patients, and none of the 
patients had increased serum prolactin.

All 6 patients had only partial improvement of 
symptoms after surgery and required other treatments. 
Four patients (#1, #3, #5, and #6) received radiotherapy, 
and 5 required additional medical management with 
SSAs (3 patients with lanreotide Autogel and 2 with 
long-acting release [LAR] octreotide). Due to the 
absence of clinical response, cabergoline was added to 
the therapy in 3 patients (#1, #3, #6) and pegvisomant 
was added to 2 patients (#1 and #6, both at a dose of 
20 mg/day).

Normal GH (< 1 ng/mL) and IGF-1 levels were 
achieved in 4 patients, one after frontal craniotomy 
(patient #2); one after frontal craniotomy, radiotherapy, 
octreotide LAR, and cabergoline (patient #3); and 
2 after TSS, lanreotide Autogel, pegvisomant, and 

radiotherapy (patients #1 and #6). One patient (#4), 
who received treatment with TSS and octreotide LAR, 
showed fluctuating IGF-1 levels, but since he was 
asymptomatic, pegvisomant was not recommended. 
Patient #5 interrupted the follow-up at our institution. 
Four patients (#1, #3, #4, and #6) underwent regular 
monitoring for more than 3 years, and their IGF-
1 values are presented in Table 2. Patient #3 started 
following up at our center after undergoing surgical 
intervention, radiotherapy, and pharmacological 
treatment at another institution, therefore, his initial 
IGF-1 levels at our institution were normal.

Regarding associated comorbidities, one patient 
(#5) had class 1 obesity, 2 (#1 and #6) were overweight, 
and one (#1) had hyperglycemia. Cholelithiasis was 
investigated with hepatobiliary ultrasound, but none 
of the patients presented this comorbidity. No other 
comorbidities associated with GH excess were found. 
Two patients presented hypopituitarism (patients #1 
and #3, who had thyroid and gonadal dysfunctions, 
respectively).

Figure 1 shows pictures of 5 out of the 6 patients. A 
summary of the clinical history of the 2 patients (#1 and 

Table 2. IGF-1 levels (in ng/mL) and upper limit of normal in patients followed up for more than 36 months

Patient

Months

0 6 12 18 24 30 36 42

ng/mL ULN ng/mL ULN ng/mL ULN ng/mL ULN ng/mL ULN ng/mL ULN ng/mL ULN ng/mL ULN

1 794 1.6 824 1.6 1017 2 876 1.7 1084 2.1 692 1.4 700 1.4 130 N

3 61 N 85 N 39 N 26.2 N 25.9 N

4 337 N 367 N 147 N 444 N 501 1.01 303 N 180 N 513 1.03

6 753 1.5 677 1.3 610 1.2 511 1.02 950 1.9 543 1.09 402 N 150 N

N: Normal, ULN: Upper limit of normal.

Figure 1. Photograph of 5 of the patients. From left to right: patient 1, patient 2, patient 3, patient 5 and patient 6. 
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#5) who had familial pituitary adenomas is presented 
below. A genealogical tree of these patients (who 
belonged to the same family), from whom a sample of 
the AIP gene was requested, is presented in Figure 2.

Patient 1: His symptoms began at the age of 12 years 
with headache, hyperhidrosis, lower limb paresthesia, 
and tall stature (1.74 m). His initial laboratory tests 
showed GH levels greater than 40 ng/mL (reference 
range 0-5 ng/mL), IGF-1 level 794 ng/mL (reference 
range 111-498 ng/mL), and normal levels of TSH, free 
T4, FSH, LH, prolactin, cortisol, ACTH, and glucose. 
An MRI of the sella turcica showed an expansive lesion 
of 5.0 x 17.3 x 29.0 mm compressing the optic chiasm 
and infiltrating the left cavernous sinus (Figures 3A 
and 3B). Monthly lanreotide (90 mg, intramuscular) 
was initiated and TSS was performed at the age of 12 
years. Immunohistochemistry analysis of the adenoma 
was positive for GH. After surgery, the patient persisted 
with symptoms and acral growth and presented serum 
levels of GH > 40 ng/mL and IGF-1 of 1165 ng/mL; 
based on that, the lanreotide dose was increased to 120 
mg and cabergoline 0.5 mg weekly was initiated. A 
new MRI showed a residual tumor infiltrating the left 
cavernous sinus, and a second TSS was performed at 
the age of 13 years. Due to poor biochemical control 

during postsurgical follow-up, his cabergoline dose was 
increased to 2 mg weekly. A follow-up MRI after the 
second surgery showed a lesion of 36 x 30 x 20 mm 
and optic chiasm compression (Figure 3C). Due to the 
increase in tumor size and poor biochemical control, 
radiotherapy was performed at the age of 14 years. 
Pegvisomant was also initiated and cabergoline was 
suspended, resulting in a decrease in IGF-1 levels and 
control of the symptoms. A contrast MRI performed 
2 years after the radiotherapy is shown in Figure 3D. 
The final height of the patient was 1.96 m. Given the 
occurrence of gigantism in a second-degree uncle 
(patient #5) and acromegaly in a second-degree aunt, 
an AIP gene sequencing was requested, which showed 
the heterozygous pathogenic variant c.504G>A in exon 
4 (p.Trp168*) generating a nonsense substitution of 
tryptophan causing a premature stop codon.

Patient 5: The onset of his symptoms occurred at 
the age of 14 years, manifesting as tall stature. The 
patient was diagnosed with a pituitary macroadenoma 
at the age of 23 years and treatment with TSS was 
performed. He required radiotherapy at the age of 27 
years and used SSA for 1 year. Adequate biochemical 
and imaging control were observed at follow-up, and 
his final height was 1.91 m. Given the family history 
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Figure 2. Genealogical family tree with mutation of the AIP gene.
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of gigantism on a second-degree nephew (patient #1) 
and acromegaly on a second-degree female cousin, 
the variant c.504G> A (p.Trp168*) of the AIP gene 
was tested and resulted positive. The same variant was 
tested in the patient’s relatives (patient #1 and patient 
#5, who was diagnosed with acromegaly at the age of 
25 years), and resulted positive.

DISCUSSION

Between 5-15% of the pediatric pituitary adenomas 
produce GH. Most cases (90%) comprise 
macroadenomas, and 30-60% are invasive. A higher 
frequency in males is reported in the literature (13). 

In most recent case series, there was a predominance 
of male patients, as in the series by Nagata and cols. 
(Japan; 7 out of 13 patients [54%]) (14), Creo and Lteif 
(USA; 9 out of 13 patients [69%]) (15), Rostomyan 
and cols. (Belgium; 163 out of 208 patients [78%]) (3), 
Patt and cols. (India; 13 out of 14 patients [92%]) (16), 
Mangupli and cols. (Venezuela) (6 out of 8 patients 
[75%]) (6), and in the present case series (Colombia; 6 
out of 6 patients [100%]). The diagnosis of gigantism 
is usually established around the age of 14 years, and 
was reported at a mean age of 13.6 years by Creo and 
Lteif (15), 13 years by Rostomyan and cols. (3), 18 
years by Mangupli and cols. (6), and 21.9 ± 6.1 years 
by Patt and cols. (16). In our case series, the diagnosis 

Figure 3. (A) Initial coronal T1-weighted magnetic resonance imaging (MRI). (B) Initial sagittal T1-weighted post-contrast MRI. (C) Coronal T1-weighted 
MRI 1 year after the second surgical procedure. (D) Coronal T1-weighted post-contrast MRI postcontrast 3 years after the second surgical procedure and 
2 year after radioterapy plus medical treatment.

A

C

B

D
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of gigantism was established at a mean age of 16 years. 
A delayed diagnosis of gigantism may occur due to poor 
perception of the magnitude of the symptoms, delayed 
consultations, and limited knowledge of the disease by 
healthcare providers, all of which are important factors in 
Latin America. The most common symptoms presented 
by our patients were headache (66%) and hyperhidrosis 
(66%), unlike the series by Rostomyan and cols. (3), in 
which headache was less frequent (23%).

In gigantism, TSS is the first-choice procedure, 
and biochemical control is obtained in 70% of the 
patients with intrasellar microadenomas, although this 
rate is lower with macroadenomas (13). TSS was the 
most common procedure performed in our patients 
(66%), and none of the patients obtained biochemical 
control with this treatment alone. The only case with 
biochemical control followed a frontal craniotomy. In 
the series by Nagata and cols., 92% (12 out of 13) of the 
patients were managed with TSS and 53% (7 out of 13) 
achieved biochemical control; this was the case series 
with best reported response with TSS (14). In the study 
by Creo and Lteif, 92% (12 out of 13) of the patients 
were treated with TSS, and only 23% (3 out of 13) 
achieved biochemical control (15). In the publication 
by Rostomyan and cols., surgery was performed in 82% 
(177 out of 208) of the patients and only 15% obtained 
biochemical control (3). In the series by Patt and cols., 
surgery was performed in 92% (13 out of 14) of the 
patients and 21% obtained biochemical control (16). In 
the cases described by Mangupli and cols. (6), none of 
the patients who underwent surgery obtained control. 
In our series, surgical reintervention was required in 
33% (2 out of 6) of the patients, compared with 30% (4 
out of 13) in the series by Creo and Lteif (15) and 64% 
in the series by Rostomyan and cols. (3). Only 7.5% of 
our patients had a biochemical response to the surgical 
reintervention, while 2 patients (33%) presented 
hypopituitarism with thyroid and gonadal dysfunction, 
a rate that is similar to that reported by Creo and Lteif, 
who described a 38% rate of hypopituitarism (5 out of 
13 patients) (15).

Given the low biochemical control with surgery, 
patients with gigantism usually require additional 
management. SSAs were used in 83% of our patients (5 
out of 6; 3 were treated with lanreotide Autogel and 2 
with octreotide LAR). This finding was similar in the 
series by Mangupli and cols. (6), in which 100% (8 out 
of 8) of the patients used SSAs. Still, the use of SSA 
was less frequent in other studies: 50% (6 out of 12) 

of the patients in the series by Creo and Lteif (15), 
66.7% (118 out of 208) reported by Rostomyan and 
cols. (3), and 23% (3 out of 13) in the study by Nagata 
and cols. (14). In our series, none of the patients had 
biochemical control with SSA alone, which is aligned 
to the results by Creo and Lteif (15) and Mangupli 
and cols. (6); in contrast, in the study by Rostomyan 
and cols., 34% of the patients were controlled with 
SSA alone (3). Rates of biochemical control in patients 
with acromegaly have been reported at 63.9% with 
octreotide and 78.1% with lanreotide Autogel (17). 
Of note, one case report of a girl with gigantism 
and microadenoma showed biochemical control and 
disappearance of the tumor with octreotide LAR for 3 
years (7). A prospective study conducted in Japan with 
32 patients with acromegaly (29 patients) and gigantism 
(3 patients) assessed the efficacy of lanreotide Autogel; 
although separate data for patients with gigantism were 
not reported, the efficacy was reported to be similar in 
both groups (acromegaly and gigantism) (18).

Dopamine receptor agonists are useful in cases with 
associated hyperprolactinemia or as an adjunct therapy to 
SSAs in cases with lack of biochemical control and IGF-
1 levels up to 1.5 times above the normal range (19). 
None of our patients presented hyperprolactinemia, in 
contrast to the finding by Mangupli and cols., in which 
50% (4 out of 8) of the patients had hyperprolactinemia 
(6). Cabergoline was administered to 3 of our patients, 
and biochemical control was obtained in 1 (patient #3) 
with concomitant use of octreotide LAR. Cabergoline 
was administered to 4 patients by Mangupli and cols. 
(6) and 2 patients by Nagata and cols. (14), and none 
of the patients obtained biochemical control. The 
effectiveness of cabergoline in the management of 
gigantism without associated hyperprolactinemia lacks 
evidence.

Pegvisomant (a GH receptor antagonist) has been 
used in pediatrics to obtain IGF-1 normalization and 
symptom improvement in patients without a response 
to surgical treatment, radiotherapy, and SSAs, although 
the possibility of an increase in tumor size with this 
medication should be considered (9,13,20). In a 
report of 3 patients treated with pegvisomant, linear 
growth was interrupted after 6 months of treatment, 
and improvement in diaphoresis and facial features of 
acromegaly was observed, along with normalization 
of IGF-1 levels in 2 of them, while the other one 
showed an increase in tumor size (9). Effectiveness was 
confirmed in 2 of our patients in whom this medication 
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was administrated (patients #1 and #6), a result that is 
similar to the one reported by Creo and Lteif (15) and 
Mangupli and cols. (6). A lower rate of biochemical 
control (50% of the patients) was observed by 
Rostomyan and cols. (3), and absence of response was 
observed on a single patient treated with pegvisomant 
by Nagata and cols. (14). The combination of SSAs 
with pegvisomant seems to be the most effective 
association for the treatment of gigantism, as reported 
by Mangupli and cols. in 8 patients with gigantism. 
Early (1 to 4 months) symptom control was observed, 
with an absence of tumor growth and normalization of 
IGF-1 levels in all patients (6).

Radiotherapy was administered to 66% (4 out of 6) 
of our patients, which is a higher rate than reported 
by other authors of case series: 46% (6 out of 13) of 
the patients by Creo and Lteif (15), 30% (63 out of 
208) by Rostomyan and cols. (3), 35% (5 out of 14) 
by Patt and cols. (16), and one patient by Mangupli 
and cols. (6) and Nagata and cols. (14). The risk of 
hypopituitarism, which can occur in 30-50% of the 
patients, should be considered (13). Table 3 presents 
a comparison of case series of gigantism (3,6,14-16), 
including the present study. Most of the cases reported 

(78%) include men. The mean age at diagnosis was 
15.1 years, and the mean final height was 1.95 m. 
TSS was the most frequent initial procedure (83%), 
and only 18% of the patients obtained biochemical 
control with this procedure alone, while 122 out of 
219 patients (56%) required surgical reintervention. 
Half of the patients (53%) received SSAs, and only 1 
successful case of treatment with SSA monotherapy was 
reported. Pegvisomant was administered to 17.5% of 
the patients, with IGF-1 normalization in 58% of them, 
which is a lower rate than the 67.5% response reported 
in a “real world” study in patients with acromegaly 
(21), possibly related to inadequate dose titration. 
Radiotherapy was used in 30% of the patients (Table 3), 
which is a high percentage taking into account the risk 
of hypopituitarism in this population.

Familial isolated pituitary adenomas

The diagnosis of FIPA should be suspected when 2 or 
more relatives have pituitary adenomas in the absence 
of known genetic causes, such as multiple endocrine 
neoplasia type 1, Carney complex, or McCune-Albright 
syndrome (22). The main causes of FIPA are X-LAG 
and AIP gene mutations.

Table 3. Comparison of case series of gigantism reported in the literature

Rostomyan  
and Daly 

(multicentric) 
2015

Patt and cols. 
(India) 2015

Creo and cols. 
(USA) 2016

Mangupli and 
cols. 

(Venezuela) 
2016

Nagata and 
cols. (Japan)  

2017

Rojas and 
cols. 

(Colombia) 
2018 (current 

study)

Total

Male gender 163/208 14/14 9/13 6/8 7/13 6/6 205/262 (78%)

Mean final height (meters) NA 1.87 2.05 1.9 NA 2.01 1.95

Mean age at diagnosis (years) 13 21.9 ± 6.1 13.6 18 NA 16 15.1

TSS 177/208 13/14 12/13 1/8 12/13 4/6 219/262 (83%)

Biochemical control after first 
surgery

27/177 3/13 3/12 0/1 7/13 0/4 40/219 (18%)

Surgical reintervention 113/177 2/13 4/13 NA 1/7 2/6 122/219a

Biochemical control after 
second surgery

8/113 1/2 3/4 NA NA 0/2 12/122a

SSA 118/208 0/14 6/12 8/8 3/13 5/6 140/262 (53%)

SSA biochemical control 0/118 0/14 1/6 0/8 NA 0/6 1/140a

PEG 37/208 0/14 2/6 4/8 1/13 2/6 46/262 (17.5%)

IGF-1 normalization with PEG 19/37 0 2/2 4/4 0/1 2/2 27/46 (58%)

RT 63/208 5/14 6/13 1/8 1/13 4/6 80/262 (30%)

Response to RT 27/63 3/5 NA NA 1/1 2/4 33/80a

AIP mutation 42/208 NA NA 3/8 5/13 2/6 52

AIP: aryl hydrocarbon receptor-interacting protein, NA: not available, PEG: Pegvisomant, RT: radiotherapy, SSA: somatostatin analogues, TSS: transsphenoidal surgery. a Percentage not reported 
due to incomplete data.
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X-LAG, which may occur isolated or associated with 
FIPA, is characterized by pituitary adenomas or pituitary 
hyperplasia producing most frequently increased levels 
of GH, GH releasing hormone (GHRH), and prolactin. 
The patients affected by this condition exhibit rapid 
growth starting in childhood. X-LAG is more frequent 
in women and responds poorly to treatment with SSAs 
(2,23,24).

Regarding mutations in the AIP gene, patients with 
these mutations inactivating the AIP gene generally 
have adenomas that produce GH and/or prolactin. 
Mutations of the AIP gene were reported in 5 out of 
13 patients (38%) by Nagata and cols. (14), in 3 out 
of 8 (38%) patients by Mangupli and cols. (6), and in 
42 out of 208 patients (20%) by Rostomyan and cols. 
(3). These mutations are characterized by early onset 
(before the age of 20 years) and frequent occurrence 
of gigantism, and for affecting males more frequently 
than females. Most tumors (93%) are macroadenomas 
and, compared with patients without AIP mutation, 
have a more aggressive behavior including greater 
extrasellar growth and lower response to surgical and 
medical treatment requiring a subsequent operation, 
and more frequent use of radiotherapy (2,25,26). 
This was evident in one of our patients (patient #1), 
whom even after two surgeries showed an increase in 
tumor size and absence of response to SSA, but finally 
responded to pegvisomant and radiotherapy. For 
these reasons, early screening of relatives of affected 
patients is important (26-28). Multiple mutations 
of this gene have been described. The heterozygous 
pathogenic variant of the AIP gene c.504G>A in 
exon 4 (p.Trp168*), found in our patients, has not 
been previously reported in the literature or in other 
patients in Colombia.

In our case series, sequencing of the AIP gene was 
requested from patients #1 and #5, taking into account 
the association of mutations of this gene with FIPA. 
Gene sequencing was also requested from all other 
patients, given the evidence of mutations of the AIP 
gene in children under 18 years of age with pituitary 
adenomas, and in those under 30 years of age with 
macroadenomas (29,30). However, this test was not 
approved by the health insurance of patients #2 and 
#3. Authorization for the test in patients #4 and #6 was 
pending at the time of the study, but these patients did 
not follow up at our Unit.

In conclusion, this is the largest case series 
described to date in Colombia of patients with 

gigantism, a pathology with a high functional and 
psychological impact on affected patients. Like other 
case series, men were more affected than women. It is 
important to note that the diagnosis was established 
late (at the age of 16 years) in our population 
compared with other studies. TSS was the first-choice 
procedure, but given a low biochemical control 
rate, pharmacological therapy was often required. It 
should be noted that the use of SSAs is less effective 
in gigantism than acromegaly, and that there are 
no significant differences in effectiveness between 
available analogues. In case of lack of response to SSAs, 
the association of pegvisomant is recommended. Even 
with an adequate biochemical response and symptom 
improvement, appropriate monitoring with tests 
should be performed due to the risk of tumor growth. 
The use of cabergoline (in patients with associated 
hyperprolactinemia) and radiotherapy as third-line 
management should be considered, but the high 
probability of radiotherapy-induced hypopituitarism 
in the pediatric population should be taken into 
consideration. To avoid continued vertical growth 
in patients with gigantism in cases of residual tumor 
and no response to surgery and SSA management, we 
consider that the best option in case of residual tumors 
is combined therapy with SSAs and pegvisomant. 
Pegvisomant as monotherapy can be considered in the 
absence of residual tumor, as well as in patients with 
the AIP gene mutation, given the high probability of 
therapeutic failure of SSA.

Mutations of the AIP gene should be considered 
in familial cases of GH-producing adenomas. Multiple 
pathogenic variants of this gene have been described, 
but this is the first time that these mutations have been 
documented in Colombia. 
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Prediction of bone mass changes 
after successful parathyroidectomy 
using biochemical markers 
of bone metabolism in 
primary hyperparathyroidism: 
is it clinically useful?
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ABSTRACT
Objective: To measure type 1 serum amino-terminal propeptide procollagen (P1NP) and type 1 
cross-linked C-terminal telopeptide collagen (CTX) before parathyroidectomy (PTX) in PHPT patients, 
correlating these measurements with bone mineral density (BMD) changes. Subjects and methods: 
31 primary hyperparathyroidism (HPTP) were followed from diagnosis up to 12-18 months after 
surgery. Serum levels of calcium, parathyroid hormone (PTH) vitamin D, CTX, P1NP, and BMD were 
measured before and 1 year after surgery. Results: One year after PTX, the mean BMD increased by 
8.6%, 5.5%, 5.5%, and 2.2% in the lumbar spine, femoral neck (FN), total hip (TH), and distal third of the 
nondominant radius (R33%), respectively. There was a significant correlation between BMD change 
1 year after the PTX and CTX (L1-L4: r  = 0.614, p < 0.0003; FN: r  = 0.497, p < 0.0051; TH: r = 0.595, p 
< 0.0005; R33%: r  = 0.364, p < 0.043) and P1NP (L1-L4: r = 0,687, p < 0,0001; FN: r = 0,533, p < 0,0024; 
TH: r = 0,642, p < 0,0001; R33%: r = 0,467, p < 0,0079) preoperative levels. The increase in 25(OH)D 
levels has no correlation with BMD increase (r = -0.135; p = 0.4816). On linear regression, a minimum 
preoperative CTX value of 0.331 ng/mL or P1NP of 37.9 ng/mL was associated with a minimum 4% 
increase in L1-L4 BMD. In TH, minimum preoperative values of 0.684 ng/mL for CTX and 76.0 ng/
mL for P1NP were associated with a ≥ 4% increase in BMD. Conclusion: PHPT patients presented 
a significant correlation between preoperative levels of turnover markers and BMD improvement 1 
year after PTX. Arch Endocrinol Metab. 2019;63(4):394-401
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INTRODUCTION

P rimary hyperparathyroidism (PHPT) is a common 
hypercalcemic disorder caused by abnormally 

increased secretion of parathyroid hormone (PTH) 
by one or more parathyroid glands. The hallmark of 
this condition is the presence of high serum calcium 
levels and high or inappropriate PTH levels. Although 
the clinical spectrum of PHPT has changed over the 
years – from a very symptomatic to a less symptomatic 
condition – reduced bone mineral density (BMD) is 
present in several affected patients. 

The clinical findings of PHPT are related to the 
occurrence of hypercalcemia and consistently high 
PTH levels. PTH promotes calcium reabsorption in 
the distal renal tubule and regulates the conversion 
of 25(OH)-vitamin D into 1,25(OH)2-vitamin D via 
1α-hydroxylase stimulation (1). On bone, PTH can 
exert anabolic effects on trabecular sites and catabolic 
effects on cortical sites, depending on the secretion 
levels and duration of exposure to increased levels of 
this hormone. In PHPT, a condition in which the bone 
mass is exposed to high PTH levels, cortical bone areas, 
such as those in the radius, are more affected than 
trabecular bone sites, such as those in the lumbar spine. 
The catabolic effect of PTH is related to an increased 
production of the receptor activator of nuclear kappa-B 
ligand and the inhibition of osteoprotegerin by 
osteoblasts, thus stimulating osteoclastic formation, 
activity, and survival (2). Radiographic signs of PHPT 
include skull demineralization in a salt-and-pepper 
pattern, distal clavicle tapering, subperiosteal bone 
resorption, and development of cysts and brown tumors. 
These features combined are described as osteitis fibrosa 
cystica and are rarely seen in developed countries where 
more subtle forms of skeletal involvement are observed 
(3). Data from cohort studies suggest an increased risk 
of all fractures in PHPT, including vertebral fractures, 
which appears to decline following parathyroidectomy 
(PTX) (4,5). Bone health is a clinical concern in PHPT 
patients, especially in those treated conservatively. 
Recent studies found a significant BMD decrease 
in patients treated conservatively and a significant 
positive BMD increase in patients who underwent 
PTX (6,7). High-resolution peripheral quantitative 
computed tomography (HRpQCT) analysis has shown 
improvement in bone microarchitecture, cortical 
thickness, density, and estimated strength following 
PTX in female PHPT patients (8).

