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AE&M’s  first issue of the 
year: important news!

Marcello D. Bronstein1

D ear readers, the Archives of Endocrinology and Metabolism is entering its fourth 
year of activities (1), and this issue brings three important news which I would 

like to share with you:
• First, the end of the Journal´s printed version, following the general trend to 

just keep the online version. This approach will make the AE&M more dyna-
mic and agile. 

• Second, the disclosure of our current impact index: 2.380. This achievement 
probably reflects the increase of international reporting of our Journal, with 
the consequent increase of the number of submissions and citations.   

• Third, due to many commitments, Dr. Rui Maciel is leaving as an Associate 
Editor of the thyroid area, being replaced by Dr. Ana Luiza Maia. Additionally, 
Dr. Beatriz Schaan will reinforce the team of diabetes/obesity. I heartily thank 
Dr. Maciel for his important contribution to the AE&M and gladly welcome 
Drs. Maia and Schaan.

As Editor-in-Chief, I would like to acknowledge and thank the devoted and 
essential collaboration of our Associate Editors and Reviewers, as well as the Brazilian 
Endocrine Society (SBEM) Board of Directors for their constant support. Last but 
not least, I also want to extend my special thanks to the editorial team of the AE&M.

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

REFERENCE
1. Bronstein MD. The challenge of new directions. Arch Endocrinol Metab. 2015;59(1):1.
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Clinical risk predictors for 
differentiated thyroid cancer 
management: what is new?

Denise Momesso1

M anagement of differentiated thyroid cancer (DTC) is highly dependent on risk 
stratification (1,2). An initial assessment of the risk of mortality and the risk 

of persistent/recurrent disease are required to guide treatment, follow-up and to set 
appropriate patients and physicians expectations with regard to the clinical outcomes 
after initial therapy. Therefore, much effort has been made for the improvement of 
long-term clinical risk predictors based on the information available at the time of 
diagnosis. In this issue of the Archives of Endocrinology and Metabolism, two very 
interesting papers were published concerning this subject.

Nava and cols. (3) evaluated the impact of the updated American Joint Committee 
on Cancer; Tumor, Lymph Nodes, Metastasis (AJCC/TNM) system staging criteria 
on the prediction of persistent disease in DTC. The major changes from the updated 
TNM 8th edition were: the age cutoff used for staging was increased from 45 to 55 
years of age at diagnosis; minor extrathyroidal extension detected only on histological 
examination was removed from the definition of T3 disease and therefore has no impact 
on either T category or overall stage; T3a is a new category for tumors > 4 cm confined 
to the thyroid gland; T3b is a new category for tumors of any size demonstrating gross 
extrathyroidal extension into strap muscles (sternohyoid, sternothyroid, thyrohyoid, 
or omohyoid muscles); level VII lymph nodes, previously classified as lateral neck 
lymph nodes (N1b), were reclassified as central neck lymph nodes (N1a); and the 
presence of distant metastases in older patients is classified as stage IVB disease rather 
than stage IVC disease (4).

In the study of Nava and cols., the application of TNM 8th edition resulted in 
37% (155/419) of DTC patient’s down staged and improved the prediction of poor 
outcomes compared to the TNM 7th edition. The re-classification for lower risk 
categories (stage I or stage II disease) observed in this cohort of Brazilian patients 
with DTC is the expected effect of the updated 8th TNM edition and allowed the 
appropriate classification of the majority of thyroid cancer patients as being at low 
risk recurrent/persistent structural disease during the follow-up. On the other hand, 
patients who remained classified as stage IV and III based on the 8th edition had more 
advanced disease and presented with higher rates of incomplete response to therapy. 
The TNM 8th edition had a better performance in predicting disease outcomes based 
on dynamic risk stratification using the response to therapy (1) than the 7th edition. 
Interestingly, even though the AJCC/TNM was mainly designed to predict initial 
estimates of disease specific mortality (1), the present study demonstrated that the 8th 
edition provided a satisfactory initial estimates risk of recurrent/persistent disease (3). 

The impact of the updated TNM staging system was more notable for older 
patients. The modification in the age cutoff value was based in an international multi-
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institutional validation study of 9484 patients, which 
included patients from Brazil (cohort from Rio de 
Janeiro) and demonstrated that an increase in the age 
cutoff from 45 to 55 years of age at diagnosis down 
staged 12% of patients and was associated with a 10-
year disease-specific survival of 98% in the down staged 
group (5). Similarly, the change in the age at diagnosis 
cutoff from 45 to 55 years was responsible for the re-
classifications of 20.8% (87/419) of patients in the 
cohort of Nava’s study (3). Disease-specific survival 
could not be evaluated due to the low mortality rate 
observed during follow-up. Taken together, these 
findings endorse the new 8th edition of the AJCC/
TNM staging system as a better clinical risk predictor 
for the management of DTC.

 Management of DTC would be also improved 
with reliable clinical risk predictors available before 
initial surgical procedure. For this purpose, the 
study published in this issue by Lima and cols. (6) 
evaluates the Bethesda system for reporting thyroid 
cytopathology (7) as a predictor of aggressive features 
in DTC. The Bethesda system was originally designed 
to predict the risk of malignancy of thyroid nodules 
based on the cytopathological findings and to provide 
clinical management recommendations for each of its 
six diagnostic categories. The Bethesda System was 
revised in 2017 inspired by new data available since it 
was first described 2009, the use of molecular testing 
as an adjunct to cytopathologic examination and the 
reclassification of the noninvasive follicular variant of 
papillary thyroid carcinoma as noninvasive follicular 
thyroid neoplasm with papillary-like nuclear features 
(NIFTP) (7). 

The study by Lima and cols. (6) evaluated 153 
patients with DTC and assessed the relationship of 
their preoperative fine needle aspiration diagnosis using 
the Bethesda system with the presence of aggressive 
features in histopathology, risk stratification staging 
systems and clinical outcomes. They found a positive 
relationship of Bethesda V (suspicious for malignancy) 
and VI (malignant) with vascular invasion and lymph 
node metastasis, which are associated with increased 
risk of recurrent/persistent disease in DTC. They also 
described a positive relationship of Bethesda V and VI 
with extrathyroidal extension, but the real impact of 
this finding relates do the extent of the tumor invasion 
to extrathyroidal structures and this was not described 
in the study. There was no statistically significant 
association between the Bethesda system categories 

and the American Thyroid Association (ATA) risk 
stratification (2) or TNM staging system considering 
the entire cohort. Nevertheless, most of ATA high-risk 
patients (54.5%) had a Bethesda V or VI result. These 
data suggest that the preoperative cytopathological 
diagnosis of Bethesda V and VI could imply not only in 
higher risk of malignancy (7), but also in an increased 
risk of DTC with aggressive features. 

The preoperative diagnosis of Bethesda II was 
observed in a higher than expected number of patients 
with DTC (29.4%). Fortunately, the vast majority of 
DTC patients that presented with Bethesda II evolved 
with excellent response to therapy and no evidence of 
disease (92.1%) (6). According to the Bethesda system 
the implied risk of malignancy for the diagnostic 
category II (benign) is of 0-3% and the recommended 
clinical approach is clinical and sonographic follow-
up (7). The results of the present study suggest a very 
good prognosis for DTC with a Bethesda II result, 
what could minimize the clinical implication of the false 
negative result for malignancy of the cytopathology. 

The study of Lima and cols. (6) provides a new 
insight for the clinical utility of the Bethesda System, in 
which the preoperative cytopathology diagnosis would 
indicate the estimated risk of malignancy in thyroid 
nodules and predict the risk of aggressive features in 
DTC. Nevertheless, this is a small pilot study, with a 
retrospective design, and future studies are required to 
confirm these findings. 

The new evidence provided by these studies 
indicates that the long-term clinical risk prediction of 
DTC could be improved, based on refined findings of 
the preoperative cytopatholgy, histopathological data 
and risk stratification systems. Additionally, molecular 
biology will also have an important role. More studies are 
necessary in this field. The advances in the risk-adapted 
management of DTC would allow a more accurate 
individualized approach and better tailor treatment and 
follow-up strategies for patients with DTC. 

