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The diagnosis of primary 
hyperparathyroidism in developing 
countries remains in the past century: 
still with bones, stone and groans

Marise Lazaretti-Castro1

https://orcid.org/000-0001-9186-2834

T he existence of primary hyperparathyroidism (PHP) as a disease was first 
recognized in the beginning of the last century. After J. B. Collip had discovered 

the physiological role of parathyroid glands on calcium homeostasis (1), other 
researchers identified increased parathyroid glands in patients with osteitis fibrosa cystica 
and osteomalacea (2). Then, the first parathyroidectomies began to be performed in 
order to treat PHP in patients severely affected by the disease (3). From that time until 
now, there has been a great gathering of knowledge about this disease, which remains 
challenging us in its clinical presentation, diagnosis and treatment. 

PHP in its classical form is characterized by hypercalcemia with inappropriate 
parathormone (PTH) concentrations, which is not suppressed, as expected, in 
the presence of high calcium levels (4). It is usually caused by a single parathyroid 
adenoma, but also can be due to a hyperplasia of multiple glands and, more rarely, 
adenocarcinomas. The classical picture present bone disease, with pain, brown tumors, 
deformities and fractures (osteitis fibrosa cystica), nephrolithiasis, nephrocalcinosis and 
manifestations of hypercalcemia, such as nauseas, vomiting, weight loss, polyuria and 
polydipsia, dehydration, renal insufficiency and neurological symptoms as depression 
and cognitive impairment (5). Because of this diverse and severe clinical picture, it was 
defined in the past as the disease of “bones, stones and groans”. 

Nevertheless, in the last 50 years its clinical presentation has been changing, and 
less symptomatic forms were recognized as much more frequent than previously 
thought (5). As laboratory and imaging tests become more available to the general 
population, the diagnosis becomes more sensitive. Currently, in well developed 
countries, PHP can be considered the 3rd most common endocrine condition, just 
after diabetes mellitus and thyroid diseases (6). The great increase in the incidence of 
PHP comes along with the implementation of routine biochemical screening, which 
included calcium determination (5). In addition, an improvement in PTH assays, 
with the development of immunometric methods to measure the intact molecule, has 
increased accuracy and facilitated the diagnosis (7). Therefore, in USA and Europe the 
so called asymptomatic PHP is the most common presentation of this disease. 

Nevertheless, in developing countries, the reality seems to be different and 
symptomatic forms are still more frequent, although changes on their clinical 
presentations are being describing by some. Yadav and cols. (8) bring this discrepancy 
to discussion in a systematic review in this issue of AE&M. The authors’ first finding 
was the small number of publications on the epidemiology of PHP in developing 
countries, compared to the large volume of publications on the same topic found in 
developed countries, whose greatest concern now is the approach to the asymptomatic 
forms. The authors pooled 17 studies from 11 countries, nine of them are from Asia and 
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only 2 from west side (Brazil and South Africa). Brazil 
emerged as the country with the highest prevalence of 
asymptomatic cases, but still about half of the patients 
presenting with symptoms. In the other countries, 
the percentage of symptomatic patients is quite high, 
reaching 100% in studies in India and Iran, with a mean 
of 80% with symptoms from the total population of the 
study. The most symptomatic patients are younger and 
present higher mean levels of PTH and total calcium, 
compared to developed countries. In 5 studies it was 
possible to follow the increment in the number of 
diagnostics in the last years, with patients becoming less 
symptomatic and older over the years of observation. 

Vitamin D deficiency has been proposed as one 
possible cause for more severe PHP presentations in 
developing countries (9). The present review confirms 
that this deficiency is a common condition, since the 
mean levels of 25 hydroxyvitamin D (25OHD) was 
20.0 ± 22.6 ng/mL. In PHP, lower levels of 25OHD 
induce additional increments on PTH and bone 
remodeling markers and the replacement of Vitamin D 
is followed by a decrease on these biomarkers, which 
could improve bone quality (10,11). However, the 
consequences of the Vitamin D replenishment on the 
severity of bone disease still need to be confirmed and 
seems to be unlike to justify just the discrepancies on 
clinical presentations as compared with developed 
countries (11). 

The changes in the profile demonstrated by Yadav 
and cols. over time in some countries, with an increase 
in less symptomatic forms, whereas they became older 
and with mild biochemical alterations, sounds much 
more in favor of a lack of diagnosis than a different 
form of the disease in these sites. The symptomatic 
form being more frequent in younger could be linked 
to some genetic disorder, and it is possible that these 
severe forms will always exist as a rare disease. An 
increment on milder forms of PHP in developing 
countries, as was witnessed in USA and Europe, will 
only be possible when a routine screening for blood 
calcium is implemented. Otherwise, an asymptomatic 
disease will never be discovered, if not investigated. 

It is well known that these “asymptomatic” 
forms may already show some renal changes, such as 
nephrocalcinosis, when carefully investigated, besides 
an increased risk of cardiovascular disease in the 
long term (4), therefore it is essential improving the 
diagnosis. To do so, it is important to advise general 
practitioners about the importance of this diagnosis 

and to have a well-trained team of endocrinologists and 
neck surgeons in order to proper treat this condition. 
In addition, it is mandatory to include blood calcium 
measurements as a routine procedure, especially in the 
elderly, the population at greatest risk for the milder 
forms of primary hyperparathyroidism. And, at last 
but not least, this review showed us the urgent need 
of higher quality epidemiological data from developing 
countries to identify possible regional characteristics and 
to improve health policy strategies for PHP diagnosis 
and treatment. Only then will developing countries be 
able to emerge from the era of bone, stone and groans.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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C entral precocious puberty (CPP) results from an early activation of the 
hypothalamic-pituitary-gonadal (HPG) axis (1,2). The causes of CPP are 

heterogeneous, with central nervous system abnormalities being of special interest in 
boys, while idiopathic etiology is more prevalent among girls (3). In the last decade, 
however, the number of idiopathic cases has diminished thanks to the discovery of 
mutations in different genes, including KISS1, KISS1R, MKRN3, and DLK1 (2,3).

GnRH analogs (GnRHa) are the mainstay of treatment for this endocrine 
pediatric condition (4,5). These drugs act by causing a transient downregulation and 
suppression of the HPG axis. An impressive expansion in the amount of extended-
release GnRHa formulations has occurred in the last years. These include leuprolide 
acetate 3-month depot, triptorelin 3-month depot, triptorelin 6-month depot, and 
histrelin subcutaneous implant replaced annually (5). These forms are reported to be 
safe and provide sustained gonadotropin suppression, slowing puberty progression 
and improving predicted adult height. Notably, the treatment with GnRHa has been 
considered successful if pubertal progression is halted and if growth velocity and the 
rate of skeletal maturation are slowed (3,4). However, there are no homogeneous 
consensus regarding the optimal strategy for monitoring treatment in CPP beyond 
auxological parameters and periodic bone age X-rays. The HPG axis can be evaluated 
by measuring unstimulated or stimulated (following GnRH or GnRHa administration) 
serum LH and sex steroids. It is known that unstimulated LH concentrations above the 
prepubertal range do not necessarily indicate a lack of suppression, while concentrations 
within the prepubertal range likely indicate suppression (4). GnRHa stimulation test 
should be performed for definitive information. However, the lack of correlation 
between biochemical measurements during treatment and adult height outcomes does 
not support routine biochemical testing in all patients (4). Therefore, the assessment 
and management of CPP remain challenging for pediatric endocrinologists.

In a prospective study published in this issue of AE&M, Yüce O and cols. (6) showed 
that first-voided urinary LH measurement was useful to assess pubertal suppression 
throughout GnRHa treatment in children with CPP. Serum and urinary LH levels 
were measured using electrochemiluminescence assay (ECLIA) in this new study. The 
authors demonstrated that urinary LH levels were significantly different among patients 
with adequate and inadequate hormonal suppression in response to GnRHa treatment. 
Although the number of studied subjects was small, 69 patients completed the study and 
only 12 composed the group with inadequate hormonal suppression. This Turkish study 
showed that urinary LH levels were at least as sensitive as traditional GnRH stimulation 
and/or GnRHa tests in monitoring treatment. In addition, they suggested a cutoff value 
with high sensitivity and specificity. It is possible that this first-voided urinary measurement 
reflects nocturnal excretion of LH, with potential detection of CPP at an early phase. 
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These clinical and laboratorial findings suggest that 
urinary gonadotropin measurement can be an alternative 
approach for assessing the hormonal suppression under 
GnRHa treatment in children with CPP. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
While the developed world is focusing on laying guidelines for selecting out cases of Asymptomatic 
primary hyperparathyroidism (PHPT) for surgical intervention and promoting minimal access surgery, 
the developing world is observing a change in disease spectrum from advanced symptomatic to 
lesser degree of symptomatic disease and not many with associated Vitamin D deficiency. Few studies 
from the developing countries of the world have focused on the changing clinical spectrum of PHPT. 
Objective of this study is to review the changing profile of PHPT in developing world. A systematic 
literature search was done in December 2017 focussing on publications from the developing world. 
All studies pertaining to the epidemiology of PHPT published after 1st January 2000 and published in 
English language were included for analysis. Most of the studies published from developing countries 
report a predominance of symptomatic disease (79.6% of all included patients) with musculoskeletal 
disease present in the majority of patients (52.9%). The combined mean serum total calcium (11.9 
± 1.4 mg/dL), serum PTH (668.6 ± 539 pg/mL), serum alkaline phoshpatase (619 ± 826.9 IU/L) and 
weight of excised parathyroid glands (4.4 ± 3.8 grams) are much higher than those reported from the 
western studies. Despite this, we found that there is a distinct trend towards a milder form of disease 
presentation and biochemical profile noticeable in more recent times. Although there is a striking 
difference in all aspects of PHPT disease epidemiology, clinical presentation and biochemical profile 
of developing and developed countries, there is a distinct trend towards a milder form of disease 
presentation and biochemical profile in more recent times. Arch Endocrinol Metab. 2020;64(2):105-10
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INTRODUCTION

Primary hyperparathyroidism (PHPT) emerged as 
a distinct clinical entity in 1920-1930. Since then 

the disease epidemiology and clinical-investigative 
protocols have witnessed a dramatic change. For 
the first 40 years after its recognition, the disease 
symptomatology was classically described as “stones, 
bones, moans, and groans”. However, the advent of 
a multichannel biochemical screening test in the early 
1970s led to a clinical revolution in the diagnosis of 

PHPT with increased incidence by four to five- fold 
and appearance of the asymptomatic era of PHPT in 
developed countries (1). 

Numerous publications between the years 1984 to 
2010 from around the developing countries provided 
contrasting views on disease epidemiology and spectrum 
of clinical presentation (2-5). While the developed 
world focused on laying guidelines for filtering out 
cases of asymptomatic PHPT for surgical intervention 
and promoting minimal access surgery with the aid of 
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newer diagnostic and localization tools, the developing 
world was observing a change in disease spectrum from 
advanced symptomatic to lesser degree of symptomatic 
disease and a reduction in incidence of associated Vitamin 
D deficiency. Some authors from developing countries 
have focused on the changing clinical spectrum of PHPT 
(6-10) and suggested that the trajectory of the change 
is similar to what was observed in developed countries a 
few decades earlier. We observed these dramatic changes 
in disease epidemiology and sought to review and address 
the question that whether the epidemiology of this 
disease continues to differ from the developed countries?

MATERIALS AND METHODS

A systematic literature search on PubMed/Medline, 
Embase, Science Citation Index Expanded (SciSearch), 
Scopus and Cochrane Databases was done in December 
2017 using keywords [“Primary hyperparathyroidism” 
AND “C”], where C is the name of a developing country 
according to WHO developing country stratification. 
The inclusion criteria were as follows: studies pertaining 
to the epidemiology of PHPT published after 1st January 
2000 and studies published in English language. Case 
reports, case series with less than ten subjects and studies 
on PHPT which didn’t report on the clinical/surgical/
biochemical profile were excluded.

The study title, year of publication, sample 
size, patient demographics, disease characteristics, 
intervention (surgery vs medical management) and 
mean values of biochemical parameters [e.g. serum total 
calcium, parathormone (PTH), Vitamin D [25(OH)-
Vitamin-D], creatinine, and phosphate were extracted 
from each study. Wherever required, the biochemical 
parameters were converted into thestandard units for 
the ease of comparison between studies.

RESULTS

Developing countries lag behind developed countries 
in the number of publications. Majority of publications 
from developing countries are from India, China, 
Brazil, and Turkey. Publications from other developing 
countries are mostly case reports, small case series, 
and retrospective case series. These publications lack 
uniformity in the presentation, analysis, interpretation 
of data, and the specific information needed for a meta-
analysis and appropriate statistical tests. The result of 
our search identified 115 publications from developing 
countries. After the exclusion of unrelated studies, case 
reports, and small case series, seventeen publications 
were eligible for review. All seventeen studies were 
observational in design and the details of the study are 
described in Table 1.

Table 1. Published studies from developing countries

S. No. Author Country Period of study No. of patients Notable findings

1 Younes NA et al. (11) Jordan 1990-2002 40 70% had skeletal disease

2 Ohe MN et al. (7) Brazil 1985-2002 104 53% symptomatic

3 Malabu UH et al. (12) Saudi Arabia 2000-2006 46 76% symptomatic

4 Prasarttong-Osoth P et al. (13) Thailand 1997-2007 45 97.8% symptomatic

5 Zhao L et al. (14) China 2000-2010 249 61.4% symtomaic

6 Paruk IM et al. (15) South Africa 2003-2009 28 92.9% symptomatic

7 Eufrazino et al. (16) Brazil 2007-2008 33 90% symtomatic but clasicalsymtoms only in 18.2% 

8 Shah VN et al. (17) India 1990-2010 202 99.1% symtomatic

9 Usta A et al. (18) Turkey 1993-2013 190 72.0% symtomatic

10 Jha S et al. (19) India 1994-2015 110 100% symtomatic

11 Bhadada et al. (20) India 2005-2015 464 95% symtomatic

12 Ahsan T et al. (21) Pakistan 2004-2014 25 96% symptomatic

13 Yadav SK et al. (10) India 1990-2016 333 69% had musculoskeletal symtoms

14 Bahrami A et al. (22) Iran 1985-2002 62 100% symptomatic

15 Bandeira F (23) Brazil Not reorted 90 57% symtomatic

16 Bandeira F (24) Brazil 2000-2006 49 49% symtomatic

17 Bandeira FA (25) Brazil 2000-2005 64 61% had skeletal or/and renal disease
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Demographics

Studies from South Africa (15) and Brazil (7) 
reported the mean age of presentation to be similar 
to that in the developed countries, although the 
vitamin D status of these patients was not reported. 
Studies from India, China, Pakistan, Iran and Turkey 
have reported median age of PHPT patients to be 
younger. Another interesting finding pertaining to 
the age of presentation was revealed in three Brazilian 
studies where the authors found that symptomatic 
patients presented at a much younger age than the 
asymptomatic ones (23-25). Seven studies, which 
overall included 1201 patients, reported on the 
vitamin D status of the patients (Table 2). The 
cumulative mean value of vitamin D for these patients 
is 22.0 ± 22.6 ng/mL, which falls into the category of 
‘insufficient viamin D level’. 

Clinical presentation

Symptomatic disease is still the most common 
form of presentation in developing countriesand 
79.6% of all included patients were symptomatic 
(Tables 1 and 3). Musculoskeletal (52.9%) and renal 
disease (34.9%) were the most common reasons for 

presentation.It is hard to estimate the presence of 
neuropsychiatric disease in PHPT because they are 
rarely the presenting feature and may not be often 
recognized. This is manifested from our review as well, 
because only a few of the included studies reported the 
presence of neuropsychiatric disease in their patient 
cohort. Overall clinical presentation is summarised in 
Table 3. 

Biochemical severity

Table 2 summarises the biochemical severity of PHPT 
in developing countries. As compared to developed 
nations, these patients presented with higher mean 
total serum calcium and PTH level. Mean total 

Table 3. Overall clinical presentation in developing countries

Feature

Number of 
studies 

reporting 
the feature

Total number 
of patients for 

which data 
available

Total number 
of patient 
having the 
feature (%)

Symptomatic 17 2134 1699 (79.6)

Musculoskeletal disease 16 2030 1073 (52.9)

Renal disease 16 2030 709 (34.9)

Gastrointestinal disease 16 2030 211 (10.4)

Neuropsychiatric disease 16 2030 182 (08.9)

Table 2. Summary of biochemical parameters and gland weight in reviewed studies

S 
No Country Serum Total Calcium 

+ SD (mg/dL)
Serum PTH + SD 

(pg/mL)
Serum alkaline 

phosphatase + SD (IU/L)
25-OH Vitamin-D 

+ SD (ng/mL)
Mean weight of the 
gland + SD (Grams)

1 Jordan (11) 10.7 ± 1.2 438.2 ± 398 296.7 ± 245.9 NA NA

2 Brazil (7) 12.0 ± 1.3 450.5 ± 376.6 N/A N/A NA

3 Saudi Arabia (12) 12.0 ± 0.4 440.0 ± 60.6 473 ± 146 14.3 ± 3.4 NA

4 Thailand (13) 13.1 (8.1–22)* 341 (107–2490)* 449 (35–3384)* N/A NA

5 China (14) 11.7 ± 1.4 402.1 (103.2–2700.6)* 112 (50–1419.9)* 13.0 (5.2–29.9)* 2.6 + 1.2

6 South Africa (15) 12.1 ± 1.6 340.9 ± 420.3 206.3 ± 340.2 N/A 2.6 ± 1.9 

7 Brazil (16) 10.6 ± 1.3 182.5 ± 326.5 N/A N/A NA

8 India (17) 11.7 ± 1.5 740.2 ± 669.2 556.9 ± 551.4 25.0 ± 46.7 4.7 ± 1.6

9 Turkey (18) 11.9 (8.8–15.4)* 467 (102–2240)* 362 (64–685)* N/A NA

10 India (19) NA 957.9 ± 245.4 NA NA NA

11 India (20) 11.9 ± 1.6 752.4 ± 735.2 653 ± 1180 22.9 ± 25.1 5.6 ± 6.5 

12 Pakistan (21) 11.2 ± 1.6 879.5 ± 793.5 673.5 ± 729.6 16.3 ± 14.3 NA

13 India (10) 12.7 ± 1.6 715.9 ± 671.1 699.7 ± 725.7 20.7 ± 15.2 3.6

14 Iran (22) 11.2 (9.3-15.6)* 184 ± 41 (76–1300) 657 ± 116 (84–3150) NA NA

15 Brazil (23) 12.0 ± 0.5 714.1 ± 135.0 NA NA NA

16 Brazil (24) 11.3 ± 0.7 292.2 ± 179.4 NA 20.8 ± 8.9 NA

17 Brazil (25) 11.9 ± 0.2 289.7 ± 205.4 NA 21.4 + 2.4 3.7 + 2.5

*Mean values not reported in the study, median values with range provided.
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serum calcium level of 10.6 ± 0.6 mg/dL, mean 
PTH level of 67.5 (47.9-94.9) pg/mL and mean 
alkaline phosphatase (ALP) level of 75 (62-92) IU/L 
was reported from USA (26). In contrast, all studies 
from developing countries except two (15 & 31) have 
reported mean serum calcium above 11 mg/dL, mean 
PTH level above 340 pg/mL (except 31, 34 & 35; all 
Brazilian studies) and mean ALP level above 400 IU/L 
in most studies. 

We calculated the combined mean values for serum 
total calcium, serum PTH and serum ALP level of all 
included studies (wherever reported) to get an overall 
picture of the disease severity. The combined mean 
values for serum total calcium (11.9 ± 1.4 mg/dL), 
serum PTH (668.6 ± 539 pg/mL) and serum ALP 
(619 ± 826.9 IU/L) are very different from what has 
been reported from the west. Mean weight of excised 
adenoma is also high in developing countries (4.4 ± 
3.8 grams).

Changing epidemiology

We could identify only five studies examining the 
changing disease pattern in developing countries, 
three from India, and one each from China and Brazil 
(Table 4). Shah and cols. analyzed data of 202 patients 
over two decades and divided into four different time 
periods, i.e. 1990 to 1994, 1995 to 1999, 2000 to 2004 
and 2005 to 2010 (17). Although clinical presentations 

of PHPT (predominance of bone and stone symptoms) 
did not differ across different time periods and non-
significant decrease in serum calcium levels at the time 
of diagnosis of PHPT was observed but a significant 
decline in the serum ALP level (P < 0.01) was found 
in the last decade, however, PTH level was higher in 
the last decade (P < 0.05).Jha and cols. reported that 
although clinical severity of the disease has decreased 
significantly, biochemical abnormalities of high PTH 
and ALP are still the same (19). Yadav and cols. grouped 
the PHPT patients into three subgroups based on the 
time span; 1990–1999, 2000–2009, 2010–2016, and 
clinical and biochemical parameters were compared 
(10). The clinical presentation in this study has evolved 
progressively with increase in older age group (35 vs 39 
vs 43.85, p < 0.001), less patients with musculoskeletal 
symptoms (85.3 vs 76.8 vs 61%, p = 0.002) and less 
patients with severe bone disease (29.4 vs 10.7 vs 
10.7%, p = 0.088). Biochemical parameters also showed 
a changing trend with a significant decrease in mean 
ALP level (1393 vs 965 vs 414.8 IU/L, p < 0.001) and 
serum PTH (837.52 vs 812.89 vs 635.74 pg/mL, p = 
0.02). Ohe and cols. grouped 104 Brazilian patients 
into three groups, patients diagnosed from 1985-1989, 
1990-1994, and 1995 to 2002 (7). Patients from the 
first group tended to be younger (mean ± SD, 43.0 ± 
15 vs 55.1 ± 14.4 and 55.7 ± 17.3 years, respectively) 
and their mean serum calcium was significantly higher.

Table 4. Studies from developing countries examining the change in pattern of PHPT

Study Patient population Findings

Shah VN et al. (17) 202 patients, divided into 4 time groups

1990-1994 (n = 6)

1995-1999 (n = 22)

2000-2004 (n = 43)

2005-2010 (n = 131)

Clinical presentation did not change over different time periods; non-significant decrease 
in serum calcium; significant decline in the serum alkaline phosphatase level in the last 
decade.

Jha S et al. (19) 110 patients, divided into 2 time groups:

1994-2007 (n = 51)

2007-2015 (n = 59)

Pathological fractures more common in earlier subgroup, bone pain was more common in 
later subgroup; median PTH values were similar in two time groups

Yadav SK et al. (10) 333 patients divided into 3 time groups:

1990–1999 (n = 34)

2000–2009 (n = 112)

2010–2016 (n = 187)

Progressive increase in age at presentation; decline in proportion of patients presenting 
with musculoskeletal disease; decline in mean serum PTH and serum alkaline 
phosphatase level

Ohe MN et al. (7) 104 patients divided into 3 subgroups

1985-1989 (n = 9)

1990-1994 (n = 30)

1995-2002 (n = 65)

Patients from earlier subgroup were significantly younger and had significantly higher 
serum calcium values

Zhao L et al. (14) 249 patients presenting between 2000-2010;  
Compared symtomatic and asymtomatic PHPT

The overall features of PHPT not changed but asymptomatic presentation increased to 
50% of all cases after 2007; symptomatic patients had significantly higher serum calcium, 
PTH, alkaline phoshatase, and higher parathyroid gland weight.
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Zhao and cols in their study of 249 Chinese PHPT 
patients reported that percentage of asymptomatic 
PHPT has increased from 21% in 2000–2006 to 42.4% 
to 52.5% in 2007–2010 (14). 

DISCUSSION

The presentation of PHPT has changed from 
symptomatic to an asymptomatic disease in developed 
countries (1). However, there is a striking difference 
in all aspects of PHPT disease epidemiology, clinical 
presentation and biochemical profile of patients from 
developing countries when compared to profile of 
patients from developed countries, but the clinical and 
biochemical severity is decreasing and is somewhat 
similar to observations on western patients reported 
during the1980s and 90s (27-29). One of the most 
interesting findings from this review pertains to the 
age of presentation. Patients of from developing Asian 
countries seem to present at a younger age, with a 
difference of about 15-20 years. The exact pathogenesis 
of this young age of presentation has not been clearly 
established, but the widespread prevalence of vitamin 
D deficiency in these countries, which has been linked 
with parathyroid adenoma growth, may be playing its 
part (27). Another theory is increased awareness in 
western countries (26) along with routine biochemical 
screeningbut only increased awareness can not explain the 
drastically opposite presentation of PHPT in developing 
countries. The cause of this type of presentation must 
be multifactorial like patient awareness, physician 
awareness, health infrastructure and nutrition. 

Delay in diagnosis incurs high healthcare cost in the 
form of morbidities associated with PHPT. Education 
of general public and training of health care personnel 
can lead to early identification and management leading 
to patient benefit. As the awareness among general 
population and physicians is increasingthe diagnosis 
of PHPT is increasing in developing world. Increasing 
number of specialist endocrine surgeons is increasing 
across the globe but it is still very less in developing 
countries (30). 

With the trajectory being similar to west in the terms 
of clinical and biochemical profile with a temporal lag of 
one and half to two decades, it can be expected that in 
another two decades, a steady state would be achieved, 
as in western patients.
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ABSTRACT
Two researchers conducted independent searches on five different electronic databases: PubMed/
MEDLINE, Embase, SciELO, LiLACS and Web of Science. Studies were selected that covered cross-
cultural adaptation methodology and validation in Brazil with type 1 and type 2 diabetes patients of 
any age. After reading the full-text articles, data related to psychometric characteristics were extracted 
from each study selected. Reliability was assessed with Cronbach’s α (Cα). The initial searches 
identified 2,211 studies. After exclusions, 26 were included, covering a total of 31 questionnaires. 
Questionnaires were grouped into 11 domains based on their main focus of interest: adherence (n 
= 8), quality of life (n = 7), diabetes knowledge (n = 3), hypoglycemia (n = 3), self-efficacy (n = 3), 
satisfaction with pharmaceutical services (n = 1), emotional stress (n = 2), hope (n = 1), attitude 
towards diabetes (n = 1), perception of disease severity (n=1), and risk of developing diabetes (n = 1). 
This study identified and reviewed all of the diabetes-specific questionnaires that have been validated 
for Brazilian Portuguese, which should facilitate selection of the most appropriate instrument for each 
domain of interest in future research and clinical settings. Arch Endocrinol Metab. 2020;64(2):111-20
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INTRODUCTION

R ecent data show that the global prevalence of 
diabetes increased from 108 million in 1980 

to 425 million in 2017 (1,2). It is estimated that by 
2045, 629 million people will be affected with diabetes 
worldwide (2). Brazil is the country with the fourth 
highest number of diabetes cases in the world, with 
a prevalence of 12.5 million people with diabetes in 
2017 (2), which has been increasing significantly over 
the last 35 years (3).

The special and rigorous care that is necessary for 
good glycemic control affects several spheres of patients’ 
lives, such as eating, physical activity, quality of life, 
and mental health, among others. This characteristic 

of the disease requires frequent monitoring by health 
professionals, preferably with a multidisciplinary 
approach (4). Additionally, diabetes is a disease with 
great potential to disable, due to its complications 
(5), which means that frequent evaluations of every 
aspect of the disease are needed (4). Questionnaires, 
scales, and other instruments have proved to be 
important tools for evaluating many chronic diseases, 
including diabetes, in both clinical practice and research 
settings (6). Questionnaires are great tools for collecting 
information about people’s behavior, knowledge and 
attitudes, by administering standardized questions (7).

Questionnaires can be classified as general 
questionnaires, which evaluate health variables and 
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allow comparison between patients and healthy persons, 
or specific questionnaires, which evaluate characteristics 
related to a specific disease (8). Diabetes-specific 
instruments are very well accepted by patients and 
enable evaluation of specific aspects of the disease (9). 
These tools have been identified as one of the best ways 
to evaluate certain characteristics of diabetes, such as 
diabetes burden and mental health (10).

The number of questionnaires cross-culturally adapted 
and validated for the Brazilian culture is still insufficient 
for the high diabetes demands in Brazil (10). There 
are no studies comparing all the available instruments, 
which could facilitate selection of the most appropriate 
instrument for each domain of interest in future research 
and in the clinical setting. Therefore, the present study 
aims to identify and compare all diabetes-specific 
questionnaires validated in Brazilian Portuguese.

SUBJECTS AND METHODS

This systematic review protocol was registered on 
the International Prospective Register of Systematic 
Reviews (PROSPERO) under registration number 
CRD42017073407. This protocol is fully available on 
the National Institute of Health Research – Health 
Technology Assessment Database (NIHR HTA) website. 
This systematic review follows the recommendations of 
the Preferred Reporting Items for Systematic Reviews 
and Meta-Analyses (PRISMA) (11).

Information sources

The literature search was conducted independently by 
two reviewers on five electronic databases (Medical 
Literature Analysis and Retrieval System Online/
PubMed, EMBASE, Web of Science, Scientific 
Electronic Library Online [SciELO], and Latin 
American and Caribbean Center on Health Sciences 
Information [LILACS]) in order to identify diabetes-
related questionnaires, scales, and other instruments 
that have been translated, adapted, and validated for the 
Brazilian culture. Other mechanisms such as Google 
Scholar were also used in order to reduce publication 
bias and include unpublished data or publications not 
indexed in the databases listed above. Manual searches 
were also conducted in the references of the articles 
selected and in the annals of major Brazilian and 
international conferences related to diabetes held during 
the last three years. Where studies were identified, but 
the full text was unavailable, the authors were contacted 

in order to request the full article. The most recent 
search was performed on October 3rd, 2017.

Search strategy

Descriptors “Diabetes”, “Questionnaires”, and 
“Brazil” and related terms and keywords were used 
in the search strategy, in English and Portuguese. The 
search strategy run on PubMed is described in Table 1.

Table 1. Literature Search Strategy Used for PubMed Database

#1 Search: ((((((“Diabetes Mellitus”[Mesh]) OR “Diabetes Mellitus, Type 
2”[Mesh]) OR “Diabetes Mellitus, Type 1”[Mesh]) OR “Diabetes Mellitus, 
Lipoatrophic”[Mesh] OR Diabetes OR Diabetic*)) OR LADA[Title/Abstract]) OR 
MODY[Title/Abstract]

#2 Search:((((((((((((((((((“Surveys and Questionnaires”[Mesh]) OR ( “Validation 
Studies as Topic”[Mesh] OR “Validation Studies” [Publication Type])) OR 
“Translations”[Mesh])) OR adaptation[Title/Abstract]) OR reliability[Title/
Abstract])) OR translation[Title/Abstract]) OR scale[Title/Abstract]) OR 
transculturalization[Title/Abstract]) OR questionnaire[Title/Abstract]) OR 
validation[Title/Abstract]) OR cross-cultural[Title/Abstract]) OR validity[Title/
Abstract]) OR version[Title/Abstract]) OR validation studies[Publication Type]) OR 
instrument[Title/Abstract]) OR score[Title/Abstract]) OR cultural[Title/Abstract]

#3 Search: ((Brazil* OR Brasil OR “Minas Gerais” [Title/Abstract] OR “São 
Paulo” [Title/Abstract] OR “Espirito Santo” [Title/Abstract] OR “Rio de Janeiro” 
[Title/Abstract] OR Bahia [Title/Abstract] OR Pará [Title/Abstract] OR “Mato 
Grosso” [Title/Abstract] OR “Mato Grosso do Sul” [Title/Abstract] OR Goiás 
[Title/Abstract] OR “Rio Grande do Sul” [Title/Abstract] OR Ceará [Title/
Abstract] OR Pernambuco [Title/Abstract] OR “Santa Catarina” [Title/Abstract] 
OR Amazonas [Title/Abstract] OR Maranhão [Title/Abstract] OR Tocantins [Title/
Abstract] OR Piauí [Title/Abstract] OR Rondônia [Title/Abstract] OR Roraima 
[Title/Abstract] OR Paraná [Title/Abstract] OR Acre [Title/Abstract] OR Amapá 
[Title/Abstract] OR Paraíba [Title/Abstract] OR “Rio Grande do Norte” [Title/
Abstract] OR Alagoas [Title/Abstract] OR Sergipe [Title/Abstract] OR “Distrito 
Federal” [Title/Abstract] OR Portuguese[Title/Abstract] OR Portugues[Title/
Abstract] OR Português[Title/Abstract]”))

#4 Search: #1 AND #2 AND #3 

Eligibility criteria 

Studies were selected based on the following criteria: 
translation to Brazilian Portuguese, cross-cultural 
adaptation, or validation of questionnaires, scales, and 
other instruments related to diabetes. Only patient-
reported outcome measures were included. A decision 
was taken to exclude articles in which the instrument 
validated required additional information, such as the 
results of laboratory procedures, imaging examinations, 
or careful professional evaluation, thereby ruling out 
inclusion of risk scores. No date or language restrictions 
were applied.

Study selection

Duplicates were identified and excluded. Two 
researchers (L.G.B. and M.M.M.) independently 
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evaluated titles and abstracts against the inclusion and 
exclusion criteria. Publications for which the information 
needed could not be extracted from the title or abstract 
were selected for full article reading. All studies selected 
in the first evaluation were referred for analysis of the 
full text. Disagreements were resolved by arriving 
at a consensus in discussions or by a third researcher 
(G.H.T). Agreement between the two researchers was 
analyzed using the kappa coefficient and a value > 0.80 
was defined as almost perfect agreement (12). EndNote 
version X7 software (Thomson Reuters, New York, 
NY) was used to organize the studies.