Bone is a dynamic tissue in a continuous remodeling 
process in which formation and resorption work 
together to maintain a healthy turnover. Bone formation 
and resorption markers, such as serum amino-terminal 
propeptide of type 1 procollagen (P1NP) and cross-
linked C-terminal telopeptide of type I collagen 
(CTX), respectively, are indirect indicators of bone 
turnover providing information on bone metabolic 
status. Hypersecretion of PTH leads to increased bone 
turnover in most patients and decreased BMD.

The aim of this study was to determine the P1NP 
and CTX levels before successful PTX in PHPT 
patients, and to correlate these measurements with 
BMD changes.

SUBJECTS AND METHODS

Study design

This was a retrospective study evaluating preoperative 
P1NP and CTX levels in PHPT patients undergoing 
successful PTX.

This investigation was approved by the EPM-
Unifesp Ethics Committee (approval no. 618.187) 
and all patients gave an informed consent prior to their 
inclusion in the study.

Patients

From November 2011 to November 2014, a total of 
101 PHPT patients underwent PTX at the Federal 
University Hospital EPM-Unifesp, São Paulo, Brazil. 
Among these patients, 31 presented enough data and 
long-term follow-up to be included in this study. All 
these patients had undergone a successful PTX and 
were followed up prospectively from their diagnosis of 
PHPT up to 12 to 18 months after surgery.

The diagnosis of PHPT was based on the presence 
of hypercalcemia and high or inappropriate PTH 
levels. The surgical procedure was indicated to 
all symptomatic patients with PHPT (presence of 
nephrolithiasis and/or fragility fractures), as well 
as asymptomatic ones according to the Fourth 
International Workshop on the Management of 
Asymptomatic Primary Hyperparathyroidism (9). The 
exclusion criteria comprised the use of lithium, thiazide 
diuretics, bisphosphonates, denosumab, teriparatide, 
glucocorticoids, hormone replacement therapy and/
or a diagnosis of familial hypocalciuric hypercalcemia. 
The occurrence of the latter was excluded by a urinary 
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calcium:creatinine ratio < 0.01 and serum calcium 
measurements in first-degree relatives. 

The patients underwent a traditional PTX with 
bilateral neck exploration, and the success of the surgery 
was confirmed by intraoperative PTH measurement. 
Histopathological findings confirmed the removal of 
the affected parathyroids in all 31 patients, revealing 
a parathyroid adenoma in 30 patients and parathyroid 
hyperplasia in one. All 31 patients presented normal 
postoperative calcium levels during follow-up. 

MDRD (Modification of Diet in Renal Disease) 
estimates glomerular filtration rates were above  
60 mL/min/1.73 m2 in all patients except in two, 
whose MDRD were 45 and 34 mL/min/1.73 m2 due 
to renal impairment associated with PHPT.

Biochemical measurements

All biochemical measurements were performed upon 
diagnosis and 12 to 18 months after surgery. Both 
turnover markers (P1NP and CTX) were measured 
using commercial kits (Chemiluminescence, Elecsys 
2010 analyzers; Roche Diagnostic, Indianapolis, IN, 
USA). For P1NP, the normal range was 13.8-60.9 
ng/mL in postmenopausal women and 13.9-85.5  
ng/mL in men, the intra-assay variation was 1.04%, and 
the interassay variations were 9.2% and 12.5%. For CTX, 
the normal range was < 0.650 ng/mL in women and 
< 0.850 ng/mL in men, the intra-assay variation was 
0.55%, and the interassay variations were 7.5% and 7.8%.

PTH was measured by immunoelectrochemical 
assay (Roche, Elecsys 2010 analyzer, USA; normal 
range 10-65 pg/mL, intra-assay variation 2.38%, 
interassay variations 6.7% and 7.5%). Serum calcium, 
albumin, and creatinine were measured with standard 
automatic assays. Serum ionized calcium was measured 
with an ion-specific electrode (AVL 9180 Electrolyte 
Analyzer, AVL Scientific Corp., Roswell GA, USA). 
Serum 25-hydroxyvitamin D (25(OH)D) was 
measured by chemiluminescence assay (Roche, Elecsys 
2010 analyzer, USA; normal reference value greater 
than 30 ng/mL, intra-assay variation 4.1%, interassay 
variations 17.5% and 17%).

BMD measurements

Measurements of BMD were performed before and 1 
year after PTX with dual-energy X-ray absorptiometry 
(DXA; Hologic QDR 4500, Waltham, MA, USA) at 
the lumbar spine (L1-L4), total hip (TH), femoral 

neck (FN), and distal third of the nondominant radius 
(R33%). We used the BMD, Z-score and T-score values 
for each site. The Z-score is the number of standard 
deviations a given measurement differs from the mean 
for a sex and age-matched reference population. The 
T-score is the number of standard deviations a given 
measurement differs from the mean for a normal young 
adult reference population. The least significant change 
(LSC) in BMD measurements in the lumbar spine, 
proximal femur, and R33% were 3.5%, 3.8%, and 3.2%, 
respectively. 

Statistical analysis

The statistical analysis was performed using the 
software GraphPad Prism, version 5 (GraphPad 
Software, Inc., La Jolla, CA, USA). The data are 
expressed as mean ± standard deviation (SD) or range. 
Student’s t test was performed for the following 
preoperative and postoperative parameters: ionized 
calcium, total calcium, PTH, vitamin D, CTX, and 
P1NP. We used Pearson’s test for correlation analyses 
of data with normal distribution; data without normal 
distribution were first normalized and then analyzed 
with Pearson’s correlation. The authors opted for 
utilizing the Pearson test after normalizing data to 
facilitate the understanding by applying one single 
test.  Multiple linear regression analysis was used to 
estimate the percentage BMD changes in the lumbar 
spine, TH, FN, R33%, and preoperative biochemical 
values. The results were considered significant when 
p < 0.05.

RESULTS

The demographic and clinical characteristics of the 
study cohort are shown in Table 1. Of the 28 women, 
25 were in postmenopausal and all the men were over 
50 years. All subjects had biochemical data consistent 
with the disease and were symptomatic or met at 
least one criterion for PTX according to the Fourth 
International Workshop (9). Biochemical data and 
BMD measurements before and after PTX are shown 
in Tables 2 and 3, respectively. 

Using a reference value of 30 ng/mL for vitamin D, all 
patients except one were found to be vitamin D deficient 
(data not shown) (10). Cholecalciferol was prescribed for 
vitamin D replacement before and after surgery for all 
patients at a minimum dose of 1000 IU/day. 
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Table 3. Dual-energy X-ray absorptiometry (DXA) data of 31 patients with primary hyperparathyroidism before and after successful parathyroidectomy

Preoperative Postoperative (12 months)

BMD T-score Z-score BMD T-score Z-score

L1-L4 0.860 -1.7 (± 1.2) -0.3 (± 1.2) 0.925* -1.1 (± 1.1) +0.3 (± 1.2)

FN 0.700 -1.4 (± 0.7) -0.1 (± 0.7) 0.740* -1.0 (± 0.8) +0.4 (± 0.8)

TH 0.806 -1.0 (± 0.8) -0.2 (± 0.7) 0.847* -0.7 (± 0.9) +0.3 (± 0.7)

R33% 0.549 -2.6 (± 1.7) -1.3 (± 1.6) 0.558* -2.4 (± 1.5) -1.1 (± 1.4)

Results are presented as mean (± SD).
L1-L4: lumbar spine; TH: total hip; FN: femoral neck; R33%: distal third of the radius.
* P < 0.05 compared with preoperative values.

Table 1. Demographic and clinical characteristics of 31 patients with 
primary hyperparathyroidism

Patients 31

Age, mean (± SD) years 60 (±9)

Gender, N (%)

Female 28 (90.3%)

Male 3 (9.6%)

Asymptomatic patients, N (%) 14 (45.1%)

Symptoms, N (%)

Kidney stones 16 (51.6%)

Brown tumor 1 (3.2%)

Fragility fractures 3 (9.6%)

Table 2. Biochemical data of 31 patients with primary hyperparathyroidism 
before and after successful parathyroidectomy (n = 31)

Preoperative Postoperative 
(12 months) p

iCa 1.63 (± 0.17) 1.30 (± 0.04) < 0.0001

tCa 11.6 (± 0.93) 9.4 (± 0.4) < 0.0001

PTH 265 (± 337) 55 (± 24.6) < 0.0001

25(OH)D 16 (± 5.9) 33 (± 14.4) < 0.0001

CTX 1.05 (± 0.79) 0.23 (± 0.17) < 0.0001

P1NP 119 (± 100) 39 (± 24.5) < 0.0001

Results are presented as mean (± SD) values. 
iCa: ionized serum calcium (1.24-1.40 mmol/L); tCa: total serum calcium (8.5-10.3 mg/dL); 
PTH: parathyroid hormone (10-65 pg/mL); CTX: cross-linked C-terminal telopeptide of type I 
collagen (< 0.650 ng/mL); P1NP: serum amino-terminal propeptide of type 1 procollagen 
(13.8-60.9 ng/mL); 25(OH)D: 25-hydroxyvitamin D (30-60 ng/mL).

Normal postoperative calcium levels were observed 
in all 31 patients during follow-up. Four patients 
presented transiently increased PTH measurements 
after surgery related to vitamin D deficiency and hungry 
bone syndrome.

BMD changes (g/cm2) in different bone areas at  
1 year after PTX are demonstrated in Figure 1.  

The mean percentage changes in BMD at 1 year after 
surgery were 8.6% (p < 0,0001), 5.5% (p < 0,0002), 
5.5% (p < 0,0001), and 2.2% (p < 0,0463) in the lumbar 
spine, FN, TH, and distal forearm, respectively.

A significant positive correlation was observed 
between the percentage BMD change at 1 year after 
PTX and values of preoperative biomarkers (Figure 2). 
The increase in 25(OH)D levels has no correlation 
with the increase in BMD (r = -0.135; p = 0.481).

On linear regression, a minimum preoperative CTX 
value of 0.331 ng/mL (y = 6.1786x + 1.9513) or 
P1NP value of 37.9 ng/mL (y = 0.0547x + 1.9282) 
was associated with a ≥ 4% increase in lumbar spine 
BMD. 

In TH, minimum preoperative TH values of 0.684 
ng/mL for CTX (y = 3.7799x + 1.4218) and 76 
ng/mL for P1NP (y = 1.5 + 0.03x) were associated 
with a ≥ 4% increase in BMD.

Multiple linear regression analysis demonstrated 
a significant correlation between BMD changes and 
preoperative values of the biochemical markers of bone 
metabolism (Table 4). 

No significant correlation was observed between 
preoperative P1NP or CTX measurements and 
25(OH)D levels (r = -0.255; p = 0.165 and r = -0.193;  
p = 0.298, respectively).

Table 4. Multiple linear regression analysis of the percentage change in 
bone mineral density (BMD) and biochemical markers of bone metabolism

Preoperative CTX Preoperative P1NP

%BMD L1-L4 r2 = 0.3775; p = 0.0003 r2 = 0.4727; p < 0.0001

%BMD FN r2 = 0.2477; p = 0.0051 r2 = 0.2848; p = 0.002

%BMD TH r2 = 0.3542; p = 0.0005 r2 = 0.4125; p = 0.0001

%BMD R33% r2 = 0.1327; p = 0.0439 r2 = 0.2190; p = 0.0079

P1NP: serum amino-terminal propeptide of type 1 procollagen; CTX: cross-linked C-terminal 
telopeptide of type I collagen; L1-L4: lumbar spine; TH: total hip; FN: femoral neck; R33%: distal 
third of the radius.
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Figure 1. Changes in bone mineral density (BMD; g/cm2) in the lumbar spine, femoral neck, total hip and distal forearm at 1 year after parathyroidectomy.
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DISCUSSION

The absence of symptoms has been the dominant 
clinical phenotype of PHPT in the United States and 
Western Europe for the past 40 years (11). Even in 
some developing countries including Brazil, changes 
in clinical and laboratory findings at the time of 
diagnosis have been observed over the years, from a 
very symptomatic condition to an oligosymptomatic 
and even asymptomatic presentation (12). Many PHPT 
patients are asymptomatic and have mild hypercalcemia. 
Their management is still controversial (13). Although 
overt symptoms are uncommon, PHPT patients still 
demonstrate involvement of target organs, including 
nephrolithiasis and skeletal involvement detected by 
DXA (11).

In the present study, we observed a significant 
improvement in bone mass 1 year after PTX. The lumbar 
spine was the region with the most important bone 

mass gain, with a mean 8.6% change in BMD, followed 
by the FN and TH, with a mean 5.5% BMD change in 
both. The forearm presented a mean 2.2% BMD gain 
1 year after PTX; although this result showed statistical 
significance, we considered it to be clinically irrelevant 
since it does not exceed the least significant change. 
The present study also demonstrated substantial 
biochemical changes in both formation (P1NP) and 
resorption (CTX) markers between the preoperative 
and postoperative periods in PHPT patients, with a 
significantly positive correlation between high levels of 
the preoperative biomarkers CTX and P1NP and BMD 
change 1 year after successful PTX.

Studies in recent years have looked into bone mass 
recovery after PTX. Most evidence point to the occurrence 
of bone damage as being at least a reversible process 
after a successful surgical procedure (14,15). Nakaoka 
and cols. have shown bone mass improvement after PTX 
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Figure 2. Correlation between the percentage bone mineral density (BMD) change at 1 year after parathyroidectomy and values of preoperative biomarkers 
in the lumbar spine (A), femoral neck (B), total hip (C), and distal forearm (D).
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in asymptomatic patients without surgical indication. In 
that study, the lumbar spine and forearm presented BMD 
increases of 12.2% and 11.6%, respectively, after PTX 
(14). On the other hand, Silverberg and cols. presented 
results of increased BMD in the lumbar spine and FN 
of 8.2% and 5.9%, respectively, in PHPT patients (15), 
which are more aligned with our results. These authors 
also observed a significant gain of 4% in the forearm only 
after the third year from the surgical procedure (15). 
Hesp and cols. confirmed the findings of lack of bone 
mass gain in cortical sites in the first year after PTX in 
a patient with parathyroid adenoma, but increased gain 
at 2 years after the surgery (16). A possible higher bone 
turnover in trabecular sites may explain the faster BMD 
recovery observed after PTX than that observed in 
cortical sites. In physiological conditions, the metabolic 
rates in trabecular and cortical bone are around 30% and 
3%, respectively (17).

Biochemical markers of bone formation and 
resorption may be an interesting tool in the assessment 
of bone turnover status in PHPT patients. Markers 
of bone resorption or formation reflect secretory or 
breakdown products of bone cells or collagen during 
bone remodeling process (18). In PHPT, a disorder 
with increased bone metabolism, these turnover 
markers may serve as helpful indices of the extent of 
the influence of the process of hyperparathyroidism on 
bone (18). 

The present study demonstrates substantial 
biochemical changes in both formation (P1NP) 
and resorption (CTX) markers before and after PTX 
(Table 2), and the results are in agreement with those 
of previous studies (18,19). Recent studies have 
demonstrated that biochemical resorption markers 
decrease faster when compared with formation ones, 
enabling a “window” in which bone formation 
overcomes resorption (18). A perioperative study 
investigated the changes in CTX and P1NP two days 
after PTX in 41 PHPT postmenopausal women. Subjects 
were divided in groups according to their initial bone 
markers levels. An increase in P1NP and decrease in 
CTX levels was observed mainly in patients with higher 
preoperative bone turnover concentrations. Although 
BMD was not accessed, it may be suggested that those 
with higher preoperative bone turnover markers, would 
have a larger bone gain (20). In our study, we found a 
significant positive correlation between the percentage 
BMD change 1 year after PTX and preoperative 
biomarkers: the greater the preoperative biomarker 

level, the greater the BMD increase. Alonso and cols. 
have also demonstrated a positive correlation between 
preoperative CTX and P1NP levels and postoperative 
bone mass gain in the lumbar spine 1 year after PTX. 
Fifty-three PHPT patients were enrolled and followed 
for one year, but only lumbar spine bone mass was 
measured (21). In contrast, a six month postoperative 
study, didn’t find correlation between osteocalcin and 
urinary pyridinium with BMD gain (20).

This study demonstrated that a minimum 
preoperative CTX value of 0.331 ng/mL or P1NP value 
of 37.9 ng/mL was associated with a ≥ 4% increase in 
lumbar spine BMD. In TH, a minimum preoperative 
value of 0.684 ng/mL for CTX and 76.0 ng/mL for 
P1NP was associated with a ≥ 4% increase in BMD. 
These results point out to a potential role for these 
bone metabolic markers as predictors of bone mass 
gain after surgical treatment. Additionally, these bone 
biomarkers may be useful for surgical recommendation 
in certain patients with asymptomatic PHPT.

This study has some limitations, mainly related 
to the small number of patients enrolled and to the 
important vitamin D deficiency observed among 
some of these patients before PTX. More studies with 
a larger number of patients and longitudinal BMD 
measurements are needed. 

In conclusion, there was a significantly positive 
correlation between BMD changes 1 year after PTX 
and high preoperative levels of the biomarkers CTX 
and P1NP in PHPT patients. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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et al. The usefulness of high pre-operative levels of serum type 
I collagen bone markers for the prediction of changes in bone 
mineral density after parathyroidectomy. J Endocrinol Invest. 
2012;35(7):640-4.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

402

original article

Arch Endocrinol Metab. 2019;63/4

Polymorphisms of the  
renin-angiotensin system are not 
associated with overweight and 
obesity in a general adult population

Deborah de Farias Lelis1

https://orcid.org/0000-0003-1136-8591

Alexandre Costa Pereira2

José Eduardo Krieger2

https://orcid.org/0000-0001-5464-1792

José Geraldo Mill3
https://orcid.org/0000-0002-0987-368X

Sérgio Henrique Sousa Santos1,4

https://orcid.org/0000-0002-7788-5447

Marcelo Perim Baldo1,5

http://orcid.org/0000-0002-7673-3580

ABSTRACT
Objective: The increased prevalence of obesity and associated comorbidities, such as cardiovascular 
and metabolic diseases, has gained attention worldwide, and the renin-angiotensin system (RAS) has 
been pointed out as a possible link. Thus, the present study aimed to verify the possible association 
between angiotensinogen (AGT) or angiotensin-converting enzyme (ACE) polymorphisms 
with overweight and obesity in adults. Subjects and methods: The present investigation was a 
population-based cross-sectional study including 1,567 individuals from an urban area in Brazil. 
Anthropometric, clinical and biochemical parameters were evaluated, and all individuals were 
genotyped for the ACE I/D and AGT M/T polymorphisms. Results: The prevalence of overweight was 
higher among men, whereas obesity was more prevalent among women. However, the frequency 
of ACE or AGT polymorphisms was similar among body mass index (BMI) categories. In addition, 
the mean age-adjusted BMI averages did not change significantly for ACE or AGT polymorphisms, 
regardless of sex or BMI category. The age-adjusted BMI average for the combination of ACE and 
AGT genotypes evidenced no significant differences regardless of sex or BMI categories. Results 
were similar when BMI was replaced by waist circumference (WC). Conclusions: We were not able to 
find any associations between BMI and WC (overweight/obesity) and ACE and AGT polymorphisms, 
indicating that the RAS system might not be involved in overweight and obesity, at least based on 
genetic backgrounds. However, further studies must measure RAS components to elucidate this 
question. Arch Endocrinol Metab. 2019;63(4):402-10 
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INTRODUCTION 

The prevalence of overweight, obesity and related 
cardiometabolic diseases is increasing worldwide 

and has been reported as a modern pandemic (1). 
According to recent data from the World Health 
Organization (WHO), obesity has almost tripled since 
1975, and in 2016, approximately 2 billion adults 
were overweight/obese worldwide (2). Obesity is 
characterized by excessive fat accumulation that leads 
to health complications and is strongly associated 
with development of cardiovascular diseases (CVDs) 

(2,3). Risk factors for CVDs such as insulin resistance, 
hypertension, inflammation and high plasma lipid levels 
are associated with increased fat mass accumulation and 
obesity. Moreover, obesity induces several alterations in 
cardiac structure and function, predisposing individuals 
to develop cardiovascular complications such as 
heart failure, coronary heart disease and myocardial 
infarction, among others (3).

According to some authors, the renin-angiotensin 
system (RAS) constitutes a possible link between obesity 
and CVDs (4-6). Indeed, the increased expression 
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of some RAS components has been associated with 
CVDs and obesity (7). The gene expression of RAS 
components is increased in the visceral adipose tissue 
of obese humans (8); the production of angiotensin II 
(AngII) also increases with obesity (7). This peptide 
stimulates the proliferation of the vascular smooth 
muscle and induces cardiomyocyte hypertrophy, 
endothelium dysfunction and vasoconstriction, 
which all lead to cardiac and vascular remodeling (9). 
Accordingly, the increased activity of the angiotensin-
converting enzyme (ACE) is linked to increased AngII 
levels that represent the majority of the deleterious 
effects of the ACE/AngII/AT1 RAS axis (10).

Blood levels of RAS components are mainly 
regulated by water and sodium balance but are also 
affected by genetic variants. Genetic polymorphisms 
of RAS components have been associated with 
several cardiovascular and metabolic conditions, such 
as hypertension and metabolic syndrome (11,12). 
However, although some authors have addressed this 
issue in past years, there is no consensus on the effects of 
some RAS polymorphisms on overweight and obesity. 
For instance, Thomas and cols. (12) showed that the 
D-allele of the ACE insertion/deletion polymorphism 
was correlated with hypertension and obesity in boys 
but not girls. Moreover, the ACE II homozygosis 
was reported as predictor of extreme obesity and 
diabetes (13). Regarding the angiotensinogen (AGT) 
gene, the T/T genotype of the AGT M235T gene 
polymorphisms positively associated to visceral obesity 
and insulin levels in obese Japanese women (14). 
However, some other studies have not found the 
same association (15-17). These varying results might 
be due to different study designs, sampling methods 
and specific populations. From this perspective, the 
present study aimed to verify whether the AGT or ACE 
polymorphisms were associated with overweight and 
obesity in a population-based study in Brazil.

SUBJECTS AND METHODS

Study population

The present investigation was a population-based 
cross-sectional study (MONICA/Vitória) including 
adult individuals (25 to 64 years old) living in Vitória, 
Espírito Santo, Brazil. The study sampling and design 
details are described elsewhere (18,19). Briefly, the 
sample plan was established following a multistage 

probability sampling, taking into account the seven 
administrative regions of the city of Vitória-ES. The 
number of individuals allocated within each stratum is 
proportional to the number of residents as estimated 
by the city hall. The seven administrative regions 
include 79 neighborhoods; in each neighborhood, the 
census sections of IBGE were identified and drawn. 
A randomization mechanism was used to identify 
the households within each census section to provide 
individuals for the final sample. Individuals were invited 
to participate in the study and were included after 
signing the free informed consent. The sampling plan 
aimed to include individuals from all socioeconomic 
classes and both sexes.

A total of 1,662 individuals attended clinical and 
laboratorial assessments at the university hospital. 
This study was submitted to and approved by the 
institutional ethics committee, and all participants 
signed a free informed consent. 

Clinical and biochemical assessment 

The anthropometric parameters were assessed as 
previously detailed (20). The waist circumference 
(WC) was measured at the midpoint between the last 
costal arch and the iliac crest and the maximum point of 
expiration, while the hip circumference was measured 
around the thighs at the greater trochanter height; 
both were measured while individuals were standing. 
A wall stadiometer (0.5 cm accuracy) was used for 
height measurement and a calibrated scale (0.1 kg) was 
used for body weight measurement. The ratio of body 
weight (kg) to height squared (m2) was used for BMI 
calculation. 