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

Impact of the updated TNM 
staging criteria on prediction of 
persistent disease in a differentiated 
thyroid carcinoma cohort

Carla Fernanda Nava1,2, André B. Zanella1,2, Rafael Selbach Scheffel1,2,  
Ana Luiza Maia1,2, Jose Miguel Dora1,2

ABSTRACT
Objective: The 8th TNM system edition (TNM-8) released in 2018 presents significant changes when 
compared to the 7th edition (TNM-7). The aim of this study was to assess the impact of changing the 
TNM staging criteria on the outcomes in a Brazilian cohort of differentiated thyroid carcinoma (DTC). 
Subjects and methods: DTC patients, attending a tertiary, University-based hospital, were classified 
by TNM-7 and TNM-8. Prediction of disease outcomes status of the two systems was compared in a 
retrospective cohort study design. Results: Four hundred and nineteen DTC patients were evaluated, 
comprised by 82% (345/419) women, with mean age at diagnosis of 46.4 ± 15.6 years, 89% (372/419) 
papillary thyroid carcinoma, with a median tumor size of 2.3 cm (P25-P75, 1.3-3.5). One hundred and 
sixty patients (38%) had lymph node metastases and 47 (11%) distant metastases at diagnosis. Using 
the TNM-7 criteria, 236 (56%) patients were classified as Stage I, 50 (12%) as Stage II, 75 (18%) as 
Stage III and 58 (14%) as Stage IV. When evaluated by the TNM-8, 339 (81%) patients were classified 
as Stage I, 64 (15%) as Stage II, 2 (0.5%) as Stage III and 14(3%) as Stage IV. After a median follow-
up of 4.4years (P25-P75 2.6-6.6), the rate of incomplete biochemical and/or structural response was 
54% vs. 92% (P = 0.004) and incomplete structural response was 42% vs. 86% (P = 0.009) for patients 
classified as stage IV by TNM-7 vs TNM-8, respectively. Only 4 (1%) disease-related deaths were 
recorded. Conclusions: In our cohort, 37% of DTC patients were down staged with the application 
of TNM-8 (vs. TNM-7). Additionally, TNM-8 seems to better stratify the risk of structural incomplete 
response at follow-up. Arch Endocrinol Metab. 2019;63(1):5-11
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INTRODUCTION

D ifferentiated thyroid carcinoma (DTC), 
comprising papillary (PTC) and follicular 

carcinoma (FTC), accounts for the majority (> 90%) 
of all thyroid malignancies (1). In recent years, an 
increasing incidence of DTC diagnosis has been 
documented worldwide (2). The incremental use of 
imaging resources in medical practice, along with the 
continuous development of more sensitive techniques, 
led to the pandemic observation of “overdiagnosis” 
of DTC (2). Most of the increment in DTC diagnosis 
can be credited to increased detection of pre-clinical 
indolent tumors restricted to the thyroid gland, that 
present a more favorable disease profile (3,4).

The current 2015 ATA Management Guidelines for 
Adult Patients with DTC advise that “AJCC/UICC 
staging is recommended for all patients with DTC, 

based on its utility in predicting disease mortality, and 
its requirement for cancer registries” (5). In response 
to the change in DTC epidemiology, staging systems 
are being revised, to ensure a more balanced delivery 
of therapy for DTC, specially for those at low risk of 
disease-related morbidity/mortality.

The 8th edition (TNM-8) of the American Joint 
Committee on Cancer; Tumor, Lymph Nodes, 
Metastasis (AJCC/TNM) system, was incorporated 
into the management of DTC in January of 2018 (6). 
The most significant changes were the age at diagnosis 
cut-off (from 45 to 55 years) and the redefinition of the 
T3b and T4a classifications. In the TNM-7, microscopic 
extrathyroidal extension of the tumor warranted a T3 
classification. In the TNM-8, T3 is now comprised of 
tumors greater than 4 cm and confined to the thyroid 
gland (T3a) or gross extrathyroidal extension of the strap 
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muscles (T3b). T4a is now defined as gross invasion of 
the subcutaneous tissue, larynx, trachea, esophagus or 
recurrent laryngeal nerve and T4b as gross invasion of 
the prevertebral fascia or major vessels (6,7).

The update in the TNM staging criteria aims to 
improve prediction of disease specific and overall 
survival, allocating patients at risk of persistent/
recurrent disease for more advanced TNM stages, 
qualifying diagnostic work up and interventions at 
follow-up (8). 

In Brazil we have scarce data on the clinical impact 
of updating the TNM criteria. Thus, the objective of 
this study was to assess how changing the TNM staging 
criteria affects the prediction of long term outcomes 
in a cohort of Brazilian DTC patients in tertiary, 
University-based hospital.

SUBJECTS AND METHODS

Patients and study design

The patients included were followed in a retrospective 
cohort of DTC patients from the Thyroid Outpatient 
Clinic of the Thyroid Unit, Endocrine Division of 
Hospital de Clínicas de Porto Alegre (HCPA), a 
tertiary care, university teaching hospital in southern 
Brazil. From 2009 to 2015, all consecutive patients 
with a histological diagnosis of DTC and data available 
to be classified by TNM-7 and TNM-8 staging 
systems were included. The study was approved 
by the ethics committee of the institution (CAAE 
68434617.5.0000.5327/GPPG 17-0482).

Treatment protocol and follow-up

Our DTC treatment protocol consists of performing 
total thyroidectomy and administration of radioactive 
iodine (RAI) remnant ablation activity according to 
the ATA risk assessment. Decisions regarding cervical 
lymph node dissection were made at the discretion of 
the surgical team from the center where the patients 
underwent the first surgery. Duration of follow-up was 
defined as the time between the first surgery and the 
last medical visit to the clinic.

Our ablation protocol used RAI activities prescribed 
at the attending physician’s discretion. The RAI 
was administered in a stimulated TSH condition of 
endogenous hypothyroidism (TSH > 30 mUI/L), after 
withdrawing levothyroxine (at least 3-4 weeks without 
thyroid hormone). A post-treatment whole body scan 

(post-treatment WBS) was performed seven to ten days 
after RAI administration.

In the first evaluation, the following data were 
recorded for each patient: demographics, tumor 
characteristics [e.g., histological features (papillary 
thyroid carcinoma or follicular thyroid carcinoma 
– including Hurthle cell carcinoma), extension and 
lymph node involvement] and treatment (e.g., surgery, 
RAI remnant ablation, and other interventions). Each 
patient was classified using the 7th and 8th editions of the 
TNM/AJCC staging system (I, II, III, or IV) (6,9). N0 
status was defined with postoperative neck ultrasound 
(US) imaging or pathological examination of patients 
with lymph node resection. Distant metastasis (M1) 
was considered present when there was a lesion outside 
the cervical bed on imaging (CT, MRI or scintigraphy) 
with: histological confirmation or post-treatment WBS 
uptake and/or elevated Tg. The risk of persistent/
recurrent disease was assessed based on the proposed 
risk stratification system by the American Thyroid 
Association (ATA) guidelines, with patients classified 
into three risk groups: low, intermediate and high (5). 

The follow-up protocol called for an initial 
assessment at 3 to 6 months after the initial treatment, 
which included a physical examination of the neck and 
measurements of the serum thyroglobulin levels under 
TSH suppression (Tg-T4) and anti-thyroglobulin 
antibody (TgAb). In a second evaluation, 6 to 12 
months after the initial treatment, serum thyroglobulin 
(Tg) under stimulated TSH condition in endogenous 
hypothyroidism (TSH > 30 mIU/L) (sTg) and TgAb 
were measured. Neck ultrasound was performed in this 
first year of follow-up. At this point, the patient was 
classified according to disease outcome to initial therapy 
(see below in the outcomes section). Patients classified 
as having an excellent response were scheduled for 
annual visits, during which a physical examination of 
the neck and measurements of Tg-T4 and TgAb were 
performed. Patients with indeterminate or incomplete 
responses were scheduled for the same examination 
at least twice a year. Additional imaging studies [e.g. 
x-ray, bone scintigraphy, computed tomography (CT), 
magnetic resonance (MR)] were performed, as needed, 
whenever the clinical or laboratory findings raised the 
suspicion of persistent or recurrent disease.