Data extraction 

Two researchers (L.G.B. and M.M.M.) separately 
extracted the following data from each study: title in 
Portuguese and English, publication date, authors, 
instrument name in English and Portuguese, population 
used for validation, target age, cross-cultural adaptation 
process, reliability data, type of validation, instrument 
application time, mode of administration (self-report or 
administered by an interviewer), instrument accessibility, 
number of items and domains, scores and cut-off 
points. Disagreements were resolved by discussion and, 
if unresolved on this basis, a third researcher (G.H.T.) 
was consulted. When two studies validated the same 
questionnaire in a similar population but with different 
sample sizes, only the most accurate was included. Data 
were inputted to a pretested Microsoft Office ExcelTM 
spreadsheet.

Risk of bias in studies

The quality of studies was evaluated using the Cochrane 
tool (13). Certain adaptations were made in order to 
use it for validation studies, because it was originally 
created for evaluating randomized clinical trials. The 
bias risk assessment took into account presence of 
important methodological elements of the cross-cultural 
adaptation/validation process: validation additional to 
the cross-cultural adaptation process (14), reliability 
data, test-retest evaluation, pre-test evaluation, and 
sample size calculation or estimation.

Reliability was measured with Cronbach’s α. In 
general, the minimum acceptable value for the reliability 
of a questionnaire is 0.70; below this value, the internal 
consistency of the scale is considered low. In contrast, the 
expected maximum value is 0.90; above this value, one 
might consider redundancy or duplication, which means 

that several items would be measuring exactly the same 
element of a construct; therefore, redundant items should 
have been eliminated. Usually, Cronbach’s α values 
between 0.80 and 0.90 are preferred (8,15). We used the 
value 0.7 to consider a questionnaire acceptably reliable.

RESULTS

The initial searches identified 2,211 articles; 128 were 
duplicates and were excluded; 2,083 articles were 
analyzed by title and abstract, and 43 were selected for 
full-text reading. Two papers were found only in abstract 
form. Since their validation studies were not found, 
the authors were contacted and requested to provide 
them. Both (16,17) had used unvalidated instruments. 
In both cases, the instruments were excluded because 
it was impossible to analyze the studies. Twenty-four 
studies were included initially, and another two studies 
were found by manual searching, totalling a final 
sample of 26 studies included (Figure 1). Although not 
fully published, three important questionnaires related 
to hypoglycemia were included since they presented 
sufficient information and psychometric data in the 
abstract (18).

The total number of instruments adapted/
validated was 31, because some articles used more 
than one questionnaire. Some of these validations were 
conducted for the same questionnaire, but in different 
populations, such as type 1 and type 2 diabetes [the Self-
Care Inventory-revised questionnaire (19,20) and the 
Diabetes Quality of Life Measure (21,22)] or different 
age ranges (19,23), totaling 28 different instruments. 

With regard to the populations used to validate the 
instruments, one study stated that the questionnaire had 
been validated for patients with both types of diabetes 
(type 1 and type 2 diabetes), but the sample included 
only one patient with type 2 diabetes (24). In this case, we 
included this study in the systematic review as exclusively 
validated for patients with type 1 diabetes. An analysis 
of concordance between the researchers was conducted, 
generating a Kappa coefficient of 0.848 (P < 0.001).

In order to facilitate understanding and enable 
comparisons between the instruments selected, the 
researchers grouped the studies into domains based 
on the main subject addressed. This resulted in 11 
large domains representing the primary focus of each 
questionnaire: treatment adherence (n = 8, Cronbach’s 
α = 0.71-0.79 for type 1 diabetes mellitus; Cronbach’s α 
= 0.63-0.84 for type 2 diabetes mellitus); quality of life  
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Figure 1. Flow diagram: identification and selection of studies included in the systematic review.

N = 2,211 records identified 
through database searching:

 – PubMed: n = 1,575

 – Embase: n = 226

 – SciELO: n = 145

 – LiLACS: n = 203

 – Web of Science: n = 62

N = 2,042 records excluded:

 – Study purpose: n = 1,922

 – Not about diabetes: n = 90

 – Not Brazilian Portuguese: n = 30

N = 18 of full-text articles 
excluded:

 – Study purpose: n = 8

 – Not about diabetes: n = 2

 – Not Brazilian Portuguese: n = 2

 – Could not retrieve full-text: n = 2

 – Duplicates: n = 4

N = 128 duplicates removed

Manual inclusion 
n = 2

N = 2,083 records screened 
(title and/or abstract)

N = 42 of full-text articles 
assessed for eligibility

N = 26 studies included in 
qualitative synthesis

(n = 7, Cronbach’s α = 0.70-0.94 for type 1 diabetes 
mellitus; Cronbach’s α = 0.70-0.94 for type 2 diabetes 
mellitus); diabetes knowledge (n = 3, Cronbach’s α = 0.75-
0.91 for type 1 diabetes mellitus; Cronbach’s α = 0.81 for 
health professionals); hypoglycemia (n = 3, Cronbach’s 
α = 0.73-0.84 for type 1 diabetes mellitus); self-efficacy 
(n = 3, Cronbach’s α unavailable for type 1 diabetes 
mellitus; Cronbach’s α = 0.63-0.78 for type 2 diabetes 
mellitus); satisfaction with pharmaceutical services (n = 1, 
Cronbach’s α unavailable for type 2 diabetes mellitus); 
emotional stress (n = 2, Cronbach’s α = 0.93 for type 
1 diabetes mellitus; Cronbach’s α unavailable for type 
2 diabetes mellitus); hope (n = 1, Cronbach’s α = 0.83 
for type 2 diabetes mellitus); attitude towards diabetes  
(n = 1, Cronbach’s α = 0.91 for type 2 diabetes mellitus); 
perception of disease severity (n= 1, Cronbach’s α = 0.66 
for both type and type 2 diabetes mellitus); and risk of 
developing diabetes (n = 1, Cronbach’s α unavailable for 
type 2 diabetes mellitus). Half of the studies reporting 
overall reliability had instruments with Cronbach’s α 
between 0.7 and 0.9. More details on the studies included 
in this systematic review and the instruments validated are 
presented in table 2.

Analyses of the risk of bias within studies found 
that most studies presented a low risk of bias in the 

methodological steps and psychometric data evaluated 
(Figure 2 and Table 3). However, most of the studies 
lacked a methodological basis for determining sample 
size. Sample size was calculated in only five of the 26 
studies (19,38,41-43), which may have modified the 
psychometric data and constitutes an increased risk of 
bias. Also, during the data extraction phase, there were 
some difficulties in extracting certain information due to 
lack of clarity in the descriptions of the methodological 
processes.

DISCUSSION

Due to the increasing number of diabetes cases 
in Brazil, it has been necessary to develop specific 
instruments to assist health professionals to follow-up 
these patients. The present study analyzed diabetes-
specific questionnaires available and validated in 
Brazilian Portuguese with the purpose of facilitating 
the process of choosing the best surveys to use in 
clinical settings and research. A total of 26 studies were 
found that validated one or more instruments, totalling  
31 different questionnaires validated in different 
populations (children/adolescents or adults with type 1 
diabetes or type 2 diabetes).
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Table 2. Characteristics of the instruments according to the approach, population studied, items and domains, and psychometric data

Area of 
interest Author year Instruments 

(original)
Instruments 
(Portuguese) Population Items 

domains
Application 

time
Cronbach’s 

α Accessibility

Adherence to 
treatment

Stacciarini, T. 
2014 (25)

Appraisal of Self 
Care Agency 

Scale-Revised 
(ASAS-R)

NA T2DM 15 items 5 min 0.74 NA

Telo, G. H. 
2014 (19)

Diabetes 
Self-Management 

Profile (DSMP)

NA T1DM 24 items 5 
domains

20-30 min 0.76 NA

Passone, 
C.G.B. 2017 

(23)

Diabetes 
Self-Management 

Profile (DSMP)

NA T1DM 25 items 5 
domains

20 min 0.79 NA

Boas, L. C. 
2014 (26)

NA Medida de Adesão 
aos Tratamentos 
– Antidiabéticos 

orais (MAT ADOs)

T2DM 7 items 61 min 0.84 NA

Boas, L. C. 
2014 (26)

NA Medida de Adesão 
aos Tratamentos 
– insulina (MAT 

Insulina)

T2DM 7 items 61 min 0.68 NA

Telo, G. H. 
2014 (19)

Self-Care 
Inventory-revised 

(SCI-R)

NA T1DM 14 items 8-10 min 0.71 NA

Telo, G.H. 
2017 (20)

Self-Care 
Inventory-revised 

(SCI-R)

NA T2DM 15 items 8-10 min 0.63 NA

Michels, M. J. 
2010 (27)

Summary of 
Diabetes Self-Care 
Activities (SDSCA)

Questionário de 
Atividades de 

Autocuidado com 
o Diabetes (QAD)

T2DM 15 items  
(+3 ad)

7-15 min NA Available online

Attitude Torres, H.C. 
2005 (28)

Attitudes 
Questionnaires 

(ATT-19)

NA T2DM 19 items  
6 domains

20-30 min 0.91 NA

Evaluation of 
hypoglycemia

Giaretta, L.S. 
2016 (18)

Reduced 
Awareness of 
Hypoglycemia 
(Clarke score)

NA T1DM NA NA 0.73 NA

Giaretta, L.S. 
2016 (18)

Edinburgh 
Hypoglycemia 

Symptom Scale

NA T1DM NA NA 0,84 NA

Giaretta, L.S. 
2016 (18)

Hypoglycemia 
Awareness Status 

(Gold Method)

NA T1DM NA NA NA NA

Emotional 
Stress

Curcio, R. 
2012 (29)

Diabetes Distress 
Scale (DDS)

NA T2DM 17 items 4 
domains

NA NA NA

Silveira, M.S. 
V.M. 2017 

(30)

Type 1 Diabetes 
Distress Scale 

(T1DDS)

NA T1DM 28 items NA 0.93 NA

Hope Sartore, A.C. 
2008 (31)

Herth Hope Index 
(HHI)

Escala de 
Esperança de 
Herth (EEH)

T2DM 12 items NA 0.834 Available online

Knowledge Torres, H.C. 
2005 (28)

Diabetes 
Knowledge Scale 

(DKN-A)

NA T2DM 15 items 5 
domains

20 - 30 min 0.91 NA
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Area of 
interest Author year Instruments 

(original)
Instruments 
(Portuguese) Population Items 

domains
Application 

time
Cronbach’s 

α Accessibility

Coutinho, L.L. 
2015 (32)

The Diabetes: 
Basic Knowledge 

Test (DBKT)

NA health 
professional

41 items 2 
domains

NA 0.81 NA

Souza, J. G.  
2016 (33)

Spoken Knowledge 
in Low Literacy 
Patients with 

Diabetes(SKILLD)

NA T2DM 10 items 5-10 min 0.75 NA

Quality of life Gross, C. C. 
2007 (34)

PAID (Problem 
Areas in Diabetes)

Versão Brasileira 
do PAID (B-PAID)

T2DM 20 items 4 
domains

5-10 min 0.93 Available online

Correr, C. J. 
2008 (21)

Diabetes Quality of 
Life Measure 

(DQOL)

DQOL - Brasil T2DM 44 items 4 
domains

10-15 min 0.92 Available online

Brasil, F. 
2014 (22)

Diabetes Quality of 
Life Measure 

(DQOL)

DQOL- Brasil T1DM 44 items 4 
domains

20-40 min 0.94 Available online

Brasil, F. 
2015 (35)

Diabetes Quality of 
Life Measure 

(DQOL)

DQOL-Brasil-8 T1DM and 
T2DM

8 items 20-40 min 0.702 NA

Novato, T. S. 
2008 (36)

Diabetes Quality of 
Life for Youths 

(DQOLY)

Instrumento de 
Qualidade de Vida 
para Jovens com 
Diabetes (IQVJD)

T1DM 51 items 3 
domains

NA 0.9333 NA

Queiroz, F. A. 
2009 (37)

Diabetes – 39 
(D-39)

NA T2DM 39 items 5 
domains

NA 0.917 NA

Xavier, A. T. 
2011 (38)

Neuropathy and 
Foot Ulcer - 

Specific Quality of 
Life (NeuroQol)

NA T1DM and 
T2DM

35 items 6 
domains

NA 0.94 NA

Perception of 
disease 
severity

Lopes, I. de 
M. 2017 (24)

Perception of 
Severity of Chronic 

Illness (PSCI)

NA T1DM and 
T2DM

14 items 6 
domains

3.49 min 0.66 NA

Risk of 
diabetes

Cruz, P.A. 
2010 (39)

NA Questionário de 
Risco para 

Diabetes Mellitus 
(QRDM)

T2DM 7 items 11 min NA Available online

Satisfaction Correr, C. J. 
2009 (40)

Pharmacy Services 
Questionnaire 

(PSQ)

Questionário de 
Satisfação com os 

Serviços da 
Farmácia (QSSF) 

T2DM 20 items 2 
domains

NA NA NA

Self-efficacy Pace, A. E. 
2017 (41)

Diabetes 
Management 

Self-efficacy Scale 
for Patients 
(DMSES)

Escala de 
Autoeficácia no 

Controle do 
Diabetes para 

Pacientes

T2DM 20 items 4 
domains

40 min 0.78 NA

Chaves, F. F. 
2017 (42)

Diabetes 
Empowerment 

Scale - Short Form 
(DES - SF)

Escala de 
Autoeficácia em 

Diabetes – Versão 
Curta (EAD-VC)

T2DM 8 items 8 
domains

5-10 min 0.634 Available online

Gastal, D. A. 
2007 (43)

Insulin 
Management 

Diabetes 
Self-efficacy 

(IMDSES)

Escala de 
autoeficácia no 

manejo da 
insulina

T1DM 20 items 3 
domains

NA NA Available online

NA: not available, T1DM: type 1 diabetes mellitus, T2DM: type 2 diabetes mellitus.
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Figure 2. Within Group Bias Risk Assessment.

Validity item described

Reliability item described

Test and re-test described

Pretest described

Sample size described

0% 20% 40% 60% 80% 100%

Low risk Not clear High risk

Table 3. Methodological steps and psychometric data bias risk assessment 

Author Year Sample size 
described Pretest described Test and re-test 

described
Reliability item 

described
Validity item 

described

Torres, H.C. 2005 (28) - + + + +

Gastal, D.A. 2007 (43) + + + ? +

Gross, C.C.2007 (34) - - - + +

Correr, C.J. 2008 (21) - - - + +

Novato T.S. 2008 (36) - + + + +

Sartore, A.C. 2008 (31) - + + + +

Queiroz, F.A. 2009 (37) - + ? + +

Correr, C.J. 2009 (40) ? - - + +

Cruz, P.A. 2010 (39) - + + - -

Michels, M.J. 2010 (27) - + + + +

Xavier, A.T. 2011 (38) + + + + +

Curcio, R. 2012 (29) - + - - -

Boas, L.C. 2014 (26) - ? ? + +

Brasil, F. 2014 (22) - ? ? + +

Stacciarini, T. 2014 (25) - + + + +

Telo, G. H. 2014 (19) + + + + +

Brasil, F. 2015 (35) ? + + + +

Coutinho, L.L. 2015 (32) ? - - + -

Telo, G.H. 2017 (20) ? + + + ?

Souza, J. G. 2016 (33) - - - + -

Giaretta, L.S. 2016 (18) ? ? - + -

Chaves, F.F. 2017 (42) + + + + +

Lopes, I. de M. 2017 (24) - + - + +

Pace, A.E. 2017 (41) + + - + +

Passone, C.G.B. 2017 (23) - + + + -

Silveira, M.S.V.M. 2017 (30) - + + + +

+ = low risk of bias, - = high risk of bias, ? = bias unclear

There is a discussion in the literature about using 
disease-specific questionnaires rather than general 
questionnaires (8,44). It is agreed that general 
instruments are useful for the comparison between 
individuals with and without disease. However, concern 
has been expressed that a generic health measure would 
not be sensitive enough to capture all aspects of patient 
experience, and that a diabetes-specific measure would 
be needed to evaluate the overall impact of the disease 
and interventions. More specific instruments have the 
advantage of better assessing the unique aspects of a 
particular disease as well as its impact on patients’ lives 
(15), such as questions asking patients with diabetes 
about the burden of using insulin in public.

Adherence to treatment was the area with the 
greatest number of questionnaires. This is defined as 
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behavior of accepting and following recommendations 
(such as using medication correctly, sticking to the 
correct diet, practicing physical activity, etc.) provided 
by a health care professional (45). The importance of 
measuring adherence is to assess whether and to what 
extent recommendations are followed by the patient. Of 
the questionnaires covering this subject, the Measure of 
Adherence to Oral Antidiabetic Treatments (MAT ADO) 
has the best reliability. However, this questionnaire 
only evaluates adherence to oral medications and takes 
a long time to administer (61 minutes) (26). For a 
global evaluation of adherence, including items such as 
physical exercise, blood glucose testing, insulin use, and 
diet, the Diabetes Self-Management Profile seems to 
be better for assessing adherence in children and adults 
with type 1 diabetes (19,23). The Self-Care Inventory-
revised (SCI-R) is a widely-used treatment adherence 
questionnaire and may be the best instrument to assess a 
population consisting of both type 1 and type 2 diabetes 
patients (19,20).

Regarding quality of life assessment, a considerable 
number of questionnaires assess global quality of life or 
quality of life in relation to a specific complication, such 
as diabetic neuropathy (38). Health-related quality 
of life is a broad and subjective concept involving 
physical, psychological, and social factors, as well as the 
individual’s perception of their role in society (46). It 
is important, since treatment should not aim merely to 
control a particular element of a disease (such as control 
of glycated hemoglobin and avoiding complications 
related to diabetes), but should also target aspects 
related to improvement in quality of life and well-
being (47). The Diabetes Quality of Life (DQOL) 
questionnaire is a comprehensive questionnaire that 
assesses satisfaction with treatment care and the impact 
of diabetes on various areas of life such as social life, 
family, physical activity, sexual life, etc. There are 4 
versions validated for Brazilian Portuguese, including 
both type 1 and type 2 diabetes patients, as well as a 
specific evaluation for young people, all with adequate 
reliability and validation items (21,22,35,36).

Another essential subject to be measured in 
patients with diabetes is their knowledge about their 
disease, since it is directly associated with adherence 
to treatment (48). The Diabetes Knowledge Scale 
(DKN-A) questionnaire was one of the first diabetes-
specific questionnaires to be adapted for the Brazilian 
population and remains a tool of great utility and 
excellent reliability (28).

Hypoglycemia plays an important role in 
management of patients with diabetes, especially those 
with type 1 diabetes undergoing intensive treatment 
(49).  Questionnaires to measure hypoglycemia 
objectively have been available in other countries 
for decades;  in Brazil, three tools have recently been 
validated and will probably be of great utility for our 
population (18).

The remaining concepts measured are also of great 
importance in the research and clinical follow-up 
of patients with diabetes: attitude towards diabetes, 
emotional distress, hope, perception of disease severity. 
However, some common barriers faced by patients with 
diabetes, such as beliefs, relationship with health care 
professionals, lifestyle changes (50), physical activity 
(51), and risk of driving (52) have not been evaluated 
in Brazilian diabetic populations and still require cross-
cultural adaptation and validation in order to be ready 
for using. 

This study has some limitations. First, it is limited 
to the evaluation of specific questionnaires in the 
population with diabetes, which may limit comparisons 
to other populations. Also, when analyzing the 
time taken to administer the instruments, it appears 
likely that some studies reported the total duration 
of the interviews conducted for validation of the 
instrument (including informed consent procedures, 
sociodemographic data collection, etc.), rather than 
only the time needed to administer the instrument itself. 
Because of this, we believe that the administration times 
for some of the instruments shown in table 1 may be 
overestimated. Additionally, some questionnaires were 
not fully validated, but translated and culturally adapted 
using only a pre-test evaluation, which left them with 
no available reliability information. Nevertheless, we 
believe this study extends the literature by identifying 
and bringing together all of the questionnaires that 
have been validated in Brazilian Portuguese.

In conclusion, this systematic review identified and 
analyzed all the diabetes-specific questionnaires that 
have been validated in Brazilian Portuguese in order to 
assist health professionals in follow-up and treatment 
of patients with diabetes, in both clinical and research 
settings.
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ABSTRACT
Objective: To determine whether first-voided urinary LH (FV-ULH) – level measurement can adequately 
assess pubertal suppression as much as standard tests can. Subjects and methods: The study group 
included patients with central precocious puberty and rapidly progressing early puberty who received up 
to 3 – 4 doses of GnRHa therapy monthly and did not have adequate hormonal suppression after GnRH 
stimulation (90-minute LH level > 4 IU/L). Design: All of the participants underwent an LHRH test just 
after admission to the study. According to the stimulated peak LH levels, the patients were divided into 
2 groups and followed until the end of the first year of treatment. The concordance between FV-ULH and 
stimulated LH levels was assessed. Results: The FV-ULH levels in patients with inadequate hormonal 
suppression were significantly high compared to patients with adequate hormonal suppression. FV-
ULH levels were very strongly correlated with stimulated LH levels (r = 0.91). Its correlation with basal 
LH levels was significant (r = 0.65). However, this positive correlation was modestly weakened after the 
first year of treatment. The cutoff value for FV-ULH of 1.01 mIU/mL had the highest sensitivity (92.3%) 
and specificity (100%). Conclusion: FV-ULH levels, using more reliable and sensitive assay methods, 
can be used to monitor the adequacy of GnRHa therapy. Arch Endocrinol Metab. 2020;64(2):121-7
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INTRODUCTION

The standard recommended treatment for central 
precocious puberty (CPP) is the depot form of 

gonadotropin-releasing hormone analogues (depot 
GnRHa) (1). Monitoring of treatment response should 
include assessment of Tanner stage and growth velocity 
every 3 to 6 months, along with periodic assessment of 
bone age advancement (2). However, these parameters 
are not always sufficient to predict the degree of 
gonadotropin suppression, particularly during initial 
treatment. In particular, the examiners had significant 
variability in their bone age interpretation (2). 
Therefore, stimulated luteinizing hormone (LH) levels 
following intravenous administration of luteinizing 
hormone-releasing hormone (LHRH) are accepted as 
the mainstay of treatment monitoring (2-4). However, 
this test requires venipuctures and multiple serum 

samples for LH, which is time-consuming, costly, and 
a tedious process for children. Recently, it has been 
shown that instead of using an LHRH test to evaluate 
treatment efficacy, one may use the LH level following 
the injection of depot GnRHa, which is considered 
more practical and reliable. Nevertheless, there is 
no consensus on when exactly the LH level should 
be measured following the administration of depot 
GnRHa. Another matter is what the cutoff level of LH 
should be in defining adequate hormonal suppression 
during the treatment period. Therefore, several studies 
have been done to determine the laboratory criteria in 
monitoring GnRHa treatment and to simplify the test.

Urinary gonadotropin measurement is one potential 
alternative approach for assessing the hormonal 
suppression under GnRHa treatment. However, the 
use of urinary gonadotropin measurement should be 
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checked, primarily due to concerns about sensitivity 
of the assay. Additionally, consistency with serum and 
urinary gonadotropins levels should be demonstrated. 
Previous studies have suggested that urinary 
gonadotropin excretion not only reflects an integrated 
gonadotropin secretion (5,6) but is also correlated 
with the physical signs of pubertal development (7,8). 
Several recent studies support this, and current data on 
this subject is also promising (9,10).

In this prospective study, our primary objectives 
were to test the reliability of first-voided urinary LH 
(ULH)–level measurement and to determine whether 
it can predict pubertal suppression as much as standard 
tests can, such as the LHRH test or GnRHa test.

SUBJECTS AND METHODS

Study patients 

The study group was selected from patients with CPP 
and rapidly progressing early puberty who had received 
up to 3-4 doses of monthly GnRHa therapy and did 
not have adequate hormonal suppression after GnRH 
stimulation (90-minute LH level > 4 IU/L) (11).

The pretreatment assessment included 
determination of height, weight, pubertal stage, 
bone age (BA), and target and predicted final height. 
Pubertal stage was evaluated by clinical examination 
according to Marshall and Tanner (12). Additionally, 
BA was evaluated according to the method developed 
by Greulich and Pyle (13). The target height was 
also calculated, using the conventional formula [TH: 
(mother’s height + father’s height)/2 + 6.5 (boys) 
and – 6.5 (girls)]. Predicted final height (PFH) was 
calculated using average Bayley and Pinneau tables 
(14). The patients showed no an evidence of an 
organic central nervous system disorder or of adrenal 
or gonadal disease. 

The clinical criteria for a diagnosis of CPP and 
rapidly progressing early puberty were: (i) onset of 
pubertal signs before the age of 8 years or menarche 
before 9 years old, (ii) onset of pubertal signs at age 8-9 
years but pubertal stage progression from one stage to 
the next in <6 months, (iii) increase in height velocity (≥ 
6 cm/year), (iv) BA advance greater than 2 years above 
the chronological age (CA), (v) predicted adult height 
falling below 2 SD (about 10 cm) of the target height 
and acceleration of somatic development (15). Basal 
LH ≥ 0.3 mIU/mL, stimulated peak LH > 5 mIU/mL, 

and LH/follicle stimulating hormone (FSH) peak ratio 
≥ 0.66 after LHRH administration were accepted as the 
laboratory criteria for CPP (15).

All of the patients were treated with either 
leuprolide acetate or triptorelin acetate, administered 
intramuscularly at a starting dosage of 3.75 mg every 
28 days. Doses were incrementally adjusted by 3.75 mg, 
if necessary, based on the results of the LHRH test and 
pubertal progression.

Ethics committee approval was obtained from the 
Institutional Ethics Committee of Gazi University 
Faculty of Medicine. Written informed consent was 
obtained from patients and their parents.

Study design

The treatment’s effectiveness was evaluated every 
3-4 months, based on a set of clinical and hormonal 
data, such as regression or arrest pubertal progression, 
decrease in growth velocity, reduction of bone age 
advancement, and improvement in final height 
prediction (16). 

Hormonal suppression was assessed using an LHRH 
test and after GnRHa stimulation. A cutoff value of 2 
mIU/mL or less for peak stimulated LH during the 
LHRH test, and 90-minute LH level at < 4 mIU/mL 
after the GnRHa injection was deemed to show adequate 
hormonal suppression (11,17). Basal concentration of 
LH was also measured during these tests.

The LHRH test was performed twice. First, it 
was used to classify the patients based on their peak-
stimulated LH levels. Group 1 consisted of patients who 
had adequate hormonal suppression (peak stimulated 
LH ≤ 2 mIU/mL), while the remaining patients were 
group 2. Doses were only adjusted in group 2 patients 
with pubertal progression. 

GnRHa-stimulated LH levels were obtained from 
all patients in the first control after grouping. The 
second LHRH test was performed in the first year of 
the study (Figure 1).

Patients were excluded if they had a history of 
nocturnal enuresis, any urinary tract disease, diabetes, 
or metabolic or neurologic disease.

Urinary samples

The first-voided urine samples were taken from the 
patients. For reliable evaluation of ULH, all of patients 
were instructed to empty their bladder before bedtime 
and to refrain from voiding until the next morning. 
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RESULTS

Although 78 patients were included in this study, 5 of 
them were excluded because they refused to become 
involved in the study, 3 were excluded because they had 
nocturnal enuresis, and 2 boys were excluded from the 
study in order to prevent gender factors in the assessment. 

Finally, this study started with 68 female patients, 
of whom 56 patients complied with the treatment 
schedule and appointments. Nine of remaining the 12 
patients did not comply with the treatment schedule 
because they could not obtain the drug. Due to 
personal reasons unrelated to the treatment, 3 patients 
discontinued the treatment (Figure 1).

All of the patients demonstrated similar baseline 
demographics and stages of puberty, as shown by the 
Tanner staging. Chronological age of pubertal onset in 
patients was at 8.22 ± 1 years old. While 32 patients 
(47%) were at Tanner stage 2, 34 (50%) were at stage 3. 
Only 2 patients had stage 4 pubertal development, of 
whom 1 presented menarche. Twenty patients (29.4%) 
had a diagnosis of rapidly progressing early puberty. 
All of the patients had been treated for a maximum 
of 1 year from the initiation of the study (mean doses 
of treatment 12.2 ± 1.8). The patients’ pretreatment 
clinical characteristics are summarized in Table 1.

Initiation of the study

Group 1 comprised 39 patients. The post-GnRHa 
LH levels of these patients was 4.13 ± 0.03 
mIU/mL (considered inadequate suppression), 
but all had successfully suppressed peak LH values 
(≤ 2 mIU/mL) in response to the LHRH. Pubertal 
regression was also provided to all these patients. 

Group 2 was composed of 29 patients. Pubertal 
staging remained unchanged in 24 of the patients, 
advanced by one Tanner stage in 3 patients, and 
regressed in 2 patients, but none of the patients achieved 
hormonal suppression in response to the LHRH (2.83 
± 0.47, P < 0.001) or to the post-GnRHa (4.67 ± 0.16, 
P < 0.001). We increased the dosage by 7.5 mg/mo in 
the 3 patients who showed pubertal progression.

Group 2 had significantly higher FV-ULH, basal 
LH, and peak-stimulated LH levels than group 1 did 
(Table 2). FV-ULH was significantly correlated with 
the basal LH levels (r = 0.65, P < 0.001) and had a 
very strong correlation with peak stimulated LH levels 
(r = 0.91, P < 0.001).Figure 1. Patients dispositions flow chart

78 patients with CPP/rapidly progressing early puberty
 receiving GnRHa therapy up to 3-4 doses 

having inadequate hormonal suppression based on post-GnRHa LH level (> 4 IU/L)
peak stimulated LH level > 4 mIU/ml (depot GnRHa test) 

Initiation of study 68 patients underwent LHRH test divided into 2 group according 
to peak stimulated LH level (n = 32)

Follow-up period
n = 39 (group 1), n = 17 (group 2)  had adequate clinical and hormonal 

suppression 17 patients in group 2 were included in group 1

10 were excluded
5 refused to get involved
3 had nocturnal enuresis
2 male gender

n = 39 (group 1)
 peak stimulated LH ≤ 2 mIU/mL

n = 29 (group 2)
peak stimulated LH > 2 mIU/mL

Final of study
68 patients completed study

n = 56 (group 1)
 complied with 

treatment schedule

n = 12 (group 2) 
9 couldn’t show compliance with the treatment schedule

3 discontinued the treatment 

Both serum and urinary LH levels were assayed on the 
same day of the clinic visit. The urine samples were not 
stored frozen.

Assays

Serum and urinary LH levels were measured using 
electrochemiluminescence assay (ECLIA) (Cobas 6000, 
Roche Diagnostics, Mannheim, Germany). The minimum 
detectable LH level was 0.01 IU/L. The intra-and 
interassay coefficients were 3.1% and 4.1%, respectively.

Statistical analysis

All of the statistical calculations were performed using 
SPSS version 20 (SPSS, Inc., Chicago). Descriptive 
statistics were computed as means ± standard deviation 
(SD). Parameters with normal distribution were 
analyzed with t-tests, and parameters with nonnormal 
distributions were analyzed with Mann-Whitney 
U-tests. The linear relationships between variables 
were evaluated using Spearman’s correlation tests. A 
P value < 0.05 was considered statistically significant. 
The diagnostic value of FV-ULH was evaluated using 
receiver-operating characteristics (ROC) analysis.
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Follow-up period of the study

After the sixth or seventh dose of GnRHa therapy, all of 
group 1 (39 patients) and only 17 of the 29 patients in 
group 2 were examined clinically and received hormonal 
evaluation. Fourteen of the patients in group 2 showed 
pubertal regression; however, pubertal staging remained 
unchanged in 3 patients. All 56 patients (39 patients 
in group 1, the remaining in group 2) demonstrated 
hormonal suppression (90-minute LH levels < 4 
mIU/mL to the GnRHa). Afterward, 17 patients in 
group 2 were included in group 1 and followed up. 

The groups did not show statistical differences in 
basal or stimulated LH levels. However, FV-ULH 
levels were significantly different between from 
Group 1 (0.26 ± 0.15 mIU/mL) and group 2 (0.68 ± 
0.14 mIU/mL) (P < 0.05).

Final stage of the study

Of the patients, 68 could be evaluated after 1 year 
of treatment. Pubertal regression and hormonal 
suppression were maintained in 56 patients, all of 

whom were in group 1. Twelve patients remained 
in group 2, including 9 patients who did not show 
treatment compliance. Of these patients, 7 showed 
no change in pubertal staging, while 2 patients 
showed pubertal progression. The other 3 patients 
in group 2 who discontinued the treatment showed 
pubertal progression. All 12 patients continued to 
exhibit pubertal hormone levels. Both basal and peak-
stimulated LH levels in response to the LHRH were 
significantly higher among group 2 than in group 1. 
Group 2’s FV-ULH levels were 1.4 ± 0.4 mIU/mL, 
which was also significantly high compared to group 1 
patients (Table 3). Their FV-ULH levels were measured 
as 0.31 ± 0.24 mIU/mL. The correlation between FV-
ULH and basal LH levels was weakly positive (r = 0.4).

The ROC analysis demonstrated that the sensitivity 
(92.3%; CI, 0.91-1, 79.1%-98.4%) and specificity 
(100%; CI, 88.1%-100%) of FV-ULH were the highest 
when the cutoff FV-ULH value at the study’s initiation 
was > 1.01 mIU/mL. Its sensitivity and specificity at 
the end of the study were both 100%. The sensitivity 
and specificity of different cutoffs are shown in Figure 2. 