Heart rates were measured by counting pulses 
for 30 seconds. Blood pressure was assessed with a 
mercury sphygmomanometer in the left arm in fasting 
individuals in a sitting position after 5 to 10 minutes 
resting. Systolic (SBP) and diastolic (DBP) blood 
pressure were measured in the first and fifth Korotkoff 
phases, respectively. Three readings were obtained from 
each participant at 2-3 min intervals, and the clinic 
blood pressure was calculated as the mean of the two 
last readings.

The biochemical blood parameters were assessed via 
venipuncture in an upper limb following a 10- to 14-
hour fasting period. The analyses were performed with 
commercially available kits in the central laboratory 
(LabSESI-Vitória). Glucose (tube containing fluoride) 
and lipid (ethylenediamine tetra-acetic acid (EDTA) 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

404

RAS polymorphisms and obesity

Arch Endocrinol Metab. 2019;63/4

preparations were used for various biochemical 
parameters. The Friedewald equation was used to 
estimate LDL-c lipoprotein when triglycerides were < 
400 mg/dL.

Genotyping

Genomic DNA was extracted from leukocytes in 
samples of whole blood, following a standard salting-
out procedure (21). The ACE gene I/D polymorphism 
was determined through a 3-primer system and the 
M235T variant of the AGT gene by a standard PCR 
detection method. The ACE gene I/D polymorphism 
is based on the insertion (I) or deletion (D) of a 287-bp 
sequence of DNA (in the ACE gene-intron 16) (NCBI 
ref. SNP ID: rs1799752), while the AGT M235T 
variant is a polymorphism (NCBI ref SNP ID: rs699) 
(T/C at position +704) that converts methionine into 
threonine at amino acid 235. Quality control for these 
assays was assessed by randomly selecting 50 samples to 
be re-genotyped by two independent technicians. No 
misgenotyping was observed in this sample.

Statistical analysis 

The statistical package SPSS (version 22.0, Chicago, 
IL, USA) was used to perform the statistical analysis. 
Continuous variables were described as mean ± 
standard deviation while dichotomous variables 

were presented as frequency and percentage. The 
Kolmogorov-Smirnov test was applied to evaluate 
Gaussian distribution. The chi-squared test was used 
to compare proportions and test for Hardy-Weinberg 
disequilibrium. An analysis of variance (ANOVA) was 
followed by Tukey’s post-hoc test in the case of a 
significant F test. A covariance analysis (ANCOVA) was 
applied to test the association between BMI (and WC) 
with ACE and AGT polymorphism, controlling for age. 
The study power was calculation based on comparison 
between means or proportions, as reported elsewhere 
(22,23). The statistical significance was set as P < 0.05 
for proportions and means. 

RESULTS

The final sample consisted of 1567 participants 
(women: 54%) with an average age of 44.8 ± 10.9 
years. Ninety-five participants were excluded based 
on missing genotype data. The anthropometric, 
biochemical and clinical characteristics are described in 
Table 1. According to BMI stratification, overweight 
was more prevalent in men than in women (40.5% vs 
32.7%, P < 0.033). However, obesity was found to 
be more prevalent in women than in men (16.1% vs 
22.2%, P < 0.015). Moreover, men and women were 
similar in age, fasting blood glucose, total cholesterol 
and LDL-c levels.

Table 1. General characteristics of the sample 

MEN (715) WOMEN (852) P value ALL (1567)

Age (years) 44.7 ± 10.9 44.8 ± 10.7 0.865 44.8 ± 10.9

Weight (kg) 74.0 ± 14.3 65.1 ± 15.2 < 0.001 69.2 ± 15.5

Height (cm) 169.4 ± 7.2 156.9 ± 6.2 < 0.001 162.6 ± 9.1

BMI (kg/m2) 25.8 ± 4.1 26.6 ± 5.5 0.003 26.3 ± 4.9

WC (cm) 88.7 ± 12.8 83.0 ± 14.6 < 0.001 85.6 ± 14.1

Waist-to-hip ratio 0.92± 0.08 0.84 ± 0.08 < 0.001 0.87 ± 0.09

Glucose (mg/dL) 105.7 ± 28.6 104.4 ± 34.5 0.400 105.0 ± 32.0

Uric acid (mg/dL) 5.48 ± 1.46 4.22 ± 1.28 < 0.001 4.80 ± 1.51

Cholesterol (mg/dL) 214.1 ± 51.2 214.7 ± 44.7 0.808 214.4 ± 47.8

LDL-c (mg/dL) 140.3 ± 40.9 142.3 ± 40.9 0.352 141.4 ± 40.9

HDL-c (mg/dL) 42.1 ± 12.2 48.0 ± 11.8 < 0.001 45.4 ± 12.3

Triglycerides (mg/dL) 160.7 ± 162.8 117.6 ± 84.0 < 0.001 137.3 ± 127.9

SBP (mmHg) 130.0 ± 19.5 126.2 ± 23.5 0.001 127.9 ± 21.9

DBP (mmHg) 86.8 ± 13.7 81.8 ± 14.4 < 0.001 84.1 ± 14.3

Overweight, n (%) 290 (40.5) 279 (32.7) 0.033 569 (36.3)

Obesity, n (%) 115 (16.1) 189 (22.2) 0.015 304 (19.4)

BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-density lipoprotein cholesterol; SBP: systolic blood pressure;  
DBP: diastolic blood pressure; ACE: angiotensin-converting enzyme; AGT: angiotensinogen.
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Table 2 displays the clinical and anthropometric 
characteristics stratified by sex and ACE polymorphisms 
(DD, DI and II genotypes). Anthropometric markers 
of obesity were similar among genotypes, regardless of 
sex. Moreover, we observed lower HDL-c levels in men 
with the ACE DI genotype compared to DD. When the 
association was tested with WC, results were similar. The 
remaining characteristics were similar among groups. 

Table 2 also details the study population 
characteristics stratified by sex and AGT polymorphisms 
(MM, MT and TT genotypes). Neither BMI nor WC 
changed significantly among genotypes, regardless of 

sex. Specifically for men, increased HDL-c levels and 
SBP were observed in the TT genotype compared 
to MT. In addition, increased DBP was observed for 
the same genotype (TT) compared to MM and MT. 
For women, on the other hand, participants with 
MM genotypes had lower DBP compared to MT and 
TT genotypes. Women with MT genotypes showed 
increased glucose levels compared to MM and TT. The 
same results were found when BMI was replaced by 
WC in association with ACE and AGT polymorphisms. 
The remaining characteristics were similar among the 
stratified groups. 

Table 2. Population characteristics according to ACE and AGT polymorphisms 

ACE
MEN WOMEN

DD (n = 213) DI (n = 401) II (n = 95) P DD (n = 244) DI (n = 455) II (n = 156) P

Age 43.85 ± 11.13 45.08 ± 10.80 45.80 ± 11.27 0.265 45.73 ± 10.54 44.51 ± 11.0 44.47 ± 10.40 0.318

Weight 75.25 ± 15.39 73.49 ± 13.64 74.98 ± 14.66 0.302 65.10 ± 16.11 65.53 ± 15.65 63.85 ± 12.48 0.493

Height 169.56 ± 7.14 169.47 ± 7.13 168.95 ± 7.69 0.780 156.85 ± 6.05 157.16 ± 6.32 156.33 ± 6.25 0.355

BMI 26.21 ± 4.24 25.69 ± 3.99 26.19 ± 4.36 0.256 26.79 ± 5.57 26.68 ± 5.58 26.16 ± 5.07 0.503

WC 89.20 ± 13.34 88.48 ± 12.89 89.73 ± 11.45 0.628 82.85 ± 15.67 83.04 ± 14.79 83.26 ± 12.42 0.944

WHR 0.92 ± 0.07 0.92 ± 0.08 0.92 ± 0.07 0.937 0.84 ± 0.08 0.83 ± 0.08 0.84 ± 0.09 0.276

Glucose 107.25 ± 32.25 104.94 ± 26.70 107.18 ± 29.04 0.579 105.23 ± 38.52 103.99 ± 32.63 104.13 ± 33.98 0.899

Uric acid 5.46 ± 1.47 5.52 ± 1.43 5.52 ± 1.60 0.869 4.19 ± 1.28 4.28 ± 1.30 4.12 ± 1.26 0.383

TC 216.18 ± 63.44 213.14 ± 44.32 216.13 ± 48.97 0.740 214.26 ± 45.32 213.91 ± 44.27 218.32 ± 45.12 0.554

LDL-c 137.34 ± 39.31 141.65 ± 41.97 143.49 ± 40.67 0.374 141.12 ± 39.46 142.00 ± 42.57 145.66 ± 37.75 0.537

HDL-c 43.83 ±13.71 40.97 ± 9.97* 42.60 ± 14.78 0.020 48.43 ± 13.41 48.10 ± 11.17 47.07 ± 10.98 0.527

TG 171.62 ± 210.92 154.09 ± 99.12 170.01 ± 241.39 0.387 122.30 ± 84.18 111.47 ± 76.82 128.12 ± 101.59 0.060

SBP 129.59 ± 18.92 130.31 ± 20.16 129.42 ± 17.39 0.868 125.63 ± 21.98 126.56 ± 23.99 126.22 ± 24.88 0.883

DBP 86.64 ± 13.22 86.79 ± 14.26 86.93 ± 11.98 0.983 81.80 ± 13.81 81.66 ± 14.97 82.17 ± 13.51 0.931

AGT MM (n = 156) MT (n = 310) TT (n = 252) P MM (n = 142) MT (n = 399) TT (n = 317) P

Age 46.21 ± 11.44 44.38 ± 10.72 44.24 ± 10.95 0.163 44.89 ± 10.34 45.30 ± 10.95 44.17 ± 10.75 0.368

Weight 73.67 ± 15.35 74.39 ± 13.48 73.87 ± 14.75 0.853 65.35 ± 16.35 64.67 ± 14.78 65.47 ± 15.35 0.773

Height 169.33 ± 7.97 169.72 ± 7.05 169.01 ± 6.90 0.506 158.65 ± 6.42 156.83 ± 6.09# 156.25 ± 6.23# 0.001

BMI 25.77 ± 4.03 25.86 ± 3.90 25.93 ± 4.45 0.929 26.35 ± 5.49 26.40 ± 5.36 26.97 ± 5.63 0.337

WC 88.94 ± 12.94 88.88 ± 12.05 88.39 ± 13.71 0.878 82.83 ± 17.31 82.91 ± 13.75 83.25 ± 14.44 0.942

WHR 0.92 ± 0.07 0.92 ± 0.07 0.92 ± 0.09 0.735 0.83 ± 0.09 0.84 ± 0.08 0.83 ± 0.08 0.711

Glucose 107.06 ± 32.44 105.54 ± 29.34 105.13 ± 25.13 0.797 98.41 ± 9.96 106.98 ± 40.00# 103.70 ± 31.93 0.039

Uric acid 5.40 ± 1.37 5.45 ± 1.44 5.59 ± 1.54 0.345 4.11 ± 1.11 4.23 ± 1.26 4.25 ± 1.38 0.510

TC 215.86 ± 46.06 121.05 ± 55.14 215.53 ± 49.41 0.646 214.16 ± 43.81 217.51 ± 46.00 211.19 ± 43.34 0.157

LDL-c 142.79 ± 41.48 137.75 ± 42.18 141.96 ± 39.12 0.350 142.06 ± 39.46 143.73 ± 41.54 140.40 ± 40.71 0.533

HDL-c 42.28 ± 11.57 40.29 ± 9.85 44.33 ± 14.69* 0.001 48.85 ± 11.60 47.72 ± 11.76 47.95 ± 12.02 0.623

TG 156.52 ± 122.51 175.01 ± 213.28 145.69 ± 99.69 0.098 117.42 ± 75.55 124.00 ± 88.71 109.73 ± 81.12 0.078

SBP 128.08 ± 18.60 128.30 ± 18.89 133.23 ± 20.39#* 0.004 120.37 ± 19.54 127.55 ± 23.65# 127.27 ± 24.76# 0.005

DBP 86.44 ± 14.26 85.57 ± 12.92 88.64 ± 14.31* 0.029 79.24 ± 12.65 82.19 ± 15.25 82.54 ± 13.95 0.061

Age (years); weight (kg); Height (cm); BMI (kg/cm2); WC (cm); glucose (mg/dL); uricacid (mg/dL); cholesterol (mg/dL); LDL-c (mg/dL); HDL-c (mg/dL); triglycerides (mg/dL); SBP (mmHg);  
DBP (mmHg). BMI: body mass index; WC: waist circumference; WHR: waist-to-hip ratio; TC: total cholesterol; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-density lipoprotein cholesterol; 
TG: triglycerides; SBP: systolic blood pressure; DBP: diastolic blood pressure; ACE: Angiotensin-converting enzyme; AGT: angiotensinogen. ACE: * vs. DD; AGT: * vs. MT; # vs. MM.
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The frequency of ACE (Figure 1A) and AGT (Figure 
1B) genotypes in the study population was stratified 
by BMI categories (normal, overweight and obese), 
shown for all participants and divided by sex. The most 
prevalent ACE and AGT genotypes were DI and MT, 
respectively, while the least prevalent were II and MM, 
respectively. However, the prevalence of ACE and AGT 
genotypes did not vary according to BMI categories, 

regardless of sex. When the study population was 
stratified by ACE or AGT (Figures 2A and 2C: men, 
Figures 2B and 2D: women) genotypes, the adjusted 
(sex and age) BMI means did not change significantly, 
regardless of BMI category. The statistical power for 
these analyses ranged from 0.64 to 0.98 depending 
on the sample size for each comparison. Similar results 
were found when analyses were performed based on two 

Figure 1. RAS polymorphisms prevalence stratified by body mass index (BMI) and sex (men and women). A) ACE polymorphisms (II, DI or DD). B) AGT 
polymorphisms (TT, MT or MM). Prevalence is shown as percentage (%).
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Figure 2. Body mass index values for the different RAS polymorphisms for all sample and according to sex. Age-adjusted BMI distribution according to 
ACE polymorphism for men (A) and for women (B). Age and sex-adjusted BMI distribution according to ACE polymorphism for all sample (C). Age-adjusted 
BMI distribution according to AGT polymorphism for men (D) and for women (E). Age and sex-adjusted BMI distribution according to AGT polymorphism 
for all sample (F). 
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BMI categories (normal and overweight/obese), and 
the study power ranged from 0.77 to 0.99 depending 
on the comparison (Figure 3).

Although the individual polymorphisms did not 
correlate significantly with BMI, we hypothesized 
that the combination of ACE and AGT genotypes 
could have a significant effect on BMI. Thus, we next 
analyzed the association between BMI mean and various 
combinations of ACE and AGT genotypes, even though 
the power of the study was reduced by the combination 
of polymorphisms (ranging from 0.41 to 0.91). Table 3 
displays the age and sex-adjusted BMI average for each 
combination of ACE and AGT genotypes. The most 
prevalent combination was DI/MT, and the least 
prevalent was II/MM. We did not find significant 
differences in the sex- and age-adjusted BMI values  
(P value for intragroup comparison = 0.546), regardless 
of BMI category (P value for interaction BMI category 
vs. combined polymorphism = 0.811). 

DISCUSSION

RAS polymorphisms have been associated with several 
disorders, especially hypertension, in various study 
populations (24,25). AGT and ACE polymorphisms 
have also been investigated regarding their association 
with obesity (24,26); however, conclusions are still 
undetermined due to conflicting results. From this 
perspective, studies of various populations are essential, 
as genetic heterogeneity would greatly affect these 
associations. Therefore, we performed a population-
based study to verify the association between AGT and 
ACE polymorphisms with overweight/obesity in a 
general sample of Brazilian adults. In the present study, 
we did not find associations between ACE or AGT 
polymorphisms and overweight/obesity as evaluated 
by BMI categories (and WC), which are widely used 
indicators of body fat, especially central adiposity (27). 

ACE is an enzyme responsible for cleaving the 
inactive peptide AngI into the most active peptide of 

Figure 3. Body mass index values for the different RAS polymorphisms for all sample. Age and sex-adjusted BMI distribution according to ACE 
polymorphism for men (A) and for women (B).

Table 3. Age and sex-adjusted BMI values based on combined ACE and AGT genotypes

NORMAL OVERWEIGHT/OBESE P for between 
group 

comparison

ALL

Sample size Mean ± SD Sample size Mean ± SD Sample size Mean ± SD

II + TT 40 22.1 ± 2.0 49 29.8 ± 3.6 < 0.001 89 26.4 ± 4.9

DI + TT 129 22.1 ± 2.8 184 29.7 ± 4.1 < 0.001 313 26.6 ± 5.2

DD + TT 69 22.2 ± 1.8 87 30.0 ± 4.4 < 0.001 156 26.5 ± 5.2

II + MT 55 22.0 ± 2.1 65 29.0 ± 3.5 < 0.001 120 25.8 ± 4.5

DI + MT 178 22.2 ± 1.8 200 29.4 ± 4.0 < 0.001 378 26.0 ± 4.8

DD + MT 82 22.5 ± 1.7 121 29.7 ± 4.1 < 0.001 203 26.8 ± 4.9

II + MM 15 22.1 ± 2.3 27 29.5 ± 4.8 < 0.001 42 26.8 ± 5.4

DI + MM 76 22.5 ± 1.9 83 29.2 ± 3.9 < 0.001 159 26.0 ± 4.5

DD + MM 40 21.8 ± 2.1 54 29.0 ± 4.0 < 0.001 94 25.8 ± 4.9

P for intergroup 
comparison

0.649 0.283 0.546

P for interaction (BMI category vs. combined polymorphism) P = 0.811
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the RAS, AngII. Although the ACE D/I polymorphism 
is considered nonfunctional by some authors, its 
relationship with several pathophysiological conditions 
such as hypertension (28), atherosclerosis (29) and 
coronary heart disease (30) is extensively discussed 
in the literature (31). In this sense, the study of the 
ACE influence on obesity, an important risk factor for 
cardiovascular diseases, is also relevant. 

A study performed by Pan and cols. also evaluated 
the ACE polymorphism’s association with overweight/
obesity and found no close relationship (15), 
although they reported that BMI was associated with 
hyperglycemia, hypertension and dyslipidemia in type-2 
diabetes patients (15). Motawi and cols. published 
similar findings in a study of Egyptian women in which 
ACE polymorphism was not associated with obesity 
(16). Suchanek and cols. investigated the ACE I/D 
allele frequency in an obese Czech female population. 
The authors reported no differences at baseline; 
however, after a 9-month dietary and physical activity 
intervention program, II genotyped women had 
increased metabolism basal rates compared to DD, thus 
indicating that the I allele may influence individuals’ 
responses to lifestyle changes (17). 

Although some studies have reported no association 
between ACE polymorphism and obesity, others have 
found significant associations. For instance, Akin and 
cols. investigated the frequency of the ACE I/D allele 
among obese individuals with insulin resistance (IR) 
and reported that the DD genotype was significantly 
higher in IR obese individuals than those without IR 
(32). Similarly, Javaid and cols. reported an increased 
DD genotype frequency in obese individuals compared 
to overweight and eutrophic Pakistani individuals. The 
authors argued that the DD genotype correlates with 
increased ACE expression, increased AngII levels and, 
consequently, augmented adipogenesis (33). These 
findings were corroborated by Mohsen and cols., 
who reported an increased DD genotype frequency 
in overweight and obese Saudi individuals. They also 
attributed the increased DD frequency to the possible 
modulation of fat metabolic pathways, which may 
increase individuals’ susceptibility to overweight/
obesity (34). 

We have also investigated AGT polymorphism’s 
influence on overweight and obesity. In our study, no 
close relationship between AGT genotypes and BMI 
and WC was observed, corroborating previous findings 
(24). However, a study performed by Prat-Larquemin 

and cols. reported that although the AGT genotypes 
were not associated with fat mass, the T allele was 
associated with increased adipocyte size, evidencing 
increased adipocyte capacity to store fat, a hallmark 
characteristic of obesity (26). On the other hand, a 
heritage family study performed by Rankinen and cols. 
reported that the T allele was associated with increased 
body fat mass in women and that fat mass may influence 
this polymorphism’s already well-described effects on 
blood pressure (35). 

Researchers have already investigated the AGT 
expression profile related to obesity; Umemura 
and cols. reported a correlation between increased 
plasma AGT levels with BMI and blood pressure in 
obese individuals (36). Similarly, Giacchetti and cols. 
investigated AGT mRNA expression in adipose tissue of 
obese individuals and reported a significant association 
between AGT expression and BMI in visceral adipose 
tissue (37). However, as previously reported, data on 
AGT polymorphism’s influence on obesity are scarce 
in the literature, while this gene polymorphism’s 
effects on blood pressure are well established (38). 
The investigation of the AGT mutation’s influence 
on overweight/obesity deserves attention, as the RAS 
polymorphism’s detection could help to track patients 
at increased risk of developing obesity-associated 
conditions and allow the implementation of preventive 
measures to avoid unwanted outcomes.

The present study may differ from those reported in 
the literature due to its population-based characteristic 
(n = 1,567), which is important for result generalization. 
The Brazilian population is highly admixed, and our 
sample included participants of European and African 
descent. The most prevalent group, however, was 
composed of admixed subjects, generally referred 
to as “brown.” However, some limitations should 
be pointed out. Firstly, the small sample size for the 
ACE and AGT combined analysis could have hindered 
positive associations, even though the means were fairly 
similar among groups and the power for that analysis 
was acceptable. Thus, a study with a large sample size 
is required to draw a reliable conclusion. Secondly, the 
cross-sectional design of our study does not allow us 
to establish causal relationships between the studied 
variables and the ACE and AGT polymorphic allele 
frequencies. 

In conclusion, we observed no relationship between 
the ACE I/D and AGT M/T polymorphisms and 
overweight/obesity in a population-based study 
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accessed via BMI (and WC) categories. Additional 
studies with larger populations should be performed 
to elucidate this combined relationship, as it is still 
controversial in the literature. 
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ABSTRACT
Objective: The prevalence of overweight and obesity is gradually increasing in both developed 
and developing countries. Obesity, for instance, can present multifactorial causes that interact with 
each other. Among the important factors, parental obesity plays a prominent role in the onset of 
obesity during childhood and teenage years through genetics and ambient aspects. This study aims 
to verify the possible existence of an association between overweight/obesity of schoolchildren and 
cardiovascular risk (CVR) factors for their parents. Subjetcs and methods: For this purpose, a cross-
sectional study was conducted with a sample of 1,243 children and adolescents, aged between 7 
and 17. Out of the total number of participants, 563 (45.3%) were boys who were selected across 19 
schools in the urban and rural areas of Santa Cruz do Sul, Rio Grande do Sul (Brazil). The overweight/
obesity status of the schoolchildren was evaluated through their body mass index (BMI). Additionally, 
a self-reference questionnaire was employed to measure their parents’ CVR. Results: The results 
of this study revealed that students with overweight/obesity have a higher probability of having a 
father with hypertension (OR = 1.49; p = 0.038) and obesity (OR = 2.36; p = 0.002) and a mother with 
obesity (OR = 1.72; p = 0.016). Conclusion: To conclude, this study confirms a relationship between 
overweight/obesity of schoolchildren with CVR for their parents. Arch Endocrinol Metab. 2019;63(4):411-6
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INTRODUCTION

The prevalence of overweight and obesity is 
increasing in both developed and developing 

countries. The nutrition transition is characterized by a 
shift to diets rich in fat, sugar and processed foods but 
low in complex carbohydrates and fiber (1). However, in 
addition to dietary change, a variety of other interrelated 
variables contribute to obesity including metabolic, 
environmental, psychosocial and cultural factors. 
Individuals with a genetic predisposition for overweight 
are particularly susceptible to these factors (2).

Owing to its influence on both genetic and 
environmental variables, parental obesity is among the 

most important determinants of obesity in children and 
adolescents (3). More specifically, parental behavior 
influences children’s lifestyles, and this has been 
associated not only with obesity prevalence but with other 
cardiovascular risk factors. The sum of these risk factors has 
a larger effect on the onset and severity of cardiovascular 
disease than any one factor considered alone (4,5).

For these reasons, parents must be attentive to their 
own behavior as well as their children’s lifestyles. For 
example, long periods of sedentary activity and a failure 
to control one’s food intake increase the chances of 
developing obesity and cardiovascular disease earlier in 
life (6). The Bogalusa Heart Study points to the influence 
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that environmental factors such as diet, smoking and 
physical activity have on hypertension and obesity (7). 
That study also suggests that personal habits learned in 
early life affect the onset of cardiovascular disease.