Outcomes

In the first year of follow-up, the disease outcome of 
initial therapy was assessed based on the serum Tg-T4 
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or sTg levels, neck US,and additional imaging exams, 
whenever indicated.  

An excellent response was defined as having no 
clinical or imaging evidence of tumor (i.e., no imaging 
evidence of tumor on neck US or CT), undetectable 
(< 0.2 ng/mL) serum Tg-T4 levels and/or sTg levels 
< 1 ng/mL. Indeterminate response was defined 
as nonspecific findings on imaging studies, Tg-T4 
detectable but < 1 ng/mL, sTg detectable but < 10 
ng/mL or TgAb stable or declining in the absence of 
structural or functional disease. Biochemical incomplete 
response was defined as negative imaging and Tg-T4 
≥ 1 ng/ml or sTg levels ≥ 10 ng/mL or rising TgAb 
levels. Structural incomplete response was defined as 
structural or functional evidence of disease at any Tg-
T4 level with or without TgAb. Patients who were 
diagnosed with persistent disease were evaluated for 
additional treatment (e.g., surgery, RAI, external-beam 
radiation or multi-kinase inhibitors), depending on the 
site involved and disease progression. 

All patients with biochemical incomplete and 
structural incomplete responses were considered to 
have persistent disease. Recurrence was defined as 
new biochemical or structural evidence of the disease 
detected in a patient who had been previously classified 
as having an excellent response. Disease specific survival 
(DSS) was considered the time from initial surgery to 
last follow-up or death related to DTC.

Laboratory analysis

Serum Tg measurements were conducted 
using immunoradiometric assays (from 2000 
to 2002 radioimmunoassay; 2002 to 2010 
electrochemiluminescence and 2010 until the 
present chemiluminescence) that indicated functional 
sensitivities of at least 0.2 ng/mL. Antithyroglobulin 
antibodies were measured using the passive 
agglutination method from 2000 to 2010 and by 
chemiluminescence from 2010 until the present. 
After each new technique had been implemented, the 
necessary procedures for standardization and validation 
were performed. TSH levels were measured by 
chemiluminescence assay from 2000 to 2006 (Immulite 
2000 SIEMENS), electrochemiluminescence from 
2006 to 2010 (Modular E Roche), chemiluminescence 
assay from 2010 to 2014 (Centaur XP Siemens) and 
electrochemiluminescence from 2014 until the present 
(Cobas E602 Roche). These tests were all conducted in 
the central laboratory of the HCPA.

Statistical analysis

The clinical and laboratory data are reported as the 
mean ± standard deviation (SD) values or as the median 
and percentiles 25 and 75 (P25-75) for continuous 
variables, or as absolute numbers and percentages 
for categorical variables. Comparative analyses of 
frequencies were performed using Pearson Chi-Square 
or Fisher’s Exact Test, as appropriate. Agreement for 
qualitative (categorical) variables was accessed using 
the Cohen’s Kappa coefficient.

All tests were two-tailed, and all analyses were 
performed using the Statistical Package for Social 
Science Professional software version 20.0 (IBM Corp., 
Armonk, NY). A two-tailed P < 0.05 was considered 
statistically significant.

RESULTS

Patients

Four hundred and nineteen DTC patients were 
evaluated. Clinical and oncological characteristics of 
these patients are described in Table 1. The mean 
age at diagnosis was 46.4 ± 15.6 years, 345 (82%) 
were women and PTC was diagnosed in 372 (89%) 
patients. The median tumor size was 2.3 cm (P25-75 
1.3-3.5 cm). One hundred and sixty patients (38%) 
had lymph node metastases, and 47 (11%) patients 
had distant metastases. All patients underwent total 
thyroidectomy ± lymph node dissection and received 
RAI remnant ablation. The mean RAI activity was 
112.3 ± 38.1 mCi.

Table 1. Characteristics of 419 patients with differentiated thyroid 
carcinoma

Age at diagnosis (years) 46.4 ± 15.6

Female sex – n (%) 345 (82.3)

Histology – n (%)

Papillary

Follicular

372 (88.8)

74 (11.2)

Tumor size (cm) 2.3 (1.3-3.5)

Lymph node metastasis (N1) – n (%)  160 (38.2)

Distant metastasis – n (%) 47 (11.2)

RAI therapy – n (%)  419 (100)

RAI activity (mCi) 112.3 ± 38.1

Follow-up (years) 4.4 (2.6-6.6)

Data are expressed as the mean ± SD, median (percentiles 25-75) or frequencies.
RAI: radioactive iodine.
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TNM-7 vs. TNM-8: staging comparison 

Using the TNM-7 criteria, 236 (56%) patients were 
classified as stage I, 50 (12%) as stage II, 75 (18%) as 
stage III and 58 (14%) as stage IV. When evaluated by 
the TNM-8, 339 (81%) patients were classified as stage 
I, 64 (15%) as stage II, 2 (0.5%) as stage III and 14 
(3%) as stage IV (Table 2).

The distribution of stage frequencies from TNM-7 
to TNM-8 were statistically significant (p ≤ 0.0001), 
and distributed as follows: 236 (100%) patients who 
were stage I remained the same; of the 50 previously 
in stage II, 36 (72%) were reclassified to stage I and 
only 14 (28%) maintained the classification. Of the 
75 that were stage III, 49 (65%) were reclassified to 
stage I, 26 (35%) to stage II and none remained in this 
classification; of the 58 patients in stage IV, 19 (33%) 
were reclassified to stage I, 24 (41%) to stage II, 2 (3%) 
to stage III, and only 14 (24%) remained in stage IV. 
One hundred and fifty-five (37%) patients with DTC 
were downstaged with the application of TNM-8 (vs 
TNM-7), 87 (56%) being due to the change in the age 
at diagnosis cut-off from 45 to 55 years and 68 (44%) 
to change in T3 definition (Table 3).

TNM-7 vs. TNM-8: ATA Risk

Using TNM-7, 163/233 (70%) stage I patients were 
classified as low risk, 63/233 (27%) as intermediate risk 
and 7/233 (3%) as high risk. Stage II patients were 

classified as follows: 31/50 (62%) as low risk, 6/50 
(12%) as intermediate risk and 13/50 (26%) as high 
risk. Of those in stage III, 30/75 (40%) were classified 
as low risk, 44/75 (59%) as intermediate risk and 1/75 
(1%) as high risk. Of those in stage IV, 8/58 (14%) 
were stratified as low risk, 23/58 (40%) as intermediate 
risk and 27/58 (47%) as high risk. 

Applying the TNM-8, stage I patients were stratified 
as low risk in 212/335 (63%) cases, as intermediate risk in 
113/335 (34%) and as high risk in 10/335 (3%). Those 
in stage II were classified as low risk in 20/65 (31%), 
as intermediate risk in 23/65 (35%) and as high risk in 
22/65 (34%). All stage III (n = 2) and stage IV (n = 14) 
patients were classified as high risk (100%) (Table 4). 
The greater number of reclassifications in ATA low and 
intermediate risk patients led to a weak level of agreement 
between TNM-7 and TNM-8 (kappa 0.14 and 0.13, 
respectively; p ≤ 0.0001 for both comparisons). In 
ATA high-risk patients, the agreement between the two 
classifications was considered moderate (kappa 0.54, p ≤ 
0.0001).

TNM-7 vs. TNM-8: disease outcomes

Regarding disease outcomes after initial therapy, we 
verified an excellent response status in 47/223 (21%), 
9/49 (18%), 21/71 (30%) and 6/58 (10%) for patients 
at stage I, II, III and IV of TNM-7, respectively. 
While using the TNM-8 at the same point in time, an 

Table 2. Modifications of differentiated thyroid carcinoma staging from the TNM-7 to the TNM-8 system

DTC Staging
TNM-8

I (n = 339) II (n = 64) III (n = 2) IV (n = 14)

TNM-7

I (n = 236) 236 (100%) 0 (0%) 0 (0%) 0 (0%)

II  (n = 50) 36 (72%) 14 (28%) 0 (0%) 0 (0%)

III  (n = 75) 49 (65%) 26 (35%) 0 (0%) 0 (0%)

IV (n = 58) 19 (33%) 24 (41%) 2 (3%) 14 (24%)

DTC: differentiated thyroid carcinoma. 
Chi-square of p ≤ 0.0001 for TNM-7 vs. TNM-8.  