Table 1. Baseline clinical charactesristics of 68 patients with CPP/rapidly progressing early puberty

Group 1 (n: 36) Group 2 (n: 32) Overall 

Chronologic age at diagnosis (year) 8.04 ± 0.75 8.44 ± 0.64 8.22 ± 1.32

Height age at diagnosis (year) 9.17 ± 1.01 9.55 ± 0.9 9.35 ± 1.0

Bone age at diagnosis (year) 9.85 ± 1.05 9.92 ± 1.05 9.9 ± 1.04

Height at diagnosis (cm) 132 ± 5,75 134.6 ± 5,7 133.2 ± 5.8

Weight at diagnosis (kg) 32.5 ± 5.6 35 ± 6.9 33.6 ± 6.3 

Target height (cm) 159.8 ± 3.1 160.2 ± 6.5 160 ± 4.8

Predicted height (cm) 153.8 ± 4.6 156 ± 3.4 154.9 ± 4

Tanner stages at diagnosis n (%)

Stage II 32 (47%)

Stage III 34 (50%)

Stage IV (presented with menarche) 2

Mean basal LH (mIU/mL) 0.43 ± 0.47 0.64 ± 0.54 0.53 ± 0.41

Peak stimulated LH level at diagnostic LHRH (mIU/mL) 8.2 ± 0.65 8.5 ± 1.9 8.35 ± 1.23

CPP: central precocious puberty; SD: standard deviation; LH: luteinizing hormone; LHRH: luteinizing hormone releasing hormone.

Table 2. Serum and FV-ULH levels at the first 3 months of treatment. Data are presented as mean ± SD with range of values in parentheses and the 
mean value with min-max values were calculated for FV-ULH

Group 1 (n = 39) Group 2 (n = 29) p value

Basal LH 0.11 ± 0.07 0.4 ± 0.27 p < 0.001

Peak LH (mIU/mL) to LHRH 1.64 ± 0.25 2.83 ± 0,47 p < 0.001

90 min.LH (mIU/mL) to depot GnRH 4.13 ± 0.03 4.67 ± 0.16 p < 0.001

FV-ULH (mIU/mL)  0.35 ± 0.15 1.3 ± 0.079 p < 0.001

Median FV-ULH (min-max)   0.31 (0.12-0.71) 1.31 (1.17-1.4)

SD: standard deviation; LH: luteinizing hormone; LHRH: luteinizing hormone releasing hormone; FV-ULH: first voiding urinary luteinizing hormone.
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Table 3. Serum and FV-ULH levels after 1-year of treatment. Data are presented as mean ± SD with range of values in parentheses

Group 1 (n = 56) Group 2 (n = 12) p value

Basal LH 0.15 ± 0.08 0.5 ± 0.16 p < 0.001

Peak-stimulated LH (mIU/ml) to LHRH 1.42 ± 0.21 3.53 ± 0.4 p < 0.001

FV-ULH (mIU/mL)  0.31 ± 0.24  1.4 ± 0.4 p < 0.001

SD: standard deviation; LH: luteinizing hormone; LHRH: luteinizing hormone releasing hormone; FV-ULH: first voiding urinary luteinizing hormone.

Figure 2. Receiver-operating characteristics curve of first-voided urinary 
LH (FV-ULH) levels. The solid line represents the cutoff level of FV-ULH at 
the initiation of the study. The dotted line represents the cutoff level of 
FV-ULH at the final of the study.
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DISCUSSION

In this prospective study, we showed that FV-ULH 
can be used to assess pubertal suppression throughout 
GnRHa treatment in children with CPP. We found 
that FV-ULH levels among patients with adequate 
and inadequate hormonal suppression in response to 
GnRHa treatment were significantly different from 
each other. We found that FV-ULH levels were at least 
as sensitive as traditional LHRH stimulation and/or 
GnRHa tests in monitoring treatment. We also set a 
cutoff value with high sensitivity and specificity.

Urinary gonadotropin measurements have been 
used to evaluate gonadotropin secretion in children 
since the 1960s; however, the first studies were fairly 
in agreement that gonadotrophins were not detectable 
in the urine with current measurement techniques and 
therefore suggested that more sensitive methods should 
be developed to assay urinary gonadotropins (18).

Over time, the standards of practice for urinary 
gonadotropins were established, and sensitive assay 
methods were also developed. Urinary gonadotropins 
have also been studied in different age and pubertal 
groups as well as in patients with puberty disorders 
(19-21). These studies have suggested that noninvasive 
urinary gonadotropin measurement could be a viable 
alternative to measuring serum levels. Yet today, sports 
physicians measure urinary gonadotropins to determine 
doping in athletes (22,23), but it is hardly used in 
endocrinology practice. 

Several recent studies measuring gonadotropin levels 
in the urine of preterm or full-term newborn infants have 
been reported. In these studies, the postnatal activation 
of the hypothalamic–pituitary–gonadal (HPG) axis was 
evaluated by using serial urine samples. The results of 
the urinary gonadotropin measurements were found to 
accurately describe the postnatal activation of the HPG 
axis, as compared to serum samples (24-27). Similarly, 
Demir and cols. (28) checked the reliability of urinary 
gonadotropin measurement and its availability in children 
with pubertal disorders. They showed that FV-ULH 
determination could be used as an alternative to the 
GnRH test in assessing HPG axis activity. Another study 
conducted by Zung and cols. was aimed at evaluating 
the diagnostic value of FV-ULH compared with that of 
GnRH-stimulated gonadotropins in predicting pubertal 
course and differentiating slowly progressive (SP) from 
rapidly progressive PP (RP-PP) in girls. Finally, they 
suggested that FV-ULH may help in determining the 
progression rate of puberty and thus supported the 
usage of urinary gonadotropin measurement (9). Just 
like Witchel and cols. did (29), in another study, they 
assessed whether the FV-ULH measurement was an 
alternative to a LHRH stimulation test for monitoring 
treatment for CPP (10). No correlation was shown 
between urinary and serum-stimulated LH levels. 
Therefore, in both studies, the results showed that 
urinary gonadotropin measurement could not replace 
the LHRH stimulation test for monitoring GnRHA 
therapy. However, neither study could make any 
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predictions about the reliability of ULH since these 
studies were carried out in small groups of patients with 
CPP. Most importantly, the number of unsuppressed 
patients was not enough to determine whether ULH is 
useful for predicting treatment response.

Because our study included patients without 
hormonal suppression in response to treatment, it 
provides better knowledge about the usage of ULH. It 
is possible that the FV-ULH levels in our study, which 
reflect nocturnal excretion of LH (20), included a few 
episodes of escape from the HPG suppression that were 
not otherwise recognized by the LHRH stimulation test. 
Therefore, our study results may have high sensitivity 
and specificity. However, this can lead to inappropriate 
interventions by reflecting episodes that almost escaped 
HPG suppression, especially during the first months 
of treatment. For this reason, our results should be 
evaluated with clinical findings and confirmed with 
recurrent measures. This may be considered a possible 
limitation of the study. However, the main limitation 
of this study was the small number of unsuppressed 
patients, especially in the final evaluation of the study. 
Most of these unsuppressed patients did not show any 
compliance with the treatment protocol; therefore, their 
hormone levels remained within pubertal levels. As a 
result, significant differences in the urinary LH levels were 
observed between the groups, as well as high sensitivity 
and specificity. Additionally, we want to account for 
the potential limitation of the urinary gonadotropin 
measurements of obtaining LH from urine, which is a 
problem if the urinary samples are stored frozen; much 
of the LH can be degraded during long-term storage of 
urine at –20 °C (30). We prevented this possibility by 
measuring urine LH levels immediately.

As a result, measuring urinary gonadotropins 
with recent assay methods is highly reliable due to its 
sensitivity. The use of urinary samples for hormonal 
evaluation has become a popular yet controversial issue. 
Through our study, we can suggest that measuring 
ULH levels can provide accurate information about 
hormonal suppression, at least as accurately as serum 
LH levels can, without the burden of frequent blood 
sampling. Additionally, our results encouraged us to 
use urinary gonadotropin measurement in diagnosing 
and following up other pubertal disorders. Certainly, 
further comprehensive studies with larger groups will 
be required to clarify the utility of urinary gonadotropin 
measurement for identifying pubertal disorders.
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ABSTRACT
Objective: There is currently no consensus regarding the optimal management of acute suppurative 
thyroiditis (AST) secondary to pyriform sinus fistula (PSF). To investigate the benefits and adverse 
events of aspiration with or without lavage for the treatment of AST secondary to PSF. Subjects and 
methods: This was a retrospective analysis of consecutive patients with AST secondary to PSF who 
were admitted at the Affiliated Changzhou No. 2 People’s Hospital of Nanjing Medical University 
between August 2012 and December 2018. Clinical information, procedural data, and imaging data 
were analyzed. Results: Seven patients (five women; mean age, 16.9 ± 6.3 years; range, 8-26 years) 
were included. The patients most presented with anterior neck pain and swelling (n = 7), fever  
(n = 7), or odynophagia (n = 5). Six cases of AST occurred on the left side of the thyroid and 1 on the 
right. All patients had thyroid abscess. AST was diagnosed by ultrasound-guided needle aspiration 
cytology in all cases. PSF was diagnosed during the inflammatory stage in five patients and during 
the quiescent stage in two. All patients were treated with empiric antibiotics. Needle aspiration 
without lavage was performed in three cases. Needle aspiration with lavage was performed in four 
cases. Repeat aspiration was performed in three cases. All patients recovered completely, with no 
procedure-related complications. During 18.3 ± 7.8 months of follow-up, AST recurred in one case. 
Excision of the PSF was performed in another case. Conclusion: Ultrasound-guided aspiration with 
or without lavage had a good treatment effect and without adverse events for the management of 
AST secondary to PSF. Arch Endocrinol Metab. 2020;64(2):128-37
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INTRODUCTION

Acute suppurative thyroiditis (AST) is an 
extremely rare disease representing 0.1-0.7% 

of all cases of thyroid diseases (1-3). Infectious 
thyroiditis is uncommon because the thyroid gland 
is a completely encapsulated structure with sufficient 
blood supply, extensive lymphatic drainage, and a 
high concentration of iodine (4). It occurs mainly 

in children with congenital pyriform sinus fistula 
(PSF) (4,5); only rarely has this disease been reported 
among adults with PSF (6,7), without detectable  
PSF (3), after a thyroid diagnostic procedure (8), or by 
foreign bodies like fish bones (8,9). AST may lead to 
abscess, concurrent suppurative mediastinitis, tracheal 
or esophageal fistula, or even pressure on the trachea 
leading to asphyxiation (10). Onset is sudden and the 
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disease progresses rapidly (11). Thyrotoxicosis has 
been reported in some cases (8).

Several treatment options are available for the 
management of AST secondary to PSF, including 
conservative treatment with an antibiotic alone, incision 
and drainage, and open surgery combined with partial 
thyroidectomy (2). Antibiotic alone can only be used for 
early AST. Incision and drainage and open surgery are 
expensive and are associated with surgical trauma (8). 
Catheter drainage has been suggested as a less invasive 
alternative than surgical drainage (9,11). Injecting an 
antibiotic into the abscess after pus drainage is also an 
alternative (9). Yeow and cols. (12) recommend needle 
aspiration for lesions < 3 cm and catheter drainage for 
lesions > 3 cm. About 20% of patients who undergo 
drainage will require surgery (13). Nevertheless, 
there is currently no consensus regarding the optimal 
management of AST secondary to PSF.

In this retrospective study, we sought to investigate 
the benefits and adverse events of aspiration with or 
without lavage for the treatment of AST secondary to 
PSF. We also propose a potential treatment algorithm 
for AST and diagnostic method for PSF based on the 
results of this study and the literature.

SUBJECTS AND METHODS

This was a retrospective analysis of consecutive patients 
with AST secondary to PSF who were admitted at 
the Affiliated Changzhou No. 2 People’s Hospital of 
Nanjing Medical University between August 2012 and 
September 2018. The cases were identified through 
departmental procedural logs. Patient demographics, 
clinical information, and procedural data were 
extracted from the patients’ medical records. This 
study was approved by the institutional review board 
of the Affiliated Changzhou No. 2 People’s Hospital 
of Nanjing Medical University, with a waiver regarding 
informed consent.

Diagnosis of AST and PSF

Patients with suspected AST (presenting with anterior 
neck swelling, pain, and fever) underwent blood 
routine, infectious index, thyroid function, ultrasound 
(US), US-guided aspiration cytology, and pus bacterial 
culture. Imaging examinations, including esophagram, 
computed tomography (CT), magnetic resonance 
imaging (MRI), and/or laryngoscopy were performed 
in all patients to find the PSF.

AST was diagnosed with a positive pus bacterial 
culture. It could also be diagnosed with a combination 
of increased white blood cell levels (>10×109/L), 
abnormal ultrasound (unclear hypoechoic area or 
mixed echo lesion with heterogeneous content), and 
an abundance of inflammatory cells on cytology.

PSF can be diagnosed as follows: 1) presence of 
intraoral pus or feeling of saline in throat during lavage 
or feeling of methylene blue or contrast agent in throat 
after injection into the abscess; 2) fistula originating 
from the apex of the pyriform recess on esophagram; 3) 
fistula tract filled with barium or meglumine diatrizoate 
on CT; 4) finding of PSF on MRI; 5) fistula orifice 
on laryngoscopy; or 6) meglumine diatrizoate diffusion 
into the pyriform sinus on CT scan when agent was 
injected into the abscess. The inflammatory stage 
was defined as occurrence of AST and the quiescent 
stage was defined as the complete elimination of 
inflammation, namely after 3 months of follow-up.

Treatment of AST

When AST was diagnosed, intravenous antibiotic 
therapy was routinely initiated in all patients. The 
choice of antibiotic was based on availability but 
generally included coverage of Gram-positive coccus 
organisms. If available, the choice was based on blood 
or pus culture results.

Aspiration was performed by the same physician 
without anesthesia when the diagnosis of AST was 
established and an abscess was found by US. A 
20-gauge intravenous catheter was inserted into the 
abscess under US guidance. The content was aspirated 
with a 10-mL syringe and the lesion was rinsed by 
injecting normal saline. This process was repeated until 
further removal of pus was not possible and the liquid 
turned to bloody. US was performed every day. If pus 
reappeared, repeated aspiration was carried out.

Lavage was performed when a liquefied abscess (well-
formed abscess as opposed to phlegmon) was found 
using US. Adequate pressure was maintained in the 
abscess cavity during rinsing and trying to open the fistula 
channel using patient’s pharyngeal perception of saline 
taste and flushing fluid could be spilled from the mouth. 
Then, normal saline (1000 mL) was injected into the 
abscess cavity via an intravenous catheter at 15-20 mL/
min, one time per day and was drained to the mouth via 
the PSF (Figure 1A). If the solution did not penetrate the 
fistula, the abscess was repunctured with another 20 gauge 
intravenous catheter; the two catheters were indwelled 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

130

Management of suppurative thyroiditis

Arch Endocrinol Metab. 2020;64/2

and fixed into the pus cavity. Normal saline (1000 mL) at 
15-20 mL/min, two times per day, was injected into the 
abscess cavity via one catheter and drained by the other 
(Figure 1B). Metronidazole (0.5 g) was administered 
via the catheter immediately after administration of the 
normal saline. The lavage was stopped when no abscess 
was drained out and the drainage turned to bloody.

Resolution of AST was defined as resolution of the 
associated clinical symptoms and resolution of the need 
for a percutaneous drain or intravenous antibiotics, 
which was judged comprehensively through clinical 
manifestations, US, blood routine examination, and 
infectious indicators.

Clinical follow-up

After discharge, outpatient clinic visits were offered 
on months 1, 3, 6, and 12. At each visit, the patients 
were asked whether the symptoms of AST recurred 
and inspection and palpation of the anterior neck were 
performed. Thyroid function (thyroid stimulating 
hormone, free triiodothyronine, and free thyroxine) 
and US results were assessed at 1 month. Imaging 
with esophagram, laryngoscopy, CT, and/or MRI was 
performed on the third or sixth month. After 1 year, 
routine follow-up was not needed.

RESULTS

Patients characteristics

From August 2012 to September 2018, seven patients 
(two men, five women; mean age, 16.9 ± 6.3 years; 
range, 8-26 years) were diagnosed with AST. All of 
these cases were secondary to PSF: six with left PSF and 
one with right PSF. All patients presented with anterior 
neck pain and swelling with or without odynophagia, 
fever, dysphonia, and headache. All patients had been 
misdiagnosed. All patients had abscess formation 
(Supplementary Table 1).

Diagnosis of AST and PSF

All AST cases were diagnosed by US and US-guided 
needle aspiration cytology. Blood and pus cultures were 
performed in four and seven patients, respectively. All 
blood cultures were negative, whereas pus cultures 
were positive in four cases. The mean interval between 
the onset of symptoms and initial diagnosis of AST was 
12.9 ± 7.3 days (range, 4-21 days) (Supplementary 
Table 1). PSF was diagnosed during the inflammatory 
stage in five patients (cases 1, 2, 3, 4, and 7) and during 
the quiescent stage in two patients (cases 5 and 6) 
(Table 1, Figures 2 and 3).

Figure 1. Lavage performed using normal saline and metronidazole via a 20-gauge catheter. (a) Normal saline and metronidazole drained via the PSF.  
(b) Normal saline and metronidazole drained via another catheter.

A B
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Case Cytology Pus culture
Blood 

culture
Antibiotic 

types
Antibiotic 

dose
Aspiration Lavage Imaging

Follow-up 
(mo)

Outcome
Status of 

PSF
1 Neutrophils Streptococcus spp. Negative Ceftriaxone 2.0 g/d 1 0 US, esophagram, CT 29 Completely 

recovered
Excision

2 Lymphocytes 
and 

neutrophils

Streptococcus spp. Negative Clindamycin 3 
days then 

Vancomycin + 
levofloxacin

1.8 g/d

2.0 g/d

0.4 g/d

2 2 US, CT, MRI, 
laryngoscopy, 
esophagram

21 Completely 
recovered

Stable

3 Neutrophils Negative NP Amoxicillin 
sulbactam + 
levofloxacin

6.0 g/d

0.4 g/d

2 2 US, CT, 
laryngoscopy,

esophagram, MRI

20 Completely 
recovered

Stable

4 Inflammatory 
cells and 

debris

Streptococcus spp. Negative Amoxicillin 
sulbactam + 
ornidazole

9.0 g/d

0.5 g/d

1 6 US, CT, MRI, 
esophagram, 
laryngoscopy

17 Completely 
recovered

Stable

5 Neutrophils Negative NP Cefotiam 2.0 g/d 1 0 US, CT, MRI, 
esophagram, 
laryngoscopy

20 Completely 
recovered; 
relapse at 9 

months

Stable

6c Neutrophils Negative Negative Amoxicillin 
sulbactam 

+ornidazole

9.0 g/d

1.0 g/d

1 0 US, esophagram, CT, 
laryngoscopy

18 Completely 
recovered

Stable

7 Inflammatory 
cells and 

debris

Streptococcus spp. Negative Mezlocillin 
sulbactam

10.25 g/d 2 2 US, CT, MRI, 
esophagram, 
laryngoscopy

3 Completely 
recovered

Stable

AST: acute suppuration thyroiditis; CT: computed tomography; MRI: magnetic resonance imaging; NP: not performed; PSF: pyriform sinus fistula; US: ultrasound; WBC: white blood cell;  
ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; PCT: procalcitonin; TSH: thyroid-stimulating hormone; SAT: subacute thyroiditis; URI: upper respiratory infection.
a Interval 1: interval between the onset of symptoms and initial diagnosis of AST.
b Interval 2: interval between the diagnosis of AST and aspiration.
c This patient was diagnosed with AST 1 year previously and recovered with conservative treatment.

Supplementary Table 1. Patient demographics, clinical characteristic, and etiology

Case
Age/
Sex

AST Misdiagnosis Symptoms
Interval 
1 (d)a

Interval 
2 (d)b

WBC* 
109/L

ESR 
(mm/h)

CRP 
(mg/l)

PCT 
(ng/mL)

TSH
(μIU/mL)

FT3 
(pmol/l)

FT4
(pmol/l)

Abscess 
Size (cm)

Aspiration 
pus 

amount
1 10/F Primary —— Anterior neck 

pain and 
swelling, fever

4 0 18.15 109 30.5 0.05 1.58 4.1 12.5 3.7*3.5 20 mL

2 21/F Primary SAT Anterior neck 
pain and 
swelling, 

odynophagia, 
fever, dysphonia

20 1 15.84 80 109.8 0.05 0.02 5.2 25.6 4.8 × 3.2 28 mL

3 26/F Primary Pharyngitis Anterior neck 
pain and 
swelling, 

odynophagia, 
fever

7 0 7.94 45 38.6 NP 0.08 6.9 24.6 4.2 × 2.2 15 mL

4 18/M Primary Pharyngitis Anterior neck 
pain and 
swelling, 

odynophagia, 
fever, headache

20 0 14.09 95 226.8 0.10 0.02 3.8 23.1 8.6 × 4.3 36 mL

5 8/F Primary URI Anterior neck 
pain and 
swelling, 

odynophagia, 
fever

11 0 17.47 105 148.4 0.11 1.88 4.4 23.7 4.6 × 3.0 10 mL

6c 15/F Relapse SAT Anterior neck 
pain and 

swelling, fever

7 2 7.36 NP 80.7 0.05 NP NP NP 2.6 × 1.4 8 mL

7 20/M Primary Pharyngitis Anterior neck 
pain and 
swelling, 

odynophagia, 
fever, dysphonia

21 0 15.7 80 201.3 0.14 0.02 3.3 16.6 7.7 × 3.7 45 mL
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Figure 2. Diagnosis of PSF during the inflammatory stage. (A) Esophagram showing a fistula originating from the apex of the pyriform recess, and (B) CT 
scan showing the fistula filled with barium after esophagram (case 1). (C) Mythylene injected into the thyroid abscess and found by laryngoscopy (case 3). 
(D) CT scan performed 2 h after injection of meglumine diatrzoate into the thyroid abscess showing contrast agent infused into the piriform sinus (case 4).

Treatment and outcomes

All patients were treated with empiric antibiotic 
therapy and needle aspiration. Repeated aspiration had 
to be carried out in three patients because of abscess 
recurrence after initial aspiration (cases 2, 3, and 7). 
Lavage was performed in cases 2, 3, 4, and 7 because 
of complete liquefaction of the abscess. Lavage was 
performed once in cases 2, 3, and 7, and six times in 
case 4. The normal saline was drained via the PSF in 
cases 2, 3, and 7, and by a second catheter in case 4. 
After aspiration and lavage, all patients’ anterior neck 
pain and swelling eased off quickly.

Body temperature dropped rapidly during hospi-
talization for all seven patients (Figure 4). All patients 

recovered completely and there were no complications 
related to the aspiration or lavage procedures.

During a mean 18.3 ± 7.8 months of follow-up, 
thyroid function tests and thyroid US scans were 
normal. AST did recur 9 months later in case 5. Thanks 
to the provided health education, this patient consulted 
2 days after recurrence and recovered completely after 
treatment with intravenous antibiotics in the very early 
inflammation Treatment for the PSF was recommended 
but refused due to financial reasons. Case 1 underwent 
PSF excision 1 month after discharge, with no 
postoperative complications. The remaining five 
patients received no additional treatment for PSF, but 
had no recurrence.

A B C D

Table 1. Diagnosis of PSF during the inflammatory and/or quiescent stages

Case Stage Clinical Diagnosis CT MRI Esophagram Laryngoscopy

1a Inflammatory NP Positive NP Positive NP

Quiescent Positive NP Positive NP

2 Inflammatory

Quiescent

Positive Negative

Positive

Negative 

Negative

NP

Negative

Negative

Negative

3 Inflammatory Positive Negative NP NP Positive

Quiescent Negative Negative Negative Negative

4 Inflammatory

Quiescent

Positive Positive

Positive

Negative

NP

NP

Positive

Negative

Positive

5 Inflammatory Negative Negative NP NP NP

Quiescent Positive Negative Positive Positive

6 Inflammatory Negative NP NP NP NP

Quiescent Positive NP Negative Suspicious

7 Inflammatory

Quiescent

Positive Negative

Positive

Negative

Positive

Negative

Suspicious

Suspicious 
Suspicious

CT: computed tomography; MRI: magnetic resonance imaging; NP: not performed; PSF: pyriform sinus fistula.
a This patient underwent fistulectomy during the quiescent stage of PSF. 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

133

Management of suppurative thyroiditis

Arch Endocrinol Metab. 2020;64/2

Figure 3. Diagnosis and follow-up of PSF during the quiescent stage. (A) CT revealing fine fistula filled with meglumine diatrzoate after oral administration 
(case 2). The results from esophagram, laryngoscopy, and MRI were all negative (not shown). (B) Esophagram(oral barium) showing a PSF; (C) CT after 
esophagram showing the fistula filled with barium; and (D) laryngoscopy showing the fistula orifice stained with barium (case 4). (E) Laryngoscopy 
demonstrating the fistula orifice; (F) esophagram (oral barium) revealing the fistula originating from the apex of the pyriform recess and extending to the 
level of c4/5; and (G) CT after esophagram showing that the PSF was filled with barium (case 5). (H) CT after esophagram (oral barium) showing fine PSF 
filled with barium (case 6), but the esophagram was negative and the laryngoscopy was suspicious (not shown). (I) laryngoscopy showing the suspicious 
right fistula orifice and the left side normal; (J) T2WI shows the high signal dot shadow at the lower edge of the right piriform sinus; (K) esophagram (oral 
meglumine diatrizoate) revealing a suspicious slightly high signal dot shadow at the level of C6 at the right neck; (L) CT after oral meglumine diatrizoate 
showing the obvious PSF and the position consistent with esophagram, MRI (case 7).

Figure 4. Body temperature changes of six study patients during hospitalization.
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DISCUSSION

There is currently no consensus regarding the optimal 
management of AST secondary to PSF. This study 
aimed to investigate the benefits and adverse events of 
aspiration with or without lavage for the treatment of 
AST secondary to PSF. The results suggest that US-
guided aspiration with or without lavage had a good 
treatment effect and without adverse events for the 
management of AST secondary to PSF.

AST occurs mainly in patients with anatomical 
deformities such as PSF or thyroglossal duct 
cyst (14). AST also occurs occasionally in patients 
with diseases such as goiter, malignancies (15,16), and 
immunodeficiency (17), and occurs rarely in patients 
undergoing fine needle aspiration (8) or with a history 
of trauma (18,19). The pathogens that most commonly 
cause AST are Gram-positive cocci that can colonize 
the oral mucosa and spread to the thyroid. These 
pathogens are usually identified as Staphylococcus 
and Streptococcus species, but other pathogens have 
occasionally been identified, including Salmonella 
species, Mycobacterium species, and mixed flora (2,20). 
In the present study, all cases of AST were secondary to 
PSF and the pathogenic causes of AST were identified 
as Streptococcus species in four patients.

Several therapies are used for the management of 
AST, including conservative antibiotic treatment, 
incision and drainage, and open surgery combined 
with partial thyroidectomy. The choice of treatment 
is generally based on the state of AST. For instance, 
treatment with an antibiotic alone can be effective in 

managing AST without abscess formation or with 
small abscess (2). This is generally found in patients 
with short course of disease (e.g. the recurrence of 
case 5 in the present study). Surgical drainage, which 
was traditionally used to treat AST, has recently been 
replaced by needle aspiration (9), with research showing 
that this combination of aspiration and catheter drainage 
can be successful in the treatment of AST with large and 
liquefied abscess, and severe inflammatory response (8). 
This condition is common in patients with long course 
(e.g. case 2, 4 and 7). Nevertheless, the available papers 
are mostly case reports. In the present study, aspiration 
with or without lavage has many advantages over 
surgical incision and drainage, including rapid relief 
of clinical symptoms, cost-effectiveness and minimal 
invasiveness. In addition, lavage may help to open the 
fistula channel of the PSF, making the diagnosis of PSF 
easier. In the current study, we found that aspiration 
alone can be performed in patients with abscess 
formation but without complete liquefaction, whereas 
aspiration combined with lavage can be performed in 
patients with abscess liquefaction. These results suggest 
that US-guided needle aspiration with or without lavage 
is effective in the management of AST.

Based on these results and the results of previous 
studies (2,21), we suggest that the management of 
AST should be based on the patient’s symptoms and 
signs and on the morphologic characteristics of AST, as 
seen on US images. We propose a management strategy 
for AST that will allow clinicians to determine the best 
course of action for each individual case (Figure 5).

Figure 5. Management strategy for AST secondary to PSF. AST: acute suppurative thyroiditis; MRI: magnetic resonance imaging; PSF: pyriform sinus 
fistula; US: ultrasound.
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In this study, the diagnosis of PSF was based on 
imaging examinations, including esophagram, CT, 
MRI, and laryngoscopy. Laryngoscopy is increasingly 
being used to identify the internal opening of PSF, 
and it appears to be more sensitive than CT and 
esophagram (2). Nevertheless, there is currently no 
consensus regarding the optimal modality for the 
diagnosis of PSF (22-27) (Supplementary Table 2). 
Complicating the clinical picture, the sensitivity and 
ability of imaging examinations for the diagnosis of 
PSF vary depending on the stage of inflammation 
(22,25,26). One study demonstrated that the positive 
diagnostic rates for esophagram and CT are 89% and 
20%, respectively, during the early or acute inflammatory 
stage and 97% and 54%, respectively, during the 
late inflammatory stage (27). These lower positive 
diagnostic rates during the early or acute inflammatory 
phase can be explained by swelling of the mucosa and 
adjacent tissue, which can cause partial or complete 
obstruction of the fistula tract. Similar to cases 4, 5 and 
7, PSFs were difficult to find during acute inflammatory 
stage but higher positive rate by esophagram, CT, MRI, 
and laryngoscopy during the quiescent stage.

Furthermore, the present study suggests that  
the sensitivity and diagnostic ability of imaging 
examinations for identifying PSF are affected by many 
factors other than the stage of inflammation. Patient age 
and the size of the PSF are two vital factors. Younger 
patients generally have a larger fistula and fistula 
orifice, which simplifies the diagnosis of PSF. In this 
study, the large fistula in case 1 (patient age, 10 years) 
was identified on all imaging examinations performed 
during both stages, and the large fistula in case 5 

(patient age, 8 years) was identified on laryngoscopy, 
esophagram, and CT during the quiescent stage. When 
the PSF is very fine (as usually occurs in adult patients), 
lavage may effectively open the PSF (cases 2 and 3), 
but the fistula orifice may then close after treatment, 
which complicates diagnosis during the quiescent stage 
(as was seen in case 3). The technique used in the 
examinations also affects their sensitivity and diagnostic 
ability. In this study, CT scan had negative results 
when it was performed immediately after injection of 
meglumine diatrizoate into the thyroid abscess, but 
had positive results when performed 2 h after injection 
(as in case 4). Each imaging examination has its own 
advantages and disadvantages, and there is no absolute 
comparability. Laryngoscopy can just observe the 
fistula orifice, whereas CT is effective in identifying the 
fistula. MRI has advantage in the location of cervical 
inflammation and may detect gases. Therefore, selecting 
the appropriate imaging modalities can be more effective 
according to the inflammation state, age, the size of 
the PSF, and patient tolerance. For the evaluation of 
fine PSF in the quiescent stage, ordinary CT scans are 
less sensitive. Considering the potential presence of a 
fistula, we explored an effective method of finding PSF: 
CT was performed immediately after oral barium used 
(cases 1, 4, 5, and 6 were all positive), then, considering 
the large granule of barium, we performed CT after oral 
meglumine diatrizoate and finding the indetectable 
fistula (case 2, 7). Therefore, we propose the use of CT 
immediately after oral meglumine diatrizoate as it may 
improve diagnostic sensitivity for identifying fine fistula. 

PSF should be treated to reduce the recurrence rate 
of AST. If a PSF is present during follow-up, surgical 

Supplementary Table 2. Rates of AST diagnosis for various imaging modalities in previous studies

Study Year Study type Patients, n Population Period Laryngoscopy Esophagram CT MRI

Nicoucar et al. (24) 2009 Review 526 Children N/A 45% 74% N/A N/A

Nicoucar et al. (25) 2010 Review 202 Children N/A 82% 81% 49% 84%

Kim et al. (22) 2000 Original study 18 Patients aged ≤ 14 years  
(n = 11);

patients aged > 14 years  
(n = 7)

N/A 100% 50% 80% N/A

Parida et al. (23) 2014 Original study 17 Children N/A 100% 88.2% N/A N/A

Liang et al. (26) 2016 Original study 63 Patients aged ≤ 14 years  
(n = 26);

patients aged > 14 years  
(n = 37)

N/A N/A 74.6% 85.7% 84.4%

Masuoka et al. (27) 2011 Original study 60 N/A Early

Late

N/A

N/A

89%

97%

20%

54%

N/A

N/A

CT: computed tomography; MRI: magnetic resonance imaging; N/A: not available. 
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fistulectomy or nonsurgical obliteration of the fistula 
should be considered. In small case series, the use of 
endoscopic chemocauterization has been shown to 
be successful and with a lower risk of complications 
compared with surgical fistulectomy (2). In a study 
of five children with PSF who were treated with 
electrocautery/CO2 laser/silver nitrate cauterization, 
no recurrence of AST was seen over 25 months of 
follow-up (28). In another study of 11 patients with PSF 
who underwent endoscopic CO2 laser cauterization, all 
had an uneventful recovery and remained symptom-
free over 11 to 35 months of follow-up (29). A study 
suggested that a spontaneous cure may be possible in 
some patients with a very fine fistula (4). In this study, 
all imaging examinations of case 3 were negative during 
the quiescent stage. The self-closing of the PSF was 
highly suspected due to her elder age and smaller fistula. 
This will be verified during long-term follow-up.