With respect to genetic factors, children and 
adolescents with two obese parents have an 80% chance 
of becoming obese, while those with only one obese 
parent have a 40% chance (8). Moreover, individuals 
can inherit a genetic predisposition for cardiovascular 
risk factors such as hypertension, dyslipidemia, diabetes 
and cardiovascular disturbances (9). Therefore, the 
current study aims to test the association between excess 
weight in students and the presence of cardiovascular 
risk (CVR) factors in their parents.

SUBJECTS AND METHODS

This study consisted of a cross-sectional survey with 
children and adolescents aged 7 to 17 years. The total 
sample included 1,243 participants, of which 563 were 
boys from 19 schools in urban and rural areas of Santa 
Cruz do Sul, Brazil. This study is a part of a larger 
survey approved by the ethics and research committee 
at the University of Santa Cruz do Sul (UNISC). That 
survey interviewed 1,963 students between 2011 and 
2012. Students whose parents did not complete that 
survey were excluded from this study. A signed consent 
form was obtained from the parents or guardians of all 
student participants. In addition, participants over 12 
signed assent forms.

Overweight and obesity were determined using 
body mass index (BMI), which is calculated with the 
formula: kg/m2 (2). Using age- and gender-specific 
growth curves from the Center for Disease Control 
and Prevention/National Center for Health Statistics 
(CDC/NCHS) (10), participants were classified into 
four categories: 1) low weight (< p5), 2) normal 
(≥ p5 and < p85), 3) overweight (≥ p85 and < p95) 
and 4) obesity (≥ p95). These categories were then 
collapsed into two levels for statistical analysis: 1) low 
weight/normal, and 2) overweight/obesity. Parental 
CVR factors were determined using a self-report 
questionnaire. The questionnaire included questions 
regarding hypertension, heart attack, stroke, circulatory 
disease, increased total cholesterol (TC) and obesity.

Statistical analyses were performed in SPSS v. 23.0 
(IBM, Armonk, NY, EUA). In order to understand the 
cardiovascular profile of parents, descriptive statistics 
(frequency and percentage) were calculated. Logistic 

regression was used to test the association between 
overweight/obesity in students and CVR in parents. 
Results were considered significant when p < 0.05.

RESULTS AND DISCUSSION

Overweight/obesity was present in 29.1% of students. 
As shown in Table 1, hypertension was the most 
prevalent CVR in fathers (13.8%). Smaller percentages 
of fathers exhibited increased TC (9.3%), obesity 
(5.4%) and circulatory disease (5.1%). Similarly, the 
most common CVR in mothers was hypertension 
(19.7%), but circulatory disease (8.4%), obesity (8.4%) 
and increased TC (7.3%) were also present. Moreover, 
schoolchildren with overweight/obesity were more 
likely to have a father with hypertension (OR = 1.49;  
p = 0.038), a father with obesity (OR = 2.36; p = 0.002) 
or a mother with obesity (OR = 1.72; p = 0.016).

The prevalence of overweight and obesity in 
students was high (29.1%). These results are in line with 
an earlier study among children and adolescents from 
different regions of Brazil that found the prevalence 
of overweight and obesity to be approximately 30% 
(11). The percentage of American adolescents aged 
12 to 15 years who carry excess weight is comparable 
(total, 30.3%; overweight, 20.6%; obesity, 9.7%) (12). 
In Mexico, however, the prevalence of overweight 
and obesity is higher in both boys (children, 33.7%; 
adolescents, 33.5%) and girls (children, 32.8%; 
adolescents, 39.2%) (13). In contrast, a multicenter 
cross-sectional study in France reported that the 
prevalence of overweight and obesity in children was 
only 14.7% and 6.1%, respectively (14).

This study found a significant association between 
overweight/obesity in students and having a father 
with hypertension (Table 2).  This result is similar to a 
study performed with adolescents aged 11 to 17 years in 
Curitiba, Paraná, Brazil. More specifically, the authors 
found that 18.2% (CI 95% 15.2-21.6) of students had 
altered blood pressure. In addition, those for whom 
both parents had hypertension (OR 2.22; CI 95% 1.28-
3.85) and a high waist circumference (OR 2.1; CI 95% 
1.34-3.28) were more likely to exhibit altered blood 
pressure (15). An Italian study similarly found that 
17.4% of children and adolescents had hypertension. 
Moreover, compared to normal weight students, the 
risk for hypertension (OR 4.22; 95% CI 2.56-6.93) and 
pre-hypertension (OR 4.20; CI 95% 2.82-6.26) was 
higher in obese students. That study also reported an 
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Table 1. Prevalence of cardiovascular disease and associated risk factors 
of student’s parents

Risk factor n (%)

Father with hypertension

No 1,071 (86.2)

Yes 172 (13.8)

Mother with hypertension

No 998 (80.3)

Yes 245 (19.7)

Father with heart attack history

No 1,220 (98.1)

Yes 23 (1.9)

Mother with heart attack history

No 1,230 (99.0)

Yes 13 (1.0)

Father with stroke history

No 1,230 (99.0)

Yes 13 (1.0)

Mother with stroke history

No 1,236 (99.4)

Yes 7 (0.6)

Father with circulatory disease

No 1,180 (94.9)

Yes 63 (5.1)

Mother with circulatory disease

No 1,035 (83.3)

Yes 208 (16.7)

Father with increased TC

No 1,127 (90.7)

Yes 116 (9.3)

Mother with increased TC

No 1,152 (92.7)

Yes 91 (7.3)

Obese father

No 1,176 (94.6)

Yes 67 (5.4)

Obese mother

No 1,139 (91.6)

Yes 104 (8.4)

TC: total cholesterol.

Table 2. Relationship between overweight/obesity of schoolchildren with 
cardiovascular diseases and associated factors from their parents

Overweight/ obesity
p

OR (CI 95%)

Father with hypertension

No 1
0.038

Yes 1.49 (1.02-2.17)

Mother with hypertension

No 1
0.838

Yes 1.04 (0.75-1.44)

Father with heart attack history

No 1
0.478

Yes 0.69 (0.25-1.90)

Mother with heart attack history

No 1
0.479

Yes 1.54 (0.46-5.16)

Father with stroke history

No 1
0.858

Yes 1.18 (0.30-3.80)

Mother with stroke history

No 1
0.700

Yes 1.38 (0.26-7.16)

Father with circulatory disease

No 1
0.224

Yes 0.69 (0.37-1,25)

Mother with circulatory disease

No 1
0.385

Yes 0.85 (0.60-1.21)

Father with increased TC

No 1
0.181

Yes 0.72 (0.45-1.60)

Mother with increased TC

No 1
0.699

Yes 1.10 (0.67-1.80)

Obese father

No 1
0.002

Yes 2.36 (1.37-4.08)

Obese mother

No 1
0.016

Yes 1.72 (1.10-2.69)

OR: odds ratio; CI: confidence interval; TC: total cholesterol.
association between hypertension in mothers and pre-
hypertension in children (OR 1.96; CI 95% 1.15-3.36) 
(16). Overall, these studies support our results because 
they indicate that hypertension and obesity in children 
are associated with hypertension and obesity in parents 
(15,17). According to the World Health Organization 
(WHO), excess body mass is responsible for 20% to 
30% of hypertension cases (18). Thus, our results are 

in line with the hypothesis that obesity and heredity are 
risk factors for hypertension.

Interestingly, in contrast to hypertension, this 
study did not find an association between high TC 
or circulatory disease in fathers and overweight/
obesity or cardiovascular disease in students. However, 
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this association was documented in other studies. 
For example, Elias and cols. found that high blood 
pressure and an altered lipid profile are more common 
in children with hypertensive parents (19). More 
research is necessary to understand the reason for the 
discrepancy between this study and previous work. 

A study performed by Stunkard and cols. suggested 
that genetic factors are more important determinants 
of children’s BMI than environmental variables (20). 
A cross-sectional study performed in Germany with 
children aged 5 to 7 years reported a relationship 
between the BMIs of parents and the BMIs of children. 
That study further suggested that parental BMI explains 
7.6% of the variation in children’s BMI. Indeed, children 
with at least one obese parent were more likely to have 
excess body weight than children with one overweight 
parent. Yet, Stunkard and cols. also demonstrated that a 
child’s BMI was more strongly related to the BMI of his 
mother than the BMI of his father (r = 0.254 vs. 0.159, 
p < 0.01) (21). That finding fits with the results from 
this study, which found a high prevalence of obesity 
among fathers (5.4%) as well as a high prevalence of 
overweight/obesity in schoolchildren (29.1%). An 
Australian study looking at genetic factors for obesity 
reported that 80% of children with two obese parents 
were also obese. If only one parent was obese, then the 
percentage dropped to 50%; it was reduced to only 10% 
when neither parent was obese (22). Therefore, family 
weight profiles should be considered when identifying 
children at risk for obesity and when developing 
preventive measures (21,22).

A recent cross-sectional study with schoolchildren 
aged 6 to 10 years reported that the prevalence of 
overweight/obesity in parents was higher among those 
with overweight/obese children than among those 
with normal weight children (p < 0.01) (23). In a study 
with Brazilian adolescents aged 15 to 18, Terres and 
cols. also found an association between overweight/
obesity in adolescents and obesity in parents (24).

The association between BMI in parents and BMI in 
children has been reinforced by several studies. Data from 
a study in Greece with adolescents aged 9 to 13 years 
showed that maternal or paternal obesity significantly 
increased the chances of childhood obesity (OR 2.25; 
CI 95% 1.45-3.48 and OR 2.14; CI 95% 1.28-3.60). 
Among other risk factors, the study found that maternal 
smoking (OR 1.37; CI 95% 1.05-1.98) and low parental 
education were important predictors of childhood 
overweight and obesity. In addition, schoolchildren were 

less likely to be obese if their parents had more than 12 
years of formal education 0.46 (CI 95% 0.26-0.83) to 
0.52 (CI 95% 0.36-0.74). This hints at the multifactorial 
nature of obesity as well as the need to increase scholarly 
understanding of the condition (25).

An Italian study with children aged 8 to 9 years 
found that only 1.4% of obese children had normal 
weight mothers, while 30.3% had obese mothers. 
Moreover, 4.0% of obese children had normal fathers, 
while 23.9% had obese fathers (26). A study from 
China with schoolchildren aged 7 to 18 years also 
found an association between student overweight and 
parental obesity (27). A recent study in Italian schools 
investigated the maternal risk factors, whether biological 
or environmental, that might contribute to the early 
onset of obesity in children aged 9 to 14 years. The 
prevalence of overweight and obesity in that study was 
high (27.2 and 14.1%, respectively), with boys more 
likely to be overweight/obese than girls (p < 0.05). 
According to the authors, breastfeeding was a protective 
factor (OR 0.64; p < 0.0005), but birth weight ≥ 4 
kg (OR 1.83; p < 0.05), having an overweight/obese 
mother (OR 2.33; p < 0.0001), having an obese father 
(OR 1.68; p < 0.0001) and having parents with low/
medium levels of education (OR 1.72; p < 0.005) were 
all risk factors for childhood obesity (28).

The results presented here did not suggest a 
relationship between student BMI and a parental history 
of heart attack, stroke or circulatory disease. However, 
a study performed with children and adolescents with 
a family history of coronary artery disease found that 
10.1% and 15.6% of subjects were overweight or obese, 
respectively (29). Another study conducted in children 
and adolescents with a family history of premature 
coronary artery disease (CAD) reported that 12.8% of 
children and adolescents exhibited a single risk factor 
for atherosclerosis. In addition, 14.6% had two risk 
factors, 12.8% had three risk factors and 0.9% had four 
risk factors associated with a family history of CAD (30). 

A cross-sectional study performed in the United States 
with children aged 5 to 12 years reported a correlation 
between parents’ perception of their children’s risk 
factors for cardiovascular disease and those children’s 
actual risks. In total, 15.4% percent of parents said that 
hypertension was a risk factor, while 11.2% said that 
heart disease was a risk factor. In addition, compared to 
the parents of normal weight children, more parents of 
obese children believed that their children had a high 
risk of obesity-related health problems (31). 
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These findings reinforce the need to include parents 
and children in screening programs for risk factors 
related to excess body weight (31). According to Lavie 
and cols., studies that evaluate the impact of weight loss 
on the control of cardiovascular disease are extremely 
important; these studies help with prevention and have 
a good cost-benefit ratio. It is clear that multipronged 
interventions can reduce the consequences of obesity, 
especially in the treatment of cardiovascular disease 
(32). The inflammatory profile in patients with obesity, 
atherosclerosis and cardiovascular disease is associated 
with variables such as visceral obesity, insulin resistance 
and dyslipidemia. Monitoring of these conditions 
may offer an alternative method for the control and 
treatment of obesity (33). 

According to Ortega and cols., maintaining good 
cardiorespiratory fitness is a satisfactory method for 
reversing the cardiovascular damage caused by obesity 
(34). In the same vein, one study that evaluated the 
effects of an intervention for fatty liver disease reported 
promising results. Thus, that study similarly reinforces 
the importance of interventions aimed at treating and 
preventing diseases in youth (35) Recent studies also 
indicate that incentives for regular physical activity act 
as a protective factor against cardiovascular disease 
risk, metabolic syndrome and altered blood pressure in 
schoolchildren (36).

This study has several limitations. Because this was 
a cross-sectional study, it is not possible to establish 
causal associations. In addition, the data on risk factors 
in parents and schoolchildren were obtained via self-
report, and this creates the possibility for response bias. 
On the other hand, a strength of this study was its large 
sample size, which helps ensure the representativeness 
of the sample. Moreover, all statistical analyses included 
relevant control variables, reducing the possibility that 
the reported results overestimate the true population 
parameters.

In conclusion, the results of this study indicate 
that there is a relationship between overweight/
obesity in schoolchildren and CVR factors in parents. 
Schoolchildren who are overweight or obese are more 
likely to have a hypertensive father and obese parents.
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ABSTRACT
Objective: To investigate the associations among visceral adiposity index (VAI), lipid accumulation 
product (LAP), body fat percentage (%), and android/gynoid ratio (A/G ratio) in women with polycystic 
ovary syndrome (PCOS) and verify if the parameters representative of visceral obesity correlate with 
and exhibit the same frequency as body composition variables; anthropometric indices; and metabolic, 
hormonal, and inflammatory parameters. Subjects and methods: This was a cross-sectional study 
that included 94 women with PCOS. Hormonal, metabolic, and inflammatory parameters were 
analyzed in all women. Free androgen index (FAI) and homeostasis model assessment (HOMA-IR), 
as well as LAP, VAI, and anthropometric indices, were calculated. The regions of interest (ROIs) in 
body composition and body composition indices were evaluated using a dual X-ray absorptiometry 
(DXA). Overall, 32 variables were selected as markers of body fat distribution. Results: Among the 32 
markers evaluated, 29 correlated with LAP, whereas 25 correlated with VAI, 19 with body fat (%), and 
30 with A/G ratio. Additionally, some markers correlated with the four adiposity indices evaluated: 
ROIs, except for total mass and leg fat (%); body composition (body mass index, waist circumference, 
and hip circumference) indices; fasting insulin; and C-reactive protein. Conclusion: LAP and VAI may 
be sensitive measures for screening and preventing metabolic syndrome and insulin resistance in 
PCOS, with LAP being more sensitive than VAI, and the A/G ratio may be more sensitive than body 
fat percentage. Arch Endocrinol Metab. 2019;63(4):417-26
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INTRODUCTION

Polycystic ovary syndrome (PCOS) is an endocrine 
disorder affecting approximately 5-16% of women 

in reproductive age and is characterized by at least 
two of the following conditions: hyperandrogenism 
(clinical or biochemical), irregular menstrual cycle, and 
presence of ovarian cysts (1,2). PCOS directly affects 
body composition and anthropometric indices, as well 
as endocrine, metabolic, and cardiovascular system 
parameters (1-5). Central obesity is also a prevalent 
characteristic because of hyperandrogenism and 
insulin resistance (IR), which act in vicious feedback 
mechanisms (6,7). However, abdominal fat may go 
undetected in women of normal weight who exhibit an 
apparently lean PCOS (6,7), predisposing them to risk 
factors for chronic diseases, such as metabolic syndrome 
and arterial hypertension (1,4-5). The prevalence of 
metabolic syndrome among individuals with PCOS is 
12.6%, which is almost seven times higher than that 
in healthy women with a higher body mass index 
(BMI) (8). The prevalence of IR (14.2% vs. 9.3%) (8) 
and non-alcoholic fatty hepatitis are also higher (23.8% 
vs. 3.3%) (9).

Different methods are utilized to evaluate body 
fat distribution for the screening of cardiometabolic 
risk. Dual X-ray absorptiometry (DXA) has been 
considered as a reference standard (10), whereas 
anthropometric methods and biochemical examinations 
in the lipidogram area are considered the cheapest and 
simplest standards (1,3,11). Recently, mathematically 
determined indices, such as visceral adiposity index 
(VAI) and lipid accumulation product (LAP), have 
been deemed effective (12-14). These methods are 
considered more economical and practical options, as 
they present formulas, anthropometric indices, and 
biochemical measures that allow clinical practice and 
research to investigate better tracking and prevention 
(13-15).

This study aimed to investigate the associations 
among VAI, LAP, total body fat percentage, and the 
A/G ratio and to verify if visceral obesity parameters 
correlate and with the same frequency as variables 
of body composition, anthropometric indices, and 
metabolic, hormonal, and inflammatory parameters.

SUBJECTS AND METHODS

This study was approved by the Institutional Review 
Board of the University Hospital, Ribeirao Preto 

Medical School, University of Sao Paulo (Protocol 
number nº 9640/2014), and all participants provided 
written informed consent. The authors confirm that 
all ongoing and related trials for this intervention 
were registered in the Brazilian Clinical Trials Registry 
(ReBec; RBR-78qtwy) and International Controlled 
Randomized Controlled Trial (ISRCT) Registry 
10416750.

Subjects

A total of 110 consecutive women, aged 18-39 years, 
with PCOS and BMI of 18-39.9 kg/m² and who were 
not engaged in regular and systematic physical exercise, 
were recruited. Women were selected regardless of 
race, parity, or social class. PCOS diagnosis was made 
according to Consenso de Rotterdam (1). Participants 
were selected at the Outpatient Clinic of the Human 
Reproduction Sector, Department of Gynecology and 
Obstetrics at the Faculty of Medicine of Ribeirão Preto 
(DGO/HCFMRP; University of São Paulo, Ribeirão 
Preto, São Paulo, Brazil). Exclusion criteria included 
the presence of systemic diseases, use of medications 
that interfere with the hypothalamic-pituitary-ovarian 
axis, pregnancy, smoking, musculoskeletal disorders, 
hypothyroidism, hyperprolactinemia, Cushing’s 
syndrome, and congenital adrenal hyperplasia. 
Participants received transvaginal pelvic ultrasound 
examinations using the Voluson E8 Expert machine 
(GE HealthCare, Zipf, Austria) to evaluate the 
presence of polycystic ovaries. To diagnose PCOS, 
peripheral blood samples were collected and thyroid-
stimulating hormone (TSH), 17-hydroxyprogesterone 
(17-OHP), prolactin, and testosterone concentrations 
were measured.

Blood dosages

In the present study, 20.0 mL of whole blood was 
collected until the eighth day of the menstrual cycle 
(early follicular phase) or any day when the participant 
experienced amenorrhea. Endocrine assessments 
were performed by measuring serum testosterone 
and androstenedione levels using chemiluminescence 
(Immulite 1000, Siemens). Luteinizing hormone 
(LH), follicle-stimulating hormone (FSH), estradiol 
(E2), TSH, 17-OHP, prolactin (PRL), sex hormone-
binding globulin (SHBG), homocysteine, and 
C-reactive protein levels and glucose metabolism 
were assessed by measuring fasting insulin levels using 
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chemiluminescence (Immulite 2000, Siemens). Fasting 
glycemia was determined using the oxidase method. 
Total cholesterol (TC), high-density lipoprotein 
(HDL) cholesterol, low-density lipoprotein (LDL) 
cholesterol, and triglyceride (TG) levels were assessed 
using the enzymatic method. FAI was calculated using 
the following formula: total testosterone (nmol/L)/
SHBG (nmol/L) × 100. Total testosterone was 
calculated by multiplying the value obtained (in ng/dL) 
with the conversion factor 0.0347 (16). To detect IR, 
the index given by the homeostatic model assessment 
(HOMA-IR) was calculated using the following 
equation: [(fasting glycemia in mg/dL × 0.05551) × 
fasting insulin in μU/mL]/22.5 (17).

Visceral adiposity index and lipid accumulation 
product 

VAI was measured using the formula [waist circumference 
(WC, cm)/36.58 + (1.89 × BMI) × (TG/0.81) × 
(1.52/HDL) (13). Similarly, LAP was calculated using 
the formula [{WC (cm) - 58} × TG (nmol/L)] (14).

DXA measurements

Body composition was assessed using DXA scanning 
(Hologic 4500 device QDR Discovery® Series – 
Waltham: MA, USA), with a full-body scan. Analysis 
was performed  using the 5 Discovery Wi model 
software (version 13.0). The two ROIs from the scan 
used in this analysis were the total mass (mass of fat 
(g) plus lean mass, including bone mineral content (g) 
and fat percentage (fat mass/total mass × 100), which 
included the mass of the head, arms, legs, trunk, body, 
and the android and gynoid regions. Arm and leg fat 
was defined as the sum of fat percentage in two arms 
and both legs, divided by two. The following indices 
were calculated according to fat distribution: A/G 
ratio, fat mass/height2 (kg/m2), and percentage of 
fat in the trunk/percentage of fat in the legs (% fat 
trunk/% fat legs) (18). 

Anthropometry

Body weight and height (alt) were evaluated using a 
Filizola Brasil platform scale with 0.1-kg and 0.5-cm 
precision. WC was measured with the individual 
standing with arms at the side of the body, feet together, 
and relaxed abdomen; a horizontal measurement was 
obtained on the narrower part of the dorsum (above 
the navel and below the xiphoid process). The hip 

circumference (HC) was measured from the same 
position in the region with the largest circumference 
of the buttock (15). The waist-hip ratio (WHR) was 
calculated by dividing WC (cm) by HC (cm) (15). BMI 
(in kg/m2) was calculated by dividing the body weight 
by the square of height. Measurements were made 
using a tape anthropometric metal of Sanny brand, and 
IMC was defined as weight (kg)/height2.

Statistical analyses

Statistical analyses were performed using Sigma Stat 
software (version 11.0) (Systat Software Inc., San 
Jose, CA, USA). The Shapiro-Wilk test was performed 
to evaluate the normal distribution of variables. The 
between-group comparisons, with different BMI 
measurements (normal (n = 28), overweight (n = 28), 
and obesity (n = 38), were investigated using a one-
way analysis of variance test followed by the post hoc 
Student-Newman-Keuls multiple comparison test. The 
results were expressed as mean ± standard deviation. 
Correlation analysis was performed using the Pearson 
correlation and linear regression for parametric 
variables and Spearman’s rank-order correlation for 
non-parametric variables. R-values were obtained 
and correlations were analyzed using the following 
specifications: 0-0.19, very low correlation; 0.20.39, 
low; 0.4-0.59, moderate; 0.6-0.79, high; 0.8-0.99, 
very high; and 1.0, perfect correlation (19). P-values   of 
< 0.05 were considered statistically significant.

RESULTS

Sixteen participants were excluded because they 
had not been diagnosed with PCOS. Therefore, 94 
participants were investigated and classified according 
to BMI as follows: 28 with normal weight (18.0-24.9 
kg/m2), 28 overweight (25.0-29.9 kg/m2), and 38 
obese (>30.0 kg/m2). The age (normal BMI, 27.0 ± 
5.18 years; overweight, 28.0 ± 5.10 years; obese 29.9 
± 5.18 years) and height (normal BMI, 1.62 ± 0.06 
meters; overweight, 1.62 ± 0.06 meters; obese, 1.62 ± 
0.08 meters) were similar between groups. 