Table 3. Comparison of Tumor classification of TNM-7 and TNM-8 systems

TNM-8

T1a T1b T2 T3a T3b T4a T4b Total

TNM-7

T1 69 85 - - - - - 154

T2 - - 111 - - - - 111

T3 6 24 37 63 2 - - 132

T4a - - - - - 13 - 13

T4b - - - - - - 4 4

Total 75 109 148 63 2 13 4 414
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excellent response status was as follows: 76/322 (24%), 
7/63 (11%), 0/2 (0%) and 0/14 (0%) for patients 
at stage I, II, III and IV, respectively. Indeterminate 
status was observed in 99/223 (44%), 10/49 (20%), 
29/71 (41%) and 18/58 (31%) for patients at stage 
I, II, III and IV of TNM-7, respectively; and using 
the TNM-8 we found 135/322 (42%), 19/63 (30%), 
1/2 (50%) and 1/14 (7%) for patients at stage I, II, III 
and IV, respectively. Biochemical incomplete response 
was the disease status in 40/223 (18%), 13/49 (27%), 
11/71 (15%) and 7/58 (12%) for patients at stage 
I, II, III and IV of TNM-7, respectively; and while 
using TNM-8 62/322 (19%), 8/63 (13%), 1/2 (50%) 
and 0/14 (0%) for patients at stage I, II, III and IV, 
respectively. Structural incomplete response frequencies 
were 37/223 (17%), 17/49 (35%), 10/71 (14%) and 
27/58 (47%) for patients at stage I, II, III and IV using 
TNM-7, respectively; and in 49/322 (15%), 29/63 
(46%), 0/2 (0%) and 13/14 (93%) for patients at stage 
I, II, III and IV using TNM-8 (Table 5).

After a median follow-up of 4.4 years (P25-P75 
2.6-6.6), the majority of the patients maintained the 
same response to therapy status or were downgraded to 
a more favorable status, a finding observed with both 
TNM staging systems (p ≤ 0.001). The rate of excellent 
response in stage I patients was 39% vs. 38% for TNM-7 
and TNM-8; in stage II patients it was 26% vs. 17%, 
in stage III patients it was 36% vs 0% and in stage IV 
patients 14% vs. 0%. The rate of indeterminate responses 
was 40% vs 41% in stage I patients; 36% vs. 34% in 
stage II patients; 45% vs. 50% in stage III patients and 
32% vs. 7% in stage IV patients. The rate of biochemical 
incomplete response was 13% vs. 12% in stage I patients; 
14% vs. 6% in stage II patients; 3% vs. 50% in stage III 
patients and 12% vs. 7% in stage IV patients. The rate 
of structural incomplete response was 8% vs. 8% in stage 
I patients, 24% vs. 42% in stage II patients; 16% vs. 0% 
in stage III patients and 42% vs. 86% (p = 0.009) in 
stage IV patients for TNM-7 and TNM-8, respectively 
(Table 6, Figure 1). The agreement level was considered 

Table 4. ATA risk according to differentiated thyroid carcinoma staging using the TNM-7 and TNM-8 systems

ATA risk
TNM-7 Stage n (%) TNM-8 Stage n (%)

I II III IV I II III IV

Low 163 (70) 31 (62) 30 (40) 8 (14) 212 (63) 20 (31) 0 (0) 0 (0)

Intermediate 63 (27) 6 (12) 44 (59) 23 (40) 113 (34) 23 (35) 0 (0) 0 (0)

High 7 (3) 13 (26) 1 (1) 27 (47) 10 (3) 22 (34) 2 (100) 14 (100)

Kappa for TNM-7 vs. TNM-8 according to ATA risk: 0.14 for low risk (p ≤ 0.0001); 0.13 for intermediate risk (p ≤ 0.0001) and 0.54 for high risk (p ≤ 0.0001).

Table 5. Disease outcomes after initial treatment according to differentiated thyroid carcinoma staging using the TNM-7 and TNM-8 systems

Treatment response
TNM-7 Stage n (%) TNM-8 Stage n (%)

I II III IV I II III IV

Structural incomplete 37 17) 17(35) 10 (14) 27 (47) 49 (15) 29 (46) 0 (0) 13 (93)

Biochemical incomplete 40 (18) 13 (27) 11 (15) 7 (12) 62 (19) 8 (13) 1 (50) 0 (0)

Indeterminate 99 (44) 10 (20) 29 (41) 18 (31) 135 (42) 19 (30) 1 (50) 1 (7)

Excellent 47 (21) 9 (18) 21 (30) 6 (10) 76 (24) 7 (11) 0 (0) 0 (0)

Kappa for TNM-7 vs. TNM-8 according to initial treatment response: 0.13 for excellent response (p = 0.006); 0.19 for indeterminate response (p ≤ 0.0001); 0.07 for biochemical incomplete 
response (p = 0.26) and 0.56 for structural incomplete response (p ≤ 0.0001).

Table 6. Disease outcomes at long-term follow-up according to differentiated thyroid carcinoma staging using the TNM-7 and TNM-8 systems 

Treatment response
TNM-7 Stage n (%) TNM-8 Stage n (%)

I II III IV I II III IV

Structural incomplete 18 (8) 12 (24) 12 (16) 24 (42) 27 (8) 27 (42) 0 (0) 12 (86)

Biochemical incomplete 29 (13) 7 (14) 2 (3) 7 (12) 39 (12) 4 (6) 1 (50) 1 (7)

Indeterminate 87 (40) 18 (36) 34 (45) 18 (32) 133 (41) 22 (34) 1 (50) 1 (7)

Excellent 86 (39) 13 (26) 27 (36) 8 (14) 123 (38) 11 (17) 0 (0) 0(0)

Kappa for TNM-7 vs. TNM-8 according to treatment response at long-term follow-up: 0.13 for excellent response (p ≤ 0.001); 0.13 for indeterminate response (p ≤ 0.001); 0.26 for biochemical 
incomplete response (p = 0.002) and 0.51 for structural incomplete response (p ≤ 0.0001).
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moderate only for patients with incomplete structural 
response (kappa 0.51, p ≤ 0.0001). 

Recurrence was observed only on 3/419 (0.7%) 
patients during follow-up period with a median time 
of 2.6 years.

It was not possible to access the impact of the 
reclassification on DSS due to the low mortality rate 
observed in our cohort (n = 4, 1%). The four deaths 
occurred in TNM-7 stage IV patients (n = 4, 100%), 
and in TNM-8 stage II (n = 2, 50%) and stage IV  
(n = 2, 50%) patients. 

cut-off change (n = 87, 56%). The change in age at 
the diagnosis cut-off was proposed and validated by 
Nixon and cols. in a multicenter study of 9,500 patients 
(12,13). Older patients with more advanced disease 
tend to have a worse prognosis and this is usually 
proportional to age at diagnosis. Nixon and cols. 
showed that increasing the age cut-off point from 45 
to 55 years resulted in a better prediction of outcomes, 
and prevented low risk patients from being overstaged 
and, consequently, overtreated. The results of Kim and 
cols. (14) corroborate these findings, and showed that 
a cut-off of 55 years was better at predicting DSS. In 
our population age cut-off numbers were in accordance 
with other reports, and seem to better stratify low and 
high risk patients. Twenty percent of all patients in our 
study were downstaged because of the change in cut-
off for age at diagnosis, which is in line with data from 
Kim and cols. (10) that found 27%, and Pontius and 
cols. results of 26% (SEER cohort) and 26% (NCDB 
cohort) (11).

Using TNM-8, we observed that stage I patients are 
mostly classified as ATA low risk group, stage II patients 
are evenly distributed between low, intermediate, and 
high risk and patients in stages III and IV are exclusively 
at ATA high risk. When we compared these figures with 
the classification obtained using TNM-7, we noticed 
that patients in stage I were also mostly in the low-risk 
group, while patients in stage II were distributed between 
low and high risk, those in stage III between low and 
intermediate risk and those in stage IV distributed in all 
three groups. Taken together these findings suggest that 
the TNM-8 serves as a good predictor for relapses and 
complications related to the disease. 