Limitations of the current study include its 
retrospective nature and the short observation time, 
which may have biased the results. Long-term follow-
up are needed to validate our proposed management 
strategy for AST.

In conclusion, US-guided aspiration with or 
without lavage had a good treatment effect and without 
adverse events for the management of AST secondary 
to PSF. The diagnosis of PSF was based on imaging 
examinations and the sensitivity and diagnostic ability 
of those examinations were affected by many factors 
other than the stage of inflammation.
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ABSTRACT
Objective: Type 1 diabetes mellitus (T1DM) is an autoimmune disorder caused by a complex 
interaction between environmental and genetic risk factors. BTB domain and CNC homolog 2 
(BACH2) gene encodes a transcription factor that acts on the differentiation and formation of B and T 
lymphocytes. BACH2 is also involved in the suppression of apoptosis and inflammation in pancreatic 
beta-cells, indicating a role for it in the development of T1DM. Therefore, the aim of this study was 
to evaluate the association of the BACH2 rs11755527 single nucleotide polymorphism (SNP) with 
T1DM. Subjects and methods: This case-control study comprised 475 patients with T1DM and 598 
nondiabetic individuals. The BACH2 rs11755527 (C/G) SNP was genotyped using real-time PCR with 
TaqMan MGB probes. Results: Genotype distributions of rs11755527 SNP were in accordance with 
frequencies predicted by the Hardy–Weinberg equilibrium in case and control groups and were similar 
between groups (P = 0.729). The minor allele frequency was 43.6% in cases and 42.5% in controls  
(P = 0.604). Moreover, the G allele frequency did not differ between groups when considering different 
inheritance models and adjusting for age, gender, body mass index, and HLA DR/DQ genotypes of 
high-risk for T1DM. Although, well-known high-risk T1DM HLA DR/DQ genotypes were associated 
with T1DM in our population [OR= 7.42 (95% CI 3.34 – 17.0)], this association was not influenced by the 
rs11755527 SNP. Conclusion: The BACH2 rs11755527 SNP seems not to be associated with T1DM in a 
Brazilian population. Arch Endocrinol Metab. 2020;64(2):138-43
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INTRODUCTION

Type 1 diabetes mellitus (T1DM) affects 10-15% of 
patients with diabetes mellitus (DM) and is caused 

by autoimmune destruction of pancreatic beta-cells, 
making patients dependent of insulin for life (1,2). 
This disease most likely arises from a multifaceted 
interaction between multiple environmental and 
genetic risk factors (2). The HLA DR/DQ locus has 
the greatest impact on susceptibility, accounting for 
up to 30-50% of the genetic variance of T1DM (3). 
Although more than 50 genes have been described 
as having smaller effects on T1DM susceptibility in 

comparison to HLA loci, it has been suggested that 
the interaction between HLA haplotypes and non-
HLA single nucleotide polymorphisms (SNPs) could 
be useful to help improve prediction of the disease 
(4,5). Consequently, identification of non-HLA SNPs 
associated with T1DM may help disease prediction (6). 

Many genome-wide association studies (GWAS) 
have found a number of loci associated with T1DM 
[reviewed in (4,7)], including polymorphisms in the 
BTB domain and CNC homolog 2 (BACH2) gene. 
BACH2 encodes a transcription factor that acts in the 
immune system, which is involved in the development 
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and function of alveolar macrophages, B cell 
differentiation, somatic hypermutation, class switching 
of immunoglobulins, maintenance of naïve T cell state, 
and formation of regulatory T cells (8-10). 

Additionally, this gene is expressed and regulated 
by proinflammatory cytokines in pancreatic islets in 
both rodents and humans (11). BACH2 inhibition 
aggravated cytokine-induced apoptosis of pancreatic 
beta-cells through activation of the JNK1/BIM 
pathway, whereas opposite effects were observed 
after BACH2 overexpression. Hence, SNPs in the 
BACH2 gene might contribute to development of 
T1DM since this gene is related to T cell control and 
B cell differentiation, modulating the balance between 
tolerance and immunity, and also plays an anti-apoptotic 
role in beta-cells (11). 

To date, few studies have evaluated the association 
between BACH2 SNPs and T1DM, mainly in North 
American and European populations (12-18). 
Further studies are therefore needed to attempt to 
replicate the association between BACH2 SNPs and 
T1DM in different ethnicities with diverse genetic 
and environmental backgrounds. Here, we analyzed 
whether the rs11755527 SNP in the BACH2 gene 
is associated with T1DM in a Southern Brazilian 
population of mixed ethnicity.

SUBJECTS AND METHODS

Samples

The STROBE and STREGA guidelines were used 
to design this case-control study (19,20). The case 
group comprised 475 T1DM patients recruited from 
outpatient clinic at the Hospital de Clínicas de Porto 
Alegre (Rio Grande do Sul, Brazil) between January 
2005 and December 2013. American Diabetes 
Association guidelines were followed when diagnosing 
T1DM patients (1).

The control sample consisted of 598 nondiabetic 
blood donors recruited from the same hospital as 
the patients and over the same period. Subjects with 
HbA1c levels ≥ 5.7% were excluded from the control 
group (1). For both groups, individuals for whom data 
on ethnicity, HLA genotype or HbA1c were missing 
were excluded from the study. Ethnicity classification 
was based on self-classification. All subjects provided 
assent and written informed consent prior to inclusion 
in the study.

Data on age, age at T1DM diagnosis and 
drug treatment were collected using a standard 
questionnaire. Patients with T1DM also underwent 
physical examinations and laboratory tests, as previously 
reported by our group (21). Plasma and serum samples 
of T1DM patients were collected after a 12 h of fasting 
for laboratory analyses, as previously reported (21). 

Genotyping

A standardized salting-out technique was used to extract 
total DNA from peripheral blood leukocytes. The SNP 
rs11755527 (C/G) in the BACH2 gene was genotyped 
using TaqMan SNP Genotyping Assay 20x (Thermo 
Fisher Scientific, Foster City, CA, USA ID Assay: 
C__2014214_10). Real-Time PCR reactions were 
run in 384-well plates, using 2 ng of DNA, TaqMan 
Genotyping Buffer 1x (Thermo Fisher Scientific) and 
TaqMan SNP Genotyping Assay 1x, in a final volume of 
5 mL. Next, plates were placed in the ViiA7 Real-Time 
PCR System (Thermo Fisher Scientific) and heated for 
10 min at 95º C, followed by 50 cycles of 95º C for 
15 sec and 63º C for 90 sec. Ten percent of samples 
were amplified twice in order to check the quality of 
Real-Time PCR reactions, confirming their genotypes.  

Taking into account that HLA DR/DQ genotypes 
may affect the association between non-HLA SNPs 
and T1DM (22), we also analyzed frequencies of 
HLA high-risk genotypes in all subjects in order to 
control for a possible association between the BACH2 
rs11755527 SNP and T1DM for the HLA genotypes. 
To achieve this, three SNPs adjacent to the HLA class 
II region (rs2854275, rs9273363 and rs3104413) 
were genotyped using Custom TaqMan Genotyping 
Assays 20x (Thermo Fisher Scientific), as previously 
reported (23,24). This method was used considering 
that Nguyen and cols. (22) showed that these SNPs 
can predict HLA DR/DQ genotypes associated with 
T1DM with an accuracy higher than 99%. Thereafter, 
using this method, we calculated frequencies of 
the following HLA DR/DQ genotypes: low-risk 
genotypes (DRx/DRx or DR4/DQ7), intermediate-
risk genotype (DR3/DRx), and high-risk genotypes 
(DR4/DQ8 or DR3/DR4-DQ8 or DR3/DR3) 
(22,23). These three SNPs occur in the intergenic 
region between HLA-DRB1, HLA-DQA1 and HLA-
DQB1, and are in strong linkage disequilibrium with 
the HLA high-risk genotypes. Consequently, they 
have high accuracy for prediction of HLA DR/DQ 
high-risk genotypes (22).
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Statistical analyses

Deviations of genotype frequencies from the Hardy–
Weinberg equilibrium (HWE) were calculated using 
c2 tests. Genotype and allele frequencies were compared 
between case and control groups with c2 tests. Moreover, 
genotypes were also compared between groups under 
different inheritance models (dominant, recessive and 
additive) (25,26). Laboratory and clinical variables were 
compared between cases and controls using unpaired 
Student’s t or c2 tests. Bonferroni’s correction was used 
to account for multiple comparisons. 

Logistic regression analyses were used to estimate the 
odds ratio (OR) with 95% CI and P values for the effects 
of BACH2 genotypes on T1DM susceptibility, both 
for genotype frequencies and the different inheritance 
models, and adjusting for covariates. Interactions between 
BACH2 and high-risk T1DM HLA DR/DQ genotypes 
were investigated using generalized linear model – GLM 
(binary logistic model) analysis, adjusting for age, gender, 
and BMI. The power calculation was performed using 
the WinPepi program (v. 11.65). The study has a power 
of 80% (a = 0.05) to detect an OR ≥ 1.4 (for the recessive 
model of inheritance). All analyses were performed using 
SPSS 18.0 software (SPSS, Chicago, IL), and P values < 
0.05 were considered significant.

RESULTS

Sample description

The main characteristics of the subjects in case and 
control groups are shown in Table 1. Mean HbA1c 
values and frequencies of hypertension and high-risk 
T1DM HLA DR/DQ genotypes (DR4/DQ8, DR3/
DR4-DQ8 or DR3/DR3) were higher in T1DM 
patients than in controls (P ≤ 0.0001). BMI values and 
the percentage of males were higher in control subjects 
compared to T1DM patients (P ≤ 0.006). Additionally, 
mean age at T1DM diagnosis was 17.7 ± 10.1 years, 
46.7% of the cases had diabetic retinopathy (DR), and 
28.8% had diabetes kidney disease (DKD) (Table 1).

Genotype and allele distributions

Table 2 shows allele and genotype frequencies of the 
rs11755527 SNP in the BACH2 gene in case and control 
groups. Genotype distributions of the rs11755527 
SNP were in accordance with the frequencies estimated 
by the HWE in both samples (P ≥ 0.05). The frequency 
of the G minor allele of the BACH2 rs11755527 

SNP was 43.6% in white individuals and 37.0% in 
black individuals (P = 0.081). Therefore, black and 
white individuals were analyzed together. Genotype 
frequencies did not differ between patients with T1DM 
and nondiabetic subjects (Table 2) and this data did 
not change after adjustment for gender, age, BMI and 
high-risk HLA DR/DQ genotypes (Table 2). In the 
same way, the allele distributions of this polymorphism 
did not differ significantly between cases and controls 
(P = 0.604). Frequencies of BACH2 rs11755527 SNP 
also did not differ when assuming different genetic 
inheritance models (dominant, recessive and additive) 
(P > 0.05) (Table 2). 

According to previous studies by our group 
(23,24,27), high-risk T1DM HLA DR/DQ genotypes 
(DR4/DQ8, DR3/DR4-DQ8 or DR3/DR3) were 
associated with risk for T1DM [OR = 7.42 (95% CI 
3.34 – 17.0)] in our population. However, the BACH2 
rs1175527 SNP did not influence this association [OR 
= 1.63 (0.48 – 6.18), obtained from the interaction 
analysis between the two loci], adjusting for age, 
gender and BMI.

Clinical and laboratory characteristics usually 
associated with T1DM were compared between patients 
broken down by the presence of the rs11755527 C/G 
+ G/G genotypes (dominant model) (Table 3). HbA1c 
levels were lower in T1DM patients carrying the  
G allele compared to those with the C/C genotype 
(8.6 ± 1.9 vs. 9.3 ± 2.2 %; P = 0.004) after Bonferroni’s 
correction. The other characteristics described in 

Table 1. Characteristics of T1DM patients (cases) and nondiabetic 
subjects (controls) included in the study

Characteristics
Nondiabetic 

subjects  
(n = 598)

T1DM 
patients  
(n = 475)

P

Age (years) 39.8 ± 9.9 38.4 ± 13.0 0.065

Gender (% male) 59.9 51.3 0.006

Ethnicity (% black) 10.6 8.6 0.347

BMI (kg/m2) 27.1 ± 4.8 24.3 ± 3.8 0.0001

Hypertension (%) 5.4 39.0 0.0001

HbA1c (%) 5.3 ± 0.3 8.8 ± 2.0 0.0001

High-risk HLA DR/DQ genotypes (%) 17.3 57.1 0.0001

Age at T1DM diagnosis (years) - 17.7 ± 10.1 -

Diabetes kidney disease (%) - 28.8 -

Diabetic retinopathy (%) - 46.7 -

Data are shown as mean ± standard deviation or %. BMI: body mass index; HbA1c: glycated 
hemoglobin. High-risk HLA DR/DQ genotypes (DR4/DQ8, DR3/DR4-DQ8 or DR3/DR3) 
associated with higher risk for T1DM. P-values were calculated using Student’s t test or c2 test, 
as appropriate. Only P values lower than the Bonferroni’s threshold (0.0071) were considered 
statistically significant.
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Table 3. Characteristics of T1DM patients broken down by the presence 
of the G allele of the BACH2 rs11755527 SNP (dominant model)

Characteristics C/C  
(n = 154)

C/G + G/G (n 
= 321) P*

Age (years) 39.5 ± 14.1 38.0 ± 12.5 0.292

Age at diagnosis (years) 18.6 ± 10.8 17.4 ± 9.7 0.322

Gender (% male) 55.6 49.2 0.230

Ethnicity (% black) 9.2 8.4 0.926

HbA1c (%) 9.3 ± 2.2 8.6 ± 1.9 0.004

BMI (kg/m2) 24.1 ± 3.8 24.5 ± 3.8 0.385

Systolic BP (mmHg) 124.5 ± 22.8 121.4 ± 16.9 0.201

Diastolic BP (mmHg) 79.4 ± 12.5 77.1 ± 11.3 0.084

High-risk HLA haplotypes (%)† 47.6 61.7 0.012

Diabetes kidney disease (%) 22.9 30.6 0.502

Diabetic retinopathy (%) 49.6 45.4 0.528

Data are shown by mean ± standard deviation or %. BMI: body mass index; BP: blood pressure; 
HbA1c: glycated hemoglobin. † High-risk HLA DR/DQ haplotypes: DR4/DQ8 or DR3/DR4-DQ8 or 
DR3/DR3. *P-values were calculated using Student’s t tests or c2 tests, as appropriate. Only P 
values lower than the Bonferroni’s threshold (0.0045) were considered statistically significant.

Table 2. Genotype and allele frequencies of BACH2 rs11755527 SNP in patients with T1DM and nondiabetic subjects 

Nondiabetic subjects  
(n = 598)

T1DM patients 
(n = 475)

Unadjusted OR 
(95% CI) / P*

Adjusted OR 
(95% CI) / P†

Genotype

C/C 197 (32.9) 154 (32.4) 1 1

C/G 294 (49.2) 227 (47.8) 0.988 (0.752 – 1.298) / 0.929 0.870 (0.566 – 1.336) / 0.524

G/G 107 (17.9) 94 (19.8) 1.124 (0.793 – 1.592) / 0.511 1.253 (0.731 – 2.149) / 0.412

Allele

C 0.575 0.564 0.604 -

G 0.425 0.436

Recessive model

C/C+C/G 491 (82.1) 381 (80.2) 1 1

G/G 107 (17.9) 94 (19.8) 1.132 (0.832 – 1.540) / 0.429 1.367 (0.855 – 2.185) / 0.192

Additive model

C/C 197 (64.8) 154 (62.1) 1 1

G/G 107 (35.2) 94 (37.9) 1.124 (0.793 – 1.592) / 0.511 1.255 (0.731 – 2.156) / 0.411

Dominant model

C/C 197 (32.9) 154 (32.4) 1 1

C/G + G/G 401 (67.1) 321 (67.6) 1.024 (0.792 – 1.324)/ 0.856 0.963 (0.642 – 1.444) / 0.856

Data are shown as number (%) or proportion. *P-values were calculated using c2 tests (with exception of P values for genotype comparison between groups, which were obtained by univariate 
logistic regression analysis). † P-values and OR (95% CI) obtained using logistic regression analyses adjusting for high-risk T1DM HLA DR/DQ haplotypes, BMI, age, and gender. 

Table 3 did not differ between T1DM patients with 
the C/C genotype and patients with the G allele (all 
P ≥ 0.05). 

DISCUSSION

BACH2 has been shown to play a key role in 
autoimmunity [reviewed in (9)]. BACH2 is also 

important for regulation of apoptosis and inflammation 
in pancreatic beta-cells, suggesting an important role for 
this gene in development of T1DM (11). We therefore 
investigated the association between the rs11755527 
SNP in the BACH2 gene and T1DM. Our results 
suggest that this SNP is not associated with T1DM risk 
in our population.

GWAS and meta-analysis studies have highlighted 
BACH2 among the major candidate genes for T1DM 
(12-15). A meta-analysis of three GWAS studies [the 
British Wellcome Trust Case Control Consortium – 
WTCCC (16), the Genetics of Kidneys in Diabetes 
(GoKinD) (17), and the National Institute of Mental 
Health (NIMH) (13)], including 1,785 American 
T1DM cases and 1,727 American controls, reported 
an association between the BACH2 rs11755527 SNP 
and T1DM (P = 4.7 x 10-12) (13). In the same way, a 
meta-analysis performed by Barrett and cols. (12) also 
confirmed the association between the rs11755527 
SNP and T1DM risk with a sample of 7,514 cases 
from the WTCCC (16) and the GoKind (17) studies 
and 9,045 controls and family sets from the Type 1 
Diabetes Genetics Consortium (T1DGC).

In addition to the GWAS data, a case-control study 
performed in a Pakistani population reported that the 
minor rs11755527G allele was associated with T1DM 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

142

BACH2 and type 1 diabetes mellitus

Arch Endocrinol Metab. 2020;64/2

risk (18), which is in contrast with our present data. This 
difference could be due to the different ethnic groups that 
were analyzed (Pakistani subjects vs. our sample of a mixed 
ethnicity population). Wegner and cols. (28) investigated 
the rs3757247 SNP of the BACH2 gene in T1DM 
patients from Poland and did not find any significant 
association between the analyzed SNP and T1DM. In 
addition to the association with T1DM, other GWAS 
studies combined with meta-analyses have indicated that 
BACH2 SNPs are associated with other autoimmune 
diseases such as asthma (29), Cohn’s diseases (30), coeliac 
disease (31), vitiligo (32), and Grave’s disease (33). 

BACH2 SNPs are associated with T1DM and other 
autoimmune diseases since this gene regulates T and B 
cell differentiation; therefore modulating autoimmune 
diseases by regulating the equilibrium between 
tolerance and immunity (8-10,34,35). BACH2 is 
expressed in CD4+ and memory CD8+ T cells, and is 
necessary for differentiation of Foxp3+Treg cells; thus, 
suppressing inflammation in a Treg-dependent manner 
(9,10). Jin and cols. (36) demonstrated that increased 
BACH2 gene expression in the peripheral blood of 
children positive for beta-cell autoantibodies was able 
to predict their progression to T1DM [HR = 3.94 
(1.39 – 11.21)], consistent with the role of BACH2 in 
B cell differentiation. 

Moreover, Marroqui and cols. (11) showed that 
BACH2 dysregulation is directly involved in T1DM 
pathogenesis since inhibition of this gene caused 
cytokine-induced apoptosis of human and rodent beta-
cells through activation of the JNK1/BIM pathway and 
anti-apoptotic members of the BCL-2 family, whereas 
BACH2 overexpression protected these cells against 
apoptosis (11). Hence, BACH2 seems to be a crucial 
factor in protection against cytokine-induced apoptosis 
in beta cells (11).

This study has some limitations. We cannot exclude 
the occurrence of population stratification bias, even 
though the number of black subjects was similar in case 
and control samples, and frequencies of the BACH2 
SNP were similar between white and black subjects. 
It is worth noting that adding ethnicity as a covariate 
in the logistic regression analyses did not change the 
results reported in Table 2. We also cannot rule out the 
possibility of a type II error when performing statistical 
analyses on the association between the BACH2 SNP 
and T1DM. Although we had greater than 80% power 
(a = 0.05) to detect an OR ≥ 1.4 for T1DM risk, 
we cannot rule out the possibility that the BACH2 

rs11755527G allele could be associated with T1DM 
at lower ORs. Despite these limitations, taking into 
account that frequencies of the BACH2 rs11755527G 
SNP are very similar between case and control groups, 
it seems improbable that this variant could play a 
major role in T1DM pathogenesis in our population. 
Therefore, the lack of association of the rs11755527G 
SNP with T1DM in our population could be explained 
by differences between studies in terms of the ethnicities 
and the genetic and environmental backgrounds of the 
populations studied. Our study is the first to analyze 
this SNP in a South American population of mixed 
ethnicity while previous studies mostly included North 
American and European populations. 

In conclusion, data reported here suggest that 
the BACH2 rs11755527 SNP is not associated 
with T1DM in our Southern Brazilian population. 
Additional studies with larger sample sizes are needed 
to better elucidate the effects of BACH2 SNP in the 
pathogenesis of T1DM in different ethnicities. 
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ABSTRACT
Objectives: Evaluate the impact of microscopic extrathyroid extension (MEE) on outcome and therapy 
response in patients with cT1 and cT2 papillary thyroid carcinoma (PTC). Subjects and methods: 
Retrospective study of 970 consecutive patients, who underwent surgery for PTC between 2000 
and 2016. All patients had: tumours ≤ 4 cm, apparent complete tumour resection, without clinically 
apparent lymph node or distant metastasis at diagnosis and nonaggressive histologic variant. 
Results: Based on the finding of MEE, 175 (18.0%) patients were upstaged to T3. They were older 
(53.9 versus 50.6 years; P = 0.004) and were more prone to have multifocal tumours (38.2% versus 
24.8%; P = 0.001). Radioiodine ablation therapy (RAI) was administered more often to MEE patients 
(92% versus 40.5%; P < 0.001), as well as prophylactic lymph node resection (35.4% versus 28.6%,  
P = 0.048). They were more likely to have biochemical incomplete response (4% versus 0.3%; P = 0.03) 
at the end of the follow-up period. There was no significant association between MEE and recurrence 
rate, persistence of disease or disease-specific mortality. Conclusion: These results support the 
changes made to the latest edition of the TNM staging system, regarding MEE. Although incomplete 
biochemical response is more common in these patients, it does not seem to affect their prognosis. 
Arch Endocrinol Metab. 2020;64(2):144-9
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INTRODUCTION

Well-differentiated thyroid cancer (WDTC) is, 
generally, a disease with good prognosis. Its 

management continues to move towards a more 
personalized approach and initial risk stratification is an 
important tool used to guide early initial therapy and 
follow-up, such as extent of thyroid surgery, RAI and 
levothyroxine therapy (1-4). These initial risk estimates 
are further modified based on each patient’s response to 
therapy and the biological behaviour of the disease – an 
approach called dynamic risk stratification. This approach 
can lead to changes in the long term management, 
namely degree of TSH suppression, frequency of 
follow-up and additional imaging exams (1-3).

An important factor predictive of outcome has been 
considered to be extrathyroid extension (ETE) (1,5-8). 

However, recent studies suggest that gross ETE is of 
more significance than MEE (5-7,9-11). Until recently, 
according to the TNM staging system, the finding of 
MEE by a pathologist, in an otherwise clinical T1 and 
T2 tumour (≤ 4 cm), resulted in an upstage to pT3 and, 
in patients older than 45 years old, this finding leads to 
an upstage to stage III, suggesting that these patients 
had a poorer survival. According to the 2015 American 
Thyroid Association (ATA) guidelines on WDTC 
risk stratification system, these patients are regarded 
as “intermediate risk of disease recurrence”, and the 
majority is treated with total thyroidectomy and RAI 
(1). On the other hand, there is no data supporting the 
finding of MEE as a risk factor for disease recurrence 
or mortality and recent studies suggest that MEE may 
have little importance in tumours smaller than 4cm (T1 
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and T2) (9,11). Furthermore, changes have been made 
on the definition of T3 in the 8th edition of the TNM 
staging system (2016). In this latest edition, tumours 
larger than 4 cm limited to the thyroid are classified 
as T3a, and tumours of any size with gross ETE 
(involving only strap muscles) are classified as T3b. 
Unlike previous editions of the TNM staging system, 
MEE is not used as a risk factor for staging and does 
not imply an upstage to pT3 or stage III (12).

However, there are no so studies on the impact 
of MEE in response to therapy. This study aims to 
evaluate the impact of MEE on outcome in patients 
with otherwise T1 and T2 PTC and its effect on 
therapy response.

SUBJECTS AND METHODS

Nine hundred and seventy consecutive patients (970) 
were identified from our institutional database, who 
underwent surgery for clinically T1 and T2 papillary 
thyroid carcinoma between 2000 and 2016. The 
median follow-up period was 7.5 (4.8-10.7) years. 
Patient demographics, extent of thyroid surgery, details 
of pathology (histology, tumour size and presence of 
MEE), surgery complications, levothyroxine supression 
therapy and use of RAI therapy were recorded from 
patients’ charts.

MEE was described as tumour that had breached 
the thyroid capsule and microscopic examination 
showed it to be invading the first soft tissue immediately 
beyond the capsule. On the other hand, gross ETE 
was defined as ETE which was noticed intraoperatively 
or on naked-eye examination and later confirmed by 

microscopy. Recurrence was defined as detection 
of disease after a period when it wasn’t detectable 
and persistence was defined as detectable disease at 
the end of the follow-up period. Both were assessed 
based on clinical examination, thyroglobulin level 
and confirmed afterwards by imaging, cytological and 
histopathological examination. Response to therapy in 
patients who underwent total thyroidectomy and RAI 
was defined according to the 2015 ATA guidelines on 
WDTC (1). However, this system is not yet valited for 
WDTC patients who underwent lobectomy or patients 
not treated with RAI. For these cases we assessed 
response to therapy, based on the study performed by 
DP Momesso and cols. (13) (Table 1).

Patients who were classified as T3 based on the size 
of the tumour (larger than 4 cm) were excluded, along 
with patients with evidence of gross ETE. All patients 
had tumours smaller than 4 cm, apparent complete 
tumour resection and nonaggressive histologic variant 
(we included the conventional and follicular variants). 
None of the patients had clinically detectable lymph 
node or distant metastasis at diagnosis, as well as positive 
nodes after central compartment neck dissection. 

Statistical analysis was performed using SPSS 
Statistics 23.0. The association between variables was 
assessed using chi-square, Student’s t-tests and Fisher’s 
exact test.

RESULTS

From this cohort, 175 (18.0%) patients were classified 
as T3 based on the finding of MEE and 795 (82.0%) 
were classified as T1 (N = 621; 64.0%) or T2  

Table 1. Response to therapy assessment definitions

TT with RAI TT without RAI Lobectomy

Excellent response: no clinical, 
biochemical or structural evidence of 
disease.

Supressed Tg < 0.2 ng/mL or 
TSH-stimulated Tg < 1 ng/mL

Supressed Tg < 0.2 ng/mL or 
TSH-stimulated Tg < 2 ng/mL

Supressed Tg < 30 ng/mL

Biochemical incomplete response: 
abnormally elevated Tg or or rising 
anti-Tg antibody levels in the absence 
of localizable disease.

Supressed Tg ≥ 1 ng/mL or 
TSH-stimulated Tg ≥ 10 ng/mL

Supressed Tg ≥ 5 ng/mL or 
TSH-stimulated Tg ≥ 10 ng/mL

Supressed Tg > 30 ng/mL

Structural incomplete response: 
persistent or newly identified 
loco-regional or distant metastases

Regardless of Tg or anti-Tg antibody 
levels

Regardless of Tg or anti-Tg antibody 
levels

Regardless of Tg or anti-Tg antibody 
levels

Indeterminate response: nonspecific 
findings that cannot be confidently 
classified as either benign or malignant.

Nonstimulated Tg 0.2-1 ng/mL or 
TSH-stimulated Tg 1-10 ng/mL

Nonstimulated Tg 0.2-5 ng/mL or 
TSH-stimulated Tg 2-10 ng/mL

TT: total thyroidectomy; Tg: thyroglobulin.
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(N = 174; 17.39%). Based on the 8th edition of the 
TNM staging system for WDTC, 141 MEE patients 
would be downgraded to T1 (14.5%) and 34 to T2 
(3.5%). Regarding the staging changes, 87 MEE 
patients (49.7%) would be downstaged to stage II and 
50 patients (28.6%) to stage I.

The male to female ratio was 1:6 and there were 
no differences regarding gender and presence of MEE  
(P = 0.310). Patients with MEE were older than patients 
without MEE (mean age = 53.9 versus 50.6 years,  
P = 0.004) and were more prone to have multifocal 
tumours (38.2% versus 24.8%; P = 0.001). Mean tumour 
size was similar between both groups (14.8 mm versus 
15.1 mm). Regarding histological subtypes, there were 
810 cases (83.5%) of classic PTC and 160 follicular 
variant PTC (16.5%), with classic PTC being the most 
common histological subtype in both groups (88.0% 
versus 82.6%). We proceeded to review the cases of 
encapsulated follicular variant PTC in order to determine 
if they were Noninvasive Follicular Thyroid Neoplasm 
with Papillary-like Nuclear Features (NIFTP) cases. The 
cases in which NIFTP was confirmed were excluded 
from the sample. These results are shown in Table 2.

There was no significant association between MEE 
and extent of thyroid surgery, as total thyroidectomy 
was performed in almost every patient in both groups 
(94.3% of T3 patients versus 90.9% of T1/T2 patients). 
However, prophylactic central neck compartment 
dissection was performed more often to T3 patients 
(35.4% versus 28.6%, P = 0.048). Therapy with RAI was 

given more frequently in MEE patients than patients 
without MEE (92% versus 40.5%; P < 0.001) and with 
a higher mean cumulative dose (105.6 mCi versus 79.2 
mCi; P = 0.002). Patients with MEE were also more 
likely to perform an additional radioiodine treatment 
(4.6% versus 1.3%; P = 0.036). 

At the end of the follow-up period, the proportion 
of patients under levothyroxine suppressive therapy was 
similar in both groups (22.3% versus 26.1%). Additional 
surgery was performed in patients with persistent or 
recurrence of disease at a similar rate between MEE 
patients and T1-T2 patients (2.3% versus 2.0%). These 
results are shown in Table 3.

Regarding response to therapy, 90.1% of patients 
showed excellent response at the end of the follow-up 
period, with similar rates comparing patients with MEE 
and T1/T2 patients (89.8% versus 92.9%). Excellent 
response to therapy rate was also similar between MEE 
patients who underwent prophylactic central neck 
compartment dissection and those who did not (93.2% 
versus 92.8%). Moreover, there were no differences 
between both groups regarding undetermined response 
to therapy (6.5% versus 4.7%) and structural incomplete 
response to therapy rates (0.7% versus 2.7%). However, 
MEE patients who underwent RAI therapy had a higher 
rate of excellent response to therapy than those who 
did not (91.9% versus 71.4%; P = 0.022). Moreover, 
MEE patients were more prone to show biochemical 
incomplete response to therapy (4% versus 0.4%; P = 
0.030), compared to T1/T2 patients.

Table 2. Patients and tumours’ characteristics, stratified by MEE

Variable
Microscopic extra-thyroid extension

P
Present N = 175 Absent N = 795

Age – years (mean ± SD) 53.9 ± 11.7 50.6 ± 14.7 0.004

Gender – N (%)

Male 23 (13.1%) 129 (16.2%) NSS

Female 152 (86.9%) 666 (83.8%)

T1 (tumour size ≤ 20 mm) 141 (80.6%) 621 (78.1%) NSS

T2 (tumour size 21-40 mm) 34 (19.4%) 174 (21.9%) NSS

Mean tumour size (mm) ± SD 14.8 ± 8.1 15.1 ± 10.3 NSS

Histological subtype

Classic papillary 151 (86.3%) 656 (82.6%) NSS

Follicular variant 24 (13.7%) 139 (17.4%) NSS

Multifocalilty – N (%) 67 (38.2%) 197 (24.8%) 0.001

Median follow-up time – years (IQR) 7.0 (4.5-9.9) 7.6 (4.8-10.1) NSS

SD: Standard deviaton; N: number; RAI: radioiodine ablation therapy; NSS: non statistical significant; IQR: interquartile range.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

147

Impact of MEE on PTC’s outcome

Arch Endocrinol Metab. 2020;64/2

At the end of the follow-up period, recurrence 
of disease was found in 22 patients (2.3%) and 
persistence was found in 14 patients (1.4%). There was 
no significant difference between both groups (with 
or without MEE) regarding recurrence (1.7% versus 
2.3%) or persistence of disease (3.4% versus 0.8%). 
Six patients, all of them without MEE, had distant 
metastasis identified at the end of the follow-up 

period, and two of them also had cervical lymph node 
metastasis. No disease-specific mortality occurred in 
either group.

The rate of treatment complications, namely chronic 
hypoparathyroidism and vocal cord paralysis was similar 
between both groups (10.9% versus 10.6%) and (1.1% 
in both groups), respectively. These results are shown 
in Table 4.