The endocrine, metabolic, and inflammatory 
characteristics are summarized in Table 1. SHBG levels 
were significantly higher among the normal group, 
in relation to the overweight group (p = 0.028) and 
lower triglycerides (p = 0.044), fasting insulin levels  
(p = 0.005), and HOMA and FAI scores (p = 0.005, 
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both) were observed when comparing these groups. 
When comparing the normal and obese groups, 
differences in the mean SHBG and HDL levels were 
significant, which were lower in the obese group (p < 
0.001 and p = 0.007, respectively). Additionally, fasting 
insulin levels and HOMA-IR scores were higher in the 
obese group (p < 0.001, both), and this group also 
presented lower 17-OHP values than the overweight 
(0.016) and normal (0.001) groups.

As shown in Table 2, LAP values were higher in the 
overweight and obese groups that those in the normal 
group (p = 0.003 and p < 0.001, respectively), and 
the obese group exhibited higher LAP values than the 
overweight group (p = 0.003). Moreover, the VAI was 
higher in both overweight and obese groups (p = 0.027 

and p < 0.001, respectively). When analyzing the ROIs 
according to BMI (Table 2), the arm total mass, trunk 
total mass, leg total mass, body total mass (p < 0.001, 
all), arm total mass (p = 0.043), trunk fat (%), and body 
fat (%) (p = 0.01, both), as well as fat mass/height2  
(p < 0.001) and A/G ratio (p = 0.046) were progressively 
increasing from the normal group to the overweight 
group. When comparing the normal and obese groups, 
significant differences were detected in the arm total 
mass, trunk total mass, trunk fat (%), leg total mass, 
body total mass, body fat (%) (p < 0.001, all), and arm 
total mass (p = 0.003), as well as in fat mass/height2, 
A/G ratio, and % fat trunk/% fat legs (p < 0.001, all).

Among the 32 markers evaluated, LAP values 
correlated with 25, whereas VAI correlated with 23 
markers. Conversely, total body fat correlated with 16 
markers, whereas the A/G ratio correlated with 26.Table 1. Hormonal, metabolic and inflammatory parameters according to 

the body mass index (normal, overweight, obesity)

Normal  
(n = 28)

Overweight  
(n = 28)

Obesity  
(n = 28)

Media (SD) Media (SD) Media (SD)

Sexual Hormones

PRL, ng/mL 16.6 (9.24) 14.32 (7.72) 12.07 (6.82)

17-OHP, ng/dL 119 54) 103 (65) 71 (40)**#

Testosterone, ng/dL 111 (52) 100 (52) 105 (49)

Androstenedione, ng/dL 81 (57) 78 (39) 76 (53)

SHBG, nmol/L 61 (33) 43 (25)* 39 (24)#

FAI 7.09 (4.01) 10(10.1)* 12.4 (8.9)#

E2, pg/mL 69 (60) 60 (44) 48 (19)

LH, uUI/mL 9.87 (8.79) 8.28 (4.70) 7.48 (4.22)

FSH, uIU/mL 5.76 (3.31) 5.08 (2.00) 5.36 (1.65)

Metabolic Parameters

TSH, uIU/mL 2.00 (1.05) 2.36 (1.18) 2.41 (1.30)

Total Cholesterol, mg/dL 175 (36) 181 (29) 189 (33)

Triglycerides, mg/dL 79 (32) 148 (169)* 134 (78)

HDL, mg/dL 52 (12) 48 (11)* 44 (9,0)#

LDL, mg/dL 109 (33) 107 (23) 118 (24)

Fasting Glycemia, mg/dL 81 (6) 85 (12) 84 (11)

Fasting Insulin, mg/dL 6.37 (6.23) 11.0 (6.77)* 13.5 (7.25)#

HOMA-IR 1.25 (1.14) 2.40 (1.70)* 2.91 (1.88)#

Inflammatory Parameters

Homocysteine, µmol/L 7.35 (1.98) 6.52 (2.12) 7.45 (2.08)

C-Reactive Protein, mg/dL 0.22 (0.29) 0.30 (0.25) 0.65 (0.45)

SD: Standard deviation; 17-OHP: 17-hydroxyprogesterone; PRL: prolactin; SHBG: sex hormone 
binding globulin; FAI: free testosterone index; estradiol: E2; TSH: thyroid stimulating hormone; 
17-OHP: 17-hydroxyprogesterone; PRL: prolactin; LH: luteinizing hormone; FSH: follicle 
stimulating hormone; HDL: high density lipoproteins; LDL: low density lipoproteins; HOMA-IR: 
homeostatic model assessment.

* p < 0.05 (normal BMI group vs overweight BMI group); ** p < 0.05 (group BMI overweight vs 
group BMI obesity); # p < 0.05 (group BMI normal vs group BMI obesity).

Table 2. Anthropometric indices, body composition and body composition 
indices, according to body mass index (normal, overweight, obesity)

Normal  
(n = 28)

Overweight  
(n = 28)

Obesity  
(n = 28)

Media (SD) Media (SD) Media (SD)

Anthropometric Index

BMI 22.6 (1.49) 27.2 (1.41)* 34.2 (2.62)**#

WC, cm 75 (5.2) 86 (6.0)* 100 (7.4)**#

HC, cm 93 (18.8) 104 (5.7)* 115 (6.8)**#

WHR 0.78 (0.05) 0.83 (0.06)* 0.87 (0.07)**#

Adiposity Index

VAI 2.73 (1.55) 5.45 (6.27)* 6.26 (4.45)#

LAP 14.4 (11.7) 39.8 (35.4)* 52.9 (36.8)**#

Body Composition

TM arm (g) 5292 (1238) 7376 (1118)* 8911 (2196)**#

MF arms (%) 42.6 (5.5) 44.9 (5.4) 48.6 (6.2)**#

TM trunk (g) 26473 (4089) 33560 (4074)* 43123 (5409)**#

TF trunk (%) 3.,9 (5.7) 40.0 (4.4)* 43.6 (4.6)**#

TM leg (g) 21362 (2852) 24623 (3287)* 31202 (5334)**#

MF leg (%) 42.2 (4.5) 43.3 (5.9) 44.9 (6.0)

TM body (g) 58630 (6186) 69203 (10475)* 89170 (12286)**#

TF body (%) 37.2 (3.84) 40.6 (4.26)* 43.6 (4.43)**#

Body Composition Index

TF trunk/leg 0.83 (0.14) 0.93 (0.11)* 0.98 (0.11)#

FM/height2 (kg/m2) 8.29 (1.18) 10.9(1.52)* 14.7 (1.99)**#

A/G ratio 0.87 (0.13) 0.97 (0.11)* 1.03 (0.09)**#

SD: standard deviation; %: percentage; A/G ratio: android/gynoid fat ratio; VAI: visceral adiposity 
index; LAP: lipid accumulation product; BMI: body mass index; cm: centimeters; WC: waist 
circumference; HC: hip circumference; WHR: hip waist ratio; TM: total mass; MF: mean fat; TF: 
total fat; g: gram; FM: fat mass; (kg/m2), Kilogram/square meter. * p < 0.05 (normal BMI group 
vs overweight BMI group); ** p < 0.05 (group BMI overweight vs group BMI obesity); # p < 0.05 
(group BMI normal vs group BMI obesity).
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Correlation between LAP, VAI, A/G ratio, and total 
body fat percentage

The correlations among LAP, VAI, percentage of total 
fat, and A/ G ratio are shown in Figure 1A. LAP was 
very highly correlated (p < 0.05) with VAI, moderately 
with A/G ratio, and weakly with body fat. In addition, 
VAI was positively, moderately correlated (p < 0.05) 
with the A/G ratio and a very weakly correlated with 
body fat; the A/G ratio was weakly correlated with 
body fat (Figure 1).

Correlation between adiposity indices, biochemical 
parameters, anthropometric indices, and body 
composition

In this study, VAI was weakly, negatively correlated with 
SHBG levels, but moderately, positively correlated with 
FAI scores in endocrine parameters. Furthermore, VAI 
was weakly, positively correlated with TC, LDL, fasting 
glycemia, fasting insulin levels, and HOMA-IR score. 
Conversely, VAI was very highly, positively correlated 
with TG levels, but moderately, negatively correlated 
with HDL level for the metabolic parameters, and 
weakly, positively correlated with the C-reactive protein 
level for the inflammatory parameters. (Table 3). 
Regarding the anthropometric indices, VAI was weakly, 
positively correlated with BMI and HC, and moderately, 
positively correlated with WC and WHR. Among the 
body composition and body composition indices, VAI 
showed a low correlation with total body mass, trunk 
total mass, body mass, arm fat (%), and trunk fat (%), 

as well as a moderate and positive correlation with fat 
mass/height2. VAI was weakly, positively correlated the 
% fat trunk/% leg fat ratio (Table 4).

LAP was moderately (negatively) correlated with 
SHBG levels and moderately (positively) correlated with 
FAI scores for endocrine parameters; this correlation 
was low and positive with TC, LDL, and fasting plasma 
glucose levels, and moderate and positive with fasting 
insulin level and HOMA-IR score. Furthermore, these 
values were positively and very highly correlated with 
TG levels and negatively and weakly correlated with 
HDL levels for the metabolic parameters, whereas a 
moderate, positive correlation was maintained with 
the C-reactive protein level in regard to inflammatory 
parameters (Table 3). In the anthropometric indices, 
LAP was positively correlated with HC, BMI, WC, and 
WHR, but moderately with HC and highly with BMI, 
WC, and WHR. Regarding body composition and body 
composition indices, LAP was weakly correlated with 
arm fat (%), moderately and positively associated with 
trunk fat (%) and total arm mass trunk, and positively 
and highly correlated with both fat mass/height2 and % 
fat trunk/% leg fat (Table 4).

In relation to the body fat, no correlations were 
observed in the endocrine parameters; however, a 
low, positive correlation was observed between the 
fasting insulin level and metabolic parameters, and a 
moderate, positive correlation with C-reactive protein 
level for inflammatory parameters (Table 3). In the 
anthropometric indices, body fat was moderately, 
positively correlated with WC and highly, positively 
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Figure 1. Correlation between visceral adiposity index (VAI), lipid accumulation product (LAP), total fat percentage, android/gynoid ratio.
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Table 3. Correlation of total fat percentage, android/gynoid fat ratio, visceral adiposity index (VAI) and lipid accumulation product (LAP) with sexual 
hormones, metabolic parameters and inflammatory parameters of women with Polycystic Ovarian Syndrome (N = 94)

Mean (SD)
Fat body (%) A/G Ratio VAI LAP

R p R p R p R p

Sexual Hormones

Testosterone, ng/dL 105 (51) - 0.142 0.172 - 0.028 0.782 0.017 0.868 - 0.001 0.974

Androstenedione, ng/dL 78 (50) -0.040 0.704 - 0.185 0.075 -0.135 0.193 - 0.160 0.123

SHBG, nmol/L 47 (28) -0.175 0.091 - 0.432* < 0.001 -0.313* < 0.001 - 0.484* < 0.001

FAI 10.4 (8.4) 0.052 0.616 0.226* < 0.001 0.228* 0.030 0.324* < 0.001

E2, pg/mL 58 (43) - 0.071 0.495 - 0.212* 0.040 -0.077 0.460 - 0.166 0.111

LH, uUI/mL 8.43 (6.08) - 0.039 0.706 - 0.019 0.852 -0.106 0.310 - 0.082 0.432

FSH, uIU/mL 5.40 (2.34) - 0.048 0.647 0.112 0.281 0.015 0.888 0.073 0.483

Metabolic Parameters

Total Cholesterol, mg/dL 182 (33) 0.188 0.070 0.361* < 0.001 0.306* < 0.001 0.385* < 0.001

Triglycerides, mg/dL 122 (109) 0.150 0.148 0.525* < 0.001 0.940* < 0.001 0.844* < 0.001

HDL, mg/dL 48 (11) 0.001 0.929 -0.273* < 0.001 - 0.533* < 0.001 - 0.353* < 0.001

LDL, mg/dL 112 (27) 0.189 0.068 0.355* < 0.001 0.229* 0.026 0.245* 0.020

Fasting Glycemia, mg/dL 83 (10) - 0.041 0.691 0.265* < 0.001 0.332* < 0.001 0.353* < 0.001

Fasting Insulin,mg/dL 10.66 (7.38) 0.249* 0.016 0.532* < 0.001 0.354* < 0.001 0.538* < 0.001

HOMA-IR 2.27 (1.76) 0.219* 0.034 0.540* < 0.001 0.390* < 0.001 0.558* < 0.001

Inflammatory Parameters

Homocisteyne, µmol/L 7.14 (2.08) 0.004 0.972 -0.173 0.096 -0.032 0.756 -0.026 0.0801

C-Reactive Protein, mg/dL 0.42 (0.40) 0.420* < 0.001 0.516* < 0.001 0.356* < 0.001 0.513* < 0.001

SD: deviation (SD); R: correlation index; SHBG: sex hormone binding globulin; FAI: free testosterone index; E2: estradiol; LH: luteinizing hormone; FSH: follicle stimulating hormone; HDL: high density 
lipoproteins; LDL: low density lipoproteins; HOMA-IR: homeostatic model assessment. * p < 0.05.

associated with BMI and HC. Regarding body 
composition and body composition indices, the body 
fat percentage was moderately correlated (P < 0.05) 
with the total arm mass and total body mass; positively, 
highly correlated with arm fat (%); positively, weakly 
associated with % fat trunk/% leg fat; and positively, 
highly correlated with fat mass/height2 (Table 4).

The A/G ratio was negatively, moderately correlated 
with SHBG level; moderately, positively correlated 
with FAI scores; and weakly, negatively associated 
with estradiol levels in the endocrine parameters. 
Furthermore, it was weakly, positively correlated with 
TC, LDL, and fasting glycemia levels, but moderately, 
positively correlated with TG, fasting insulin levels, 
and HOMA-IR score. The A/G ratio weakly, 
negatively associated with the HDL level in metabolic 
parameters, but moderately, positively correlated 
with the C-reactive protein level in the inflammatory 
parameters (Table 3). In the anthropometric indices, 
the A/G ratio was weakly, positively correlated with 
HC; moderately, positively correlated with BMI; and 

highly, positively associated with WC and WHR. In the 
body composition and body composition indices, the 
A/G ratio was weakly, positively correlated with arm 
fat (%) and leg total mass; positively, moderately related 
with trunk fat (%), total arm mass, trunk mass, and total 
body mass; very highly, positively correlated with fat 
mass/height2; and moderately, positively associated 
with % fat trunk/% leg fat (Table 4).

DISCUSSION

The main finding of this cross-sectional study was that 
the parameters representative of visceral obesity were 
significantly associated with each other and phenotypic 
characteristics of PCOS. In general, a cascade effect was 
noted in women with PCOS where increased central fat 
influences the increase in insulin resistance. Conversely, 
insulin resistance interferes hypeandrogenism, with a 
feed and feedback circuit (20-22). The increase in these 
clinical factors may directly interfere the inflammation 
that may be more pronounced in PCOS (22).
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Table 4. Correlation of total fat percentage, android/gynoid fat ratio, visceral adiposity index (VAI) and lipid accumulation product (LAP) with anthropometric 
indices and body composition of women with polycystic ovarian syndrome (N = 94)

Mean (SD)
Fat body (%) A/G ratio VAI LAP

R p R p R p R p

Anthropometric Index

BMI 28.7 (5.3) 0.646* < 0.001 0.558* < 0.001 0.396* < 0.001 0.711* < 0.001

WC, cm 88 (15) 0.561* < 0.001 0.600* < 0.001 0.482* < 0.001 0.789* < 0.001

HC, cm 106 (15) 0.694* < 0.001 0.317* < 0.001 0.233* 0.024 0.561* < 0.001

WHR 0.83 (0.07) 0.175* 0.092 0.637* < 0.001 0.546* <0.001 0.693* < 0.001

Body Composition

TM arm (g) 7376 (2235) 0.468* < 0.001 0.402* < 0.001 0.247* 0.016 0.539* < 0.001

MF arms (%) 46 (6) 0.815* < 0.001 0.261* 0.011 0.157 0.131 0.318* < 0.001

TM trunk (g) 35315 (8407) 0.534* < 0.001 0.534* < 0.001 0.390* < 0.001 0.707* < 0.001

TF trunk (%) 40 (6) 0.563* < 0.001 0.561* < 0.001 0.231* 0.025 0.459* < 0.001

TM leg (g) 26311 (5901) 0.573* < 0.001 0.237* 0.021 0.190 0.066 0.502* < 0.001

MF leg (%) 44 (6) 0.742* < 0.001 - 0.187* 0.070 -0.168 0.105 -0.023 0.826

TM body (g) 74125 (16300) 0.563* < 0.001 0.451* < 0.001 0.333* < 0.001 0.656* < 0.001

Body Composition Index

TF Trunk/Leg 0.92 (0.13) 0.253* 0.014 0.888* < 0.001 0.510* < 0.001 0.605* < 0.001

FM/weight2 (kg/m2) 12.06 (4.99) 0.794* < 0.001 0.530* < 0.001 0.369* < 0.001 0.662* < 0.001

SD: standard deviation; R: correlation index; %: percentage; A/G ratio: android/gynoid fat ratio; VAI: visceral adiposity index; LAP: lipid accumulation product; BMI: body mass index; %: percentage; 
cm: centimeters; WC: waist circumference; HC: hip circumference; WHR: hip waist ratio; TM: total mass; MF: mean fat; TF: total fat; g: gram; FM: fat mass; (kg/m2), kilogram/square meter. 
 * p < 0.05.

There is no known literature identifying if the indices 
evaluated are associated with underlying markers of 
abdominal obesity, metabolic and endocrine disorders, 
and body fat distribution in women with PCOS. In 
recent years, VAI and LAP have been reported to 
express cardiometabolic risk (13-14) and are viable 
indices in risk identification, including PCOS (13,23). 
VAI and LAP indices were evaluated in individuals with 
type II diabetes and PCOS and were associated with 
IR; therefore, they were accredited in measuring IR risk 
in the absence of metabolic syndrome characteristics 
(11,14,24,25). Another study illustrated that LAP  
≥ 34 and VAI ≥ 1.32 may be associated with metabolic 
syndrome, concomitant with PCOS (13). These indices 
are composed of markers such as TG, CC, and HDL 
that relate to each other and can present valuable 
information at low cost and accessibility (26).

In the present study, since the visceral fat may 
increase in non-obese women with PCOS (6-7), 
the participants were classified according to BMI. 
In accordance with the literature, increase in body 

composition variables and anthropometric indices was 
progressive with increased BMI (6,27). Fasting insulin 
levels and HOMA-IR score increased and SHBG 
levels decreased as BMI increased, possibly indicating 
impairment in the endocrine-metabolic parameters in 
PCOS as adiposity increases. This finding is similar to 
the results of the previous studies (28,29). LAP and 
VAI values increased as BMI increased. In standard 
operating procedures (SOPs), BMI-marked obesity is 
associated with increased risk of changes in LAP (over 
eight-fold) (28) and VAI levels are higher in overweight 
and obese subjects (29). 

In the present study, both VAI and LAP values were 
found to be positively associated with A/G ratio and that 
only LAP values were positively associated with body fat 
percentage. However, surrogate indices, both VAI and 
LAP, can accurately differentiate visceral adiposity and 
subcutaneous adiposity (30), particularly VAI values 
(31). In accordance with previous findings by Mario 
and cols., although both LAP and VAI were positively 
correlated with HOMA-IR, the LAP correlation 
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was higher than that of VAI. Another previous study 
indicated that both LAP and VAI are the best indices to 
predict IR in PCOS, as they both have a high sensitivity 
index (23). In addition, the A/G ratio was moderately, 
positively correlated with HOMA-IR scores. In 2016, 
Bouchi and cols. (32) suggested that the A/G ratio 
reflects peripheral insulin resistance because the A/G 
ratio was correlated with visceral fat accumulation 
measured using computed tomography (CT). Another 
important finding was the association of parameters 
representing visceral obesity with C-reactive protein 
levels, since obesity and IR contribute to the low-grade 
chronic inflammatory state in SOP (33). Although the 
correlation coefficients observed in this study were 
considered weak, the results align with other findings 
in women with PCOS (29) and individuals with type 
II diabetes (34).

Previous studies have also investigated the 
relationship between LAP and VAI with metabolic 
and hormonal parameters (23,35). Ramezani and 
cols. (36) reported that VAI and LAP was very highly, 
positively correlated with TG levels and moderately, 
negatively correlated with HDL, aligning with results 
of this study. Nonetheless, the findings in this study 
illustrate a weak, negative correlation of HDL with 
LAP values and the A/G ratio, as well as a moderate, 
positive correlation with TG levels. Conversely, Polyzos 
and cols. (35) reported that LAP was weakly, positively 
correlated with testosterone and fasting glycemia levels, 
moderately associated with FAI, and highly associated 
with HOMA-IR scores and fasting insulin levels. 
Further, a moderate, negative correlation was seen with 
SHBG levels, and Androulakis and cols. (37) reported a 
weak, positive correlation of VAI with fasting glycemia, 
FAI, estradiol, LDL and TC. In their study, a negative 
association was observed with SHBG levels and a 
moderate association was seen with fasting insulin levels 
and HOMA-IR scores. In the present study, FAI was 
weakly, positively correlated with A/G ratio, VAI, and 
LAP and negatively correlated with SHBG levels. These 
correlations are indicative of underlying conditions 
that increase the risk in women with PCOS, because 
increased free testosterone levels contribute to increased 
fasting insulin levels and liver fat resistance (6-7).

The correlations observed between LAP, VAI, and 
A/G ratio, as well as with metabolic, anthropometric, 
inflammatory, and hormonal predictors that interfere 
with different comorbidities suggest that LAP and VAI 
are integral in assessing body fat distribution (12,13). 

Evaluating the correlations of variables related to fat 
distribution and body composition indices, in addition 
to the anthropometric indices, indicated correlations 
with the percentage of total fat, A/G ratio, VAI, and 
LAP, which occurred in 12, 12, 11, and 12 cases, 
among the 13 cases, respectively. In addition, the 
percentage of total fat and LAP presented a greater 
number of moderate, high, and very high correlations, 
occurring in 11 of them, whereas correlations of 
this type only occurred in nine and three cases using 
A/G ratio and VAI, respectively. However, when 
correlations of the variables relating to fat distribution, 
body composition, and anthropometric indices were 
evaluated, these correlations occurred in 11 of 13 and 
12 of 13 markers with VAI and total fat percentage, 
respectively; and occurred with A/G ratio and LAP 
as well. In addition, the percentage of total fat and 
LAP presented 11 moderate, high, and very high 
type correlations, whereas correlations of this type 
only occurred in nine and three cases for A/G ratio 
and VAI, respectively. LAP had correlations with more 
variables related to body fat distribution and exhibited 
stronger correlations than those presented by VAI. 
This finding suggests that for this type of evaluation, 
LAP is more reliable than VAI. However, both are low-
cost, noninvasive, accessible, and predictive methods of 
metabolic alteration in women with PCOS (13,23,35).

In general, the body fat percentage, A/G ratio, VAI, 
and LAP are important measurements that correlate 
with several risk markers for chronic diseases and are 
generally altered in women with PCOS (2). In addition, 
the present results suggest that, for correlations 
involving endocrine-metabolic and inflammatory 
parameters, body fat percentage should be the last 
alternative among the four indices evaluated. When 
correlations involve the body fat distribution, body fat 
percentage and LAP are suggested to be chosen first. 

This study had some limitations. DXA, which 
was used to measure body composition and body fat 
distribution, and other imaging technologies, such as 
CT and magnetic resonance imaging (MRI), should be 
used to assess visceral adiposity, due to their accuracy 
(38). Although DXA cannot distinguish between intra-
abdominal and subcutaneous fat, research shows strong 
correlations between trunk fat mass measured with DXA 
and intra-abdominal fat measured with CT or MRI (39). 
In addition, although results indicate strong associations 
and influences among variables, causation cannot be 
implied. An inference from this study is inherent to a 
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cross-sectional study and due to the lack of the control 
group within the study. Therefore, prospective studies 
are still needed, with a control group and larger number 
of subjects, in attempt to exclude possible confounding 
factors and strengthen the results.