Regarding the prediction of disease outcomes of 
the TNM-8, initially and after a median of 4.4 years 
(P25-P75 2.6-6.6) follow-up, we observed that patients 
with an excellent response were only those initially 
classified as stage I and II, those with indeterminate 
response were mainly patients in stage I and II, also 
including some stage III and IV. The groups of patients 
with biochemical incomplete and structural incomplete 
responses were comprised by patients with TNM-8 
stage I to IV. It is worth mentioning that 86 to 93% of 
TNM-8 stage IV patients were on incomplete structural 
response and none of them had an excellent response. 
While comparing the two staging systems, TNM-8 
classifies patients with a more severe disease spectrum as 
stages III and IV, identifying groups that benefit from 
a more aggressive treatment and follow-up approaches.

Figure 1. Differentiated thyroid carcinoma biochemical incomplete and 
structural incomplete responses to therapy at long term follow-up, 
according to TNM-7 and TNM-8. 

80%

100%

60%

40%
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0%
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DISCUSSION

The classification of DTC patients using staging 
systems is a crucial step in the care of these patients, 
since it allowed the healthcare team to determine the 
best therapeutic and follow-up approach. This study 
examined the impact of updating the TNM staging 
system from TNM-7 to TNM-8 on the reclassification 
of DTC patients in a Brazilian cohort, showing that the 
TNM-8 reclassified 37% of patients to lower stages. We 
also compared the prognostic information from both 
systems, and observed that TNM-8 was superior in 
predicting disease status at follow-up. 

In recent years the incidence of DTC has been 
increasing with a more frequent diagnosis of low-risk 
and indolent tumors (2). These patients do not benefit 
from an aggressive approach, but may be exposed to 
the risks of overtreatment. The impact of updating the 
TNM-7 staging system to TNM-8 has been explored 
by some studies (8,10,11). In our study the majority 
of reclassifications occurred due to age at the diagnosis 
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Our study has some limitations. The fact that only 
two patients remained in stage III after reclassification 
to TNM-8, makes it difficult to evaluate disease 
outcome prediction for this subgroup. Also, all 
patients included in this study underwent total 
thyroidectomy and received radioiodine, which limits 
the extrapolation of our results to patients submitted 
to partial thyroidectomy and to those who did not 
receive radioiodine. Notwithstanding, one should note 
that our data reflect a real clinical practice scenario at 
a tertiary care center, where all patients have access 
to standardized treatment protocols. Additionally, 
our data comprise a considerable number of patients, 
and it is one of the first studies providing Brazilian 
information on the subject. 

In summary, 37% of DTC patients were downstaged 
with the application of TNM-8 (vs. TNM-7). The 
TNM-8 incorporates a large number of patients to lower 
stages, retaining the favorable prediction performance 
for stages I and II. It also selects more advanced DTC 
disease to stages III and IV. These findings confirm that 
the application of TNM-8 to our population is valid, and 
superior to TNM-7, regarding prediction of poor DTC 
outcomes. The use of TNM-8 has the potential to benefit 
a large number of patients, helping deliver the appropriate 
intensity of care according to disease prognosis.
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Does the Bethesda category 
predict aggressive features in 
differentiated thyroid cancer?

Ana Rafaela Lopes Reis Lima¹, Karoline Matias Morais de Medeiros1, 
Conceição de Maria Ribeiro Veiga Parente1, Adriana de Sá Caldas1,  
Manuel dos Santos Faria1,2, Marcelo Magalhães1,2, Carla Souza Pereira Sobral1,2

ABSTRACT
Objective: To analyze the importance of preoperative cytology of thyroid nodules and its relationship 
with mortality risk, recurrence risk, dynamic stratification, and aggressive characteristics (vascular 
invasion, aggressive histology, incomplete tumor resection, extrathyroidal extension of the tumor, 
and presence of lymph node and distant metastases). Subjects and methods: Retrospective 
evaluation of 153 patients diagnosed with differentiated thyroid carcinoma (DTC) and following up 
at the Hospital Universitário Presidente Dutra between January 1999 and December 2016. Results: 
In all, 96% of the patients were female, 79.7% had papillary carcinoma and the most common fine-
needle aspiration (FNA) result was Bethesda II (29.4%). The mean age was 43.11 ± 12.8 years. Overall, 
85% of the patients progressed without any evidence of disease. There was a statistically significant 
relationship between the presurgical FNA and the presence of extrathyroidal extension, vascular 
invasion, and lymph node metastasis. Conclusions: The preoperative cytology of the nodule may 
have an impact on the follow-up of patients with DTC. Future studies in a larger population are 
required to confirm this finding. Arch Endocrinol Metab. 2019;63(1):12-5
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INTRODUCTION

D ifferentiated thyroid cancer (DTC) arises from a 
normal follicular thyroid cell and is responsible 

for most (> 90%) thyroid carcinomas (1). Papillary 
thyroid carcinoma (PTC) is the most frequent DTC 
(affecting 95% of all cases), followed by follicular 
carcinoma, Hürthle cell carcinoma, and poorly DTC 
(1,2).

After surgical removal and histopathological 
confirmation of thyroid cancer, the patients are 
classified according to their mortality risk (MR) and 
recurrence risk (RR). These two classification systems 
help physicians evaluate the surgical result and decide 
about the initial treatment and follow-up of the patient 
(2). These systems also facilitate the communication 
among health care professionals.

The MR is evaluated using the American Joint 
Committee on Cancer/International Union Against 
Cancer (AJCC/UICC) tumor-node-metastasis (TNM) 
staging system, which is based on a combination of age 
at diagnosis, size of the primary tumor, extrathyroidal 

tumor extension, and the presence of lymph node and 
distant metastases (2,3). Since this system fails to predict 
the RR, we use instead the RR system, which analyzes 
features such as vascular invasion, aggressive histology, 
tumor resection, and postoperative thyroglobulin level 
(3-5).

After the initial treatment, a dynamic stratification 
system is used to classify the treatment response 
according to clinical, biochemical, and imaging 
(structural and functional) data obtained during 
follow-up. According to this system, the patients are 
categorized as having an excellent response, incomplete 
biochemical response, indeterminate response, or 
incomplete structural response (2,3).

These classification systems adequately define 
the best initial follow-up strategy for each patient 
(requirement of additional surgery, radioiodine 
therapy, and/or hormone suppressive therapy) and 
prevent overtreatment. However, these systems do not 
take into account preoperative characteristics like the 
cytological features of the nodule. This information 
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may be important for adequate surveillance. Based on 
that, this study analyzed the importance of preoperative 
cytological analysis of thyroid nodules, obtained by 
ultrasound-guided fine-needle aspiration (FNA), and 
the relationship of preoperative cytological features of 
the nodule with the patients’ MR, RR, and dynamic 
stratification, and the tumor’s aggressive characteristics 
(vascular invasion, aggressive histology, incomplete 
tumor resection, extrathyroidal extension of the tumor, 
and presence of lymph node/distant metastases).

SUBJECTS AND METHODS 

This retrospective study analyzed the records of 505 
patients with DTC seen at the Hospital Universitário 
Presidente Dutra in São Luís (Maranhão state, Brazil), 
between 1999 and 2016. The cohort included adults 
older than 19 years with a histopathological diagnosis 
of thyroid cancer. All patients had preoperative FNA 
biopsies of the malignant nodule available for analysis 
and were followed up for at least 1 year with biochemical 
(thyroglobulin and antithyroglobulin antibody) and 
imaging tests (ultrasound or radioiodine whole-body 
scan). After exclusion of patients not meeting these 
criteria, the final cohort comprised 153 patients.

The following information was collected from 
each patient: age, gender, Bethesda category of the 
preoperative FNA, size of the nodule, extent of surgical 
resection, histological variant, extrathyroidal extension, 
vascular invasion, margin status, presence of lymph node 
metastases and distant metastases, MR, RR, and the 
dynamic stratification on the last medical appointment.

All statistical analyses were performed using 
GraphPad Prism 5. Continuous and categorical 
variables are presented as mean ± standard deviation 
(SD). Fisher’s exact test was used to analyze categorical 
variables. P values below 0.05 were considered 
statistically significant. 