Table 3. Patients’ treatment, stratified by MEE

Treatment modality
Microscopic Extra-Thyroid Extension

P
Present N = 175 Absent N = 795

RAI – N (%) 161 (92.0%) 322 (40.5%) < 0.001

RAI activity level 30-49 mCi 0 (0%) 3 (0.9%) NSS

RAI activity level 50-99 mCi 62 (38.5%) 205 (63.6%) < 0.001

RAI activity level 100-149 mCi 90 (55.9%) 102 (31.7%) < 0.001

RAI activity level ≥ 150 mCi 9 (5.6%) 12 (3.7%) NSS

Mean cumulative dose of RAI (mCi) ± SD 105.6 ± 54.3 79.2 ± 32.3 0.002

Total thyroidectomy – N (%) 165 (94.3%) 723 (90.9%) NSS

Prophylactic lymph node resection – N (%) 62 (35.4%) 227 (28.6%) 0.048

Levothyroxine supressive therapy 39 (22.3%) 208 (26.1%) NSS

TSH 0.1-0.45 UI/mL – N (%) 28 (71.8%) 151 (72.6%) NSS

TSH <0.1 UI/mL – N (%) 11 (28.2%) 57 (27.4 %) NSS

Additional surgery 4 (2.3%) 16 (2.0%) NSS

Additional radioiodine treatment 9 (5.6%) 10 (1.3%) 0.036

Radioiodine activity level 100-149 mCi 2 (22.2%) 2 (20%) NSS

Radioiodine activity level ≥ 150 mCi 7 (77.8%) 8 (80%) NSS

SD: Standard deviaton; N: number; RAI: radioiodine ablation therapy; NSS: non statistical significant.

Table 4. Response to therapy, outcomes ant treatment complications, stratified by MEE

Variable
Microscopic Extra-Thyroid Extension

P
Present N = 175 Absent N = 795

Excellent response – N (%) 157 (89.8%) 738 (92.9%) NSS

Indeterminate response – N (%) 8 (4.7%) 50 (6.5%) NSS

Biochemical incomplete response – N (%) 7 (4.0 %) 3 (0.4%) 0.030

Structural incomplete response – N (%) 0 (0%) 6 (0.6%) NSS

Cervical metastases 0 (0%) 2 (0.25%) NSS

Distant metastases 0 (0%) 6 (0.75%) NSS

Recurrence – N (%) 3 (1.7%) 19 (2.3%) NSS

Persistence of disease – N (%) 6 (3.4%) 8 (0.8%) NSS

Disease-specific mortality – N (%) 0 0

Chronic hypoparathyroidism 19 (10.9%) 84 (10.6%) NSS

Vocal cord paralysis 2 (1.1%) 9 (1.1%) NSS

N: number; NSS: non statistical significant.
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Table 5. Outcomes stratified by RAI treatment and presence of MEE

Treatment modality
RAI No RAI T3

T3 N = 161 T1-2 N = 322 P T3 N = 14 T1-2 N = 473 P RAI N = 161 No RAI N = 14 P

Recurrence – N (%) 2 (1.2%) 1 (0.3%) NSS 1 (7.1%) 18 (3.8%) NSS 2 (1.2%) 1 (7.1%) NSS

Persistence of disease – N (%) 6 (3.4%) 8 (0.8%) NSS 0 (0%) 0 (0%) NSS 6 (3.4%) 0 (0%) NSS

N: number; NSS: non statistical significant.

DISCUSSION

The current study describes the outcomes of a very 
large cohort of patients with cT1/T2N0 PTC, with 
a long follow-up period. One hundred and seventy 
five (18.0%) patients were classified as T3 based on 
the finding of MEE by the pathologist, despite having 
otherwise, tumours smaller than 4 cm. In this group, 
patients tended to be older and have multifocal 
tumours and they were in fact submitted to more 
aggressive treatments, namely prophylactic lymph 
node resection, higher doses of RAI and additional 
radioiodine treatments. Nonetheless, the outcomes 
and surgery complications between both groups were 
similar. Furthermore, despite having a higher rate of 
biochemical incomplete response, MEE showed no 
effect on recurrence and persistence of disease at the 
end of the follow-up period and the rate of excellent 
response to therapy was similar between both groups.

Other studies published on MEE as a prognostic 
factor in WDTC also support the changes made on 
the TNM staging system. Shin JH and cols reported 
on 332 patients with PTC and showed that MEE did 
not impact recurrence-free survival. Nixon IJ and cols. 
reported on 984 patients who underwent surgery for 
cT1/T2 PTC and also showed that patients’ outcomes 
were excellent and not affected by the finding of MEE 
(5,11). However, to our knowledge, there are no studies 
published on the impact of MEE on response to therapy.

As with most clinical studies of thyroid cancer, this 
is a retrospective study, which makes it difficult to avoid 
possible biases. Patients with MEE have been treated 
more aggressively over the years, as recommended 
when they were diagnosed with WDTC and this may 
have contributed to favorable outcomes, similar to 
those of patients without MEE (1,4,7). Nevertheless, 
excellent response to therapy rate was similar between 
MEE patients who underwent prophylactic central 
neck compartment dissection and those who did 
not, which shows that this procedure might not be 
useful in patients with MEE. The decision to perform 
prophylactic central neck compartment dissection was 

done heterogeneously and varied according to the 
surgical team and the hospital in which the patient had 
surgery. Thus, different protocols were used over the 
years and it’s challenging to perform a fair assessment 
about its true therapeutic utility. RAI therapy, however, 
may have an impact on response to therapy, as MEE 
patients who underwent it had a higher rate of excellent 
response, compared to MEE patients who did not. 
There were no differences regarding the other grades of 
response to therapy. However, in relation to this aspect, 
it might be difficult to draw any more conclusions 
because, in our cohort, only 14 patients with MEE 
(8%) did not perform RAI therapy post-operatively. We 
changed our institutional protocol soon after the 8th 
edition of the TNM staging system was published but 
previously, however, all patients with MEE, regardless 
of tumour size, were offered treatment with RAI. 
Nonetheless, when comparing these patients with the 
remaining patients who were not submitted to RAI 
and to MEE patients submitted to RAI, the outcomes 
are still similar between these groups. These results are 
shown in Table 5.

Another bias is related to the fact that patients with 
MEE were older than those without MEE, which may 
be expected to worse their outcome, but they were also 
more likely to be treated with RAI.

This is the first study that evaluates the impact of 
MEE finding in patient’s response to therapy, as well as 
outcome. MEE patients had a higher rate of incomplete 
biochemical response and those who underwent RAI 
therapy had a higher rate of excellent response to therapy. 
Despite this, MEE patients had similar outcomes 
compared to patients with intrathyroid tumours.

In conclusion, outcomes in patients with well 
differentiated clinically and grossly intrathyroid cancers 
are excellent and may not be significantly affected by 
the discovery of MEE. These patients may be effectively 
treated with a conservative management strategy in 
terms of surgical treatment, RAI and levothyroxine 
therapy and avoid potential adverse effects of more 
aggressive treatments. However, long-term follow-up 
in MEE patients treated conservatively is necessary in 
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order to confirm that biochemical incomplete response 
will not affect these patients’ prognosis.
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ABSTRACT
Objective: This study was designed to investigate the role of visceral adiposity along with other 
clinical parameters in predicting poor coronary collateral circulation (CCC) among patients with severe 
obstructive coronary artery disease (CAD). Subjects and methods: A total of 135 patients with severe 
obstructive CAD and good (n = 70) or poor (n = 65) CCC were included. Data on angiographically 
detected CCC, the quality criteria for CCC (Rentrop scores) and visceral fat index (VFI) obtained via 
bioelectrical impedance were compared between good and poor CCC groups. Independent predictors 
of poor CCC, the correlation between VFI and Rentrop score and the role of VFI in the identification of 
CCC were analyzed. Results: A significant negative correlation was noted between VFI and Rentrop 
scores (r = -0.668, < 0.001). The presence of hypertension (OR 4.244, 95% CI 1.184 to 15.211, p = 0.026) 
and higher VFI (OR 1.955, 95% CI 1.342 to 2.848, p < 0.001) were shown to be independent predictors 
of an increased risk for poor CCC. ROC analysis revealed a VFI > 9 (AUC [area under the curve] (95% 
CI): 0.898 (0.834-0.943), p < 0.0001) to be a potential predictor of poor CCC with a sensitivity of 95.38% 
and specificity of 85.71%. Conclusion: In conclusion, our findings revealed comorbid hypertension 
and higher VFI to significantly predict the risk of poor CCC in patients with severe obstructive CAD. 
Arch Endocrinol Metab. 2020;64(2):150-8
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INTRODUCTION

Coronary collateral circulation (CCC) is a physiological 
adaptation that serves as a natural bypass system to 

restore blood flow in myocardium jeopardized by stenosis 
or the occlusion of a coronary vessel (1,2). Well-developed 
CCC is considered to protect myocardial function by 
limiting the infarct size and improving survival after 
transient or permanent coronary obstruction in patients 
with coronary artery disease (CAD) (2-7). Thus, the 
identification of factors associated with CCC development 
is considered to be of great clinical significance (8,9).

Given that coronary collateral growth depends on 
intact vascular endothelium and endothelial function, 

factors contributing to vascular dysfunction have also 
been suggested to be associated with poor CCC (10-12). 
Accordingly, genetic factors, age, degree of coronary 
artery stenosis, presence of total occlusion, myocardial 
ischemia, severe multivessel coronary stenosis, physical 
exercise, smoking, obesity, hyperlipidemia, diabetes 
mellitus and metabolic syndrome have been proposed to 
be related to coronary collateral development in several 
studies (10,13-20).

However, while many pathogenic insults have been 
proposed, given the existence of conflicting data, the 
exact mechanism of CCC has not yet been completely 
described (7,11,13,20-22).
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Obesity is considered an independent risk factor 
for cardiovascular disease (CVD), while endothelial 
dysfunction and subclinical inflammation, along with 
cardiovascular risk status, have been associated with 
an increased incidence of CV events in obese patients 
(23-25). The increasing demand due to elevated cardiac 
output combined with the risk of down perfusion 
via large artery stenosis-dependent flow restriction is 
considered the main clinical dilemma related to cardiac 
health in obese patients (26).

Visceral adiposity, rather than general obesity, 
has been demonstrated in several studies to be more 
strongly related to complications such as risk of CVD, 
insulin resistance and type 2 diabetes, while visceral 
fat was also shown to have greater pro-inflammatory 
characteristics than subcutaneous fat (27-29). However, 
no studies to date have investigated the potential role 
of visceral adiposity in coronary collateral development 
in patients with severe obstructive CAD. The present 
study was therefore designed to investigate the role of 
visceral adiposity along with other clinical parameters 
in predicting poor CCC among patients with severe 
obstructive CAD.

SUBJECTS AND METHODS

Study population

A total of 135 patients (mean (SD) age: 59.3 (10.3) 
years, 82.2% were male) with CAD who had total 
occlusion of at least one major coronary artery 
demonstrated by invasive coronary angiography were 
included in this prospective study conducted between 
2017 and 2018. Patients were divided into two groups 
based on collateral degree: the good CCC group 
(Rentrop grades 2-3, n = 70) and the poor CCC 
group (Rentrop grades 0-1, n = 65) according to the 
Rentrop Cohen classification (30). Patients who were 
suffering from angina-type chest pain for 3-6 months 
and who had angiography due to stable angina pectoris 
that resulted in findings consistent with chronic total 
occlusion in a coronary artery were included in the 
study. Patients with a past history of CAD, coronary 
revascularization, chronic alcohol usage, hepatitis B 
and C infections or chronic kidney disease and patients 
with diabetes on pioglitazone treatment were excluded 
from the study.

The study was conducted in full accordance with 
the local Good Clinical Practice guidelines and current 

legislations, and permission was obtained from the 
Clinical Research and Ethics Committee of University 
of Health Sciences Antalya Training and Research 
Hospital for the use of patient data for publication 
purposes (date of approval 19/1/2017; reference 
number/protocol no: 2/2).

Study parameters

Data on patient demographics (age, sex), smoking 
and alcohol consumption, comorbidities (diabetes, 
hypertension), concomitant medications, CAD 
characteristics (type and number of occluded coronary 
arteries), anthropometrics [body mass index (BMI, 
kg/m2), muscle mass, fat mass, visceral fat index 
(VFI)], blood biochemistry [total cholesterol, 
triglycerides, high-density lipoprotein (HDL), low-
density lipoprotein (LDL), creatinine], hemogram 
[neutrophil, lymphocyte, thrombocyte, white blood 
cell (WBC) counts, hemoglobin] and inflammatory 
markers [C-reactive protein (CRP), neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte 
ratio (PLR), neutrophil-to-platelet ratio (NPR)] were 
recorded for each patient and compared between the 
good and poor CCC groups. 

Coronary angiography and collateral grading

Coronary angiography was performed with the Judkins 
technique and was evaluated in terms of total coronary 
occlusion by two experienced cardiologists to determine 
CCC. Collateral flow was graded using the Rentrop 
scoring system (0: no visible filling of any collateral 
channels, 1: filling of the small side branches, 2: partial 
collateral filling of the epicardial artery, 3: complete 
collateral filling of the epicardial artery) (30). Patients 
were then classified as having poor CCC (Rentrop 
grades 0-1) or good CCC (Rentrop grades 2-3).

Blood tests for inflammatory markers

Serum CRP levels were measured as high-sensitivity 
CRP by an immunoturbidimetric assay using the 
C-Reactive Protein High Sensitivity reagent (Beckman 
Coulter, Inc., Fullerton, CA, USA; limit of detection, 
0.08 mg/L). The NLR, PLR and NPR were calculated 
as the ratio of the absolute neutrophil or platelet count 
and the absolute lymphocyte count, provided by the 
differential white blood cell count (WBC) measured 
by a Sysmex XE-2100 automated hematology analyzer 
(Sysmex Corporation). 
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Anthropometrics

Body weight (kg) and height (m) were measured 
with the participants in a standing position, and BMI 
(kg/m2) was calculated at the time of body composition 
measurement. Elementary body composition was 
measured using a direct segmental multifrequency 
bioelectrical impedance analyzer (InBody770) 
to identify total fat mass and total muscle mass. 
Bioimpedance measurements were performed with 
attention to the state of hydration (lack of ascites, pleural 
effusion and pretibial edema), time (on the morning 
of the first hospitalization day) and clothes worn (with 
standard clothing and no personal belongings). VFI 
was assessed to measure visceral fat composition via 
bioelectrical impendence methods using Omron body 
fat and weight measurement devices (V-body HBF-
371; Omron, Kyoto, Japan). To obtain the data of 
VFI from the resistance between the two hands and 
feet, an individual’s height, weight, age and sex were 
input into the instrument and the subjects stood on the 
footplate barefoot and holding the handle electrodes 
in both hands horizontally forward. The presence of 
visceral fat was categorized by the threshold values  
(≤ 9: normal, 10-14: high, 15-30: very high) provided 
by the manufacturer with the scale, as graded arbitrarily 
from 0 to 30.

Statistical analysis

Sample size calculation was performed using the 
G*Power 3.1.9 program, which revealed that at least 
62 patients (31 patients in each group) needed to be 
included in the study, based on a power of 80% and a 
type I error of 0.05, assuming a correlation coefficient 
of ≥ 0.3 between variables. A post hoc power analysis 
using G Power 3.1 revealed 99.9% statistical power 
with a 0.05 alpha level and d = 1.77.

Statistical analysis was performed using IBM SPSS 
Statistics for Windows, Version 22.0 (IBM Corp., 
Armonk, NY). Fisher’s exact test and Pearson chi-
square analysis were performed for categorical variables. 
The normality assumptions of the analysis of the two-
group measurement differences were controlled by 
the Shapiro–Wilk test. The Mann–Whitney U test 
was used for the analysis of nonnormally distributed 
numerical data, while Student’s t test was used for 
normally distributed data. A Spearman correlation 
test was performed to test relationships of ordinal or 
quantitative variables with nonnormal distributions. 

The ROC curve was plotted to determine the 
performance of VFI in the identification of CCC by 
calculating the area under the curve (AUC) values and 
the ideal cut-off value via ROC analysis. Univariate 
logistic regression analysis was performed to identify 
potential risk factors for poor CCC. Variables with a 
p value < 0.05 in the univariate analysis were analyzed 
further in a multivariate regression model  to identify 
statistically significant risk factors for poor CCC.

Data are expressed as the mean (standard deviation, 
SD) or median (min-max), as appropriate. p < 0.05 was 
considered statistically significant. 

RESULTS

Demographics and clinical characteristics of the 
patients with good vs. poor CCC 

Overall, CCC was good in 70 (51.9%) patients and poor 
in 65 (48.1%) patients with occlusion of 1-2 coronary 
arteries, including the right coronary artery in most of 
the patients. 

Poor vs. good CCC was associated with older 
patient age (63.3 (9.3) vs. 55.7 (9.9) years, p < 0.001), 
higher male percentage (90.8 vs. 74.3%, p = 0.012), 
higher rates of hypertension (76.9 vs. 52.9%, p = 
0.004), ACE/ARB (84.6 vs. 58.6%, p = 0.001), beta 
blockers (80.0 vs. 62.9%, p = 0.028) and anticoagulant 
use (16.9 vs. 1.4%, p = 0.002) (Table 1).

Median (min-max) levels of BMI (28.4 (3.7) vs. 
27.0 (3.3) kg/m2, p = 0.026), muscle mass (56.4 (38.7-
67.3) vs. 54.4 (38-66.6), p = 0.030), fat mass (23.0 
(8.2-41.4) vs. 19.0 (8.2-41.4), p = 0.002) and VFI 
(13.0 (7-23) vs. 7.0 (4-23), p < 0.001) were significantly 
higher in patients with poor vs. good CCC. Compared 
to those in the good CCC group, a significantly higher 
percentage of patients in the poor CCC group had VFI 
> 9 (95.4 vs. 14.3%, p < 0.001) (Table 1). 

The median (min-max) neutrophil (4600 (2600-
7700) vs. 5150(2100-8700) /mm3, p = 0.005), 
lymphocyte (2200 (700-3800) vs. 2600 (1300-4600)/
mm3, p = 0.001), thrombocyte (247000 (100000-
370000) vs. 275500 (143000-370000)/mm3, p = 
0.010) and WBC (7800 (4100-11700) vs. 9300 (5700-
12700)/mm3, p < 0.001) counts were significantly lower 
in the poor CCC group than in the good CCC group.

The poor vs. good CCC groups were similar in terms 
of the lipid profile, TG-HDL-c ratio and inflammatory 
markers, including CRP, NLR, PLR and NPR (Table 1).
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Table 1. Demographics and clinical characteristics 

Total (n = 135)
Coronary collateral circulation

p value
Poor (n = 65) Good (n = 70)

Demographics

Age (years), mean (SD) 59.3 (10.3) 63.3 (9.3) 55.7 (9.9) < 0.0011

Sex (Male/Female), n (%) 111 (82.2)/24 (17.8) 59 (90.8)/6 (9.2) 52 (74.3)/18 (25.7) 0.0123

Comorbidities, n (%)

Smoking 36 (26.7) 15 (23.1) 21 (30) 0.3633

Alcohol 15 (11.1) 5 (7.7) 10 (14.3) 0.2233

Diabetes 57 (42.2) 33 (50.8) 24 (34.3) 0.0533

Hypertension 87 (64.4) 50 (76.9) 37 (52.9) 0.0043

Concomitant medications

CCB, n (%) 21 (15.6) 9 (13.8) 12 (17.1) 0.5973

ACEi/ARB, n (%) 96 (71.1) 55 (84.6) 41 (58.6) 0.0013

Beta blocker, n (%) 96 (71.1) 52 (80.0) 44 (62.9) 0.0283

Nitrate, n (%) 9 (6.7) 5 (7.7) 4 (5.7) 0.7383

Statin, n (%) 129 (95.6) 63 (96.9) 66 (94.3) 0.6823

Antiplatelet, n (%) 129 (95.6) 60 (92.3) 69 (98.6) 0.1053

Anticoagulant, n (%) 12 (8.9) 11 (16.9) 1 (1.4) 0.0023

CAD characteristics

Occluded coronary artery, n (%)

Right coronary artery 96 (71.1) 53 (81.5) 43 (61.4)

N/A

Obtuse marginal branches 2 6 (4.4) 4 (6.2) 2 (2.9)

Circumflex 12 (8.9) 2 (3.1) 10 (14.3)

Left anterior descending artery 18 (13.3) 6 (9.2) 12 (17.1)

Diagonal 1 3 (2.2) 0 (0) 3 (4.3)

Number of occluded vessels, n (%)

1 50 (37.0) 27 (41.5) 23 (32.9)

0.1243
2 52 (38.5) 26 (40.0) 26 (37.1)

3 24 (17.8) 11 (16.9) 13 (18.6)

4 9 (6.7) 1 (1.5) 8 (11.4)

Rentrop score, n (%)

0 3 (2.2) 3 (4.6) 0 (0)

-
1 62 (45.9) 62 (95.4) 0 (0)

2 47 (34.8) 0 (0) 47 (67.1)

3 23 (17) 0 (0) 23 (32.9)

Anthropometrics

BMI (kg/m2), mean (SD) 27.6 (3.6) 28.4 (3.7) 27.0 (3.3) 0.0261

Muscle mass, median (min-max) 55.9 (38-67.3) 56.4 (38.7-67.3) 54.4 (38-66.6) 0.0302

Fat mass, median (min-max) 20.1 (8.2-41.4) 23.0 (8.2-41.4) 19.0 (8.2-41.4) 0.0022

VFI

Median (min-max) 12 (4-23) 13.0 (7-23) 7.0 (4-23) <0.0012

1-9, n (%) 63 (46.7) 3 (4.6) 60 (85.7)
<0.0013

> 9, n (%) 72 (53.3) 62 (95.4) 10 (14.3)

Blood biochemistry

Total cholesterol, median (min-max) 193 (87-336) 203 (87-336) 191 (143-336) 0.7982

Triglycerides, median (min-max) 173 (51-597) 175 (51-597) 151 (65-597) 0.2922

HDL, mean (SD) 43.2 (8.1) 44.1 (8.1) 42.3 (8.1) 0.1981
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ROC analysis 

There was a significant negative correlation between 
VFI and Rentrop scores (r = -0.668, < 0.001). ROC 
analysis revealed that VFI > 9 (AUC (95% CI): 0.898 
(0.834-0.943), p < 0.0001) was a potential marker of 
poor CCC with a sensitivity of 95.38% and specificity 
of 85.71% (Figure 1).

Logistic regression analysis for independent 
predictors of poor CCC

Among the variables significantly associated with poor 
CCC in the univariate analysis [older age, male sex, 
hypertension, BMI > 25 kg/m2, higher muscle mass, 
fat mass and VFI], only the presence of hypertension 
(OR 4.244, 95% CI 1.184 to 15.211, p = 0.026) and 
higher VFI (OR 1.955, 95% CI 1.342 to 2.848, p < 
0.001) were shown to be independent predictors of an 
increased risk for poor CCC (Table 2).

DISCUSSION

Our findings in a cohort of CAD patients with 
total coronary occlusion revealed the presence 
of hypertension and higher VFI to be significant 
determinants of poor CCC development. To the best 
of our knowledge, the present study is the first clinical 
study to identify an increase in visceral fat as a potential 
independent predictor of poor collateral development.

The presence of metabolic syndrome (31-33), 
an increasing number of components of metabolic 
syndrome (33,34), aging (15), obesity (18) and 
the presence of hypertension (20,35) have been 
associated with an increased risk of impaired collateral 
development among patients with obstructive CAD. 

Total (n = 135)
Coronary collateral circulation

p value
Poor (n = 65) Good (n = 70)

LDL, median (min-max) 113 (37-253) 106 (37-253) 121.5 (78-253) 0.1542

Creatinine, mean (SD) 1.1 (0.2) 1.1 (0.1) 1 (0.2) < 0.0011

TG/HDL-c, median (min-max) 3.81 (1.38-13) 3.79 (1.62-13) 4.14 (1.38-11.48) 0.1762

HbA1c, median (min-max) 5.7 (4-11.5) 6 (4.2-11.5) 5.5 (4-11.1) 0.2032

Hemogram

Neutrophil, median (min-max) 5000 (2100-8700) 4600 (2600-7700) 5150 (2100-8700) 0.0052

Lymphocyte, median (min-max) 2500 (700-4600) 2200 (700-3800) 2600 (1300-4600) 0.0012

Thrombocyte, median (min-max) 265000 (100000-370000) 247000 (100000-370000) 275500 (143000-370000) 0.0102

WBC, median (min-max) 8500 (4100-12700) 7800 (4100-11700) 9300 (5700-12700) < 0.0012

Hemoglobin, median (min-max) 14.2 (8.5-17.6) 14.2 (8.5-17.6) 14.5 (9.9-16.2) 0.4252

Inflammatory markers, median (min-max)

CRP 15 (2-101) 12 (2-101) 15 (2-101) 0.3962

NLR 2.1 (0.81-5.86) 2.19 (1.11-5.86) 1.92 (0.81-3.92) 0.1552

PLR 0.01 (0.003-0.02) 0.01 (0.003-0.02) 0.01 (0.005-0.02) 0.1982

NPR 0.02 (0.009-0.031) 0.02 (0.01-0.031) 0.02 (0.009-0.031) 0.1152

ACEi/ARB: angiotensin-converting enzyme inhibitor/angiotensin II receptor blockers; BMI: body mass index; CCB: calcium channel blocker; CRP: C-reactive protein; HDL: high-density lipoprotein;  
LDL: low-density lipoprotein; N/A: not applicable; NLR: neutrophil-to-lymphocyte ratio; NPR: neutrophil-to-platelet ratio; PLR: platelet-to-lymphocyte ratio; VFI: visceral fat index; WBC: white blood cell.

1 Student’s t test; 2 Mann-Whitney U test; 3 Chi square test.

Figure 1. ROC curve analysis of the role of VFI in the prediction of coronary 
collateral circulation.

AUC: area under the curve.
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However, there is controversy regarding the impact of 
diabetes or smoking on collateral development, with 
associations of diabetes (10,11) and nonsmoking (20) 
with a higher risk of poor collateral development shown 
in some studies, whereas no associations of diabetes 
(36) or smoking (13) with collateral growth and an 
association of inflammation with either promoted or 
inhibited collateral growth (37) have been reported in 
other studies.

In addition, a positive association of leukocytes 
(38) and inflammatory cytokines (39) with collateral 
development has also been documented in healthy 
animal models. Higher neutrophil and monocyte 
count (22) and mean platelet volume (40) and lower 
lymphocyte count (22) upon admission were reported 
to be associated with better collateral networks in 
patients with acute coronary syndrome, while elevated 
hs-CRP levels (11,41,42) have been associated with 
an increased risk of impaired collateral development 
among patients with obstructive CAD.

Our findings revealed no association of inflammatory 
markers (CRP, NLR, PLR), lipid profile (LDL, 
HDL, triglycerides, total cholesterol, TG-HDL-c 
ratio), diabetes or smoking with coronary collateral 
development. Although older age, male sex, BMI 
>25 kg/m2 and higher muscle and fat mass were also 
among the factors significantly associated with poor 
CCC in the univariate analysis, multivariate analysis 
revealed hypertension and higher VFI to be the only 
independent predictors of poor CCC.

Visceral adipose tissue is a metabolically active organ, 
and excess levels of visceral adipose tissue, regardless 
of BMI, is considered an independent risk factor for 
diabetogenic and atherogenic abnormalities (43-45). 
Visceral fat was also shown to be a stronger risk factor 

for CVD than BMI or other fat depots (27). Thus, the 
assessment of both general and abdominal adiposity 
has been suggested to provide a better assessment of 
mortality risk, particularly among people with a lower 
BMI (46).

VFI is considered to be an accurate and reliable 
method for evaluating visceral adiposity and has been 
shown to be highly relevant to visceral fat measured 
by the gold standard methods (47-50). In our study, 
measurements were based on bioimpedance analysis, 
which is a low cost, easily applied technique associated 
with a globally accepted standardization and a low risk 
of bias if measurements are performed appropriately. 
To the best of our knowledge, the present study is the 
first clinical study to show an increase in visceral fat as 
a potential independent predictor of poor collateral 
development. In addition to its significant negative 
correlation with Rentrop scores, VFI (cut off value > 9) 
was also shown to predict the likelihood of poor CCC 
with a sensitivity of 95.38% and a specificity of 85.71%. 
Likewise, in a past study comparing the levels of 
pericardial fat index, paracardial fat index, and visceral 
fat index in patients with vs. without CAD, the levels of 
these fat indices were shown to be significantly higher 
in the CAD group and positively correlated with the 
number of significantly stenosed coronary vessels and 
the Gensini score in CAD patients (51).

Thus, in light of clinical entities, such as 
“metabolically healthy” obesity phenotypes and the 
“obesity paradox” (52), our findings emphasize the 
consideration of visceral adiposity rather than BMI as 
a more adequate indicator of collateral development, 
which plays a major role in cardiovascular outcomes 
and survival (3,5,7,13). Similarly, in a community-
based cross-sectional study regarding obesity indices 

Table 2. Univariate and multivariate logistic regression analyses for independent predictors of poor CCC

Variables
Univariate analysis Multivariate analysis

OR (95% CI) p value OR (95% CI) p value

Age 1.084 (1.042-1.128) < 0.001 0.988 (0.896-1.09) 0.816

Sex (M/F) 3.404 (1.257-9.219) 0.016 0.051 (0.001-2.996) 0.152

BMI>25 2.691 (1.164-6.224) 0.021 0.988 (0.146-6.696) 0.990

DM 1.977 (0.989-3.952) 0.054 2.262 (0.666-7.68) 0.191

Hypertension 2.973 (1.413-6.255) 0.004 4.088 (1.154-14.482) 0.029

Muscle mass 1.057 (1.011-1.105) 0.014 1.084 (0.928-1.265) 0.310

Fat mass 1.084 (1.028-1.142) 0.003 0.82 (0.667-1.009) 0.061

VFI 1.691 (1.437-1.990) < 0.001 2.054 (1.403-3.005) < 0.001

BMI: body mass index; CI: confidence interval; DM: diabetes mellitus; OR: odds ratio; VFI: visceral fat index.
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and myocardial infarction, VFI (optimal cut-off values 
of 15 for males and 10 for females) was shown to be 
associated with higher predictive power and higher 
sensitivity than BMI and waist circumference in the 
identification of CVD risk in both sexes (53).

In addition, the significant role of VFI in the 
prediction of poor CCC seems to indicate the likelihood 
of considering visceral adiposity as a potential target, 
with maintenance of VFI values below 9 suggested for 
the prevention of poor collateral growth in patients 
with CV risk factors in the long term. 

Hypertension was shown to be a strong independent 
risk factor for poor CCC in our cohort of patients with 
total coronary occlusion. This finding seems to be in line 
with the association of hypertension with an increased 
risk of impaired collateral development in patients with 
coronary occlusion reported in past studies (20,35). 
Notably, in a past study among patients with single 
chronic total occlusion of the coronary artery, a J-shaped 
relationship was noted between diastolic blood pressure 
(DBP) and CCC (54). The authors indicated a decrease 
in the incidence of poor CCC as DBP increased, while 
poor CCC increased as DBP increased further to  
>95 mmHg (54). Given that most coronary blood 
flow to the myocardium occurs in diastole, the authors 
suggested that DBP may influence the tangential fluid 
shear stress of the endothelial surface by modulating the 
coronary artery blood flow velocity in diastole, thereby 
affecting the development of CCC (54). The authors 
also emphasized that excessively high DBP might lead 
to stenosis in the CCC-fed coronary artery, which in 
turn would decrease the perfusion of CCC (54).

Study limitations

The main limitation of this study seems to be the 
assessment of visceral fat based on VFI, without the 
inclusion of gold-standard adiposity measurements 
such as micromagnetic resonance imaging (µMRI) 
and microcomputed tomography (µCT), which 
otherwise would extend the knowledge achieved in the 
current study. However, µCT is an expensive method 
with considerable radiation risk that limits its use in 
every patient and only for the purpose of visceral fat 
measurement, while µMRI is a very expensive and 
time-consuming method that is not appropriate for 
use in visceral fat measurement. Accordingly, given 
the limitations of the other two techniques, the use of 
bioimpedance analysis seems to be a clinically feasible 
approach for visceral fat measurement based on the 

extensive literature support. Nonetheless, given the 
restricted amount of data available on the potential 
role of visceral adiposity in collateral development in 
patients with coronary occlusion, our findings represent 
a valuable contribution to the literature.