In conclusion, this study suggests that LAP and VAI 
are sensitive markers for screening and prevention of 
metabolic syndrome and IR in PCOS. In addition, LAP 
may be more sensitive than VAI in this identification, 
just as the A/G ratio may be more sensitive than body 
fat percentage. Therefore, this study has identified that 
these low-cost mathematical methods can aid in the 
medical routine.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Objective: Chronic kidney disease (CKD) risk is inconsistent in the normal-weight, overweight, and 
obese individuals due to the heterogeneity of metabolic status. This meta-analysis aimed to examine 
the combined effects of body mass index (BMI) and metabolic status on CKD risk. Materials and 
methods: The MEDLINE, EMBASE, and Web of Knowledge databases were systematically searched up 
to March 2019 to identify all eligible studies investigating the CKD risk (defined as GFR < 60 mL/min per 
1.73 m2 and/or microalbuminuria or proteinuria) associated with the body size phenotypes which are 
known as metabolically unhealthy normal-weight (MUNW), metabolically healthy overweight (MHOW), 
metabolically unhealthy overweight, metabolically healthy obese (MHO) and metabolically unhealthy 
obese (MUHO). The classification of subjects in included studies as metabolically unhealthy was based 
on the presence of three components of metabolic syndrome. BMI categorization was based on the 
criteria of included studies. The risk estimates and 95% confidence intervals (CIs) were extracted and 
pooled using random effects analysis. Results: A total of 9 prospective cohort studies with 128773 
participants and 4797 incident cases were included in the meta-analysis. Compared with healthy 
normal-weight individuals as reference, MUNW and MHO subjects showed an increased risk for CKD 
events with a pooled RR of 1.58 (95% CI = 1.28-1.96) in MUNW and 1.55 (95% CI = 1.34-1.79) in MHO 
persons. Also, MHOW was at increased risk for CKD (RR = 1.34, 95% CI = 1.20-1.51). MUHO individuals 
were at the highest risk for the development of CKD (RR = 2.13, 95% CI = 1.66-2.72). Conclusions: 
Individuals with metabolic abnormality, although at normal-weight, have an increased risk for CKD. 
Healthy overweight and obese individuals had higher risk; refuting the notion that metabolically 
healthy overweight and obese phenotypes are benign conditions. Arch Endocrinol Metab. 2019;63(4):427-37  
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INTRODUCTION

Chronic kidney disease (CKD), which nearly 
doubled as a cause of death around the 

world between 1990 and 2010 and was the 18th 
highest cause of death worldwide in 2010 (1), is a 
worldwide health problem with increasing incidence 

and prevalence, high costs and poor outcomes (2). 
Besides being a major risk factor for end-stage renal 
disease (ESRD), CKD is an important risk factor for 
cardiovascular disease (3) and increased mortality 
rates (4). Therefore, prevention and management of 
CKD by identifying and treating its risk factors are of 
critical urgency.
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One of the major risk factors for CKD is obesity 
(5) and obesity-related metabolic disorders such as 
diabetes, hypertension, and metabolic syndrome (6,7). 
Accumulating evidence has suggested that, initially, 
obesity causes renal vasodilation and glomerular 
hyperfiltration, which acts as a compensatory mechanism 
to maintain sodium balance despite increased tubular 
reabsorption. Subsequently, these compensations, 
along with increased arterial pressure and metabolic 
abnormalities, may eventually lead to glomerular 
injury and initiate a slowly developing vicious cycle 
that exacerbates hypertension and worsens renal 
injury (8). Nevertheless, the role of obesity in kidney 
insufficiency is controversial (9) and depend, in part, 
on the clustering of metabolic and cardiovascular risk 
factors (10). The glomerular filtration rate is dependent 
on the duration of the obesity, where a compensatory 
hyperfiltration occurs in the initial years to meet the 
heightened metabolic demands, and a decline in the 
glomerular filtration rate may occur in long-term, 
due to the increase in intraglomerular pressure (8). 
Most studies (11-15), but not all (16,17), have shown 
that obese subjects exhibit lower glomerular filtration 
rate (GFR). These discrepancies might be due to the 
heterogeneity of obesity phenotypes (18). During 1980 
to 2000, epidemiological studies demonstrated that 
not all obese subjects display a clustering of metabolic 
and cardiovascular risk factors, and, likewise, not all 
lean subjects present a healthy metabolic and disease-
free profile (19,20). Accordingly, recently attention was 
drawn to this concept and different body size phenotypes 
were defined (21) based on metabolic health status 
(22). Metabolically healthy obesity (MHO) is one of 
the most intriguing phenotypes in this regard, which 
its prevalence depending on the definitions used for 
obesity and metabolic health, varies from 6.0% to 38.4% 
in different populations[23]. Individuals with MHO 
display a favorable metabolic profile that is characterized 
by a high level of insulin sensitivity, favorable lipid 
profiles, a low incidence of hypertension, satisfactory fat 
distribution, and a low level of systemic inflammatory 
responses (23,24). Another body size phenotype, which 
is known as metabolically unhealthy and normal-weight 
(MUNW), include normal-weight individuals who 
based on standard weight tables are not obese (BMI < 
25 kg/m2), but express metabolic abnormalities like an 
increased levels of adiposity and insulin resistance and a 
higher susceptibility to type 2 diabetes and cardiovascular 
diseases (CVD) (25,26). Moreover, elderly people with 

MUNW phenotype exhibited a higher risk of all-cause 
and CVD mortality (26). 

Whether different phenotypes of obesity have 
different effects on the risk of CKD is still debatable. 
To date, observational studies have shown inconsistent 
effects of obesity phenotypes on the risk of developing 
CKD. A single study might have low statistical power 
due to small sample size and other limitations. Thus, the 
current meta-analysis was conducted to assess the relation 
of different phenotypes of body size to CKD risk.  

MATERIALS AND METHODS

Our meta-analysis was conducted according to the 
Meta-analysis of Observational Studies in Epidemiology 
(MOOSE) guidelines (27). 

Search strategy

We searched for all published observational studies that 
described the associations of different phenotypes of 
body size with the risk of CKD incident. A systematic 
literature search was performed using the MEDLINE, 
EMBASE, and Web Of Knowledge databases and was 
supplemented with the manual review of the reference 
list of obtained articles up to March, 2019. The 
following terms were used: ((((((((“Obesity”[Mesh] 
(28) OR “Body Mass Index”[Mesh]) OR body mass 
index[Title/Abstract]) OR obesity[Title/Abstract]) 
OR obese[Title/Abstract]) OR overweight[Title/
Abstract]) OR normal weight[Title/Abstract]) AND 
(metabolic[All Fields] OR metabolically[Title/
Abstract])) OR ((healthy[Title/Abstract] OR 
unhealthy[Title/Abstract]) OR benign[Title/
Abstract])) AND ((((((“Kidney Failure, Chronic”[Mesh] 
OR “Renal Insufficiency, Chronic”[Mesh]) OR chronic 
kidney disease[Title/Abstract]) OR CKD[Title/
Abstract]) OR chronic renal disease[Title/Abstract]) 
OR chronic kidney insufficiency[Title/Abstract]) OR 
chronic renal failure[Title/Abstract]). To find studies 
investigating the combined effect of BMI and metabolic 
status on the risk of CKD and remove irrelevant studies, 
a specific search strategy was applied. No language 
restriction was applied for searching and study inclusion. 

Eligible criteria

Studies were considered eligible for meta-analysis if they 
met the following criteria: the study had a prospective 
cohort design; the exposures were the metabolically 
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healthy and metabolically unhealthy phenotypes 
of body size and outcomes was incident of CKD; 
stratified subjects according to BMI categories; had one 
reference group in the normal-weight healthy range; 
reported hazard ratios (HRs), relative risks (RRs) or 
odds ratios (ORs) for incident of CKD; CKD incident 
diagnosis; and reported the criteria used for defining 
subject as metabolically healthy or metabolically 
unhealthy. Literature reviews, cross-sectional studies, 
case reports, republished data, and animal studies were 
excluded. The application of these criteria yielded 6 
studies eligible for the meta-analysis.  

Data extraction 

The following information was collected from each 
study: the author’s name, publication year, country of 
origin, study design, ethnicity, gender, mean or range 
of age, sample size, duration of the follow-up, numbers 
of CKD cases, definition of metabolically healthy and 
metabolically unhealthy phenotypes, confounding 
factors that were adjusted for in the multivariable 
analysis, and hazard ratios (HRs), relative risks (RRs) or 
odds ratios (ORs) with 95% confidence intervals (CIs). 
Data were extracted independently by two investigators, 
and the disagreements during the data extraction were 
resolved by discussion among all reviewers. CKD 
diagnosis as outcome was based on GFR < 60 mL/min 
per 1.73 m2 and/or microalbuminuria or proteinuria 
during at least 3 months of follow-up. The classification 
of subjects in included studies as metabolically unhealthy 
was based on the presence of at least three components 
of metabolic syndrome. BMI categorization was based 
on the criteria of included studies

Quality assessment

The quality of the studies was independently assessed 
by the same two reviewers and any disagreement was 
resolved by discussion between the two investigators. 
The Newcastle–Ottawa Scale (NOS) was applied to 
assess the quality of included studies (29). This quality 
assessment tool judges studies on the basis of a star 
system, ranging from 0 to 9 stars and includes the 
areas of selection, comparability, and outcome. Reports 
scoring 6 to 9 were classified as high quality. 

Categorization of different phenotypes of obesity 

The classification of subjects in included studies as 
metabolically unhealthy was based on the presence of at 

least 3 components of metabolic syndrome by criteria 
from the National Cholesterol Education Program’s 
Adult Treatment Panel III (fasting triglyceride level 
≥ 1.69 mmol/L (150 mg/dL); HDL-C < 1.04 
mmol/L (40 mg/dL) in men or < 1.29 mmol/L 
(50 mg/dL) in women or lipid-lowering medication 
use; fasting glucose level ≥ 5.6 mmol/L (100 mg/dL) 
or antidiabetic medication use; systolic blood pressure 
130 mmHg, diastolic blood pressure 85 mmHg, or use 
of antihypertensive medication; waist circumference 
> 88 cm for women and > 102 cm for men) (30) or 
International Diabetes Federation (HDL cholesterol 
level < 1.04 mmol/L [< 40 mg/dL] in men or < 
1.29 mmol/L [< 50 mg/dL] in women; fasting 
triglyceride level < 1.69 mmol/L [≥ 150 mg/dL]; 
fasting glucose level ≥ 5.6 mmol/L [≥ 100 mg/dL] 
or glucose lowering medication; systolic blood pressure 
≥ 130 mmHg, diastolic blood pressure ≥ 85 mmHg, 
antihypertensive medication, or history of hypertension; 
and waist circumference ≥ 94 cm in men or ≥ 80 cm 
in women) (31). The subjects of the included original 
studies were stratified into normal-weight, overweight, 
and obese categories and with or without metabolic 
syndrome to describe different phenotypes of body 
size as the following: metabolically healthy with 
normal-weight (MHNW), metabolically unhealthy 
with normal-weight (MUNW), metabolically healthy 
with overweight (MHOW), metabolically unhealthy 
with overweight (MUHOW), metabolically healthy 
with obesity (MHO), and metabolically unhealthy with 
obesity (MUHO). 

Statistical analysis

Pooled relative risk with 95% CI was calculated for 
CKD events as outcomes for the MUNW, MHOW, 
MUHOW, MHO, and MUHO phenotypes using 
the number of events in individuals with MHNW 
phenotype as the control group. RRs were combined 
based on Mantel-Haenszel method. Heterogeneity 
among the studies was evaluated by the I2 statistics 
[I2 = (Q-df)/Q × 100%; I2 < 25%, no heterogeneity; 
I2 = 25-50%, moderate heterogeneity; I2 = 50-75%, 
large heterogeneity, I2 > 75%, extreme heterogeneity] 
(32). The heterogeneity was considered significant if 
I2 > 50% (p < 0.1). All analyses were performed using 
the random-effects model (33,34). Visual inspection of 
asymmetry in funnel plots, and Egger’s (35) and Begg’s 
test (36) were used to evaluate small-study bias (p < 0.05 
was considered as statistical significance). All statistical 
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tests for current the meta-analysis were performed 
with STATA (version 14.0; Stata Corporation, College 
Station, TX). 

RESULTS

Study characteristics  

A total of 349 studies were identified by the literature 
search which one of them was identified through 
crosscheck of references (37). The flow diagram 
describing the process of screening and excluding 
studies with specific reasons is presented in Figure 1. Of 
the excluded studies, 127 were duplicate publications; 
177 had irrelevant exposure or outcome; 23 did not 
divide subjects according to BMI categories and 
metabolic health status; 4 were review studies; 1 did 
not use MHNW participants as control group; 1 was 
a study with overlapped subjects, and 7 were cross-
sectional reports. The primary eligibility process yielded 
8 studies (28,38-44) and crosscheck of the references 
of reviews and included studies, and other databases 
search yielded 1 additional study (37). Finally, a total 

of 9 studies, comprising 128773 participants and 
4797 incident cases, were included in the quantitative 
meta-analysis based on the inclusion criteria for CKD 
risk related to the different phenotypes of body size. 
Of these, four were from South Korea (28,37,38,42), 
one was from Iran (39), two were from China (40,43), 
one in USA (44) and one was from Japan (41). The 
sample size of the included studies varied from 1881 to 
62249 participants and the follow-up duration ranged 
from 3.2 to 14 years. Three studies (37,39,42) had 
estimated GFR by the Modification of Diet in Renal 
Disease (MDRD) Study equation, one study by the 
Chronic Kidney Disease Epidemiology Collaboration 
(CKD-EPI) equation (38), one study by the Japanese 
Society of Nephrology equation (41), and one study by 
a modified Chinese equation (40). In the assessment 
of metabolic abnormality, the classification of subjects 
in these studies as metabolically unhealthy was based 
on the presence of metabolic syndrome (28,38,40-44), 
and by the presence of metabolic syndrome combined 
with insulin resistance (37,39). The definition of 
metabolic syndrome was also based on criteria by 
the National Cholesterol Education Program’s Adult 
Treatment Panel (NCEP ATPIII) and International 
Diabetes Federation (IDF) criteria. The results of the 
included studies were adjusted for the most potential 
confounders, including age, sex, physical inactivity, and 
smoking status. Furthermore, the reference category 
was a MHNW group in all studies; however, specific 
cut-offs were varied. In accordance with the NOS 
quality assessment scale, all studies achieved at least 
7 stars, showing overall good quality. Table 1 shows 
detailed information about the studies included in the 
meta-analysis.  

Metabolically unhealthy normal-weight (MUNW) 
phenotype and CKD risk

There were 8 prospective studies (38-44), with a total of 
2607 cases and 59860 participants concerning MUNW 
phenotype and CKD risk. The result of the pooled RR 
is presented in Supplemental file 1 and Table 2. When 
all eligible studies were pooled, the analysis revealed 
that the MUNW phenotype was associated with a 58% 
increased risk of CKD, compared with the MHNW 
phenotype (RR = 1.58, 95%CI = 1.28-1.96), and 
a significant variability was observed (I2 = 45.4%,  
P = 0.077). There was no evidence for small-study bias 
on the basis of the Egger’s regression test (t = -0.01,  
p = 0.994) (Table 2). 

Figure 1. Outline of the systematic study selection process for the meta-
analysis.

348 records identified through 
database searching 

1 additional records identified through other 
sources and crosscheck of references 

177 records excluded due 
to irrelevant exposure or 

outcome based upon 
abstract screening 

222 records after duplicates removed 

222 records screened 

45 full-text articles assessed for eligibility 

9 prospective cohort studies were included in the quantitative syuthesis 

Records excluded (n = 36) 
Did not divide participants 
based on BMI categories and 
metabolic health status (23) 
Cross-sectional studies (7) 
Reviews (4) 
Did not use normal weight 
subgroup as control group (1) 
Studies with overlapped 
subjects (1) 
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Table 1. Characteristics of studies included in the meta-analysis 

Study Country Duration 
of 

follow-up

Mean 
age (% 
male)

Sample size 
and incident 

cases (Ntotal/
NCKD)

Metabolic health 
criteria

Definition 
of BMI 

categories 
(kg/m2)

CKD criteria
(Equation)

Adjusted variables 
in analyses

Quality
(/9)

Jung and 
cols., 
2015 (38) 

South 
Korea

3.2 years 47.9 
(60% 
male)

Total 
(41194/356)

MHNW 
(20329/86)

MUNW (4835/56)

MHO (8587/89)

MUHO (7443/ 
125)

Metabolic 
syndrome: ≤ 1 of 
the ATP III criteria: 
(1) a systolic BP ≥ 
130 mmHg and/or 
a diastolic BP ≥ 85 
mmHg, or on 
antihypertensive 
treatment; (2) TG ≥ 
1.7 mmol/l; (3) FPG 
≥ 5.6 mmol/l or on 
antidiabetic 
treatment; and (4) 
HDL-C < 1.0 
mmol/l in men and 
< 1.3 mmol/l in 
women. 

Normal-
weight < 25

Obese ≥ 25

GFR < 60 

(CKD-EPI) 

Age, sex, baseline 
GFR, history of 
cardiovascular 
disease, drinking, 
smoking, and exercise 
habits, alanine 
aminotransferase 
(ALT), 
γ-glutamyltransferase 
(GGT), LDL-C, uric 
acid, and hs-CRP 

9

Mottaghi 
and cols., 
2015 (39)

Iran 9.4 years 40.3 
(45.2% 
male)

Total 
(5672/1162)

MHNW 
(1817/246)

MUNW (202/70)

MHOW 
(1603/314)

MUHOW (786/ 
212)

MHO (500/116)

MUHO (764/204)

1) Metabolic 
syndrome: ≤ 2 of 
the ATP III criteria: 
(1) FBG ≥ 100 mg/
dl or medication 
use for treatment of 
impaired fasting 
glucose; (2) TG ≥ 
150 mg/dl or 
medication use; (3) 
HDL-C < 40 mg/dl 
for men and <50 
for women or 
medication use; (4) 
BP ≥ 135/85 
mmHg or 
medication use and 
(5) WC ≥ 95 cm for 
both sexes.

2) having diabetes

Normal-
weight < 25 
Overweight 
25-29.9 
Obese ≥ 30

GFR < 60

(MDRD)

Age, sex, smoking, 
hypertension , waist 
circumference

9

Cao and 
cols., 
2015 (40)

China 5 years 46.5 
(36.7% 
male)

Total (6852/740)

MHNW 
(3632/248)

MUNW (232/16)

MHOW 
(1852/248)

MUHOW (656/ 
104)

MHO (204/56)

MUHO(276/68)

Metabolic 
syndrome: ≤ 2 of 
the ATP III criteria: 
1) WC: ≥ 90 cm 
(males) or ≥ 80 cm 
(females); 2) 
elevated TG: ≥ 1.69 
mmol/l or the use of 
lipid medications; 3) 
elevated BP: systolic 
BP ≥ 130 mmHg, or 
diastolic BP ≥ 85 
mmHg, or the use of 
antihypertensive 
medications; 4) 
elevated FPG: ≥ 5.6 
mmol/l or the use of 
diabetes 
medications; 5) 
reduced HDL-c: < 
1.04 mmol/l (male) 
or < 1.29 mmol/l 
(female)

Normal-
weight < 24 
Overweight 
24-27.9

Obese ≥ 28

GFR < 60

(modified Chinese 
equation) or 
proteinuria > 30 
mg/dL

age, sex, smoking, 
plasma low-density 
lipoprotein cholesterol 
level, medication use, 
and physical inactivity

8
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Study Country Duration 
of 

follow-up

Mean 
age (% 
male)

Sample size 
and incident 

cases (Ntotal/
NCKD)

Metabolic health 
criteria

Definition 
of BMI 

categories 
(kg/m2)

CKD criteria
(Equation)

Adjusted variables 
in analyses

Quality
(/9)

Hashimoto 
and cols., 
2015 (41)

Japan 8 years 46.58 
(58% 
male)

Total (3136/123)

MHNW (2122/56)

MUNW (445/30)

MHO (302/8)

MUHO (267/ 29)

Metabolic 
syndrome: ≤ 1 of 
the International 
Diabetes 
Federation. criteria: 
1) impaired fasting 
glucose or diabetes 
(FPG ≥ 100 mg/dl 
or who were under 
medical  
treatment), 2) 
hypertension 
(systolic BP ≥ 130 
mmHg and/or a 
diastolic BP ≥ 85 
mmHg or  
who were under 
medical  
treatment), 3) 
hypertriglyceridemia 
(TG ≥ 150 mg/dl or 
treatment of 
hyperlipidemia),  
and 4) low HDL 
cholesterol 
concentration  
HDL < 40 mg/dl in 
men and  
< 50 mg/dl in 
women) 

Normal-
weight < 25

Obese ≥ 25

GFR < 60

(Japanese Society 
of Nephrology 
equation)

Age, sex, smoking 
status and alcohol 
use, creatinine, uric 
acid, systolic blood 
pressure, HDL 
cholesterol, and 
impaired fasting 
glucose or diabetes.

9

Song and 
cols., 
2015 (42)

South 
Korea

3.7 years 44.1 
(37% 
male)

Total (1881/62) metabolic 
syndrome: ≤ 2 of 
the following 
criteria: WC ≥ 90 
cm for men and ≥ 
85 cm for women; 
BP ≥ 130/85 
mmHg or  
history of 
hypertension; FPG 
≥ 5.6 mmol/L  
(100 mg/dL); HDL 
< 1.03 mmol/L 
(40 mg/dL) for men 
or 1.29 mmol/L (50 
mg/dL) for  
women; and TG ≥ 
1.7 mmol/L  
(150 mg/dL) 

Normal-
weight < 25

Obese ≥ 25

GFR < 60

(MDRD)

sex, alcohol use, 
smoking amount, and 
physical activity at 
baseline

7

Chang 
and cols., 
2016 (37)

South 
Korea

5 years 36.1 
(50.5% 
male)

Total 
(62249/906)

MHNW 
(36490/456)

MHOW 
(13149/232)

MHO (8149/177)

Metabolic 
syndrome and 
insulin  
sensitivity: 
Metabolic  
health was  
defined as a 
HOMA-IR < 2.5 
and the absence of 
any component  
of the metabolic 
syndrome.

Normal-
weight < 23

Overweight 
23-24.9

Obese ≥ 25 

GFR < 60

(MDRD)

age, sex, study center, 
year of screening 
examination, smoking 
status, alcohol intake, 
and physical activity at 
baseline

7
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Study Country Duration 
of 

follow-up

Mean 
age (% 
male)

Sample size 
and incident 

cases (Ntotal/
NCKD)

Metabolic health 
criteria

Definition 
of BMI 

categories 
(kg/m2)

CKD criteria
(Equation)

Adjusted variables 
in analyses

Quality
(/9)

Lin and 
cols., 
2017

(43)

China 3.9 years 59.5 
(38.8% 
male

Total (2491/243)

MHNW (758/34)

MUNW (485/57)

MHO (441/37)

MUHO (807/ 115)

Metabolic 
syndrome: ≤ 2 of 
the ATP III criteria

Normal-
weight < 25

Obese ≥ 25

GFR < 60

Or urinary 
albumin-to 
creatinine ratio ≥ 
30 mg/g

age and sex, baseline 
estimated glomerular 
filtration rate, history 
of cardiovascular 
disease, drinking, 
smoking and exercise 
habits, education 
levels, and 
occupation, alanine 
aminotransferase, 
cglutamyltransferase, 
uric acid, and 
homeostasis model 
assessment of insulin 
resistance, 
high-sensitivity 
C-reactive protein.