The institution’s ethics committee approved the 
study.

RESULTS

The final group comprised 153 patients with a mean 
age of 43.11 ± 12.8 years, of whom 96% (n = 147) 
were female. The most common tumor type was PTC 
(79.7%, n = 122) and the Bethesda II category was 
the most frequent FNA result (29.4%, n = 45). A total 
of 32.7% of the FNA samples yielded false-negative 

results. Table 1 shows the clinical characteristics of the 
entire cohort.

According to the TNM staging system, 90.8%  
(n = 139) of the patients were stage I, 3.9% (n = 6) were 
stage II, 4.6% (n = 7) were stage III, and 0.7% (n = 1) 
were stage IV. There was no relationship between the 
FNA result and the TNM staging system (p > 0.05).

Table 2 shows the results of the RR analysis. In total, 
54.5% (n = 12 out of 22) of the high-risk patients had 
a Bethesda V or VI FNA result, while 31.3% (n = 41 
out of 131) of low- and intermediate-risk patients had 
such results. However, no relationship was observed 
between the FNA result and the RR (Table 3). We 
were able to identify the dynamic stratification system 
of 133 of the 153 patients, since 20 patients were lost 
to follow-up. Our data showed that 83.4% (n = 111) of 
the patients had an excellent response, 8.3% (n = 11) 
had an indeterminate response, 5.3% (n = 7) had an 

Table 1. Clinical characteristics of 153 patients with differentiated thyroid 
carcinoma

Characteristics

Gender

Female 147 (96%)

Male 6 (4%)

Age in years (mean ± SD, range) 43.11 ± 12.8 (20 – 75)

Multifocality

Yes 38 (24.8%)

No 115 (75.2%)

Histology

Papillary 122 (79.7%)

Follicular 26 (17%)

Hürthle cell 5 (3.3%)

Bethesda category

I 5 (3.3%)

II 45 (29.4%)

III 17 (11.1%)

IV 33 (21.6%)

V 24 (15.7%)

VI 29 (18.9%)

SD: standard deviation.

Table 2. Recurrence risk in 153 patients with differentiated thyroid 
carcinoma

Recurrence risk N

Low 74 (48.4%)

Intermediary 57 (37.2%)

High 22 (14.4%)
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incomplete biochemical response, and 3.0% (n = 4) had 
an incomplete structural response. Table 4 describes the 
relationship between the FNA results and an excellent 
response to treatment. Patients with a Bethesda II FNA 
result had better dynamic stratification classifications 
than patients with Bethesda III, IV, V, or VI FNA 
results (p < 0.05).

There was no relationship between each Bethesda 
category and extrathyroidal extension (p > 0.05). 
However, when patients with a Bethesda V or VI result 
were analyzed as a single group, the group presented 
a relationship with the occurrence of extrathyroidal 
extension (p < 0.05). Also, patients with Bethesda 
V and VI results had more often vascular invasion 
than patients in other groups, and no relation was 
found between the FNA result and incomplete tumor 
resection (p > 0.05).

Finally, there was a progressive relationship between 
FNA results and lymph node metastasis, with Bethesda 
V and VI categories showing the highest risks.

According to the histopathological DTC subtype, 
our cohort showed a distribution similar to that in 
previous studies, namely, PTC 79.7% versus 85%, 
respectively, and FTC 17% versus 12%, respectively (4).

At diagnosis, most of our patients (90.8%) were 
categorized as stage I, and only one patient was 
categorized as stage IV. This information is aligned with 
results from other studies in the literature (6) and shows 
that in most of our patients, the disease was identified 
at initial stages. We found no relationship between the 
FNA result and the TNM staging system (p > 0.05). 
The clinical course of malignant thyroid tumors varies 
widely. Most patients with DTC have a good prognosis 
when treated properly, and the mortality rates in these 
cases are similar to those in the general population 
(2). However, the percentage of patients who present 
recurrence is not negligible, while some fail to respond 
to conventional therapies and may even die of the 
disease. The TNM staging system is used to determine 
the disease-related mortality rate (7). 

When we analyzed the relationship between the 
FNA results and the RRs, we observed that 54.5% of 
the high-risk patients had a Bethesda V or VI FNA 
result; however, this association was not statistically 
significant. VanderLaan and cols., in a study with 474 
patients with preoperative FNA and diagnosed with 
PTC, observed that more patients with a Bethesda VI 
FNA result had a high RR (p < 0.05) (8).

We also observed an excellent response to treatment 
during follow-up in 74.5%, 84.1%, and 92.1% of the 
Bethesda V/VI, III/IV, and II patients, respectively. 
In fact, the Bethesda II group had a better dynamic 
staging (p < 0.05). This suggests that this group may 
receive a less aggressive treatment.

Our data also showed a positive relationship between 
Bethesda V and VI and extrathyroidal extension (p < 
0.05), vascular invasion (p < 0.05), and lymph node 
metastasis (p < 0.05). On the other hand, there was 
no relationship between the Bethesda I, II, III, and IV 
categories and extrathyroidal extension and vascular 
invasion. Moreover, there was no relationship between 
the FNA result and incomplete tumor resection.

Liu and cols. analyzed 1,291 patients with PTC and 
described a progressive relationship between Bethesda 
III, IV, V, and VI FNA results and extrathyroidal 
extension, lymph node metastases, and incomplete 
tumor resection. The authors observed no relationship 
between these Bethesda categories with vascular invasion 
(9). VanderLaan and cols. also observed a higher 

Table 3. Relationship between Bethesda V or VI categories and a high 
recurrence risk (RR)

Bethesda V or VI
High RR

Yes No

Yes 12 (25.5%) 35 (74.5%)

No 10 (9.4%) 96 (90.6%)

p = 0.051

Table 4. Relationship between fine-needle aspiration results and dynamic 
classification

Excellent response

Yes No

Bethesda V and VI 35 (74.5%) 12 (25.5%) p > 0.05

Bethesda III and IV 37 (84.1%) 7 (15.9%) p > 0.05

Bethesda II 35 (92.1%) 3 (7.9%) p < 0.05

DISCUSSION

In our study, the patients had a mean age at diagnosis 
of 43.11 ± 12.8 years, and the cohort included women 
in a proportion above the one previously described in 
the literature (6). A possible reason for this may be 
the fact that women tend to seek medical care more 
frequently than men. As a result, men with DTC may 
be underdiagnosed or diagnosed at more advanced 
stages.
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incidence of lymph node metastases, vascular invasion, 
and extrathyroidal extension in Bethesda VI patients (8).

In a study including 360 patients with DTC, 
Kleiman and cols. found a strong relationship between 
the Bethesda V and VI categories with extrathyroidal 
extension and lymph node metastases (10).

Our data suggest that patients with a Bethesda V or VI 
FNA result may have more aggressive features related to 
a poor prognosis and, consequently, may receive a more 
aggressive treatment. Therefore, along with surgery, FNA 
results may help the treatment of patients with PTC.

Our study has some limitations. Among all patients 
with DTC included in the cohort, the Bethesda II was 
the most frequent category found in preoperative FNAs 
(29.4%). This is not aligned with the estimated MR in 
this Bethesda category (2) and may have influenced 
some of the results. Unfortunately, we were unable to 
identify other preoperative factors, such as suspicious 
ultrasound features, because several patients only 
started following up with our group after surgery.