In conclusion, our findings revealed that comorbid 
hypertension and higher VFI (cut off value > 9) 
significantly predict the risk of poor CCC with a 
sensitivity of 95.38% and specificity of 85.71%. Thus, 
there may be a potential clinical role of visceral 
adiposity assessment in the diagnosis of poor collateral 
development, and we may consider visceral adiposity 
as a potential target for preventing poor collateral 
circulation in patients with established CV risk in the 
long term. 
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ABSTRACT 
Objective: Maternal hypothyroidism during pregnancy may lead to adverse outcomes. Recently 
published guidelines by the American Thyroid Association (ATA) do not advocate for universal 
screening but recommend a case-finding approach in high-risk pregnant women. The present study 
aims to evaluate the accuracy of this approach in identifying women with thyroid dysfunction 
during early pregnancy. Subjects and methods: This is a multiple-center, cross-sectional study. 
Three hundred and one pregnant women were enrolled. Anamnesis and a physical examination 
were performed to detect which women fulfilled the criteria to undergo laboratory screening of 
thyroid dysfunction, according to the ATA’s 2017 guidelines. The Zulewski’s validated clinical score 
was applied to assess signs and symptoms of hypothyroidism. Serum levels of thyrotropin (TSH), 
free thyroxine (FT4), anti-thyroperoxidase (TPO-Ab), and anti-thyroglobulin (Tg-Ab) antibodies were 
determined. Results: Two hundred and thirty one women (78%) were classified as high risk, and 65 
(22%) were classified as low risk for thyroid dysfunction. Regarding the clinical score, 75 patients 
(31.2%) presented mild symptoms that were compatible with SCH, of which 22 (7.4%) had symptoms 
as the only risk factor for thyroid disease. 17 patients (5.7%) had SCH, of which 10 (58.8%) belonged to 
the high-risk group, and 7 (41.2%) belonged to the low-risk group. OH was found in 4 patients (1.4%): 
3 (75%) in the high-risk group and 1 (25%) in the low-risk group. Conclusions: The ATA’s proposed 
screening criteria were not accurate in the diagnosis of thyroid dysfunction in pregnancy. Testing 
only the high-risk pregnant women would miss approximately 40% of all hypothyroid patients. Arch 
Endocrinol Metab. 2020;64(2):159-64
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INTRODUCTION

Maternal hypothyroidism, especially when 
diagnosed during the first trimester of gestation, 

may lead to adverse obstetric and neonatal outcomes 
as well as impaired neurocognitive development of 
the fetus (1-4). Recently published guidelines by the 
American Thyroid Association (ATA) do not advocate 
for universal screening but recommend case finding 
in high-risk pregnant women (5). According to this 
recommendation, all patients should undergo clinical 
evaluation during the first prenatal visit in order to 
identify the presence of risk factors for thyroid disease. If 
any of the risk factors, which were reviewed in the recent 
guidelines, are identified, testing for serum TSH during 
the first trimester of gestation is recommended (5).

Previously, the European guidelines did not 
advocate for universal screening because of the lack 
of grade 1 evidence, but they noted that the majority 
of the authors recommended it, considering the 
beneficial effects of levothyroxine (LT4) treatment on 
unknown overt hypothyroidism (OH) and the fact that 
the targeted approach will miss a large percentage of 
women with subclinical hypothyroidism (SCH) (6). 
Indeed, several studies have reported that case-based 
screening may result in failure to detect a large number 
of low-risk pregnant women with thyroid disease (7-9).

Besides the evidence that the case-finding approach 
may not be effective, universal thyroid screening during 
early pregnancy fulfils most criteria for a beneficial 
and cost-effective screening programme, according 
to recommendations of the WHO (10). Thyroid 
disease is an important health problem in pregnancy, 
which can be easily diagnosed with non-invasive and 
inexpensive diagnostic tests, and has a safe and well-
tolerated treatment available. Screening all pregnant 
women has shown to be cost effective, even if only OH 
was considered to be associated with adverse obstetric 
outcomes (11).

The normal reference range for serum TSH 
concentrations in pregnancy, as well as the 
recommendations for LT4 treatment were also updated 
in the recent ATA guidelines. They reinforced the 
need to establish population-based trimester-specific 
reference ranges for serum TSH. When not available, 
the upper reference limit during the first trimester of 
pregnancy can be defined by reducing 0.5 mIU/L from 
the upper limit of TSH for non-pregnant women (5).

In Brazil, controversy regarding the best screening 
strategy of thyroid disease in pregnant women also 
exists. Therefore, we designed the present study to 
evaluate the accuracy of the ATA’s high-risk case-
finding approach in identifying women with thyroid 
dysfunction during early pregnancy. 

SUBJECTS AND METHODS

This multiple-center, cross-sectional study was performed 
with an ongoing prospective cohort that included 
pregnant women attending prenatal programs in four 
public health care units from an urban area with iodine 
sufficiency (12) in a Brazilian coastal state. During the 
recruitment period, each unit was visited regularly, but 
at different times – not necessarily concomitantly. The 
average time of visit to each center was 10 to 12 months. 
All pregnant women who attended the units during our 
visit and met the study inclusion criteria were enrolled.

A total of 301 pregnant women attending at their 
first prenatal visit were included from September 2014 
to January 2018. The recruiting criteria included 
age ≥ 18 years old, having a spontaneous pregnancy, 
and gestational age up to 12 weeks (defined by last 
menstrual period or ultrasound). Exclusion criteria 
were multifetal pregnancy, known autoimmune thyroid 
disease, or current use of levothyroxine, antithyroid 
drug, or nutritional supplements containing iodine. 
All subjects provided informed written consent, and 
the study was approved by the local research ethics 
committee (CAAE: 22546213.0.0000.5275).

From the initial sample of 301 pregnant women, 
3 were excluded because they had a gestational age 
greater than 12 weeks, 1 was excluded because she was 
in treatment for hypothyroidism, and 1 was excluded 
because of a twin pregnancy. The final sample included 
296 pregnant women.

Anamnesis and a general physical examination were 
performed to detect which pregnant women fulfilled the 
criteria for laboratory screening of thyroid dysfunction, 
according to 2017 ATA guidelines (5). The screening 
criteria are shown in table 1. If any of the criteria were 
identified, the patient was considered to be at high 
risk for thyroid dysfunction. Patients who did not 
meet any criteria were classified as low risk for thyroid 
dysfunction. The Zulewski’s validated clinical score was 
applied to assess signs and symptoms of hypothyroidism 
(13). According to this scoring system, women were 
considered clinically hypothyroid when they achieved 
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Table 2. Baseline characteristics of the 296 pregnant women enrolled in 
the study:

Mean  (± SD) maternal age (years) 28.8 (± 5.9)

Mean (± SD) gestational age at screening (weeks) 9.1 (± 2)

≥ 2 prior pregnancies, n (%) 76 (25.7)

History of previous miscarriages, n (%) 55 (19.1)

History of fetal death and/or preterm delivery, n (%) 10 (3.4)

History of infertility, n (%) 32 (11.9)

Family history of thyroid disease, n (%) 43 (14.3)

Personal history of other autoimmune diseases, n (%) 2 (0.7)

History of head/neck irradiation and/or thyroid surgery, n (%) 1 (0.4)

BMIa ≥ 40, n (%) 3 (1)

Clinical euthyroidism (0 – 2 points in the Zulewski’s clinical 
score), n (%) 

165 (68.8)

Signs and symptoms of SCHb (3 – 5 points in the Zulewski’s 
clinical score), n (%)

75 (31.2)

Signs and symptoms of OHc (> 5 points in the Zulewski’s 
clinical score), n (%)

0 (0)

a body mass index; b subclinical hypothyroidism; C overt hypothyroidism.

Table 1. Risk factors for thyroid dysfunction during pregnancy, according 
to ATA’sa 2017 guidelines

1. A history of hypothyroidism/hyperthyroidism or current symptoms/signs of 
thyroid dysfunction

2. Known thyroid antibody positivity or presence of a goiter

3. History of head or neck radiation or prior thyroid surgery

4. Age >30 years

5. Type 1 diabetes or other autoimmune disorders

6. History of pregnancy loss, preterm delivery, or infertility

7. Multiple prior pregnancies (≥ 2)

8. Family history of autoimmune thyroid disease or thyroid dysfunction

9. Morbid obesity (BMI ≥ 40 kg/m2)

10. Use of amiodarone or lithium, or recent administration of iodinated 
radiologic contrast

11. Residing in an area of known moderate to severe iodine insufficiency

a American Thyroid Association.

more than 5 points; euthyroid with 0-2 points; and 
subclinically hypothyroid with 3-5 points (13). Body 
mass index (BMI) was calculated as weight (kg) divided 
by height squared (m²). As previously reported, the 
population studied was considered to have iodine 
sufficiency (12).

Morning blood samples were collected from all 
patients to determine serum levels of thyrotropin (TSH), 
free thyroxine (FT4), anti-thyroperoxidase (TPO-Ab), 
and anti-thyroglobulin (Tg-Ab) antibodies. Diagnosis 
of OH required a serum TSH > 10.0 mIU/L or FT4 
below the inferior reference range (associated with 
serum TSH elevations). Isolated hypothyroxinemia 
was defined by FT4 below the inferior range with 
normal TSH. TSH elevations above 3.8 mIU/L 
(and < 10.0 mIU/L) with normal FT4 constituted a 
diagnosis of SCH. We considered 3.8 mIU/L as the 
upper reference limit, by reducing 0.5 from the upper 
limit of TSH for non-pregnant women, according to 
recent recommendations from ATA’s guidelines (5). 
This value is similar to that found by Silva de Morais 
and cols.., who evaluated the TSH reference range in 
a group of pregnant women from Rio de Janeiro (14).

Serum TSH, FT4, TPO-Ab, and Tg-Ab were 
determined by an electrochemiluminescence 
immunometric assay with a Roche Modular Analytics® 
E170 (Roche Diagnostics). The laboratory reference 
ranges of TSH were 0.4 to 4.3 mIU/L (for nonpregnant 
women), FT4 0.7 to 1.9 ng/dL, TPO-Ab < 34 IU/mL, 
and Tg-Ab < 115 IU/mL. The intra- and interassay 
coefficients of variation of serum TSH, FT4, TPO-Ab, 

and Tg-Ab were, respectively, 7.2% and 3%, 2.8% and 
2.9%, 6.3% and 7.0 %, and 4.9% and 6.3%. 

The associations between the risk classification and 
the occurrence of thyroid dysfunction and autoimmunity 
were evaluated by the Chi-square test. The observed 
p-values were obtained by Monte Carlo simulations 
(15) and corrected by the Sidàk procedure to multiple 
tests (16). In addition to the association analysis, we 
evaluated the sensitivity, specificity, positive and negative 
predictive values, and the accuracy of the ATA’s criteria 
for laboratory screening of thyroid dysfunction (5).

RESULTS

We evaluated thyroid function and thyroid autoimmunity 
in 296 pregnant women. The characteristics of these 
women are shown in table 2. 

Regarding the clinical score, 75 patients (31.2%) 
presented mild symptoms that were compatible with 
SCH, of which 22 (7.4%) had symptoms as the only 
risk factor for thyroid disease. Since no women had 
symptoms consistent with OH, we considered the 
presence of mild symptoms as a positive criteria for 
screening for thyroid dysfunction.

According to the criteria established by the 2017 
ATA guidelines (5), 231 women (78%) were classified 
as high risk, and 65 (22%) were classified as low risk 
for thyroid dysfunction during pregnancy. In previous 
recommendations, ≥ 2 prior pregnancies were not 
considered one of the defining criteria of the high-risk 
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group (17). According to the most recent guidelines, 
10 women (3.4%) were newly classified as high risk for 
thyroid dysfunction, based on multiparity.

Regarding thyroid function, the median TSH was 
1.42 mIU/L. SCH was found in 17 patients (5.7%), 
and OH was found in 4 patients (1.4%). The prevalence 
of thyroid dysfunction according to risk classification is 
shown in figure 1.

A total of 17 women (5.7%) were positive for TPO-
Ab, and 17 of 276 (6.2%) were positive for Tg-Ab. 7 
patients (2.54%) were positive for both TPO-Ab and 
Tg-Ab. 20 (6.8%) had no record of Tg-Ab values.

The associations between risk classification and 
occurrence of thyroid dysfunction, as well as the 
sensitivity, specificity, positive and negative predictive 
values, and accuracy of the ATA’s risk criteria are shown 
in table 3.

Of 17 patients with SCH, 10 (58.8%) belonged to 
the high-risk group, and 7 (41.2%) belonged to the low-
risk group. Sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), and 

accuracy of the screening criteria were 58.8%, 20.8%, 
4.3%, 89.2%, and 23%, respectively.

The criteria were also not sensitive (75%) or specific 
(21.9%) for the diagnosis of OH.

Additionally, the associations between risk 
classification and the presence of autoimmunity are 
shown in table 4. 

No statistically significant association was observed 
between risk classification and thyroid dysfunction or 
presence of autoimmunity. A post-hoc analysis showed 
that the sample had a statistical power of 82% to detect 
small effect sizes (0.2) and 99.9% for medium effect 
sizes (0.5), according to Cohen’s criteria (18).

In its 2017 guidelines (5), the ATA suggests, based 
on moderate quality of evidence, that treatment with 
levothyroxine should be considered for pregnant 
women with TSH > 2.5 mIU/L, associated with the 
presence of autoantibodies. In our cohort, we found 
that 8 patients (2.7%) would receive thyroid hormone 
replacement according to this criteria: 4 patients in the 
high-risk group and 4 in the low-risk group.

DISCUSSION

This multiple-center, cross-sectional study shows that 
the criteria proposed by the ATA’s 2017 guidelines do 
not represent a good screening tool for hypothyroidism 
in pregnancy. This was demonstrated by the absence of 
a significant association between risk classification and 
occurrence of SCH. In addition, the sensitivity found 
was below 60% and the specificity was around 20%. More 
important than these results are those of predictive values. 
The positive predictive value (PPV) was below 5%. Thus, 
when determining that a pregnant woman is at high 
risk, the probability of SCH is less than 5%. This result 
is of very limited utility in clinical practice. The negative 

Figure 1. Prevalence of thyroid dysfunction according to risk classification
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Table 3. Frequency distribution of individuals with thyroid dysfunction according to the risk classification, and the sensitivity, specificity, PPVa, NPVb, 
accuracy, and p-value

High risk Low risk p-value Sensitivity Specificity PPVa NPVb Accuracy

SCHc 10 (58.8%) 7 (41.2%) 0.232 58.8 20.8 4.3 89.2 23

OHd 3 (75%) 1 (25%) 0.999 75 21.9 1.3 98.5 22.6

a positive predictive value; b negative predictive value; c subclinical hypothyroidism; d overt hypothyroidism.

Table 4. Frequency distribution of individuals with autoantibodies according to the risk classification, and the sensitivity, specificity, PPVa, NPVb, accuracy, 
and p-value

High risk Low risk p-value Sensitivity Specificity PPVa NPVb Accuracy

TPO-Abc positive 13 (76.5%) 4 (23.5%) 0.997 76.5 21.9 5.6 93.9 25

Tg-Abb positive 14 (82.4%) 3 (17.6%) 0.999 82.4 22.4 6.5 95.1 26.1

a positive predictive value; b negative predictive value; c anti-thyroperoxidase; d anti-thyroglobulin.
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predictive value (NPV), in turn, increased to around 90%, 
indicating that pregnant women in the low-risk group 
still presented a 10% probability of developing SCH.

Finally, we observed a low accuracy, showing a 
weak predictive capacity of the screening criteria in the 
diagnosis of SCH.

Regarding OH, there was also no significant 
association between risk and occurrence of overt 
thyroid dysfunction. The sensitivity, specificity, and 
PPV were 75%, 21.92%, and 1.3%, respectively. We 
found a high NPV (98.5%), but this result should be 
interpreted with caution, since it is probably due to the 
very low number of OH cases.

If the targeted high-risk case-finding approach 
is used, 7 women (41.2%) with SCH, and 1 woman 
(25%) with OH would be missed, since they belonged 
to the low-risk group. 4 women (50%) with positive 
autoantibodies and TSH > 2.5 mIU/L, for whom 
treatment with LT4 would be considered according to 
the new recommendations (5), would also be missed.

Rosario and cols. who evaluated 412 low-risk 
pregnant women in a metropolitan region of Belo 
Horizonte (Minas Gerais, Brazil) found that selective 
screening, recommended by ATA, does not result 
in a significant loss of women with an indication for 
LT4 treatment (19). These results differs from ours, 
possibly due to differences in patient selection, since 
it is unclear how assessment of signs and symptoms of 
hypothyroidism was made. In our study, 75 women 
(31.2%) had mild symptoms, according to Zulewski’s 
clinical score, of which 22 (7.4%) had symptoms as 
the only risk factor for thyroid disease. Considering 
that Brazil is a country of continental proportions, it 
is also possible that the divergences found are due to 
demographic differences, such as different profiles of 
iodine consumption. Our population was considered 
to have iodine sufficiency (12).

On the other hand, our results are similar to a 
number of other studies. Vaidya and cols., evaluated a 
cohort of 1560 pregnant women (7). Of all women with 
elevated TSH, 30% belonged to the low-risk group. In 
a retrospective cohort study performed in 2011 with 
data from the United States, Chang and cols. found that 
among 983 pregnant women in Boston, Massachusetts, 
up to 80% of women with elevated TSH levels might 
have been missed using a case-finding approach rather 
than universal screening (8). In 2015, Jouyandeh and 
cols. performed a systematic review and meta-analysis 
to compare the efficacy of universal screening versus a 

high-risk case-finding approach (9). Ten eligible articles 
were selected, and the results showed that the overall loss 
ratio in case-finding method was 49 % (CI 0.23–0.74).

Another important issue to be considered is that 
the screening strategy recommended by the ATA is 
poorly selective, since almost 80% of our sample would 
be screened for thyroid dysfunction, according to the 
targeted high-risk case-finding approach. In Brazil, the 
occurrence of multiparity is quite frequent, especially 
among women of lower socio-economic levels. This 
is demonstrated in the present study, since 76 women 
(25.7%) had previous history of ≥ 2 prior pregnancies. 
If we disconsider multiparity as a positive criteria 
for thyroid screening, 221 women (74.7%) would 
be classified as high risk, and 75 (25.3%) would be 
classified as low risk for thyroid dysfunction during 
pregnancy. Thus, the inclusion of this new criteria in 
the ATA’s most recent guidelines had little impact on 
the risk classification. 

In our cohort, the prevalence of OH was 1.3% (n 
= 4), which is slightly higher than that found in the 
literature (20). Regarding SCH, 17 patients (5.7%) 
had TSH > 3.8mIU/L. The prevalence of subclinical 
thyroid disorder can vary widely, ranging from 2 to 35% 
of pregnancies, depending on the TSH reference values 
used to define SCH as well as by particularities of the 
population studied, such as iodine sufficiency and other 
demographic characteristics (20-22).

To our knowledge, this is the first study to evaluate the 
accuracy of the screening criteria proposed by the ATA 
in its most recent guidelines in the diagnosis of thyroid 
dysfunction, applying objective measurements of signs 
and symptoms of hypothyroidism, and in a population 
with known iodine sufficiency. All participants were 
included in their first trimester of gestation and had a 
comprehensive thyroid assessment including history, 
physical examination, and thyroid function tests.

For the first time, a validated clinical score was 
applied to assess signs and symptoms of thyroid 
dysfunction, which is one of the ATA’s criteria for case 
finding. Although the Zulewski’s clinical score has been 
validated for a non-pregnant population, Nazarpour 
and cols. showed in a recent study – published after the 
conclusion of our analyzes – that the Billewikz scoring 
system, which is an older version of the Zulewski’s 
score, may be a reliable tool in the diagnosis of OH 
during pregnancy (23). It is important to highlight 
2 limitations of this study. First, it is the relatively 
small sample size. Second, our cohort may not be 
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representative of other populations with differences in 
ethnicity, iodine intake, and TSH reference values. 

In conclusion, the screening criteria proposed 
by the ATA’s 2017 guidelines were not accurate in 
the diagnosis of thyroid dysfunction in our cohort of 
pregnant women, since no significant association was 
found between risk classification and occurrence of 
SCH. Testing only the high-risk pregnant women in 
the targeted case-finding approach would miss around 
40% of all hypothyroid patients.
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ABSTRACT
Objective: To determine the optimal cut-off value for follicle stimulating hormone (FSH) to predict the 
outcome of microsurgical testicular sperm extraction (micro-TESE) in patients with nonobstructive 
azoospermia (NOA). Subjects and methods: We included a total number of 180 patients with NOA. 
The serum level of FSH was determined and all the subjects underwent micro-TESE. We determined 
the optimal cut-off value for FSH and assessed whether the test could be effectively used as a 
successful predictor of sperm retrieval by calculating the Receiver Operating Characteristic (ROC) 
area under the curve. Results: Overall we included a total number of 171 patients with mean age 
of 34.3 ± 8.6 years. The micro-TESE was considered to be successful in 79 (43.8%) while it failed in 
92 (56.2%) patients. We found that the mean level of serum FSH was significantly higher in group 
those with failed micro-TEST compared to successful group (p < 0.001). The cut-off value for FSH 
was calculated to be 14.6 mIU/mL to predictive the outcome of micro-TESE with a sensitivity of 
83.5% [73.5%-90.9%] and a specificity of 80.3% [69.5%-88.5%]. At this value, the other parameters 
were calculated to be PPV, 81.5%; NPV, 82.4; LR+, 4.23; and LR-, 0.21. Conclusions: The results of the 
current study indicate that FSH plasma levels above 14.6 mIU/mL can be considered to be the failure 
predictor of the micro-TESE in NOA patients. Arch Endocrinol Metab. 2020;64(2):165-70
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INTRODUCTION 

E valuation of testicular function is an important  
and compulsory aspect of management of 

infertility (1). The initiation and maintenance of 
spermatogenesis is regulated through the hypothalamic-
pituitary-gonadal axis and is mainly dependent on the 
follicle-stimulating hormone (FSH) and androgen 
(1-3). Production of FSH and Luteinizing Hormone 

(LH) from the anterior lobe of the pituitary gland is 
stimulated by the Gonadotropin-Releasing Hormone 
(GnRH) secreted from the hypothalamus (1). FSH 
affects the Sertoli cells of the seminiferous tubules to 
continue normal spermatogenesis. Production of the 
inhibin B from the spermatogenic cells suppresses 
FSH secretion from the pituitary gland (4). Plasma 
FSH levels usually have an inverse relationship with 
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spermatogenesis; production of inhibin B is reduced 
and plasma FSH level is increased in spermatogenic 
failure disorder. Scientific reports have revealed 10-
15% prevalence of infertility issues in the general 
population (5), with almost 50% of the cases being 
relevant to a male factor (6,7). Azoospermia, with the 
prevalence of 10-20% in infertile male population can 
be clinically classified as obstructive (post-testicular) 
and non-obstructive (pretesticular or testicular) (6). 
Non-obstructive azoospermia (NOA) is more common 
compared to obstructive azoospermia (OA) and occurs 
in 80-85% of men with azoospermia (6). Although 
NOA has been described as damaged sperm production 
of the whole testis, focal normal spermatogenesis can 
be observed in 50-60% of men with NOA (8).

Currently, use of assisted reproductive techniques 
(ARTs) is an acceptable approach for men with 
azoospermia and testicular atrophy. Using endocrine 
markers to predict the success of sperm retrieval 
for infertile men before using ARTs can decrease 
the costs. In this respect, elevated FSH levels, as an 
inexpensive and non-invasive method, is considered to 
be a clinically suitable marker in assessment of infertile 
men. Unfortunately, there is no consensus regarding an 
optimal cut-off value for FSH to predict the existence 
of spermatogenesis in patients with  NOA. Only few 
studies have addressed the cut-off values for FSH in 
patients with NOA undergoing sperm retrieval (9,10). 
In addition, some studies have demonstrated that FSH 
is not an indicator of successful sperm retrieval in these 
patients (11,12). But controversy still exists regarding 
the value of FSH in predicting the outcome of sperm 
retrieval in patients with NOA. Thus, the aim of the 
current study was to determine the optimal cut-off 
value for FSH to predict the outcome of microsurgical 
testicular sperm extraction (micro-TESE) in patients 
with NOA.

SUBJECTS AND METHODS 

Study population 

This prospective cross-sectional study was carried in 
our center during a 7-month period from April 2015 
to October 2015. We included a total number of 
171 consecutive subfertile men of Iranian nationality 
referring to the Infertility and Embryology center of 
Shiraz University of Medical Sciences. All the patients 
were between 30 to 45 years of age and were diagnosed 

to suffer from NOA. The inclusion criteria were infertility 
defined as no achievement of a pregnancy after 12 months 
of unprotected intercourse, two spermiograms showing 
azoospermia with time interval of at least 70 days. We 
excluded the patients with fever, those using hormonal 
preparations during the last 3 months, those who had 
undergone vasectomy, and those with vas deference 
agenesis determined by physical examinations. We also 
excluded those with hypogonadotropic hypogonadism. 
The study protocol was approved by either the 
institutional review board (IRB) and the medical ethics 
committee of Shiraz University of Medical Sciences. All 
the patients provided their informed written consents 
before inclusion in the study. 

Study protocol 

All the patients underwent complete andrologic 
evaluation, including history, physical examination, 
hormonal profile (serum FSH, LH, total Testosterone, 
prolactin), and spermiogram. All subfertile men 
underwent testicular FNA. Imaging (scrotum 
ultrasonography, color Doppler, pelvic computed 
tomography) and genetic (karyotype, Yq microdeletions) 
studies were performed in subfertile men as clinically 
indicated.

Sperm was obtained by masturbation after 3 to 5 
days of abstinence. The samples were centrifuged at 
600 × g for 10 minutes, and if no sperm were detected 
in the pellet a diagnosis of azoospermia was confirmed. 
Sperm concentration, motility, and morphology were 
evaluated according to the World Health Organization 
criteria (13). Blood samples were obtained at 9 AM and 
centrifuged for 20 minutes. The serum was separated 
and stored at –20°C until analysis was performed. The 
serum level of FSH was measured by chemiluminescent 
immunometric assay using commercial kits 
(IMMULITE 2000 FSH, Deerfield, IL USA). 

Micro-TESE procedure 

Standard micro-TESE surgery was operated by an 
expert surgeon under operative microscope to avoid 
testicular vessel destruction according to the Schlegel 
technique (14). Sperm processing was performed 
meticulously in an operating room via mechanical 
dissection of seminiferous tubules using insulin needles 
in order to increase sperm retrieval rate during the intra-
operative period (15). All the samples were stained 
using hematoxylin and eosin (H&E) according to the 
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standard protocol (16). By examining two separate 
microscopic slides, having at least 100 different tubule 
sections, the Meng classification system (17), based 
on the predominant type of cells was used by an 
expert pathologist who was blind regarding clinical 
information of the patients. 

1. Normal spermatogenesis: Cells from all the sta-
ges of spermatogenesis were detected in ade-
quate number.

2. Hypospermatogenesis: Although cells from 
all the stages of spermatogenesis (including 
sperm) were encountered, their number was 
significantly reduced.

3. Maturation arrest: Sperm maturation stopped in 
early stages of spermatogenesis. Neither sperm 
nor spermatids were detected (‘‘complete ma-
turation arrest’’). In case occasional sperm were 
found in any of the four FNA sites, the case was 
classified as ‘‘incomplete maturation arrest’’.

4. Sertoli cell–only syndrome (SCOS): Sperma-
togenesis cells were completely absent, Sertoli 
cells being the only cells detected (‘‘complete 
SCOS’’). In case occasional sperm were found 
in any of the four FNA sites, the case was classi-
fied as ‘‘incomplete SCOS’’.

Thus, in this classification system, six possible FNA 
diagnoses exist; in four (normal spermatogenesis, 
hypospermatogenesis, incomplete maturation arrest, 
and incomplete SCOS) sperm are present, whereas in 
the remaining two (complete maturation arrest and 
complete SCOS) sperm are absent. Successful sperm 
retrieval was considered the aforementioned four 
categories (group A) and the failed micro-TESE was 
considered to be the last two categories (group B). 

Statistical analysis

All results are presented as mean ± Standard 
Deviation (SD) and proportions as appropriate. The 
Student t test was used to compare serum FSH levels 
between groups A and B. P values less than 0.05 were 
considered significant. These statistical analysis was 
performed using statistical package for social sciences 
(SPSS Inc., Chicago, Illinois, USA), version 18.0. 
Receiver Operating Characteristic (ROC) curve was 
used to determine the optimal-off value for FSH to 
assess whether the test could adequately discriminate 
between groups A and B. The ability of serum 
FSH to predict sperm retrieval was estimated based 
on sensitivity, specificity and area under the ROC 

curve (AUC) at various cut-off values. An AUC of 
1 indicates perfect discrimination, AUC > 0.9 shows 
high accuracy and AUC between 0.7 and 0.9 indicates 
moderate accuracy, whereas an area of 0.5 indicates 
that the test discriminates no better than chance (18). 
In addition, positive and negative predictive values 
(PPV, NPV), and positive and negative likelihood 
ratios (LR+, LR-) were calculated. LR+ was defined as 
[sensitivity/ (1-specificity)], while LR- was calculated 
as [specificity/ (1-sensitivity)]. These analyses were 
performed using STATA 12 software (StataCorp LP).

RESULTS

Overall we included a total number of 171 patients 
with mean age of 34.3 ± 8.6 years. The baseline 
characteristics of the patients are summarized in 
Table 1. There was no significant difference between 
two study groups regarding the baseline characteristics. 
As demonstrated, the micro-TESE was considered to 
be successful in 79 (43.8%) while it failed in 92 (56.2%) 
patients. We found that the mean level of serum FSH 
was significantly higher in group those with failed 
micro-TEST compared to successful group (p < 0.001). 
other parameters were comparable between two study 
groups (Table 2).  

Table 1 The baseline characteristics of 171 subfertile men with non-
obstructive azoospermia included in the current study 

Variable Value 

Age (years) 34.32 ± 8.61

Testis volume 

Left (mL) 14.62 ± 3.78

Right (mL) 15.22 ± 2.62

LH (mU/mL) 7.46 ± 4.11

FSH (mU/mL) 19.36 ± 12.83

Prolactin (ng/mL) 8.07 ± 4.95

Total testosterone (ng/dL) 563.78 ± 87.66

Sperm volume (mL) 3.78 ± 1.08

Pathology diagnosis 

Normal spermatogenesis (%) 0 (0.0%)

Hypospermatogenesis (%) 38 (21.1%)

Maturation arrest, incomplete (%) 22 (12.2%)

SCOS, incomplete (%) 19 (10.5%)

Maturation arrest, complete (%) 24 (13.3%)

SCOS, complete (%) 68 (42.9%)

FSH: Follicle Stimulating Hormone; LH: Luteinizing Hormone; SCOS: Sertoli Cell Only Syndrome
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In order to determine the optimal cut-off points for 
FSH level, ROC curves were drawn. The ROC curve 
analysis for FSH level has been shown differentiate 
between these two groups (Figure 1). The area under 
the ROC curves was 0.88 [0.82-0.93], which is 
statistically significant (with a 95% CI). Accordingly, 
the cut-off value of FSH was 14.6 mIU/mL. At this 
value, the findings discriminated between groups A 
and B with sensitivity of 83.5% [73.5%-90.9%] and 
a specificity of 80.3% [69.5%-88.5%]. At this value, 
findings were PPV, 81.5%; NPV, 82.4; LR+, 4.23; 
and LR-, 0.21 (Table 3). When the cut-off values 
were increased to >14.6 mIU/mL, the sensitivity was 
increased and the specificity was decreased. Conversely, 
when the cut-off values were lesser than 14.6 mIU/
mL, the sensitivity was decreased and the specificity was 
increased (Table 3).

DISCUSSION

In patients with NOA undergoing ICSI, micro-TESE 
is the method of choice for analyzing spermatozoa. 
Currently, the micro-TESE is considered the modality 
of choice for sperm retrieval in patients with NOA 
which is associated with minimal complications and 
adverse events because of microvascular preserving 
dissection (19,20). However, proposing non-invasive 
and more precise methods is essential for predicting 
successful spermatozoa retrieval especially in NOA 
patients. In the current study we tried to determine the 
predictive value of serum FSH level for micro-TESE 
in patients suffering from NOA. We found that a cut-
off value of 14.6 mIU/mL for serum FSH level will 
predict the outcome of micro-TESE with a sensitivity 
and specificity of 83.5% [73.5%-90.9%] and 80.3% 
[69.5%-88.5%] respectively. 

Several studies have investigated the predictive value 
of serum markers for NOA patients undergoing sperm 
retrieval. Tsujimura and cols. (21), demonstrated that 
serum levels of FSH, total T, and inhibin B were the 
most accurate predictors of successful sperm retrieval 
in patients with idiopathic NOA who underwent 
microdissection TESE. Christman and cols. (22) also 
investigated seven parameters, including semen volume, 
semen fructose, FSH, T, E2, PRL, and testicular atrophy 
in azoospermic patients and concluded that FSH was 
the best predictor of sperm retrieval in NOA patients. 
Similarly, Chen and cols. (9) revealed that among all the 
factors examined in their population, only FSH could 
determine the type of azoospermia. The area under 
the FSH ROC curve in the studies by Schoor and cols. 
(0.87) (23), Chen and cols. (0.85) (9), and Christman 
and cols. (0.84) (22) was favorably comparable to ours 
(0.88, with a 95% CI). These findings provide the 

Table 3. Serum FSH data and cut-off point, sensitivity, specificity and 
likelihood ratios (LR) for sperm retrieval

FSH  
(mU/mL) 
cut-off 
point, ≥

Sensitivity, 
%

Specificity, 
% LR+ LR-

11 64.6 93.4 9.8 0.38

12 67.1 84.2 4.25 0.39

13 77.2 82.9 4.5 0.27

16 84.8 71.1 2.93 0.21

17 84.8 65.8 2.48 0.23

23 93.7 47.4 1.78 0.13

30 98.7 34.2 1.5 0.04

Table 2 Comparing the baseline characteristics and laboratory values 
between those with successful and failed micro-TESE 

Successful 
Micro-TEST  

(n = 79)

Failed 
Micro-TESE  

(n = 92)
p-value

Age (years) 35.6 ± 8.4 33.6 ± 6.2 0.312

Testis volume 

Left (mL) 13.78 ± 2.34 15.19 ± 3.66 0.158

Right (mL) 15.93 ± 1.63 14.07 ± 5.49 0.122

LH (mU/mL) 7.86 ± 3.52 8.03 ± 2.34 0.205

FSH (mU/mL) 9.71 ± 7.32 29.03 ± 19.12 <0.001

Prolactin (ng/mL) 8.12 ± 1.47 8.51 ± 2.84 0.283

Total testosterone (ng/dL) 551.07 ± 96.4 588.23 ± 63.21 0.068

Sperm volume (mL) 4.01 ± 1.23 3.69 ± 1.88 0.981

FSH: Follicle Stimulating Hormone; LH: Luteinizing Hormone;

Figure 1. The ROC curve of follicle stimulating hormone (FSH), determining 
the cut-off value between successful or failed sperm retrieval.
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predictive value of FSH for sperm retrieval techniques 
in patients with NOA. Tournaye and cols. (24) revealed 
that a two-fold rise above the upper border of normal 
serum FSH level was used as the cut-off value for 
spermatogenesis, but this value showed lower predictive 
value compared to histopathology. In addition, the 
successful sperm retrieval rate decreased from 77% to 
29% in the azoospermic patients with small testicular 
size (< 4 cm) and elevated FSH levels (> 10 mIU/mL) 
(25). There is also data showing higher microTESE 
retrieval rates in smaller volume testes and data showing 
no difference in retrieval rates based on FSH (26-28). 
Some other data have also demonstrated higher retrieval 
rates in NOA patients with higher FSH levels (29).