8

Nam and 
cols., 
2018

(28)

Korea 9.3 years 51.9 
(47.9% 
male

Total (3249/782)

MHNW (1568/77)

MUNW (478/85)

MHO (384/39)

MUHO (819/ 156)

Metabolic 
syndrome: ≤ 2 of 
the ATP III criteria

Normal-
weight < 25

Obese ≥ 25

GFR < 60 mL age, sex, residence, 
history of 
cardiovascular 
disease, smoking 
status, alcohol intake, 
and new development 
of malignancy and 
cardiovascular 
disease during 
follow-up period, ALT, 
GGT, HOMA-IR, 
albumin, CRP, and 
proteinuria

9

Echouffo-
Tcheugui 
and cols., 
2019

(44)

USA 14 years 44.7 
(47.9% 
male

Total (2049/423)

MHNW (848/129)

MUNW (162/22)

MHO (608/145)

MUHO (431/ 127)

Metabolic 
syndrome: ≤ 2 of 
the ATP III criteria

Non-obese 
< 30

Obese ≥ 30

GFR < 60 mL 
and/or 
microalbuminuria

age, sex, current 
smoking

9

MHNW:  metabolically healthy normal weight; MUNW: metabolically unhealthy normal weight; MHOW: metabolically healthy overweight; MUHOW: metabolically unhealthy overweight, MHO: 
metabolically healthy obese; MUHO: metabolically unhealthy obese GFR: glomerular filtration rate; HOMA-IR: homeostatic model assessment of insulin resistance; LDL-C: low-density lipoprotein 
cholesterol; hs-CRP: high-sensitivity C-reactive protein; WC: waist circumference; ALT: alanine aminotransferase; GGT: gamma-glutamyltransferase; TG: triglyceride; HDL: high-density lipoprotein; 
FPG: fasting blood glucose; BP: blood pressure; ATP III: Adult Treatment Panel III; CKD-EPI: Chronic Kidney Disease Epidemiology Collaboration equation; MDRD: Modification of Diet in Renal Disease 
Study equation.

Table 2. Meta-analysis for the risk of chronic kidney disease among different phenotypes of body size compared to metabolically healthy normal weight 
phenotype Metabolically healthy overweight (RR = 1.34, 95% CI = 1.20-1.51) was at increased risk for CKD. 

Subgroup NO of studies publication bias

Test of association Test of heterogeneity Egger’s

OR 95%C I2 (%) P t P

MUNW 8 1.58 1.28-1.96 45.4 0.07 -0.01 0.994

MHOW 3 1.34 1.20-1.51 0.0 0.70 -0.38 0.767

MUHOW 2 1.53 0.95-2.48 69.5 0.07 -0.28- 0.652

MHO 9 1.55 1.34-1.79 32.1 0.16 0.14- 0.896

MUHO 8 MUHO 1.66-2.72 68.4 0.002 1.38 0.216

MUNW: metabolically unhealthy normal weight; MHOW: metabolically healthy overweight; MUHOW: metabolically unhealthy overweight, MHO: metabolically healthy obese; MUHO: metabolically 
unhealthy obese.
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Metabolically healthy overweight and metabolically 
unhealthy overweight phenotypes  
and CKD risk 

There were 3 prospective cohort studies (37,39,40), 
comprising 74773 participants and 2808 incident cases 
regarding the association between MHOW phenotype 
and CKD risk. Moreover, there were 2 studies (39,40) 
with 1902 cases and 12524 participants addressing the 
risk associated with MUHOW phenotype. Individuals 
with MHOW phenotype had a significantly increased 
the risk for CKD events compared with MHNW 
persons (RR = 1.34, 95% CI = 1.20-1.51) (Table 2 
and Supplemental file 2). All but 1 study reported 
a significant difference between the groups. There 
was no between-study heterogeneity (I2 = 0.0%, P 
= 0.705), with no evidence of small-study bias on 
the Egger’s regression test (t = -0.38, p = 0.767). 
Furthermore, compared to the MHNW phenotype, 
MUHOW individuals showed no significant 
association with risk of CKD (RR = 1.53, 95% CI = 
0.95-2.48) (Supplemental file 3), with no evidence 
of significant heterogeneity (I2 = 69.5%, P = 0.070) 
(Table 2).

Metabolically healthy obese and metabolically 
unhealthy obese phenotypes and CKD risk  

A total of 9 prospective studies (28,37-44), involving 
122417 participants and 3570 cases, were included 
in the analysis of CKD risk in relation to MHO 
phenotype. In addition, there were 8 studies (28,38-
44) with 2841 cases and 60792 participants regarding 
the association between MUHO phenotype and risk 
of incident CKD. The results showed that the MHO 
phenotype was associated with a 55% increased risk 
of CKD, compared to the MHNW phenotype (RR 
= 1.55, 95% CI = 1.34-1.79) (Supplemental file 4). 
There was no significant evidence for heterogeneity 
in the effect sizes for these associations across studies 
(I2 = 32.1%, P = 0.161), and no evidence of small-
study bias was detected (t = -0.14, p = 0.896). In 
comparison, the corresponding pooled RR in the 
MUHO individuals was 2.13 (95% CI = 1.66-2.72) 
(Table 2 and Supplemental file 5). However, there 
was significant heterogeneity in the individual estimates 
when the magnitude of the association was evaluated 
(I2 = 68.4%, P = 0.002), with no evidence of small-
study bias according to the Egger’s regression test (t = 
1.38, p = 0.216) (Table 2).

DISCUSSION

In the present meta-analysis of 9 prospective cohort 
studies with 128773 participants, we addressed the 
combined effect of BMI and metabolic health status 
on the risk of CKD. The results revealed that compared 
with MHNW subjects, the overweight and obese 
individuals even in the absence of overt metabolic 
abnormalities, had significantly increased the risk for 
CKD. 

The differentiation of metabolically healthy 
overweight/obesity and metabolically impaired 
overweight/obesity has been suggested to have 
important implications for therapeutic medical decision-
making (45,46). As the main finding, this meta-analysis 
showed that overweight and obese individuals are at 
higher risk for CKD regardless of their metabolic status, 
refuting the notion that overweight and obesity without 
metabolic abnormalities are benign conditions. There 
are several common biological states directly linking 
obesity to kidney dysfunction independent of metabolic 
risk factors, including hemodynamic changes, oxidative 
stress, hormonal effects, and activation of the renin-
angiotensin-aldosterone system, which are common in 
overweight and obesity states and could changes renal 
hemodynamic via activation of the renal sympathetic 
system (37,47-49). In addition, adipose tissue functions 
as an active endocrine organ and dysregulation in the 
production of adipose tissue-derived adipokines and 
cytokines such as leptin, adiponectin, tumor necrosis 
factor-α, interleukin-6, and plasminogen activator 
inhibitor-1 may also be involved in the pathogenesis 
of CKD among overweight and obese persons (48,50-
52). The mechanisms determining metabolic status in 
individuals at the same BMI are not well known. The 
main proposed factor is the pattern of fat distribution, 
with excess visceral fat being more detrimental for 
metabolically unhealthy status than excess subcutaneous 
fat (54). In addition, emerging evidence has shown that 
ethnicity, genetic and epigenetic programming (54-56), 
and behavioral and environmental factors (53,57) may 
also be involved. Despite normal BMI, individuals with 
MUNW phenotype have metabolic disturbances, which 
are characterized by having a high body fat percentage, 
especially visceral fat, and a low level of physical activity, 
a low lean body mass, a low resting metabolic rate, 
and low insulin sensitivity (58). Previous studies have 
suggested that East-Asians have a higher risk of MUNW 
than Caucasians, and this ethnic difference may be 
attributable to higher abdominal fat accumulation in 
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Asians than Caucasians in the same BMI range (50). 
Given the association between the MUNW phenotype 
and increased risk of CKD and other diseases (59-62), 
early identification of MUNW individuals, who often 
elude screening as they are not perceived as high risk, 
is important to predict and prevent renal insufficiency, 
particularly in East-Asian population.

The findings of this meta-analysis will help establish 
whether MUNW and seemingly healthy overweight 
and obese populations face an increased risk for CKD. 
The main strength of the current study is its relatively 
large pooled sample size, enabling the determination of 
robust estimates for the relationship between the 6 BMI– 
metabolic categories and related disease that could not 
be estimated precisely in individual studies. Moreover, 
the included studies were all prospective cohort in 
design, which minimized the possibility of selection 
bias and recall bias. However, some limitations of our 
study should be discussed. First, because of the limited 
available published literature, the number of studies 
included in this meta-analysis is relatively small. Second, 
the duration of exposure to the current metabolic 
phenotype and longitudinal changes in metabolic 
status and BMI were not reported in the studies, which 
could partially affect the estimated risk. Studies have 
shown that metabolic health might be a transient 
condition among obese people (62) and appears to be 
accumulating (63-65). It cannot be ignored that some 
healthy persons at baseline may develop metabolic 
risk factors and overt disease over time. Thus, it is 
likely that metabolic and weight changes, rather than 
cross-sectional weight status, impact CKD risk most 
strongly. Third, data regarding relative change in GFR 
and proteinuria during the follow-up periods were not 
reported in the included studies. Fourth, significant 
heterogeneity was observed in the analysis of MUHOW 
and MUHO individuals. This heterogeneity might be 
caused by differences in study characteristics, such as 
sample sizes, length of follow-up, genetic background, 
the equation used for estimating GFR, and the varied 
number of confounders controlled for in the studies. 
In addition to the mentioned reasons, the studies 
also differed in definitions used for metabolic health 
status and BMI categories, which may partly result in 
between-study heterogeneity when data were pooled. 
However, with the small number of studies currently 
available, subgroup analyses were impossible to be 
performed to find the source of heterogeneity. Finally, 
all included studies except two originated from Asian 

populations and data concerning other ethnicities such 
as Caucasians and Africans were not found. Therefore, 
further studies are warranted to examine the possible 
differences caused by ethnicity.

In conclusion, this meta-analysis of prospective 
studies supports the concept of heterogeneity of 
metabolic status among individuals within a similar 
BMI category. Our analysis indicated that MHOW and 
MHO phenotypes are positively in relation to CKD 
risk. The term ‘healthy’ might not be appropriate to 
describe these individuals because of the likelihood of 
underestimating the long-term effects of obesity, as 
well as less attention being paid to weight management. 
In addition, metabolically unhealthy phenotypes, 
including unhealthy normal weight, and unhealthy 
obese individuals had increased risk for CKD events, 
compared with MHNW individuals. Therefore, it is 
essential to consider both BMI and metabolic factors 
to reliably estimate the risk of incident CKD.
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ABSTRACT
Pubertal timing in humans is determined by complex interactions including hormonal, metabolic, 
environmental, ethnic, and genetic factors. Central precocious puberty (CPP) is defined as the 
premature reactivation of the hypothalamic-pituitary-gonadal axis, starting before the ages of 8 and 
9 years in girls and boys, respectively; familial CPP is defined by the occurrence of CPP in two or more 
family members. Pioneering studies have evidenced the participation of genetic factors in pubertal 
timing, mainly identifying genetic causes of CPP in sporadic and familial cases. In this context, 
rare activating mutations were identified in genes of the kisspeptin excitatory pathway (KISS1R 
and KISS1 mutations). More recently, loss-of-function mutations in two imprinted genes (MKRN3 
and DLK1) have been identified as important causes of familial CPP, describing novel players in the 
modulation of the hypothalamic-pituitary-gonadal axis in physiological and pathological conditions. 
MKRN3 mutations are the most common cause of familial CPP, and patients with MKRN3 mutations 
present clinical features indistinguishable from idiopathic CPP. Meanwhile, adult patients with DLK1 
mutations present high frequency of metabolic alterations (overweight/obesity, early onset type 2 
diabetes and hyperlipidemia), indicating that DLK1 may be a novel link between reproduction and 
metabolism. Arch Endocrinol Metab. 2019;63(4):438-44

Keywords
Central precocious puberty; genetics; MKRN3; DLK1

INTRODUCTION

Pubertal development results from the re-emergence 
of pulsatile hypothalamic gonadotropin-releasing 

hormone (GnRH) secretion, which is coordinated by 
a partially clarified mechanism involving inhibitory, 
stimulatory, and permissive factors acting upstream 
of GnRH neurons (1). Moreover, pubertal timing 
in humans is determined by complex interactions of 
different influences, such as metabolic, environmental, 
ethnic, and genetic factors (2). Genereally, it occurs 
between the ages of 8 and 13 in girls; and 9 and 14 in 
boys (2). Therefore, puberty is considered precocious if 
it starts prior to the ages of  8 and 9 in girls and boys, 
respectively (2).

 The involvement of genetic factors in puberty control 
has been indicated by several evidences, such as similar 
age at menarche between mother and daughter, as well 
as among individuals of the same ethnic group; higher 
correlation in pubertal timing between monozygotic 

twins than between dizygotic twins or sibling pairs; 
and large-scale genome-wide association studies (1,3). 
It is estimated that 60-80% of the variation in pubertal 
timing is due to genetic factors (1). Familial precocious 
puberty is typically defined by the occurrence  of more 
than one affected family member (4).

Central precocious puberty (CPP) results from the 
premature activation of the hypothalamic-pituitary-
gonadal axis (HPG) and is considered “idiopathic” 
or of unknown causes, when congenital or acquired 
lesions in the central nervous system and monogenic 
defects are ruled out (2). Idiopathic CPP frequency 
varies according to population registries. In American 
girls, the incidence was estimated to be 1 in 5,000 to 
10,000; however, in Danish girls, the prevalence was 1 
in 500 (5). Regardless of the cohort, the prevalence of 
CPP is sexually dimorphic, being higher in girls than 
in boys (2). Up to now, Brazilian registries regarding 
population frequency of idiopathic CPP are unavailable. 
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The occurrence of familial cases of CPP, not always 
detectable through anamnesis, fortifies the genetic basis 
of this disorder. De Vries and cols. (4) studied a large 
cohort of children with idiopathic CPP and identified 
a familial component in approximately 27% of them. 
Notably, inheritance was described in both maternal 
and paternal transmission in an autosomal dominant 
inheritance pattern with incomplete penetrance.

The diagnosis of CPP is based on physical 
exam findings indicating progressive puberty and 
on laboratory evaluation confirming central HPG axis 
activation, mainly through basal or GnRH-stimulated 
luteinizing hormone (LH) levels.  After biochemical 
confirmation of CPP, a magnetic resonance imaging of 
the central nervous system must be performed in all 
patients to exclude anatomical abnormalities (2).

In recent years, genetic factors that regulate the HPG 
axis and modulate pubertal timing have been partially 
elucidated, primarily enabled by more sensitive and 
powerful molecular biology tools and epidemiological 
studies, such as large-scale genome-wide association 
studies, genomic microarray, whole exome sequencing, 
and, more recently, whole genome sequencing. This 
diagnostic advancement is revealing genetic causes of 
CPP involving novel players that modulates the HPG 

axis in physiological and pathological conditions (1) 
(Table 1). In this context, the Brazilian research group 
of pubertal disorders studies from the Developmental 
Endocrinology Unit at the São Paulo University 
Medical School has conducted pioneering studies with 
a prosperous collaboration from American researchers 
(Figure 1). Herein, we revise the current known genetic 
causes of CPP, emphasizing on monogenic causes.

Monogenic causes of central precocious puberty 
(Table 2)

1. Activating mutations in genes KISS1 and KISS1R 
leading to sporadic CPP 

In 2008, the first monogenic defect in a patient with 
CPP was identified: a heterozygous activating mutation 
(p.Arg386Pro) of KISS1R gene, also called GPR54, 
which encodes the kisspeptin receptor (6). By biological 
plausibility, activating mutations of the kisspeptin 
pathway were expected to cause premature activation 
of the HPG axis, thus leading to CPP. This mutation 
was identified in an adopted girl presenting progressive 
thelarche since birth followed by accelerated growth, 
skeletal maturation, and development of progressive 
secondary sexual characters at age 7. In vitro studies 
showed that the mutation led to prolonged activation 
of intracellular signaling pathways in response to 
kisspeptin (2,6).

Parallel with the first kisspeptin pathway activating 
defect discovery, Silveira and cols. (7) identified an 
activating heterozygous mutation in the kisspeptin gene 
(KISS1) (p.Pro74Ser). This rare variant was identified 
in a boy who developed very early sporadic CPP at 
age 1. His mother and maternal grandmother were 
carriers of the same mutation, despite normal pubertal 
development, thus suggesting an incomplete sex-
dependent penetrance of the phenotype. In vitro studies 
identified that the p.Pro74Ser mutation had a greater 
capacity to stimulate signal transduction than the wild 
type, leading to greater kisspeptin bioavailability (2,7). 

Table 1. Genetic causes of central precocious puberty

Monogenic causes

1. Gain-of-function (activating) mutations in KISS1R and KISS1 genes 
(kisspeptin pathway genes)

2. Loss-of-function (inactivating) mutations in MKRN3 gene

3. Loss-of-function (inactivating) mutations in DLK1 gene

Chromosomal abnormalities

1. Temple syndrome: maternal uniparental disomy, epimutation or paternal 
deletion at chromosome 14q32.2 

2. Silver-Russell syndrome: maternal uniparental disomy of chromosome 7

3. Williams-Beuren syndrome: 7q11.23 deletion

4. Prader-Willi syndrome: maternal uniparental disomy or paternal deletion at 
15q11-q13

5. Rare cases of distinct copy number variants: 1p36 deletion, 9p distal 
deletion, 9q34.3 duplication, Xp22.33 deletions, Xp11.23-p11.22 
duplication, and CDKL5 gene deletion

Sanger sequencing Exomic Genomic

Figure 1. Timeline of the pioneering studies on monogenic central precocious puberty with the main participation of the Brazilian research group of 
pubertal disorders studies from the Developmental Endocrinology Unit at the São Paulo University Medical School.
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Table 2. Genetic and phenotypic characteristics of reported patients with monogenic causes of central precocious puberty

Gene Patients 
reported

Genetic defects 
(mutations) Inheritance

Pubertal development, yr
Other clinical features Ref.

Puberty onset Menarche 
(untreated)

KISS1R 1 (F) Gain of-function missense - Thelarche since birth

Progression at 7 

- - (6)

KISS1 1 (M) Gain-of-function missense Autosomal dominant 
with incomplete 
sex-dependent 

penetrance

1 - - (7)

MKRN3 89 (76F:13M) Loss-of-function: 

1. Frameshift

2. Nonsense

3. Missense

4. Promoter deletion

Autosomal dominant 
with paternal 
expression

Female 6.0 

(3.0 to 7.8)

Male 8.0 

(5.9 to 9.0)

- Indistinguishable from 
idiopathic CPP

(8,15,20)

DLK1 10 (F) Loss-of-function:

1. Deletion

2. Frameshift

Autosomal dominant 
with paternal 
expression

5.5 

(4.6 to 7.0)

7.8 

(7.0 to 9.0)

Overweight/obesity

Early type 2 diabetes

Hyperlipidemia

Polycystic ovary syndrome

(22,23)

Both activating mutations of KISS1R and KISS1 
genes associated to CPP cases contributed to the 
elucidation of the role of kisspeptin pathway in pubertal 
control in physiological conditions. However, no other 
CPP cases with activating mutations in the kisspeptin 
pathway have been reported since then, suggesting 
these are very rare molecular mechanisms of CPP.    

2. Inactivating mutations in imprinted gene MKRN3 
leading to familial CPP 

With the increasingly available techniques of next 
generation sequencing, the investigation of the genetics 
of CPP has further progressed. Abreu and cols. (8) first 
described the role of makorin RING-finger 3 (MKRN3) 
in the pathogenesis of CPP in 2013. Whole exome 
sequencing analysis of 32 patients with CPP (27 girls and 
5 boys) identified 15 individuals (8 girls and 7 boys) from 
5 families with CPP who harbored MKRN3 inactivating 
mutations. Four families had frameshift mutations, while 
the fifth family had a missense variant that was predicted 
to be deleterious and causes loss-of-function (8).

MKRN3 is an intronless gene, located at the 
imprinted locus 15q11-q13, the critical region of 
Prader-Willi and Angelman syndromes (9,10). Genomic 
imprinting is a physiological process of gene silencing, 
which is defined as the monoallelic expression of a gene 
according to its parental origin. Therefore imprinted 
genes are silenced (imprinted) in one parental allele and 
expressed only from the other (11). DNA methylation 
usually occurs in cytosine nucleotides located within 

CpG islands at promoter or intergenic regions, 
resulting in transcriptional silencing (9,11). MKRN3 
presents maternal imprinting (maternal allele silencing), 
therefore, patients present CPP only when they inherit 
the mutated allele from their fathers (Figure 2) (8,9). 
The MKRN3 gene encodes a 507-amino acid protein 
with a RING (C3HC4) zing finger motif and multiple 
C3H zinc finger motifs (9). The gene is expressed 
ubiquitously as a 3-kb transcript, with a 5-prime CpG 
island region that is methylated on the maternal allele. 
MKRN3 is associated with protein ubiquitination, a 
process in which a ubiquitin is attached to a protein, 
and in turn tags it for movement to the proteasome, 
where it is then degraded (9).

In their initial report, Abreu and cols. (8) performed 
real-time PCR in the arcuate nucleus of mice. In 
both sexes, the Mkrn3 mRNA levels were highest on 
postnatal days 10 and 12 and declined subsequently, 
reaching their nadir by days 18-22, in the same period 
that the Kiss1 and Tac2 expression were shown to 
increase, marking the onset of puberty (8). Therefore, 
it was concluded that MKRN3 had an inhibitory role 
on pubertal onset, and that its function loss would 
favor the premature stimulation of GnRH secretion and 
puberty development. This finding was corroborated 
by a study in Danish girls, in which circulating serum 
levels of MKRN3 where shown to decrease by 15% 
preceding pubertal onset; furthermore, MKRN3 levels 
were lower in early maturing girls when compared witg 
age-matched prepubertal girls (12). However, up to 
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Promoter region Promoter region

Promoter region

Unmethylated
Methylated

Normal functioning gene

Loss-of function mutation

Paternal Allele

Maternal Allele Maternal Allele

Maternal Allele

Paternal Allele

Paternal Allele

Promoter region

Promoter region

Promoter region

A

C

B

Figure 2. (A) Normal pattern of imprinting of MKRN3 gene, with silencing of the maternal allele (by methylation of its promoter region) and monoallelic 
expression of the paternal allele. (B) The genotype of a patient who inherited a maternal loss-of-function mutation. The patient will not present central 
precocious puberty, because the paternal allele is normally expressed. (C) The genotype of a patient who inherited a paternal loss-of-function mutation. 
The patient will present central precocious puberty because both alleles are inactive: the paternal is mutated and the maternal is silenced. 

now, a cutoff value that accurately predicts puberty 
has not been established (13). Furthermore, the 
exact mechanism through which MKRN3 expression 
modulates GnRH secretion and puberty has not been 
fully elucidated, although a few factors have been 
recently described (14). 

Subsequently, MKRN3 mutations were investigated 
in a large cohort comprising patients from three 
Brazilian university hospitals. Macedo and cols. (15) 
studied 215 patients with apparently sporadic CPP, 
identifying eight new cases of CPP caused by MKRN3 
loss-of-function mutations. In another study, Bessa 
and cols.. (16) reported MKRN3 mutations in 8 out 
of 20 boys with apparently idiopathic CPP, reporting 
a high frequency of MKRN3 mutations in male with 
CPP previously classified as idiopathic. Further studies 
performed in centers from different countries, as well 
as a recent systematic review, confirmed that defects in 
MKRN3 are the most common cause of genetic CPP, 
with prevalence ranging from 33 to 46% in familial cases 
(15,17), and 0.4 to 5% in sporadic cases (16,18-20). 

Further evaluation through genome sequencing of 
115 patients aiming to investigate possible pathogenic 
variants in noncoding regions revealed a rare 
heterozygous deletion in the proximal promoter region 

of MKRN3 in a girl with CPP (21). In silico analysis 
predicted that this variant would lead to a loss of a 
downstream responsive element antagonist modulator 
(DREAM) binding site, which would lead to a decrease 
in MKRN3 expression; this finding was confirmed with 
the in vitro reduction of the promoter activity (21).

Currently, more than 30 different loss-of-function 
mutations of MKRN3 have been reported since the 
first report by Abreu and cols. (20) (Table 1). Notably, 
a large proportion of these mutations were frameshift 
affecting the amino-terminal region of the protein that 
is codified by nucleotides between 476-482, which 
consists of a rich poly C site, suggesting that this area 
represents a hotspot for inactivating mutations in CPP.