In conclusion, the FNA results of thyroid nodules are 
helpful in guiding the initial treatment and may influence 
the follow-up of patients with DTC. Bethesda II patients 
show a better dynamic stratification, while Bethesda V 
or VI patients have an increased risk of extrathyroidal 
extension, vascular invasion, and lymph node metastasis. 
More studies are important to analyze how the FNA 
result impacts the treatment and follow-up of DTC.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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ABSTRACT
Objective: In this study, we aimed to evaluate serum irisin and apelin levels in patients with 
subclinical hypothyroidism (SCH) when they were subclinical hypothyroid and  become euthyroid 
after levothyroxine therapy and association of these adipokines with markers of atherosclerosis such 
as serum homocysteine levels and carotid intima-media thickness (IMT). Subjects and methods: The 
study included 160 patients with newly diagnosed subclinical hypothyroidism due to Hashimoto’s 
thyroiditis and 86 euthyroid healty subjects. Serum glucose and lipid profile, insulin, HOMA, TSH, 
free T3, free T4, anti-thyroperoxidase and anti-thyroglobulin antibodies, homocysteine, apelin and  
irisin levels were measured in all study subjects. Thyroid and carotid ultrasound examinations were 
performed. The subclinical hypothyroid group was reevaluated after 12-weeks of  levothyroxine 
therapy when they became euthyroid. Results: Clinical characteristics of the patient and control group 
were similar. Glucose, insulin and HOMA levels, lipid parameters and free T3 were similar between 
the two groups.. Serum homocystein was higher and apelin was lower in patients with SCH, but 
irisin levels were similar between the two groups. While thyroid volume was lower, carotid IMT was 
significantly greater in patients with SCH (pCarotidIMT:0,01). After 12-weeks of  levothyroxine therapy, 
all the studied parameters remained unchanged except, serum freeT4, TSH, homocystein and apelin. 
While homocystein decreased (p: 0,001), apelin increased significantly (p = 0,049). In multivariate 
analysis, low apelin levels significantly contributed to carotid IMT (p = 0,041). Conclusions: Apelin-
APJ system may play a role in vascular and cardiac dysfunction in patients with SCH and treatment 
of this condition may improve the risk of cardiovascular disease. Arch Endocrinol Metab. 2019;63(1):16-21

Keywords
Subcinical hypothyroidism; irisin, apelin; atherosclerosis; carotid intima-media thickness

INTRODUCTION

S ubclinical hypothyroidism (SCH) is defined by 
elevated serum levels of TSH, with normal levels 

of free T3 and T4. SCH prevalence ranges between 
4% and 10% in the general population and between 
7% and 26 % in the older population. About 2-5% of 
patients with SCH progress to overt hypothyroidism 
annually (1). Hypothyroidism and by extension SCH 
is associated with a significant decrease in insulin 
sensitivity and metabolic syndrome (2). SCH was also 
shown to be positively associated with coronary heart 
disease (CHD) events and mortality in a meta-analysis 
of the most relevant prospective studies (3,4). 

Irisin, the most recently identified adipomyokine, 
is the extracellular cleaved product of fibronectin type 
III domain-containing 5 (FDNC5) and is regulated 
by peroxisome proliferator-activated receptor gamma 
(PPARγ) coactivator-1 alpha (PGC1α) (5). Studies 
have shown that FDNC5/irisin overexpression induces 

browning and enhances thermogenesis in white adipose 
tissue, contributing to improvements in glucose 
homeostasis and insulin resistance (5). FDNC5, which 
is the precursor of irisin was shown to be present in 
many tissues, including the thyroid tissue (5-7). 
Irisin was evaluated in a variety of conditions such as 
type II diabetes mellitus, metabolic syndrome, insulin 
resistance, obesity, chronic renal disease, anorexia 
nervosa and hypothyroidism (8). It was also reported 
to be associated with increased cardiometabolic 
risk and suggested that it might be implicated in 
proinflammatory and atherogenic pathways (9).

Apelin is an endogenous ligand of the G-protein 
coupled angiotensin-like 1 (APJ) receptor and 
adipose tissue is the most important source. APJ is 
expressed by the heart, lung, kidney, liver, adipose 
tissue, gastrointestinal tract, brain, adrenal glands, 
endothelium and plasma cells (10,11). Apelin was 
studied in diabetes, insulin resistance and hypertension 
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and it was reported to be negatively associated with 
hypertensive heart disease (12,13). It was also shown 
to protect against ischaemia-reperfusion injury.

Irisin was previously studied in patients with SCH 
(14,15), but only Stratigou and cols. evaluated serum 
irisin levels after being euthyroid with levothyroxine 
treatment (15). Apelin was studied in patients with 
SCH (10,13), however it was also not evaluated after 
becoming euthyroid. Therefore in this study, we 
aimed to investigate serum irisin and apelin levels – 
which were reported to be associated with increased 
cardiometabolic risk – in patients with SCH and the 
effect of levothyroxine therapy on these adipokines. 
We also aimed to investigate the correlation of these 
adipokines with surrogate markers of atherosclerosis 
such as serum homocysteine levels and carotid intima-
media thickness (IMT). 

SUBJECTS AND METHODS

Patients and study design

The study was a single-center, prospective, case-control 
study including patients with SCH. A total of 160 
patients attending to our outpatient Endocrinology 
Clinic of Tepecik Research and Training Hospital with 
newly diagnosed SCH due to Hashimoto’s thyroiditis 
(age range, 20-72 years) were recruited between August 
2014 and June 2015. The patients had not had yet 
levothyroxine treatment. The control group included 
86 euthyroid healthy subjects (age range, 22-55 years) 
attending to our family practice outpatient clinic just 
for check-up. All subclinical hypothyroid subjects had 
autoimmune thyroiditis (Hashimto’s thyroiditis) and 
anti-TPO antibody was positive in all of them. 

The exclusion criteria included; diabetes mellitus 
(fasting glucose > 126 mg/dL on 2 separate occasions), 
hypertension (present or past antihypertensive drug use 
or detection of systolic pressure > 140 mmHg and/or 
diastolic pressure > 90 mmHg), dyslipidemia (plasma 
LDL-cholesterol levels > 130 mg/dL, triglyceride 
levels > 150 mg/dL), acute and chronic renal disease, 
coronary artery disease, peripheral artery disease, 
neurological disease or any other chronic disease or 
malignancy. None of the study subjects were smokers 
or drank alcohol. The study was approved by the 
medical ethics committee of the Tepecik Research and 
Training Hospital and all participants provided written 
informed consent. 

All of the study subjects underwent physical 
examination, laboratory assessment and thyroid 
and carotid artery ultrasound examination. Physical 
examination included measurement of blood pressure 
and waist circumference as well as calculation of body 
mass index (BMI). Blood pressure was measured with 
the person in a seated position after a 5 minute rest with 
an Omron M3 HEM-7131 electronic, auscultatory 
blood pressure reading machine. The first reading was 
discarded, and the mean of the next three consecutive 
readings was used. Waist circumference was measured 
on bare skin between the tenth rib and the iliac crest in 
centimeters. BMI was calculated by the ratio between 
weight and height squared in kg/m2.

The subclinical hypothyroid group was reevaluated 
by physical examination, laboratory assessment and 
carotid artery ultrasound examination after 12 weeks of 
levothyroxine replacement therapy when they became 
euthyroid. Levothyroxine replacement was started with 
a dose of 25 µg/day and TSH was measured every 
4 weeks for dose adjustment. Euthyroid state was 
achieved with a mean levothyroxine dose of 73.33 ± 
21.70 µg/day at 12th week.

Laboratory assessments

After an overnight fast of 12 hours, venous blood 
was collected from the antecubital vein. Glucose 
concentrations were measured by a hexokinase method 
with the Olympus AU-2700 analyzer. Triglycerides, 
total cholesterol and HDL-cholesterol were measured 
by an enzymatic method with an Olympus AU-2700 
analyzer using reagents from Olympus Diagnostics 
(Gmbh, Hamburg, Germany). LDL-cholesterol was 
calculated by the Friedewald’s equation method. 
Insulin, free T3 (normal range: 2.5-4.4 pg/mL), free 
T4 (normal range: 0.54-1.24 ng/dL), TSH (normal 
range: 0.34-5.6 uIU/mL), anti-TPO (normal range: 
0-10 IU/mL) and anti-Tg (normal range:0-50 IU/mL) 
levels were measured by chemiluminescent method 
using an Immulite 2000 otoanalyzer (Immulite XPi, 
Siemens, Germany). Homeostasis model assessment 
(HOMA) was used as a measure of insulin sensitivity 
using the following equation = fasting insulin (mU/L) 
X glucose (mmol/L)/22.5. Insulin resistance is 
defined as having a HOMA value > 2.7 as suggested by 
Matthews and cols. (16).  