Serum FSH values with an upper limit as high as 
20 IU/mL have been indicated as the sperm retrieval 
success indicator in several studies (30). American 
Society for Reproductive Medicine also described more 
than twice the normal upper limit of serum FSH level 
as a dependable indicator of abnormal spermatogenesis 
(31). In the study by Christman and cols. (22), the cut-
off point of FSH with the highest likelihood ratio was 
≥ 12.3 mIU/mL. Chen and cols. (9) also concluded 
that increased plasma levels of FSH > 19.4 mIU/mL 
could be used as a predictive scale for sperm retrieval in 
ARTs. In our study, the cut-off point of FSH was 14.6 
mIU/mL. Thus, the cut-off value for serum FSH is 
rather variable for predicting the success rate of sperm 
retrieval in azoospermic patients, and no agreement has 
been gained in this regard.

This inconsistency might be associated with the 
techniques used to obtain sperm. Microsurgical 
Testicular Sperm Retrieval (microTESE) has higher 
sperm retrieval rate compared to random testicular 
biopsy (9). Besides, lower chance of successful sperm 
retrieval has been reported by percutaneous fine needle 
aspiration compared to testicular sperm extraction by 
open biopsy in patients with NOA (20). Furthermore, 
application of bilateral testicular biopsy (32) and use of at 
least 6 number of biopsy sites have been recommended 
in order to retrieve spermatozoa in patients with NOA 
(32). Another major reason for the variability may be 
related to different causes of NOA. Schiff and cols. 
(33) showed that the mean FSH level of 33.2 IU/L 
represented a sperm retrieval rate of 72% per TESE 
attempt in patients with Klinefelter syndrome. Pening 
and cols. (34) also reported that among 143 men with 
NOA, 8% had Klinefelter syndrome and 9% had Y 
microdeletion, presenting 80% and 100% unsuccessful 

sperm recovery rates, respectively (34). Moreover, it 
has been described that in high FSH levels three folds 
above the normal limit (more than 27 mIU/mL), full 
spermatogenesis exists with a probability of 95%, but 
this cannot be used for diagnosis of Sertoli-cell-only 
syndrome and spermatogenic maturation arrest (35).

In the study by Carpi and cols. (36), sensitivity of 
FSH levels varied from 9% to 71% and their specificity 
from 40% to 90%. Besides, the findings of other studies 
demonstrated that increased FSH levels increased 
sensitivity and decreased specificity for predicting the 
sperm retrieval success rate (9). In a study by Chen 
and cols. (9), elevated FSH level (>19.4 mIU/mL) in 
azoospermic men was a predictive criterion for failure 
of sperm retrieval, with a probability of 100%, although 
the sensitivity of FSH level was 70%. Furthermore, 
when the cut-off point was 13.7 mIU/mL, the 
sensitivity and specificity of FSH level were 85.7% and 
87.0%, respectively. Similarly, our results demonstrated 
that a cut-off point of FSH ≥ 14.6 mIU/mL led to the 
best sensitivity (83.5%) and specificity (80.3%) values. 

We note some limitations to the current study. 
The main limitation of the present study was not 
differentiating the causes of NOA. Hence, more trials are 
needed to find responses to the existing controversies. 
The other limitation was that we did not measure the 
serum levels of inhibin B which is currently believed 
to be another sensitive predictor of the outcome of 
micro-TESE in patients with NOA. Further studies 
measuring these serum markers are currently underway 
in our center. The other limitation is that, a particular 
weakness of selecting a cut-off point as a predictor is 
that the cut-off point is not verified in a fresh group 
of men with NOA azoospermia. Finally, the number 
of included patients was low and calculating a cut-off 
value should be based on a larger series. However, we 
found that the power of the study was 80% to predict 
the outcome which is acceptable. Further studies with 
larger populations are recommended. 

In conclusion, the results of the current study 
demonstrate that an FSH cut-off value of 14.6 
mIU/mL predicts the outcome of micro-TESE in 
patients with NOA with high sensitivity (83.5%) and 
specificity (80.3%). This might be an effective and non-
invasive, available and inexpensive method of predicting 
the outcome of sperm retrieval in patients with NOA. 
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ABSTRACT
Objective: Body mass index (BMI) and tri-ponderal mass index (TMI) are anthropometric measures to 
evaluate body adiposity in the various age groups. The present study aims to compare the predictive 
value of TMI and BMI for metabolic syndrome (Mets) in children and adolescents of both genders. 
Subjects and methods: A cross-sectional study conducted on 3731 Iranian children and adolescents 
aged 7-18 years obtained from the fifth survey of ‘Childhood and Adolescence Surveillance and 
Prevention of Adult Non-communicable Disease’ (CASPIAN-V) study. The predictive value of BMI and 
TMI for MetS were determined using Receiver-operator curves. Logistic regression analysis was used to 
assess the relationship between these indices with MetS. Results: 52.6% of participants were boys. The 
mean (standard deviations) age for boys and girls were 12.62 (3.02) and 12.25 (3.05) years, respectively. 
In boys, the area under the curve (AUC) of TMI was greater than BMI for all age groups. AUC of TMI was 
also greater than BMI for age group of 11-14 years (AUC = 0.74; 95% CI (0.67, 0.81)) in girls. Furthermore, 
our findings showed that odds ratio of Mets for TMI was greater than BMI in age groups of 11-14 years 
(OR = 1.33 vs 1.22) and 15-18 years (1.16 vs 1.15) in girls and boys, respectively. Conclusion: TMI and 
BMI had moderate predictive value for identifying MetS. However, TMI was a better predictor of MetS 
than BMI in both genders, especially in age groups of 11-14 and 15-19 years for girls and boys. Arch 
Endocrinol Metab. 2020;64(2):171-8

Keywords
Metabolic syndrome; body mass index; tri-ponderal mass index; pediatric

INTRODUCTION

Metabolic syndrome (MetS) is defined as a cluster 
of cardio metabolic risk factors, including central 

obesity, glucose intolerance, dyslipidemia and raised 
blood pressure (1). MetS can occur from early life (2). 
During last decades, MetS has become a major health 
problem in children and adolescents; because of various 
factors including epidemiologic transition, double 
burden of nutritional disorders, and lifestyle changes. 
MetS is not limited to developed countries (3).

A systematic review determined the worldwide 
prevalence rates of MetS ranged between 0 and 19.2% 

among children and adolescents in 2012 (4). Previous 
studies indicated that MetS is a common metabolic 
disorder among Iranian children (5-8). A systematic 
review reported prevalence rates of MetS in the range 
of 1-22% in Iran (9).

Obesity and overweight in childhood and 
adolescence have emerged as one of the most 
important public health concerns in the 21st century 
(10). It is important to determine the optimal weight-
height indices, which are closely correlated with weight 
but uncorrelated with height across the growing 
period (11). Several studies determined that the body 
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mass index (BMI: body weight (kg)/height2 (m2)) 
is a preferable index in preschool children and adult 
(12-14). Furthermore, tri-ponderal mass index (TMI: 
body weight (kg)/height3 (m3)) may be applicable 
for newborns (15). Traditionally, the ponderal index 
was devised in 1921 by Rohrer and cols. (16). It was 
originally suggested as a corpulence index and has been 
used as an indicator of fetal nutrition. Several studies 
showed that the accuracy of TMI is higher than BMI to 
determine adiposity in infants (17,18). 

The general trend of Power (p) in Weight/Height 
p by age and gender was specified. However, trends of 
p are still not clear due to population differences in the 
studies (14). Recently, Peterson et al showed that TMI 
estimated body fat percentage more accurately than 
BMI in adolescents aged 8 to 17 years (19). Another 
study reported reference values of BMI and TMI for 
age for healthy non-underweight, non-obese millennial 
children in the Barcelona longitudinal growth study 
(1995-2017) (20). 

The anthropometric measures are reliable, low 
cost, non-invasive and can be performed without 
highly technologic equipment by staff with minimal 
training (21). Many studies have indicated association 
between anthropometric measures with MetS and 
its components in children and adolescents (22-25). 
However, to our knowledge, there is only one study 
that explored thresholds of gender-specific TMI and 
FMI ((fat mass)/height3) for the prediction of MetS in 
population of Colombian children and youth (26). The 
purposes of this study were (a) to compare predictive 
ability of TMI and BMI for the prediction of Mets 
among a large population of Iranian children and 
adolescents and (b) to determine the optimal cutoff 
values for BMI and TMI by gender and age groups. 

METHODS AND MATERIALS

Study design and sample

The data of this nationwide cross-sectional study were 
collected as a part of the “National survey of school 
student high risk behaviors” (2014-2015), as the 
fifth survey of the school-based surveillance system 
entitled Childhood and Adolescence Surveillance 
and PreventIon of Adult Non-communicable Disease 
(CASPIAN-V) study. This school-based nationwide 
health survey was conducted in 30 provinces in Iran. 
Details on the study protocol have been explained 
before (27) and here we report it in brief.

The study population consisted of students aged 
7-18 years in primary and secondary schools in 
urban and rural areas across the country. They were 
selected using multistage stratified cluster sampling 
method. Sampling within each province was conducted 
according to the student’s place of residence (urban or 
rural) and level of education (primary and secondary) 
using the proportional to size method and with equal 
sex ratio. 4200 students were randomly selected for 
blood sampling. 

Physical measurements

A team of trained health care experts recorded 
information based on approved check lists; they 
performed the examinations under standard protocols 
by using calibrated instruments. Weight was measured 
on a scale placed on a flat ground to the nearest 0.1 kg 
while subjects wearing a light cloth, and height were 
measured without shoes to the nearest 0.1 cm (28). 
BMI was calculated by dividing weight (kg) to height 
squared (m2) and TMI was calculated dividing weight 
(kg) to height cubed (m3). Waist circumference (WC) 
was measured using a non-elastic tape at a point midway 
between the lower border of the rib cage and the iliac 
crest at the end of normal expiration to the nearest 0.1 
cm (29).

Blood pressure was measured in the sitting position 
on the right arm using a mercury sphygmomanometer 
with an appropriate cuff size. It was measured 2 times 
at 5-min intervals; systolic and diastolic pressures were 
recorded and the average was registered (30).

Blood sampling

Fasting blood samples were obtained from students 
after 12–14 h of overnight fast. Fasting blood glucose 
(FBG), triglycerides (TG), total cholesterol (TC), 
low-density lipoprotein-cholesterol (LDL-C) and 
high-density lipoprotein-cholesterol (HDL-C) were 
measured enzymatically by Hitachi auto148 analyzer 
(Tokyo, Japan) (31,32).

MetS components 

Subject were classified as having MetS, if they had at 
least three of the following criteria according to the 
Adult Treatment Panel III (ATP III) criteria modified 
for the pediatric age group (33).

1)  Abdominal obesity was defined as waist-to-
height ratio equal to or more than 0.5 (34).
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2) Elevated FBG ≥ 100 mg/dL.
3) High serum TG ≥ 100 mg/dL.
4) Low serum HDL-C < 40 mg/dL (except in boy 

15-18 y in whom the cut-off was < 45 mg/dL) 
(35).

5) Elevated blood pressure was defined as either 
high systolic blood pressure (SBP) (≥ 90th 
percentile for age, sex and height) or high 
diastolic blood pressure (DBP) (≥ 90th percentile 
for age, sex and height) (30).

Statistical analysis

The results are represented as mean ± standard deviation 
(SD). Comparisons between means of anthropometric 
measures in boys and girls were performed using 
independent Student t test. 

Pearson correlation coefficients were used to 
determine associations between BMI and TMI with 
weight and height and also MetS components.

The discriminatory power of BMI, TMI and their 
z-scores for MetS was calculated by areas under the 
receiver operating characteristic (ROC) curve. Area 
under the ROC (AUC) value equal to 1 means perfect 
accuracy. Furthermore, the optimal cutoff values for 
BMI, TMI and their z-score were obtained using the 
Youden index (sensitivity+specificity−1) by gender.  

The association between TMI, BMI and their z-score 
with risk of MetS was evaluated using logistic regression 
model by gender and age. The results of logistic 
regression are presented as odds ratio (OR) and 95% 
confidence interval (CI).

The analyses data were performed using statistical 
software STATA 12.0 (STATA Corp, College Station, 
Texas, USA). All statistical analysis was performed 
using survey analysis method. P-valuesless than 0.05 
were considered as statistically significant.

RESULTS

The participation rate was 91.5%. In total, 52.4% of 
them were boys. The mean (standard deviation) age 
was 12.62 (3.02) and 12.25 (3.05) years for boys and 
girls, respectively. Table 1 shows the weight, height, 
BMI and TMI of participants by age and gender. Mean 
of weight, height and BMI in boys were more than girls 
in the age group of 7-10 years (p < 0.05). However, 
in the age group of 11-14 years, girls had significantly 
greater mean of weight and height than boys  
(p < 0.05). In the age group of 15-18 years, mean of 
weight and height were significantly greater in boys 
than girls (p < 0.05) whereas mean of BMI and TMI 
in girls was significantly greater than boys (p < 0.05).

Table 1. Characteristics of participants by age and gender: the CASPIAN-V Study

Gender Age group (yr)
Boys Girls

P
N Mean ± SD N Mean ± SD

Weight (kg) 7-10 565 28.53 ± 8.25 582 26.85 ± 7.59 < 0.001

11-14 845 41.07 ± 11.89 809 42.49 ± 12.33 0.019

15-18 602 56.85 ± 17.85 440 54.93 ± 13.42 0.063

Total 2012 42.27 ± 17.05 1831 40.45 ± 15.46 0.757

Height (cm) 7-10 565 130.78 ± 10.62 582 128.85 ± 9.82 0.002

11-14 845 148.56 ± 12.13 809 149.86 ± 11.37 0.029

15-18 602 164.80 ± 16.74 440 159.86 ± 10.41 < 0.001

Total 2012 148.44 ± 18.56 1831 145.52 ± 16.12 0.096

BMI (kg/m2) 7-10 565 16.54 ± 3.74 582 16.01 ± 3.51 0.015

11-14 845 18.33 ± 3.64 809 18.62 ± 3.82 0.117

15-18 602 20.45 ± 4.40 440 21.27 ± 4.15 0.003

Total 2012 18.46 ± 4.18 1831 18.42 ± 4.28 0.001

TMI (kg/m3) 7-10 565 12.74 ± 3.46 582 12.48 ± 3.13 0.189

11-14 845 12.37 ± 2.57 809 12.43 ± 2.41 0.665

15-18 602 12.46 ± 2.75 440 13.31 ± 2.49 < 0.001

Total 2012 12.50 ± 2.90 1831 12.66 ± 2.70 < 0.001

BMI: body mass index; TMI: tri-ponderal mass index.
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The correlation coefficients between the indices 
of BMI and TMI with the weight, height and MetS 
components are showed in Table 2. For both girls and 
boys in all age groups, BMI had the greatest correlation 
with weight. Furthermore, WC and systolic and 
diastolic pressures had significant correlation with BMI 
and TMI, with the greatest correlation coefficients for 

BMI. The correlation between BMI and TMI with TG 
and LDL were also significant in boys aged 15-18 years. 

Table 3 shows the optimal cutoffs, corresponding 
sensitivity and specificity, AUC for BMI and AUC for 
TMI. Table 4 shows optimal cutoffs, corresponding 
sensitivity, specificity and AUC of BMI z- score and 
TMI z-score. In all age groups for boys, TMI and TMI 

Table 2. Correlation between indices of BMI and TMI with weight, height and components of metabolic syndrome: the CASPIAN-V Study

Age 
group (yr) Weight Height WC SBP DBP FBG TG TC HDL LDL

Boys BMI 7-10 0.74* 0.02 0.44* 0.21* 0.22* -0.04 0.03 0.005 0.01 0.02

11-14 0.82* 0.26* 0.67* 0.26* 0.22* 0.014 -0.02 -0.003 -0.02 -0.01

15-18 0.84* 0.34* 0.73* 0.28* 0.23* -0.06 0.10* 0.06 0.01 0.10*

TMI 7-10 0.41* -0.36* 0.19* 0.15* 0.16* -0.04 0.04 0.02 -0.01 0.04

11-14 0.47* -0.20* 0.43* 0.16* 0.16* -0.001 -0.02 0.03 -0.01 0.01

15-18 0.44* -0.17* 0.44* 0.12* 0.09* -0.01 0.12* 0.05 0.02 0.10*

Girls BMI 7-10 0.77* 0.10* 0.44* 0.27* 0.22* -0.01 0.02 -0.02 -0.05 0.01

11-14 0.88* 0.34* 0.65* 0.24* 0.15* -0.01 0.03 -0.03 -0.08* 0.02

15-18 0.90* 0.27* 0.74* 0.31* 0.23* 0.003 0.02 0.003 -0.06 0.03

TMI 7-10 0.47* -0.26* 0.20* 0.16* 0.15* -0.01 0.01 -0.03 -0.06 -0.0003

11-14 0.64* -0.03 0.47* 0.13* 0.08* -0.02 0.02 -0.06 -0.06 -0.003

15-18 0.72* -0.05 0.64* 0.23* 0.18* -0.02 -0.0001 0.003 -0.04 0.01

WC: waist circumference; SBP: systolic blood pressure; DBP: diastolic blood pressure; FBG: fasting blood glucose; TG: triglycerides; TC: total cholesterol; HDL: high density lipoprotein; LDL: low 
density lipoprotein; BMI: body mass index; TMI: tri-ponderal mass index.

* P-value < 0.05.

Table 3. ROC curve analysis for indices of BMI and TMI as predictors of metabolic syndrome by gender and age: the CASPIAN-V Study

Gender/Indices Age groups (yr) cutoffs Sensitivity Specificity AUC 95% CI

Boys

BMI 7-10 17.71 59.26% 75.67% 0.69 (0.58, 0.80)

11-14 20.7 60.00% 81.54% 0.74 (0.66, 0.81)

15-18 23.05 61.76% 81.31% 0.67 (0.55, 0.79)

Total 19.65 63.21% 69.72% 0.69 (0.63, 0.75)

TMI 7-10 13.26 66.67% 72.99% 0.73 (0.63, 0.83)

11-14 12.19 84.44% 58.33% 0.74 (0.67, 0.81)

15-18 13.26 64.71% 71.69% 0.70 (0.59, 0.80)

Total 13.17 63.21% 72.75% 0.72 (0.67, 0.78)

Girls

BMI 7-10 18.09 55.56% 84.14% 0.71 (0.60, 0.81)

11-14 19.73 69.23% 68.68% 0.74 (0.66, 0.81)

15-18 20.95 76.92% 54.19% 0.64 (0.48, 0.81)

Total 19.61 60.76% 68.27% 0.67 (0.61, 0.73)

TMI 7-10 14.34 44.44% 87.69% 0.67 (0.56, 0.79)

11-14 15.35 51.28% 89.92% 0.74 (0.67, 0.81)

15-18 13.43 76.92% 57.88% 0.64 (0.47, 0.81)

Total 14.8 45.57% 86.18% 0.68 (0.61, 0.74)

AUC: area under the receiver operating curve; BMI: body mass index; TMI: tri-ponderal mass index.
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z-score had greater AUC than BMI and BMI z-score 
for the prediction of Mets. However, the AUC of BMI 
was greater than TMI for age group of 7-10 years and 
the AUC of BMI z-score was also greater for groups of 
7-10 and 11-15 years in girls. The optimal cutoffs for 
BMI and TMI in different age groups were obtained 
using the same method. Figure 1 represents ROC 
curves of anthropometric indexes for prediction of 
MetS in the total data. 

Table 5 presents the ORs and 95% CI for the 
association between BMI, TMI and their z-scores with 
MetS by age and gender. The significant associations 
were found between BMI and TMI and MetS in girls 
and boys for all age groups except in girls with age 
group of 15-18 years. The values of OR for TMI and 
TMI z-score were greater than BMI and BMI z-score 
for age groups of 11-14 and 15-18 years in girls and 
age group of 15-18 years in boys. 

Table 4. ROC curve analysis for indices of BMI z-score and TMI z-score as predictors of metabolic syndrome by gender and age: the CASPIAN-V Study

Gender/Indices Age groups (yr) cutoffs Sensitivity Specificity AUC 95% CI

Boys

BMI z- score 7-10 0.88 48.45% 83.46% 0.69 (0.57, 0.80)

11-14 0.21 70.45% 67.01% 0.73 (0.65, 0.81)

15-18 0.78 59.38% 83.40% 0.68 (0.56, 0.80)

Total 0.56 57.43% 78.65% 0.70 (0.65, 0.76)

TMI z- score 7-10 0.42 64.00% 77.82% 0.72 (0.61, 0.83)

11-14 0.16 70.45% 68.71% 0.74 (0.67, 0.82)

15-18 0.82 56.25% 82.099% 0.70 (0.60, 0.81)

Total 0.33 62.38% 72.32% 0.72 (0.67, 0.78)

Girls

BMI z- score 7-10 0.75 55.56% 82.95% 0.71 (0.60, 0.82)

11-14 0.36 68.42% 70.56% 0.73 (0.64, 0.82)

15-18 0.16 69.23% 61.39% 0.65 (0.48, 0.81)

Total 0.68 53.13% 79. 81% 0.71 (0.65, 0.77)

TMI z- score 7-10 0.88 48.15% 84.66% 0.69 (0.58, 0.80)

11-14 0.61 57.89% 76.80% 0.71 (0.62, 0.80)

15-18 0.25 69.23% 62.87% 0.65 (0.47, 0.82)

Total 0.91 46.15% 85.26% 0.69 (0.63, 0.76)

AUC: area under the receiver operating curve; BMI: body mass index; TMI: tri-ponderal mass index. 

Figure 1. Roc curve of anthropometric indices for predicting metabolic syndrome in children and adolescents: The CASPIAN-V study. 

BMI: body mass index; TMI: tri-ponderal mass index.
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DISCUSSION

Previous studies assessed and compared BMI and TMI 
on adiposity (13) and body fat (19). To the best of 
our knowledge, this is the first study comparing the 
accuracy of TMI and BMI indices for Mets in pediatric 
population. This study indicated that the predictive 
power of TMI was higher than BMI in the prediction 
of Mets in boys for all age groups and in the age group 
of 11-14 years for girls. The optimal cutoffs for BMI 
(BMI z-score) and TMI (TMI z-score) for predicting 
MetS were 19.65 (0.56) and 13.17 (0.33) in boys and 
19.61 (0.68) and 14.8 (0.91) in girls, respectively. 
Furthermore, our findings showed that in the age 
group of 7-10 years, the risk of Mets for BMI (BMI 
z-score) was higher than TMI (TMI z-score) in both 
girls and boys; in the age group of 11-14 years, TMI 
(TMI z-score) was greater than BMI (BMI z-score) in 
girls; and in age group of 15-18 years, TMI was greater 
than BMI in both girls and boys but in girls was not 
statistically significant. 

According to findings, weight spurt during puberty 
spurts is more than twice the height spurt in percentage 
terms (13). The findings of previous studies showed 
that TMI is a better adiposity index than BMI during 
puberty (36), which was similar to the findings of the 
present study.

Recently, Peterson and cols. showed that TMI 
estimated body fat levels more accurately than BMI 
in non-Hispanic white adolescents aged 8 to 17 years. 
Furthermore, they indicated that TMI could diagnose 
overweight adolescents more accurately than BMI z 
scores (19). Several studies have found the associations 
between fat distribution (BF% and /or FMI) and MetS 
components (37,38). Our findings were concordant 
with results of these studies. 

There are differences between the predictive values 
of BMI and TMI for MetS in various populations. A 
cross-sectional study on Brazilian children from public 
and private schools showed that BMI had AUC at 0.754 
in 5th-grade girl students (25). Another cross-sectional 
study reported that BMI had high predictive value 
(AUC = 0.98) for MetS among Spanish adolescents 
of both genders (24). In study on Colombian children 
and adolescents, the ROC analysis showed that TMI 
had a moderate discriminatory power to detect MetS 
(all AUCs for age groups of 9-12 and 13-17 years in 
both girls and boys were less than 0.755) (26). In the 
present study, TMI and BMI had moderate diagnostic 
accuracy for identifying MetS among Iranian children 
and adolescents. This discrepancy in results could be 
described by the heterogeneity of the sample populations 
and or different definitions of pediatric Mets (35). 

Table 5. Odds ratio (95% CI) for the association between anthropometric indices with risk of metabolic syndrome by age and gender: The 
CASPIAN-V study

Age groups (yr)
Boys Girls

OR (95% CI) P OR (95% CI) P

7-10 
BMI 1.16 (1.08, 1.24) < 0.001 1.11 (1.04, 1.19) 0.003

BMI z-score 1.84 (1.40, 2. 41) < 0.001 1.41 (1.13, 1.76) 0.002

11-14 
BMI 1.21 (1.13, 1.29) < 0.001 1.22 (1.14, 1.32) < 0.001

BMI z-score 1.94 (1.51, 2.47) < 0.001 1.62 (1.36, 1.93) < 0.001

15-18 
BMI 1.15 (1.07, 1.22) < 0.001 1.11 (0.99, 1.25) 0.071

BMI z-score 1.89 (1.42, 2.53) < 0.001 1.32 (0.98, 1.77) 0.065

Total
BMI 1.16 (1.11, 1.20) < 0.001 1.12 (1.07, 1.17) 0.024

BMI z-score 1.89 (1.62, 2.20) < 0.001 1.34 (1.20, 1.50) 0.024

7-10 
TMI 1.14 (1.06, 1.21) < 0.001 1.08 (1.01, 1.16) 0.033

TMI z-score 1.70 (1.33, 2.19) < 0.001 1.36 (1.08, 1.71) 0.009

11-14 
TMI 1.19 (1.09, 1.29) < 0.001 1.33 (1.19, 1.49) < 0.001

TMI z-score 1.65 (1.32, 2.06) < 0.001 2.00 (1.52, 2.62) < 0.001

15-18 
TMI 1.16 (1.06, 1.28) 0.002 1.18 (0.97, 1.43) 0.102

TMI z-score 1.54 (1.19, 2.00) 0.001 1.53 (0.94, 2.49) 0.102

Total
TMI 1.15 (1.10, 1.21) < 0.001 1.14 (1.08, 1.21) < 0.001

TMI z-score 1.63 (1.42, 1.88) < 0.001 1.58 (1.34, 1.87) < 0.001

OR: odds ratio; CI: confidence interval; BMI: body mass index; TMI: tri-ponderal mass index.
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Previous studies have identified strong effects of 
puberty on distributions of adiposity (39) and the 
Mets (40). The present study also showed relationship 
between BMI and TMI with risk of Mets in puberty 
age particularly for TMI.

Findings of the present study provide optimal 
cutoffs for BMI and TMI by age and gender. More 
studies are suggested in different population (41). The 
optimal BMI cutoff values to predict MetS in our study 
were 19.65 kg/m2 for boys and 19.61 kg/m2 for girls, 
which differs from values in Spanish adolescents (cutoff 
= 27 for both gender) (24). Moreover, the optimal TMI 
cutoff values to predict MetS in Colombian children 
and adolescents for age groups of 9-12 and 13-17 
years were 12.10 and 11.9 years for boys and 12.13 
and 12.48 for girls, respectively. However, TMI cutoff 
values in the present study were greater than values in 
previous studies for all age groups in both boys and 
girls. The differences in these values could be due to 
differences in lifestyle between various population (41). 
In the current study, the optimal cutoff values for BMI 
z-score and TMI z-score to predict MetS were less 
than the values to predict overweight or obesity. This 
finding maybe because of the high prevalence of high 
TG and low HDL cholesterol levels among normal-
weight children in Iran (42). Moreover, several studies 
reported CVD risk factors and metabolic syndrome 
among Asian adults, children and adolescents with 
normal weight (42-44). 

The main limitation of the present study is cross-
sectional nature, therefore the cause–effect relationships 
cannot be inferred from these findings. Another 
limitation is the lack of information on puberty age 
in adolescents. The main strengths of our study are its 
novelty in the pediatric age group and considering a 
large population-based sample.

In conclusion, the results of present study showed 
that both BMI and TMI had moderate diagnostic 
accuracy for identifying MetS in children and 
adolescents. However, generally TMI was a better 
predictor of MetS than BMI in both genders. TMI 
can be considered as an appropriate anthropometric 
index for large population-based studies in the 
pediatric age group.

Ethics approval and consent to participate: study 
protocols were reviewed and approved by ethical 
committees and other relevant national regulatory 
organizations. The Research and Ethics council of 
Isfahan University of Medical Sciences approved the 

study (Project number: 194049). After complete 
explanation of the study objectives and protocols, 
written informed consent and verbal consent were 
obtained from the parents and students, respectively.

Source of funding: this study was conducted as part of a national 
surveillance program. 

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Cholestatic syndrome as initial 
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SUMMARY
Most papillary thyroid carcinomas (PTC) harbor excellent prognosis. Although rare, distant metastases 
normally occur in lungs and/or bones. Here we describe a rare case of pancreatic metastasis 
presenting with rapid onset cholestatic syndrome. A literature review was also performed. A 73-year-
old man with a high risk PTC was submitted to total thyroidectomy (TT) followed by radioiodine 
therapy. After initial therapy, he persisted with progressive rising serum thyroglobulin levels but with 
no evidence of structural disease. Recently, the patient presented with a rapid onset and progressive 
cholestatic syndrome. A 4 cm lesion in pancreas was identified, with echoendoscopy fine-needle 
aspiration biopsy (FNAB) confirming a pancreatic metastasis from PTC. The patient was submitted 
to a successful pancreaticoduodenectomy. Pancreatic metastases of PTC are rare and few long-term 
follow-up data are available to guide management. Fourteen cases were former reported, mean age 
was 65.7 years-old with mean time between PTC and pancreatic metastasis diagnosis of 7.9 years. 
Nine of them had another distant metastasis, nine were diagnosed by FNAB and just two received 
sorafenib. Arch Endocrinol Metab. 2020;64(2):179-84
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INTRODUCTION

Thyroid cancer is the most common endocrine 
malignancy. Incidence has almost tripled since 

1970, representing 3.1% of all new cancer cases but 
being responsible for just 0.3% of all cancer deaths in 
the United States according to SEER (Surveillance, 

Epidemiology, and End Results Program) database. 
Around 90% is derived from follicular cells and PTC is 
the most prevalent histological type (1). PTC generally 
has good prognosis expressed by 98% of overall survival 
rate. However up to 2.3 – 4.3% presents with distant 
metastasis at diagnosis (2,3).
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Distant metastasis is the most important death-risk 
prognostic factor, with stage IV patients presenting 
with disease-specific survival at 5 and 10 years of 65% 
and 45% respectively (3). Lungs, bones, thoracic lymph 
nodes and nervous system are the most common 
organs involved (4). Unusual metastatic sites have been 
described in skin (5), pancreas (6), eye (7), kidney (8), 
adrenal (9), breast (10) and liver (11), but they do not 
always represent an additional  negative prognostic 
factor for disease outcome (12).

Metastatic pancreatic tumors  are rare and account 
for less than 4% of all pancreatic malignancies (13). The 
most common primary neoplasm is the kidney, with 
PTC metastases being extremely rare. Fourteen cases 
have been described so far, occurring up to 15 years 
after initial therapy. The treatments modalities described 
varied from surgery, chemotherapy, tyrosine kinase 
inhibitors (TKI), and active surveillance (6,10,14-24).  
Regarding survival, the benefit of metastasectomy has 
been observed for renal cell carcinoma metastases (25). 
About PTC, of the 7 cases submitted to metastasectomy 
and who had follow-up information, 4 died of the 
disease, 1 died of acute myocardial infarction, 1 had 
disease progression and 1 was alive at 36 months. 
Here we report one case of pancreatic metastasis from 
PTC initially presented as cholestatic syndrome with 
successful duodenopancreatectomy.