The clinical features of CPP caused by MKRN3 
inactivating mutations are indistinguishable from other 
idiopathic CPP. The median age of puberty onset is 
6 in girls and 8 in boys, with the youngest reported 
case being a 3-year-old girl with Tanner stage 3 breast 
development and advanced bone age. Up to now, 
remarkable clinical or hormonal features distinguishing 
patients with CPP caused by MKRN3 mutations are 
not identified (8). Moreover, the response to treatment 
with GnRH agonists appears to be adequate, as outlined 
by Macedo and cols. (15).
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3. Inactivating mutations in imprinted gene DLK1 
leading to familial CPP

In 2017, Dauber and cols. (22) studied a three-
generation Brazilian family with five affected members 
(two sisters, two paternal half-sisters, and their paternal 
grandmother) using linkage analysis followed by whole-
genome sequencing. The children’s fathers had normal 
pubertal timing, suggesting an autosomal dominant 
inheritance either with incomplete penetrance or an 
imprinting mechanism. A complex defect in the Delta-
like 1 homolog (DLK1) imprinted gene was identified 
(14-kb heterozygous deletion that encompassed the 
first exon of the gene). Moreover, sequencing analysis 
showed also a 269-bp duplication from intron 3 of 
DLK1, segregating with the deletion (22). DLK1 is 
an imprinted paternally expressed gene, meaning that 
carriers of DLK1 defects only manifest the phenotype 
if the defect is inherited from their fathers, similar to 
MKRN3 affected families. 

Subsequently, three novel families with DLK1 
loss-of-function mutations with paternal expression 
(phenotype was expressed only when the mutation was 
inherited from the father) were described by Gomes 
and cols. (23), who performed DLK1 sequencing 
analysis in 60 patients with CPP or history of precocious 
menarche. Three distinct frameshift mutations in 
the exon 5 of DLK1 were identified in five patients 
from three unrelated families (p.Gly199Alafs*11, 
p.Val271Cysfs*14 and p.Pro160Leufs*50) (23).

DLK1, also called preadipocyte factor 1 (Pref-1), 
is a transmembrane protein containing epidermal 
growth factor-like repeats in its extracellular domain 
(22). It is a noncanonical ligand in the Delta-Notch 
signaling pathway, known to play a role in several cell 
types differentiation, mostly in inhibiting adipocyte 
differentiation (22,24). DLK1 has a wide expression 
in fetal life; however, in postnatal life, the expression 
decreases, except in endocrine glands (mainly in the 
adrenals, the pituitary and the ovaries) (22,24). A 
hypothalamic function of DLK1 has been suggested by 
evidence of its expression also in several hypothalamic 
nuclei (24). 

Human DLK1 is a paternally expressed gene located 
at chromosome 14q32.2, a region encompassing a 
cluster of imprinted genes (25). Maternal uniparental 
disomy, epimutations and paternal deletions at 
chromosome 14q32.2 lead to expression loss of the 
paternally expressed genes of this region, including 

DLK1. These molecular abnormalities are associated 
to Temple syndrome, an imprinting disorder mainly 
characterized by pre- and postnatal growth failure, 
hypotonia, small hands and feet, CPP, and overweight/
obesity after infancy (26-28). 

To investigate the effect of mutations on DLK1 
production, serum DLK1 levels were measured in the 
affected family members (mutated DLK1 patients) and 
in controls, using an available soluble DLK1 enzyme-
linked immunosorbent assay (ELISA) (22,23). Serum 
DLK1 concentrations were undetectable in all tested 
affected individuals. Moreover, Abi Habib and cols. 
(11) identified undetectable levels of serum DLK1 
in Temple syndrome patients with epimutations and 
deletions at chromosome 14q32.2. Taken together, 
these data indicate that serum DLK1 measurement 
may be a potential screening method for investigating 
DLK1 deficiency in affected children. 

Interestingly, patients with DLK1 mutations 
presented higher metabolic abnormalities when 
compared with patients with patients with idiopathic 
CPP as demonstrated by Gomes and cols. (23), thus 
suggesting that this antiadipogenic factor represents 
a novel link between reproduction and metabolism. 
The more prevalent features at adulthood were central 
obesity, early onset glucose intolerance/type 2 diabetes, 
and hyperlipidemia. These metabolic alterations were 
similar to the phenotype of Dlk1 deficiency previously 
described in a null mouse model (23). In addition, 
patients with Temple syndrome may develop obesity, 
early onset type 2 diabetes and hyperlipidemia as young 
adults (26-28). 

Another clinical aspect demonstrated by Gomes 
and cols. (23) was the presence of polycystic ovarian 
syndrome (PCOS) in two out of 10 adult women 
evaluated with DLK1 mutations. It is postulated 
that a neuroendocrine component may participate in 
PCOS physiopathology with increased GnRH pulse 
frequency leading to increased LH production over 
FSH production. It is well established that girls with 
CPP may present an abnormality in GnRH pulses. The 
authors suggested that this phenomenon, as well as the 
poor metabolic profile, could link both conditions (23).

In addition, the DLK1 protein function has been 
studied in distinct metabolic settings. It has been 
proposed that DLK1 may alter the metabolic mode 
of the organism from lipid storage to peripheral 
lipid oxidation, protecting the organism from 
hepatic steatosis (29). Interestingly, the exogenous 
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administration of DLK1 in mice reduced hepatic 
steatosis and hyperglycemia via AMPK activation in the 
liver (30). Moreover, in pregnancy, it has been shown 
that elevated DLK1 circulating levels are required to 
the increased maternal fatty acid metabolism. In a 
study evaluating late gestation, Cleaton and cols. (31) 
demonstrated that maternal levels of DLK1 were fetus-
derived and could be used as a marker of complicated 
fetal growth restriction. 

Chromosomal abnormalities

A few studies have reported rare cases of patients with 
idiopathic CPP associated with complex phenotypes, 
primarily related to clinical syndromes or chromosomal 
abnormalities (1,32). To date, CPP has been reported 
as part of the phenotypic spectrum of the following 
genetic syndromes: 1) Temple syndrome (maternal 
uniparental disomy or epimutation 14q32.2) (90% of 
cases) (27,28); 2) Silver-Russell syndrome (maternal 
uniparental disomy of chromosome 7) (up to 25% of 
case) (2,33) 3) Williams-Beuren syndrome (7q11.23 
deletion) (10-18% of cases) (32); 4) Prader-Willi 
syndrome (15q11-q13 paternal deletion) (4-10% of 
cases) (1). Additionally, studies have been reported 
regarding patients with idiopathic CPP associated with 
distinct copy number variants, such as 1p36 deletion, 9p 
distal deletion, 9q34.3 duplication (including NOTCH 
gene), Xp11.23-p11.22 duplication, and CDKL5 gene 
deletion (1). Notably, Temple syndrome, Silver-Russell 
syndrome, and Prader-Willi syndrome are imprinting 
disorders (11). 

In conclusion, central precocious puberty is 
considered idiopathic in most children, particularly in 
girls. This scenario may change with the identification 
of genetic causes underlying CPP. Recent identifications 
of MKRN3 and DLK1 mutations in familial CPP 
established the relevance of genetic factors in the 
physiopathology of this condition. In addition, some 
studies have emphasized the association of CPP with 
rare cases of genetic and epigenetic defects characterized 
by clinical syndromes or complex phenotypes. In 
this context, the selection of patients with CPP for 
genetic testing should consider the family history and 
segregation (family members with similar phenotype), 
and the presence of other clinical features (Figure 3). 
Genetic testing has now become a more routine clinical 
practice, thus allowing a greater number of patients to 
be properly tested.

Figure 3. Flow chart for investigation of familial central precocious puberty. 

Central precocious puberty

Familial

Loss-of-function 
mutation

Congenital and 
acquired lesions

No mutation No lesion

Genetic CPP Organic CPPIdiopathic CPP or  
other defects

Sporadic

MKRN3  
analysis

Brain  
MRI

It is noteworthy that patients with genetic causes of 
CPP have been described as presenting adequate clinical 
and laboratory responses to long-acting GnRH analogs 
(the gold standard treatment), similar to patients with 
idiopathic CPP. Nevertheless, careful monitoring for 
reproductive, metabolic, and general health related 
outcomes should be considered during management of 
patients with CPP with genetic conditions, including 
an extended follow-up until adulthood. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Heterotaxy syndrome with 
agenesis of dorsal pancreas and 
diabetes mellitus: case report 
and review of the literature

Cínthia Minatel Riguetto1, Samantha Pelichek1, Arnaldo Moura Neto1

SUMMARY
Heterotaxy syndrome (HS) is a rare congenital condition with multifactorial heritance, characterized 
by an abnormal arrangement of thoraco-abdominal organs and vessels. Patients present with multiple 
cardiac, gastrointestinal, hepatosplenic, pancreatic, renal, neurological and skeletal disorders 
without any pathognomonic alteration. Despite the described increased risk of diabetes mellitus 
(DM) in patients with altered pancreatic anatomy, just one case was reported in Korea regarding the 
association of HS and DM in a 13-year-old girl. Our report refers to a 40-year-old female Brazilian 
patient with a history of DM and HS with polysplenia and agenesis of dorsal pancreas without cardiac 
abnormalities. She presented a worsening glycemic control associated with weight gain and signs 
of insulin resistance. After a proper clinical management of insulin and oral medications, our patient 
developed an improvement in glycemic control. Although it is a rare disease, HS with polysplenia 
and pancreatic disorders can be associated with an increased risk of DM. This case highlights the 
importance of investigating DM in patients with HS, especially those with pancreatic anatomical 
disorders, for proper clinical management of this rare condition. Arch Endocrinol Metab. 2019;63(4):445-8
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INTRODUCTION

H eterotaxy syndrome (HS) is a rare congenital 
condition with multifactorial inheritance 

characterized by an abnormal arrangement of thoraco-
abdominal organs and vessels. Patients present with 
multiple cardiac, gastrointestinal, hepatosplenic, 
pancreatic, renal, neurological and skeletal disorders 
without any pathognomonic alteration (1-3). The 
first case was described in 1929 and the disease has an 
incidence rate of 1 in 15,000 live births. HS has two 
main classifications: HS with polysplenia, which presents 
with thoraco-abdominal abnormalities and multiple 
spleens; and HS with asplenia (4,5). Patients with 
polysplenia eventually have short pancreas or agenesis 
of the dorsal pancreas, a feature related to an increased 
risk of pancreatitis and diabetes mellitus – DM (6,7). 
Despite the described increased risk of DM, we found 
just one case report associated with DM in a 13-year-
old girl with HS and pancreatic disorder (8). We report 
a case of a 40-year-old female patient with HS and 
polysplenia in association with DM due to agenesis of 
dorsal pancreas.

CASE REPORT

A 40-year-old non-Caucasian female Brazilian 
patient presented to the Endocrinology Division of 
the University Hospital at Campinas in June 2017, 
complaining of fatigue, polyphagia, polyuria, polydipsia 
and weight loss (5 kg) for 30 days.

The patient had been diagnosed with DM, 
hypertension, dyslipidemia and HS four years earlier 
and was currently using metformin 2 g/day, gliclazide 
90 mg/day, enalapril 20 mg/day, hydrochlorothiazide 
25 mg/day and simvastatin 20 mg/day. She worked 
as a secretary for about 60 hours a week, did not do 
exercises and had a high carbohydrate intake diet, 
especially with industrialized products. She did not have 
any family history of DM or other relevant diseases. 
Information retrieved from her medical history showed 
good glycemic control and body weight until July 2016, 
when the patient presented a glycosylated hemoglobin 
(HbA1c) of 6.6%, fasting plasma glucose (FPG) of 143 
mg/dL, weight of 66 kg and body mass index (BMI) 
of 22.83 kg/m2. However, in March 2017, those 
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parameters increased, and she presented an HbA1c of 
8.3%, FPG of 174 mg/dL, weight of 76 kg and BMI 
of 26.29 kg/m2.

In further investigation from medical records, an 
abdominal magnetic resonance imaging (MRI) and 
a cholangiopancreatography MRI from March 2016 
showed agenesis of dorsal pancreas with increased 
dimensions of the pancreas head (Figure 1). The liver 
was enlarged and presented an ectopic location, situated 
in a central position in the abdomen. Also, there 
were signs of non-homogenous steatosis. Intestinal 
malrotation was also seen, with the stomach and angle 
of Treitz located to the right, with a predominance of 
small intestines in the right hemiabdomen. The spleen 
was dislocated from the usual position. In the right 
hypochondrium, there were multiple nodular images 
with lobulated contours, similar to splenic parenchyma. 
No renal, gallbladder or aortic disorders were found. 
An echocardiogram did not show any alterations in 
cardiac position or function. 

On clinical examination, the patient presented with 
a weight of 71 kg, height of 1.70 m, BMI of 24.56  
kg/m2, blood pressure of 120/80 mmHg, 89 heart 
beats/minute and waist circumference of 98 cm. 
Acanthosis nigricans was noted in the cervical, axillary 
and inguinal regions. No alteration was found during 
the pulmonary and cardiologic exam. Upon abdominal 
examination, a parenchymal consistency mass was 
palpated in the mesogastric region.

Blood tests showed an HbA1c of 10.2%, FPG 142 
mg/dL, C-peptide 0.91 ng/mL (normal range 0.8-
4.2 ng/mL), microalbuminuruia 60.9 mg/L, aspartate 
aminotransferase (AST) 37 U/L (normal range < 

35 U/L), alanine aminotransferase (ALT) 65 U/L 
(normal range < 35 U/L), alkaline phosphatase (ALP) 
137 U/L (normal range 30-120 U/L) and gamma-
glutamyl transferase (GGT) 730 U/L (normal range 
9-64 U/L). The tittles of autoantibodies (islet cell 
antibody, anti-glutamine acid decarboxylase antibody 
and anti-insulin antibody) were negative. 

Oral medications were discontinued, and NPH 
and regular insulin were started and progressively 
increased. The patient achieved a total dose of 120 
IU per day to obtain good glycemic control associated 
with nutritional education and less industrialized 
carbohydrate intake. After 30 days of well-controlled 
blood glucose levels, metformin 1.5 grams/day was 
reintroduced and sitagliptin 100 mg/day added to the 
regimen, since the patient had evident signs of insulin 
resistance, such as acanthosis nigricans and increased 
abdominal circumference. Two months after the 
reintroduction of oral medications, the total insulin 
dose had been reduced to 30 IU per day. 

Three months after the first appointment, the patient 
reported an improvement in asthenia, tiredness, and 
quality of life, mainly because she was sleeping better 
since the polyuria stopped. On clinical examination, she 
presented with a weight of 77 kg, waist circumference 
of 102 cm, BMI 26.64 kg/m2 and her HbA1c 
decreased to 6.8%. Other laboratorial parameters 
were also improved: FPG 145 mg/dL, C-peptide 
2.45 ng/mL, AST 25 U/L, ALT 41 U/L, ALP 131 
U/L and GGT 429 U/L. Evolution of clinical and 
laboratorial parameters are described in Table 1. The 
patient maintains regular clinical follow-ups with an 
endocrinologist, nutritionist, and gastroenterologist 
to control all the abnormalities associated with the 
syndrome. 

The significant challenges, in this case, are mainly 
related to the rarity of HS and the difficulty of 
establishing whether it could be a case of DM type 2 in 
a patient with reduced pancreas or if diabetes was only 
secondary to pancreas agenesis. 

DISCUSSION

HS is an anomaly due to a defect of lateralization 
during the early embryonic process, with an 
approximated incidence rate of 1 in 15,000 live births. 
It is more prevalent in men, at a ratio of 2:1 (4,9,10). 
This inability of lateralization is most often sporadic, 
but genetic inheritance has been proposed, such as 

Figure 1. Abdominal MRI and cholangiopancreatography MRI showing 
agenesis of dorsal pancreas with increased dimensions of the pancreas head.
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diseases. However, patients may complain of abdominal 
pain and present hyperglycemia. Hyperglycemia is seen 
in approximately 50% of cases, owing to loss of islet 
cells that are mainly found in the tail and body of the 
pancreas (19,20).

Jung and cols. (8) described the first case of DM due 
to agenesis of dorsal pancreas in a 13-year-old girl with 
HS and several cardiac and extracardiac disorders. Our 
patient, differently from the first case report, has HS 
with polysplenia and agenesis of the dorsal pancreas, 
but we did not find any cardiac abnormality. She 
developed DM at 36 years of age and had a transitory 
worsening in glycemic control four years after the 
diagnosis, in association with clinical signs of insulin 
resistance (acanthosis nigricans and increased waist 
circumference) and weight gain. 

Initially, the patient presented a low C-peptide 
level and required high doses of insulin, but after an 
improvement in glycemic control, we were able to 
restart oral medications (metformin and sitagliptin) 
and decrease insulin doses. The evaluation of clinical 
characteristics, especially the signs of insulin resistance 
and the level of peptide C, was important to guide the 
decision to restart oral medications in an attempt to 
improve glycemic sensitivity in a patient with altered 
pancreatic anatomy.

It is quite difficult to affirm the etiology for the 
worsening in glycemic control observed in this patient. 
It could be due to a natural evolution of the disease 
or, more likely, to the progressive weight gain and 
consequent insulin resistance being responsible for 
the worsening in glycemic control in a patient with  
a diminished pancreatic reserve due to the loss of  
islet cells that predominate in the body and tail of 
pancreas (21). 

In conclusion, although HS with polysplenia 
and pancreatic disorder is a rare anomaly, it can be 
associated with an increased risk of pancreatitis and 
DM. While a case of HS with dorsal pancreas agenesis 
and DM was already described, we present a different 
type of HS coexisting with polysplenia, agenesis of 
dorsal pancreas and DM in a 40-year-old woman. This 
case highlights the importance of investigating DM 
in patients with HS, especially those with pancreatic 
anatomical disorders, for proper clinical management 
of this rare condition.

Acknowledgments and author contributions: CM Riguetto,  
S Pelichek and A Moura Neto wrote this article and were the phy-
sicians involved in the care and follow-up of the patient. All au-

Table 1. Clinical and laboratory parameters before the first evaluation and 
in subsequent visits

Clinical and Laboratory 
Parameters

July 
2016

March 
2017

June 
2017

October 
2017

Weight (kg) 66 76 71 77

Body Mass Index (kg/m2) 22.83 26.29 24.56 26.64

Waist circumference (cm) 94 102

Fast plasma glucose  
(RV 65-99 mg/dL)

143 174 142 145

Glycosylated hemoglobin (%) 6.6% 8.3% 10.2% 6.8%

C-peptide (RV 0.8-4.2 ng/mL) 0.91 2.45

Antiglutamine acid decarboxylase 
antibody (RV < 10 UI/mL)

Negative

Islet cell antibody (RV Non-reagent) Negative

Anti-insulin antibody (RV < 8.2%) Negative

Total cholesterol (RV < 200 mg/dL) 176 203 282 163

LDL (RV < 130 mg/dL) 94 109 158 80

HDL (RV > 50 mg/dL) 60 63 60 54

Triglycerides (RV < 150 mg/dL) 109 159 323 143

Aspartate aminotransferase  
(RV < 35 U/L)

42 45 37 25

Alanine aminotransferase  
(RV < 35 U/L)

65 72 65 41

Alkaline phosphatase  
(RV 30-120 U/L)

132 143 137 131

Gamma-glutamyl transferase  
(9-64 U/L)

699 701 730 429

autosomal dominant, recessive and X-linked recessive 
inheritance. Recently, human genetics studies have 
also revealed some genes that are responsible for left-
right laterality and HS, such as ZIC3, NODAL, and 
LEFTY2 (11,12). 

Heterotaxy with polysplenia, as in our case, is the 
most common type of HS and has an increased frequency 
in women. Commonly, it is characterized by multiple 
spleens associated with a pattern of abnormalities in 
several other systems (13,14). However, these patients 
may also have a single-lobed spleen or even a normal 
spleen. Affected patients have a low prevalence of 
congenital heart diseases and less severe defects than 
patients with HS and asplenia, but when cardiac lesions 
are associated with this syndrome, the 1-year mortality 
rate can rise up to 50% (15-17). 

The exact prevalence of pancreatic disorders related 
to HS with polysplenia is not known, but in a series 
of eight cases, Gayer and cols. (18) reported that 
four patients had a short pancreas. Dorsal pancreatic 
agenesis is usually an asymptomatic condition and may 
be found incidentally, during the investigation of other 
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Since 2001, the Archives of Endocrinology and Metabolism (AE&M) and the Brazilian Society of Endocrinology 
and Metabology award the “AE&M award Professor Thales Martins” and “AE&M award Professor Waldemar 
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M. A. Giuffrida, João Roberto Maciel Martins, Melanie Rodack, Monica R. Gadelha, Nina Rosa C. Musolino, 
Poli Mara Spritzer, Ricardo Meirelles, Rogerio Friedman, Tânia S. Bachega who analyzed the reports published in 
the AE&M, volume 62, 2018. The award ceremony is going to take place during the 34nd Brazilian Congress of 
Endocrinology and Metabology (CBAEM) on August 21th, 2019, in Florianópolis, SC.

AE&M AWARD PROF. THALES MARTINS

“Diagnostic utility of DREAM  gene mRNA levels in thyroid tumours”,
Authored by Fernando A. Batista, Marjory A. Marcello, Mariana B. Martins, Karina C. Peres,  

Ulieme O. Cardoso, Aline C. D. N. Silva, Natassia E. Bufalo, Fernando A. Soares, Márcio J. da Silva,  
Lígia V. Assumpção, Laura S. Ward.

Arch Endocrinol Metab. 2018;62(2):205-211

AE&M AWARD PROF. WALDEMAR BERARDINELLI

“Impact of self-reported fasting duration on lipid profile variability, cardiovascular risk stratification 
and metabolic syndrome diagnosis”,

Authored by Carolina Castro Porto Silva Janovsky, Antonio Laurinavicius, Fernando Cesena,  
Viviane Valente, Carlos Eduardo Ferreira, Cristovão Mangueira, Raquel Conceição, Raul D. Santos,  

Marcio Sommer Bittencourt
Arch Endocrinol Metab. 2018;62(2):187-192

OFFICIAL JOURNAL OF THE BRAZILIAN SOCIETY OF ENDOCRINOLOGY AND METABOLISM
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GENERAL INFORMATION 
We emphasize the importance of following these instructions carefully. Failure to do 
so will delay the processing of your manuscript.
Manuscripts should be submitted solely to the AE&M and should not have been 
published, or be under consideration for publication in any substantial form, in ano-
ther periodical-either professional or lay.
Manuscripts should be submitted in English. Proofreading by a scientific editing 
service is strongly recommended; the following companies are suggested: Voxmed 
Medical Communications, American Journal Experts and PaperCheck. Manuscriptss 
that successfully complete the peer-review process and are recommended for publi-
cation will only be accepted and published upon receipt of a certificate proving 
professional academic English proofreading. In extraordinary circumstances, the 
certificate can be waived by editorial decision.
Papers that do not meet these requirements will be returned to the author for the 
necessary revisions before formal review.
Authors must include the ORCID (Open Researcher and Contributor ID) in the article 
submission and in the manuscript file.
All submissions are initially evaluated in depth by the scientific editors. Papers that 
do not conform with the general criteria for publication will be returned to the au-
thors without detailed review, typically within three to five days. Otherwise, manus-
cripts will be sent to reviewers (most commonly two).

MANUSCRIPT CATEGORIES 
Reports of original research may be submitted to AE&M as Original Articles or Brief 
Reports. Other special categories of manuscripts are described below. All manus-
cripts must adhere to the word count limitations, as specified below, for text only; 
word count does not include the abstract, references, or figures/tables and their le-
gends. Word count must be shown on the title page, along with the number of figu-
res and tables. The format is similar for all manuscript categories, and it is described 
in detail in the “Manuscript Preparation” section. 

Original Articles 
The Original Article is a scientific report of the results of original research that has 
not been published or submitted for publication elsewhere (either in print or electro-
nically). It represents a substantial body of laboratory or clinical work. In general, 
Original Articles should not exceed 3,600 words in the main text, include more than 
six figures and tables, or more than 35 references. 

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

Consensus Statements 
Consensus Statements related to the endocrine and metabolic health standards and 
healthcare practices may be submitted by professional societies, task forces, and 
other consortia. All such submissions will be subjected to peer review, must be 
modifiable in response to criticism, and will be published only if they meet the usu-
al editorial standards of the Journal. Consensus Statements should typically be no 
longer than 3,600 words in the main text, include no more than six figures and ta-
bles, and no more than 60 references. 

Brief Report 

The Brief Report consists of new data of sufficient importance to warrant immediate 
publication. It is a succinct description of focused study with important, but very 
straightforward, negative or confirmatory results. Brevity and clarity are always 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. 
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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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