CASE DESCRIPTION

A 73-year-old man, presented in 2012 with a large 
goiter, and suspicious lymph-nodes palpable in lateral 
neck. He was submitted to total thyroidectomy (TT) 
with central and right lateral lymphadenectomy (levels 
I-V) in 2012. Pathology study revealed a 5.5 cm classical 
papillary carcinoma with extra-thyroidal extension 
to cervical muscles, neoplastic emboli to lymphatics 
vessels, and gross invasion of the internal jugular vein. 
Metastases to 24 of 25 right cervical lymph nodes were 
observed – pT4aN1bMx (AJCC/TNM 8th edition). 
Initial non-stimulated thyroglobulin (Tg) was of 
5.81 ng/mL, with undetectable anti-Tg. The initial 
postoperative images (cervical ultrasound and chest 
computed tomography) showed no suspicious findings. 
After surgery the patient received radioiodine therapy 
(RAI) with 200 mCi of 131I. Post-therapy whole-
body scan (WBS) was positive in right hemithorax 
although no structural disease was evident in thorax 
computed tomography (CT). During the first five years 

of follow-up he persisted with rising serum Tg levels 
but with no correspondent structural image in neck 
ultrasound, chest CT, or radioiodine WBS. Finally, in 
2016 18F-FDG PET revealed suspicious right posterior 
neck (SUV 7.7) and right supraclavicular lymph-nodes 
(SUV 15.9). An additional surgical neck dissection 
removed metastatic lymph nodes in August 2016. 

Despite the additional surgical treatment, during 
the past year he evolved again with rapid rising of Tg 
levels (Tg: 32.8 ng/mL, TSH: 0.1 mU/L) and again 
with unidentified structural loco-regional disease and 
18F-FDG PET was requested.

In January 2018, while waiting for 18F-FDG 
PET, the patient actively sought out the outpatient 
clinic because of altered liver biochemistry: aspartate 
aminotransferase: 210 UI/L (normal range: < 40 
UI/L), alanine aminotransferase: 858 UI/L (reference 
range < 41UI/L), alkaline phosphatase: 173 UI/L 
(reference range: 40-129 UI/L), gamma glutamyl 
transferase: 739 UI/L (reference range < 60 UI/L). 
Bilirubin was normal (total bilirubin: 0.9 mg/dL, 
direct bilirubin: 0.5 mg/dL) and the patient was 
asymptomatic. Drug-induced hepatoxicity and viral 
hepatitis were excluded. One week later, hepatogram 
was repeated (AST: 240, ALT: 713, GGT: 1298, 
total bilirubin: 1.5, direct bilirubin: 0.9), and the 
patient began to present jaundice, nausea, anorexia, 
and fatigue. Weight loss started to become evident, 
jaundice worsened and next week laboratory showed 
AST: 261, ALT: 687, GGT: 1150, total bilirubin: 
10.2, direct bilirubin: 8.2, albumin and prothrombin 
time were normal.

The 18F-FDG PET revealed a 2.8 cm expansive 
lesion in the head of the pancreas (SUV 10.6) in 
contact with duodenum, presenting partially defined 
limits with marked dilatation of biliary tract. At that 
occasion, Tg was of 281.3 ng/mL. He was referred to 
a CT-guided external percutaneous biliary drainage and 
fine-needle endoscopic ultrasound biopsy. Cytology 
study was consistent with metastatic PTC. Cell-block 
immunohistochemistry was positive to TTF-1.

After multidisciplinary discussion, in April 2018 
the patient underwent a pancreaticoduodenectomy 
performed by an extended subcostal incision at Hospital 
Central da Polícia Militar. The pancreatogastrostomy 
was the technique of choice for pancreatic 
reconstruction after finding a soft pancreatic stump and 
non-dilated main duct. Double omental flap around the 
anastomosis was performed.  The hepaticojejunostomy 
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and gastroentero anastomosis was made in single loop 
and a cavity drain was setted up in the right flank. The 
transparietal drain was removed in the 10th day after 
surgery. Patient had a favorable evolution getting 
hospital discharge in the 13th day post operative without 
any complications. The pathology study described an 
infiltrative papillary architectural pattern carcinoma 
of 3.5 x 3.0 cm, compromising pancreatic tissue, 
presenting morphological characteristics compatible 
with metastatic PTC. Immunohistochemistry study was 
positive for Tg. After surgery, suppressed thyroglobulin 
was 241.3 ng/mL. Sorafenib was initiated in October, 
2018 at full dosage (800 mg q.d.) and after one month the 
dose was reduced to 600 mg q.d. due to palmar-plantar 
erythrodysesthesia syndrome. Imaging studies show 
stable disease during sorafenb treatment. The patient is 
currently asymptomatic and attending outpatient clinics 
under surveillance at Instituto Nacional de Câncer José 
Alencar Gomes da Silva e Hospital Federal da Lagoa.

DISCUSSION

Here we describe a case of pancreatic metastasis from 
PTC. Occurrence is rare, moreover is the first time 
that altered liver biochemistry and typical symptoms of 
cholestatic syndrome are the initial presentation. Of the 
reported cases, 35% describe isolated abdominal pain 
as initial symptom and 28% asymptomatic elevated Tg 
(6,14). Even thought the clinicopathologic features 
of unusual metastasis in PTC are not well established 
(12), previous known characteristics of poor prognosis 
and high risk of general distant metastasis in our case 
included older age and male gender additionally to high 
risk of recurrence, TNM classification (7th TNM: IVc, 
8th TNM: IVb) and the development of radioactive 
iodine refractoriness. 

Many of PTC metastasizes to regional lymph nodes 
but when the metastases are distant, lung and bone are 
the compromised sites. First described by Sugimura and 
cols. (15), metastases of PTC to pancreas are extremely 
rare, as evidenced by just 14 previously published cases 
(6,10,14-23). We performed a PubMed based research 
for previous reported cases using the following terms: 
“pancreatic metastasis AND thyroid cancer” during 
1991 and July 2019. Only articles originally published 
in English language were included. Fourteen cases 
were found and are summarized in Table 1. Incidence 
of pancreatic metastasis was 1.8 times higher in male 
gender and from the 12 cases that reported histology,  

7 were PTC, 3 tall cell variant and 2 follicular cell 
variant. Mean diagnosis age was 65.7 (39-84), 7.9 
years after TT. About mortality risk, 5 were T4, 10 had 
lymph node involvement, 6 had other distant metastasis 
at the time of pancreatic metastasis but another 3 cases 
discovered it after. They comprised lung (8 cases), bone 
(4), liver (2), brain (1), adrenal (1) and omentum (1). 

Metastasis represent 1,8% to 4% of pancreatic 
masses  and are generally related to kidney, skin, lung 
and breast malignancies (26,27). Differently from the 
usual pattern, 98% of pancreatic metastasis manifest as 
single lesions (27), being a potential diagnostic pitfall. 
Although not determinative, metastatic lesions are 
less likely with increasing age, presence of symptoms 
(abdominal pain, diarrhea, or weight loss), elevated 
bilirubin and arterial invasion on imaging when 
compared with pancreatic adenocarcinoma (28). Even 
though, our patient was an aged man with expressive 
weight loss and conjugated hyperbilirubinemia.

Since non-invasive methods are not accurate 
enough, endoscopic ultrasound-guided fine-needle 
biopsy has become the preferred method for diagnosis 
of pancreatic masses. Reported sensitivity and specificity 
for metastatic lesions are 84.9% and 100% respectively 
(28). Cytology generally displays cytomorphologic 
features similar to those of the primary neoplasm (27). 

Most previously reported patients have known 
advanced cancer with other organs metastases at the time 
pancreatic lesion is discovered  (10,14,16-19,21,22). 
Even though time for diagnosis was variable from one 
month to fifteen years after TT, and as an exception, in 
one case PTC diagnosis was done after pancreatectomy 
(10). The majority of patients with PTC and pancreatic 
metastases could be defined as iodine refractory, since 
biological and clinical features such as the progressive 
disease pattern despite previous high dose 131I therapy, 
and high 18F-FDG uptake were commonly found. Our 
case demonstrated positivity of the pancreatic lesion at 
18F-FDG, as the same way as 100% of reported cases 
that performed it. Despite this, no anaplastic features 
were found in our pathology report. 

For most metastatic well differentiated thyroid 
cancers, TT and radioiodine followed by TSH 
suppression are the gold standard therapy. However, in 
up to 30% of these cases iodine refractoriness will occur 
during follow-up (29,30). In this setting, 10-year survival 
reduces to 10% (30), and therapy approaches must be 
individualized according to factors such as disease volume, 
burden of disease, and symptomatic progression (31). 
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Localized therapy directed to single metastasis patients 
must be the first line approach whenever possible in 
these patients. In a retrospective study, HO PAK and 
cols. (32) analyzed 47 metastasectomies (none in the 
pancreas) and found cumulative survival of 50.2 ± 12.5% 
at 10 years after the first metastasectomy. Experienced 
surgeons in specialized centers are able to perform 
pancreaticoduodenectomy with mortality rates as low as 
2% in a population composed of more than 70% of aged 
over 75-years-old (33). Although surgical resections 
of pancreatic metastasis are not well established, 
consideration has to be done in cases of isolated metastasis 
or very symptomatic patients, once metastasectomy could 
reduce tumor burden and improve both survival and 
quality of life. Ten of the fourteen cases reported managed 
the pancreatic metastasis with surgery (Table 1). For 
patients with multiple metastases, especially those with 
symptomatic progression, TKI are the current treatment 
of choice with well described improvement in disease-
progression free interval (34,35). To date, sorafenib and 
lenvatinib are the only two FDA approved molecules for 
this purpose. In the pancreatic metastasis, 2 cases reported 
the use of sorafenib, one evolved with disease progression 
(21) and the other had good response (22).

In conclusion, this is the first time a pancreatic 
metastasis of PTC presents as cholestatic syndrome. 
Despite rare, secondary malignancies in the pancreas 
have to be considered and endoscopic ultrasound is 
an important diagnostic tool that can lead to correct 
diagnosis and proper management. More experience 
is needed in the treatment of these metastases, 
meanwhile, TKI and duodenopancreatectomy should 
be considered.
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SUMMARY
The EIF1AX gene mutations have been recently associated with papillary thyroid carcinoma and 
anaplastic thyroid cancer. According with these reports, the gene as been considered as a drive 
gene for thyroid cancer development. However, the occurrence of these alterations in benign 
thyroid lesions is not known and is still under investigation. Some authors have already reported the 
presence of EIF1AX variants in follicular adenomas and hyperplastic nodules. Here, we describe for 
the first time a case of a man with the EIF1AX c.338-2A>T splice site mutation in an indeterminate 
FNA lesion with trabecular adenoma at final histology in the absence of other pathogenetic 
mutations, demonstrating that further studies are required to better understand EIF1AX role in the 
tumorigenesis of thyroid carcinoma. Arch Endocrinol Metab. 2020;64(2):185-9
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INTRODUCTION

Around 15-30% of all thyroid lesions investigated 
by fine needle aspiration cytology (FNAC) are of 

indeterminate origin. Among these, 5-15% are atypia 
of undetermined significance/follicular lesion of 
undetermined significance (AUS/FLUS) and 20-30% 
are follicular neoplasm/suspicious for follicular neoplasm 
(FN) (Bethesda Classification System) (1). The overall 
risk of cancer is 34-42%% (1) and thus to apply surgery 
to all indeterminate lesions will end in approximately 
60-70% of unnecessary operations. The identification 
of genetic alterations specific for differentiated thyroid 
cancer have supplied molecular markers to be searched 
for in the material obtained by fine needle aspiration 
(FNA), thus enhancing the diagnostic accuracy of 
traditional cytology. The European Thyroid Association 
(ETA) recently published a document (2) about clinical 

recommendations on the use of molecular diagnostics 
in the evaluation of indeterminate cytologies. In 
particular, ETA guidelines recommend the search of at 
least BRAF, RAS point mutations (N-, H-, and K-RAS) 
and RET/PTC1-3, PAX8/PPARG rearrangements 
(7 gene panel). This panel has been shown in several 
reports to have a good sensitivity and specificity with 
a negative predictive value of 56-100% (2-7). With the 
increased of molecular techniques and the advent of 
next generation sequencing a larger mutation panel was 
proposed for the molecular diagnosis of indeterminate 
lesions (8-15). The Thyroseq platform has been shown 
a sensitivity of 74-91%, specificity 50-92% and a NPV of 
89-97% (10,11,13,14,16-24). In addition to the 7 gene 
panel, Thyroseq suggest the search of several variants 
such as ALK, NTRK3 gene fusions and mutations of 
hTERT, EIF1AX that considered together account for 
12% of all thyroid cancers. 
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CASE REPORT

A 55 year old man was referred to our clinic of 
Endocrinology, University-Hospital of Siena because 
of the presence of multinodular goiter. Blood samples 
showed normal levels of thyroperoxidase (AbTPO) and 
thyroglobulin antibodies. The patient was euthyroid 
with 0.5 µU/ml of thyroid-stimulating hormone 
(TSH) (range 0.4-4.0 µU/ml), 3.6 pg/ml of free 
triiodothyronine (FT3) (range 2.5-4.5 pg/mL), and 
7.8 pg/mL of free thyroxine (FT4) (range 5.8-16.40 
pg/mL). At physical examination, a palpable nodule of 
~1.5 cm in size was detected in the left lobe of the thyroid 
gland. The neck ultrasound confirmed the presence of 
a dominant thyroid nodule with sonographic features 
of solid hypoechoic, lobulated margins, taller than 
wider (2.0x1.6x1.7 cm) and intranodular vascularity. 
Therefore, a FNAC was performed under ultrasound 
guidance and cytological results revealed a AUS/FLUS 
lesion. According with ETA guidelines, the genetic 
analysis was applied to the lesion in order to refine 
pre-operative diagnosis. We first verified thyroid origin 
of the FNA material by analyzing TPO and TSHR 
expression. Then, the FNA specimen was sequenced 
for the seven gene panel. In addition, EIF1AX (exons 
2, 5 and 6), ALK fusions, hTERT and p53 (exons 5 
and 7) point mutations were analyzed. The FNA 
sample was negative for all (Table 1), but was found to 
carry a c.338-2A>T splice site mutation (Figure 1A) in 
the eukaryotic translation initiation factor 1A, X-linked 
(EIF1AX) which abolish the splice acceptor site of 
exon 6 resulting in two alternative spliced mRNA (25). 
Given the association of EIF1AX as a driver gene in 
papillary thyroid carcinoma (PTC) and the presence is 
some cases of anaplastic thyroid cancer (ATC) (26), the 
patient was recommended to undergo thyroid surgery. 
The final pathologic diagnosis was trabecular adenoma 

(a benign lesion characterized by cells which are closely 
packed to form cords with only a few small follicles) 
with presence of Hürthle cells. Genomic analysis of 
the surgical specimen confirmed the presence of the 
a c.338-2A>T nucleotide change in EIF1AX in the 
absence of the other mutations (BRAF, N-, H-, and 
K-RAS, RET/PTC1-3, PAX8/PPARG, ALK, hTERT 
and p53).

Comment

The Eukaryotic Translation Initiation Factor 1A, 
X-Linked (EIF1AX) gene encodes a crucial eukaryotic 
translation initiation factor. The protein is required for 
the binding of the 43S complex (a 40S subunit, eIF2/
GTP/Met-tRNAi and eIF3) to the 5’ end of capped 
RNA (GeneCard). Furthermore, over-expression of 
E1F1AX increases expression of Cyclin D1 inducing 
cell proliferation. Recently, variations in this gene have 
been associated with thyroid cancer both papillary and 
anaplastic (26). Mostly, these reports have identified the 
c.338-1G>T splice site mutation in combination with 
RAS mutations (mainly NRAS p.Q61K and p.Q61R) 
(27-28). Our patient was negative for RAS mutations 
(figure 1B, C and D). The prevalence of EIF1AX in 
benign lesions is still under investigation. In 2016, 
Karunamurthy and cols. (27) found the A113_splice 
mutation in 7.4% of follicular adenomas and 1.3% of 
hyperplastic nodules in a series of 266 sample. Given the 
fact that the alteration was present also in 2.3% of PTC 
and 25% of ATC, they concluded that when found in 
thyroid FNA, EIF1AX confers approximately 20% risk of 
cancer. In the same year, Yoo and coworkers published a 
comprehensive analysis of the trascriptome and genome 
of follicular versus papillary thyroid cancer (29). They 
compared the RNA sequencing results of 77 PTCs, 
48 follicular variant of PTC (FVPTC), 30 minimally 
invasive follicular thryoid cancer (miFTC) and 25 
follicular adenomas (FA) to understand the differences 
in their molecular properties. EIF1AX was found only in 
5.45% of the sample of miFTC or FA origin without the 
coexistence of BRAF or RAS mutations (29). Recently 
the c.338-1G>T was found for the first time in a case 
of Hurtle cell carcinoma (30). This patient carried no 
mutation in RAS genes but was found to have a mutation 
in the TP53 possibly responsible for the more aggressive 
behavior of the tumor (30). At contrast with this study, 
our patient was also negative for TP53 mutations 
(Table 1). Same group reported a rare case of a follicular 
adenoma harboring the C228T mutation in TERT 

Table 1. Panel analyzed and results of sequencing for our patient

Oncogene analyzed Results for mutation

BRAF V600E Negative

BRAF K601E Negative

RET/PTC1 and RET/PTC3 Negative

PAX8/PPARg Negative

hTERT (C228T, C25OT) Negative

ALK fusions Negative

H-N-K RAS (condons 12 and 61) Negative

TP53 (exons 5 and 7) Negative

EIF1AX (exons 2, 5 and 6) c.338-2A>T splice site
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gene, the Q61R mutation in HRAS, and the c.338-
1G>T splice mutation in EIF1AX gene (31). In another 
study (32) in which 201 follicular-patterned thyroid 
tumors were analyzed, the authors found EIF1AX only 
in one case of adenoma concluding that, EIF1AX has 
limited impact on molecular diagnostics of thyroid 

tumors. Opposite conclusions are given by Jung and co-
workers which state that EIF1AX together with EZH1, 
TSHR, and BRAF mutations may play roles in the initial 
development and progression of follicular tumors (33). 
A possible limitation of our study, could be the absence 
a scintigraphy to exclude the presence of a pre-toxic 

Figure 1. (A) Electropherogram for EIF1AX exon 6. The splice site region is evidenced in the circle. (B) Sequences for NRAS codon 12 (left) and codon 
61 (right). (C) Sequences for KRAS codon 12 (left) and codon 61 (right). D: Sequences for HRAS codon 12 (left) and codon 61 (right). For all, in the circle 
is evidences the hot spot site.

A

B

C

D
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nodule. The exam was suggested to the patient, who 
refused it, preferring to undergo surgical treatment. 
Moreover, in pre-toxic nodule, TSHR mutations can 
be found even associated with EIF1AX mutations (33). 
Unfortunately, TSHR mutations were not evaluated in 
the present study, due to low material obtained from 
FNA (RNA: 12.4 ng/ul; DNA: 6.1 ng/ul) and from 
the post-surgical tissue specimen (RNA: 8 ng/ul and 
DNA: 4.3 ng/ul).

In conclusion, we describe for the first time the 
presence of EIF1AX c.338-2A>T splice site mutation in 
a trabecular adenoma with the absence of other known 
pathogenetic mutations and again we open the question 
whether EIF1AX splice region variants may represent 
an early genetic event in the molecular pathogenesis 
of follicular thyroid carcinoma or can be present in 
exclusively benign lesions without consequence on cell 
transformation. In this case, the aggressive phenotype 
described in other reports (27,28,30) can be associated 
only with the presence of RAS or TP53 variants. 

All procedures followed were in accordance with the ethical stan-
dards of the responsible committee on human experimentation 
(institutional and national) and with the Helsinki Declaration of 
1975, as revised in 2000. Informed consent was obtained from all 
patients for being included in the study.

Disclosure: no potential conflict of interest relevant to this article 
was reported. 
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ABSTRACT
Objective: The aim of this study was to cross-culturally adapt and validate the Brazilian Portuguese 
version of SCI-R to adults with type 2 diabetes. Materials and methods: The SCI-R is a 15-question 
survey that reflects how well patients with diabetes have adhered to treatment recommendations. A 
pretest (n = 40) was first performed to improve comprehension of the survey items. A final version 
was then self-administered in another 75 adults with type 2 diabetes to determine the survey’s 
reliability and validity according to its association with HbA1c. Finally, we conducted a test-retest 
reliability analysis over three weeks to stabilize the sample and determine intra-observer variability. 
Results: After the pretest phase, the final sample’s (N = 75) mean age was 59.9 ± 7.5 years and mean 
HbA1c level was 8.6 ± 1.5% (70 ± 16.4 mmol/mol). The initial Cronbach’s alpha was 0.61; however, 
further analysis showed that four items had low item correlation and were excluded from the final 
version, which increased the Cronbach’s alpha to 0.63. In predictive validity analysis, HbA1c levels 
correlated significantly with total survey scores (r = -0.38, P = 0.001). The intra-class correlation 
coefficient between baseline and three-week scores was 0.93, which indicates high reproducibility. 
Conclusions: The Brazilian Portuguese version of the SCI-R is a valid tool for measuring treatment 
adherence in adults with type 2 diabetes. Arch Endocrinol Metab. 2020;64(2):190-4
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INTRODUCTION

It is estimated that diabetes affects 14.3 million adults 
in Brazil, which represents 10.2% of the Brazilian 

population aged 20-79 years (1), ranking high among 
the health problems in this country (2). Despite all the 
evidence that glycemic control can be optimized and 
microvascular and macrovascular complications can 
be prevented (3,4), adherence to diabetes treatment 
has still been a challenge (5). In Brazil, most type 2 
diabetes patients present poor glycemic control, which 
is strongly associated with poor adherence to diabetes 
treatment (6). Among those treated in the public 
healthcare system, the hemoglobin A1c (HbA1c) levels 
of less than 30% were within the American Diabetes 
Association target (6,7).

There are several key elements in diabetes 
management, including self-care education about 

medication, physical activity, nutrition and blood 
glucose monitoring (7,8). Considering that improved 
treatment adherence could optimize glycemic control 
(5,9,10), instruments that assess patient compliance are 
essential. However, cultural barriers have limited the 
available tools for Brazilian adults with type 2 diabetes.

Diabetes-specific instruments have high acceptance 
among patients and allow evaluation of specific aspects 
of the disease. The number of cross-culturally adapted 
or validated questionnaires for Brazilian culture is still 
insufficient for the national demand. The Self-Care 
Inventory – Revised (SCI-R) is a brief, psychometrically 
sound measure of adherence to recommended diabetes 
self-care behaviors in adults with diabetes (11). This 
survey has been previously validated in Brazil in a 
population of adults with type 1 diabetes but not type 2 
diabetes (12). Currently, no Brazilian Portuguese survey 
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has been validated to evaluate treatment adherence in 
both type 1 and type 2 diabetes. The aim of this study 
was to cross-culturally adapt and validate the Brazilian 
Portuguese version of the SCI-R in adults with type 2 
diabetes.

MATERIALS AND METHODS

Participants and setting

This study was carried out from January to December 
2016 in a diabetes outpatient clinic of the Hospital de 
Clínicas de Porto Alegre, a tertiary university hospital 
in Southern Brazil. Patients were selected by searching 
the hospital’s medical record database, and those who 
met the eligibility criteria were contacted by telephone 
and provided with information about the study. Patients 
were eligible if they were aged 18 and older, had been 
previously diagnosed with type 2 diabetes and had 
Brazilian cultural identity. Exclusion criteria consisted 
of any communication or understanding barrier, such 
as mental disorder or illiteracy. Such barriers were 
identified based on self, family or medical reports. The 
local institutional review board approved this study 
protocol, and all participants provided written informed 
consent. 

Instrument and procedures

The SCI-R is a self-administered 15-question survey 
that uses a 5-point Likert scale to reflect how well 
respondents have followed diabetes treatment 
recommendations over the previous 1-2 months (i.e., 
1 = “never” to 5 = “always”). Higher scores indicate 
better adherence. In Brazil, this measure has been 
recently validated in adults with type 1 diabetes, 
showing acceptable internal reliability and correlation 
between glycemic control and total score (12). 

Trained researchers collected the demographic 
and clinical data. Prior to application of the survey, 
the participants were asked about clinical data, such 
as medications and diabetes complications, which was 
confirmed through their electronic medical records. 
Some diabetes variables, such as age at diagnosis and 
diabetes duration were obtained in years, as were 
some demographics, such as education level. HbA1c 
measurements were obtained by high-performance 
liquid chromatography, either from medical records if 
collected in the month prior to taking the survey or, 
when not available, from a new blood sample.

Details of the transcultural adaptation of the original 
SCI-R have been described elsewhere (12), i.e. the 
translation, back-translation and revision strategies of 
the Portuguese version by a committee of specialists, 
including two endocrinologists and a linguistics 
specialist, among other researchers.

To enhance the instrument’s construct validity, the 
previously adapted version (12) was first applied to 40 
patients (13) in a pretest to discover the respondents’ 
interpretation of each item. Based on this feedback, 
modifications were made in certain items to ensure easy 
comprehension. Upon the conclusion of the adaptation 
process, and based on a suggestion regarding validation 
sample size (13), another 75 patients were selected 
to answer the final version of SCI-R to determine 
the instrument’s reliability and validity according to 
association with HbA1c levels. Finally, we conducted 
a test-retest reliability analysis over three weeks in 25% 
of the sample (n = 20) to stabilize the sample and 
determine intra-observer variability.

Statistical analyses

Internal consistency was assessed by calculating Cronbach’s 
alpha for total score and item-total score correlations. 
Values > 0.6 were considered acceptable. The impact of 
removing each item on the Cronbach’s alpha value was 
then assessed, and a low item-correlation could lead to the 
exclusion of a particular question. Pearson’s correlation 
coefficient was used to determine the predictive validity 
between total SCI-R scores and HbA1c levels. Intra-class 
correlation was used to evaluate intra-observer variability. 
The sample size was based on recommendations in the 
literature for survey validation studies (13). 

RESULTS

A total of 242 patients were enrolled in this study. Of 
these, 54 declined to participate, six were excluded due 
to cognitive or language impairment and 67 did not 
have a valid telephone contact or did not answer calls. 
The first 40 patients included were selected for the 
pretest phase, i.e. completing the survey and indicating 
comprehension difficulties in each question. This led to 
modifications in five items to facilitate comprehension 
(see supplementary Table 1). The main strategy in this 
process was adding parenthetical statements after nouns 
to provide additional information. For example, in item 
one, “finger glucose meter device” was added to the 
item “verify blood glucose level with a monitor”. After 
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this step, the next 75 patients included were considered 
the final sample and completed the adjusted version 
of the survey. We found no significant differences in 
age, sex or diabetes duration between participants and 
decliners, or between the pretest and final samples.

Overall (N = 75), the mean age was 59.9 ± 7.5 
years; 59% were women and 71% were Caucasian. 
The mean diabetes duration was 16.5 ± 8.6 years, 
and the mean HbA1c level was 8.7 ± 1.5% (72 ± 16.4 
mmol/mol) (see Table 1). The SCI-R survey was self-
administered and completed within 8-10 minutes. 
The initial Cronbach’s alpha was 0.61. The analysis 
showed that four items (checking ketones, modifying 
the medication dose, eating only the recommended 
amount of carbohydrates while hypoglycemic, and 
wearing a medical alert) had low-item correlation and 
were excluded from the final SCI-R version, which 
increased the Cronbach’s alpha to 0.63. In predictive 
validity analysis, HbA1c levels correlated significantly 
with total survey scores (r = -0.38, P = 0.001). Test-
retest reliability was analyzed over three weeks using 
data from 25% of the sample (n = 20). The intra-class 
correlation coefficient between baseline and three-week 
scores was 0.93, which indicates high reproducibility.

patients. We conducted a complementary adjustment 
process of the SCI-R survey, which had been previously 
cross-culturally adapted to Brazilian Portuguese and 
validated for type 1 diabetes (12). In this study, we 
evaluated the reliability and validity of this survey in 
Brazilian adults with type 2 diabetes. To our knowledge, 
this is the first survey validated in Brazil for evaluating 
treatment adherence in both type 1 and type 2 diabetes 
populations. The questionnaire presented satisfactory 
psychometric properties and is thus an acceptable 
instrument for measuring treatment adherence in the 
studied population.

Cronbach’s alpha is used to establish internal 
consistency, and results higher than 0.6 are considered 
acceptable when evaluating measurement instruments. 
We found, as in other validations of this same survey 
(12,14), a lower Cronbach’s alpha than the original 
SCI-R study (α = 0.87) (11). This difference could 
be partially explained by the fact that the original 
questionnaire was applied in both type 1 and 
type 2 diabetes patients. Its strict use in type 2 diabetes 
patients in this study led to the loss of four questions 
that were mainly related to type 1 diabetes treatment 
and, as a result, the final version included only 11 items. 
Furthermore, although easy to use, the survey is self-
applied, which increases the probability of operational 
mistakes, such as misinterpreting instructions.

In the United Kingdom validation of the SCI-R 
survey for adults with type 2 diabetes (14), the authors 
evaluated how many questions could be excluded from 
the original survey without losing reliability, concluding 
that at least 11 questions should be maintained. 
Similar to our findings, this confirms the importance 
of retaining most items when adapting instruments to 
ensure reliability, despite the possibility of making an 
instrument more tiresome and less attractive.  

In conclusion, the Brazilian Portuguese version of the 
SCI-R is an acceptable instrument for assessing treatment 
adherence in Brazilian adults with type 2 diabetes. The 
main purpose of this easy-to-use resource is to provide a 
general view of the patients’ self-care behaviors, serving as 
an accessory in clinical practice and a research instrument 
for measuring and interpreting individual compliance. 

Ethics approval and consent to participate: this study was appro-
ved (15-0554) by the Hospital de Clínicas de Porto Alegre Ins-
titutional Ethics Committee, which is certified by the Office of 
Human Research Protections as an institutional review board. All 
respondents signed an informed consent form prior to participa-
tion in any study procedure.

Table 1. Participant demographics and clinical characteristics

Characteristics (N = 75) Mean ± SD or %

Age (years) 59.9 ± 7.5

Sex (% female) 59

Ethnicity (% Caucasian) 71

Educational level (years of study) 7.6 ± 3.1

Weight status -

Normal (%) 9

Overweight (%) 23

Obese (%) 68

Age at diabetes diagnosis (years) 43.3 ± 9.2

Diabetes duration (years) 16.5 ± 8.6

HbA1c (%) 8.7 ± 1.5

HbA1c (mmol/mol) 72 ± 16.4

Chronic diabetes complication (%) 79

Insulin use (%) 80

Data are mean ± standard deviation (SD) or %. HbA1c: hemoglobin A1c.

DISCUSSION

Due to the increasing number of diabetes cases in Brazil, 
it has become necessary to develop specific instruments 
to help health professionals with the follow-up of these 
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Current Version
INVENTÁRIO DE AUTOCUIDADO – DIABETES (SCI-R)
Este questionário avalia o que você realmente faz, e não o que você é recomendado a fazer.
Para cada pergunta abaixo, como você tem seguido o seu tratamento do diabetes nos últimos 1 a 2 meses?

Nunca Raramente Às vezes Geralmente Sempre

1. Verifica a glicose no sangue com monitor (aparelho de medir glicose 
no dedo)

    

2. Anota os resultados de glicose no sangue quando verifica com o 
monitor

    

3. Verifica cetonas no sangue ou na urina quando o nível de glicose está alto     

4. Usa a dose correta de insulina ou dos remédios para diabetes      Não usa insulina ou 
remédios para diabetes

5. Usa a insulina ou os remédios para diabetes na hora certa      Não usa insulina ou 
remédios para diabetes

6. Come as porções corretas de comida     

7. Come as refeições e lanches na hora certa     

8. Anota o que come     

9. Lê os rótulos dos alimentos     

10. Carrega carboidrato para, em caso de emergência, tratar a glicose 
baixa no sangue 

    

11. Quando a glicose no sangue está baixa, trata somente com a 
quantidade de carboidratos recomendada

     Não teve glicose baixa 
no sangue

12. Comparece às consultas marcadas     

13. Carrega algum tipo de identificação que comprove o diabetes (por 
exemplo: cartão, pulseira, colar)

    

14. Faz exercícios     

15. Você modifica a dose de insulina baseado nos valores da glicose, 
comida e/ou exercícios

     Não usa insulina

Original Version
INVENTÁRIO DE AUTOCUIDADO – DIABETES (SCI-R)

Este questionário avalia o que você realmente faz, e não o que você é recomendado a fazer.

Para cada pergunta abaixo, como você tem seguido o seu tratamento do diabetes nos últimos 1 a 2 meses?

Nunca Raramente Às vezes Geralmente Sempre

1. Verifica a glicose no sangue com monitor     

2. Anota os resultados de glicose no sangue     

3. Verifica cetonas quando o nível de glicose está alto     

4. Usa a dose correta de insulina     

5. Usa a insulina na hora certa     

6. Come as porções corretas de comida     

7. Come as refeições e lanches na hora certa     

8. Anota o que come     

9. Lê os rótulos dos alimentos     

10. Trata a glicose baixa no sangue com somente a quantidade recomendada de carboidratos     

11. Carrega açúcar para, em caso de emergência, tratar a glicose baixa no sangue     

12. Comparece às consultas marcadas     

13. Faz exercícios     

14. Ajusta a dose de insulina baseado nos valores da glicose, comida e exercícios     

Supplementary Table 1 
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Instructions for authors

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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ding author is responsible for informing each person listed in the acknowledgment 
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Each person listed in the acknowledgments must give permission – in writing, if 
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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-
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In all experiments involving human subjects, it should be stated that informed con-
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experimentation was performed according to accepted standards of humane ani-
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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.
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