Serum homocysteine levels were measured by 
high-performance liquid chromatography (Shimadzu 
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LC20A, Shimadzu Corp, Kyoto, Japan) based on 
fluorometric detection. Serum irisin and apelin 
concentrations were measured with an enzyme-linked 
immunosorbent assay (ELISA) kit according to the 
manufacturer’s directions (Apelin; Catalog No.: 201-
12-2015, Irisin; Catalog No: 201-12-5328), Sunred 
biological technology, Shanghai, China. The intra-assay 
and inter-assay coefficients of variations were < 10% and 
< 12% for apelin and irisin, respectively.

Ultrasonography of the thyroid gland and carotid 
arteries

The thyroid and carotid ultrasound examinations 
were performed by a radiologist experienced in 
ultrasonography with a linear probe 8-13 MHz 
(Toshiba Aplio 300, Tokyo, Japan). Thyroid volume 
was calculated by the elliptical shape volume formula 
(0.479 X length X width X height) for each lobe (17). 
Carotid IMT measurements were obtained within 
a region free of plaque, on the far wall of the distal 
CCA, 2 cm proximal to the carotid bulb and on the 
end diastolic phase (18). In a longitudinal view of the 
CCA where a clearly identified double-line pattern was 
observed, a 10 mm length of a straight CCA far wall 
segment was chosen. The mean IMT was calculated by 
ultrasound as the mean of the computer-based lines in 
the selected region. 

Statistical analysis

Results are expressed as means ± SD. The patient and 
control groups were compared by using Student-t test. 
The Chi-Square test was used for nominal variables. 
Bazal and post-treatment values of the study group were 
compared by using paired samples t-test. Correlation 
between MPV and other parameters were assessed 
by Pearson’s correlation analysis. Multiple regression 
analysis was used to identify the independent predictors 
that have an effect on carotid IMT. P < 0.05 was 
considered statistically significant. Statistical analysis 
was performed with SPSS 20 statistical software.

RESULTS

Clinical characteristics of the patient and control groups 
are described in Table 1. No significant differences 
were observed between the 2 groups according to age, 
gender, BMI, waist circumference and blood pressure 
values. 

Table 1. Clinical characteristics of the study population

Group with 
SCH

n: 160

Control  
group
n: 86

P value

Age 39.58 ± 14.87 40.40 ± 10.06 0.808

Gender (M/F) 26/134 18/68 0.171

BMI (kg/m2) 30.22 ± 5.71 29.60 ± 6.12 0.705

Waist circumference (cm) 93.40 ± 12.13 89.47 ± 14.16 0.294

Systolic blood pressure (mmHg) 119 ± 15.8 123.6 ± 12.8 > 0.05

Diastolic  blood pressure (mmHg) 84 ± 12.7 82.8 ± 8.6 > 0.05

Fasting blood glucose, insulin levels, HOMA values, 
lipid parameters and free T3 were similar between 
the 2 groups (Table 2). As expected, free T4 levels 
were lower and TSH, anti-TPO levels and anti-Tg 
levels were significantly higher (pfT4 = 0.025, pTSH  
< 0.001, p-anti-TPO = 0.003 and p-anti-Tg = 0.004) 
in the subclinical hypothyroid group (Table 2). 

Table 2. Laboratory parameters and carotid artery Doppler ultrasound 
assessment of the study population 

Group with 
SCH

(n: 160)

Control  
group
(n: 86)

P value

Glucose (mg/dL) 92.80 ± 10.91 93.76 ± 6.83 0.704

Insulin ( µU/mL) 11.00 ± 5.99 9.11 ± 4.23 0.074

Total cholesterol (mg/dL) 204.07 ± 38.00 203.08 ± 43.32 0.931

LDL-cholesterol (mg/dL) 124.88 ± 28.37 123.41 ± 32.18 0.865

HDL-cholesterol (mg/dL) 48.78 ± 14.19 53.34 ± 14.86 0.269

Triglyceride (mg/dL) 142.89 ± 90.59 137.34 ± 89.65 0.543

fT3 (pg/mL) 3.20 ± 0.41 3.35 ± 0.38 0.201

fT4 (ng/mL) 1.06 ± 0.23 1.19 ± 0.16 0.025

TSH (uIU/mL) 7.71 ± 4.08 1.82 ± 0.82 0.001

Anti-TPO (IU/mL) 142.93 ± 99.6 7.23 ± 2.93 0.003

Anti-thyroglobulin (IU/mL) 184.25 ± 49.54 44.24 ± 28.66 0.004

Thyroid volume (mL) 10.13 ± 3.39 12.29 ± 4.28 0.040

Homocystein (mMol/L) 59.32 ± 18.54 8.59 ± 4.01 0.001

Irisin (ng/mL) 23.04 ± 25.72 22.21 ± 24.34 0.801

Apelin (ng/mL) 44.55 ± 31.84 74.94 ± 63.06 0.034

Carotid IMT (mm) 0.55 ± 0.13 0.43 ± 0.19 0.008

Serum homocysteine levels were significantly higher 
in patients with SCH with respect to the control 
group (phomocysteine = 0.001). Despite similar irisin levels, 
apelin levels were significantly lower in patients with 
SCH (papelin = 0.034). Although thyroid volume was 
significantly lower, carotid IMT was significantly 
greater in patients with SCH (p thyroid volume = 0.04, 
p carotid IMT = 0.008).
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The subclinical hypothyroid group was reevaluated 
with the same laboratory parameters after 12 weeks of 
levothyroxine replacement therapy when they became 
euthyroid. The basal and post-treatment data are 
reported in Table 3. Basal and post-treatment BMI 
and waist circumference measurements were similar. 
No significant differences were observed between basal 
and post-treatment serum glucose, insulin and HOMA 
values and lipid parameters. As expected, serum freeT4 
levels were increased and TSH levels were decreased 
significantly (pfT4 = 0.022), Ptsh = 0.001). Serum 
homocysteine levels were decreased significantly 
from 59.53 ± 26.28 to 8.59 ± 4.01 after 12 weeks 
of levothyroxine treatment (p = 0.001). Although 
serum irisin levels remained similar, apelin levels were 
significantly increased from 44.55 ± 31.84 to 72.91 ± 
81.67 (p = 0.035). In addition, carotid IMT decreased 
significantly after treatment (p carotid IMT = 0.030).

Figure 1. Correlation analysis between apelin levels and CIMT.

Table 3. Basal and 12th week clinical and laboratory evaluation of patients 
with SCH

 
Group with SCH  

(n: 160)  
Basal

Group with SCH 
(n: 160) after 
LT4 treatment

P values 

BMI (kg/m2) 30.24 ± 5.57 29.72 ± 5.78 0.114

Waist circumference (cm) 91.68 ± 12.13 90.13 ± 12.67 0.216

Glucose (mg/dL) 92.80 ± 10.91 94.43 ± 9.48 0.273

Insulin (µU/mL) 11.00 ± 5.99 14.39 ± 8.23 0.188

Total cholesterol (mg/dL) 214.07 ± 38.00 205.85 ± 36.52 0.269

LDL-cholesterol (mg/dL) 134.88 ± 28.37 130.11 ± 30.22 0.606

HDL-cholesterol (mg/dL) 48.78 ± 14.19 46.25 ± 13.99 0.084

Triglyceride (mg/dL) 152.89 ± 90.59 158.107 ± 92.00 0.759

fT3 (pg/mL) 3.20 ± 0.41 3.16 ± 0.37 0.234

fT4 (ng/mL) 1.06 ± 0.23 1.27 ± 0.49 0.022

TSH (uIU/mL) 7.71 ± 4.08 3.51 ± 1.91 0.001

Anti-TPO (IU/mL) 142.93 ± 99.6 147.66 ± 98.14 0.154

Anti-thyroglobulin (IU/mL) 184.25 ± 49.54 143.04 ± 59.68 0.190

Homocystein (mMol/L) 59.53 ± 26.28 8.59 ± 4.01 0.001

Irisin (ng/mL) 23.04 ± 25.72 23.20 ± 24.63 0.821

Apelin (ng/mL) 44.55 ± 31.84 72.91 ± 81.67 0.035

Carotid IMT (mm) 0.55 ± 0.13 0.44 ± 0.17 0.030

Correlation analyses between irisin, apelin, 
homocysteine, carotid IMT and all the other parameters 
studied were conducted. Irisin was negatively correlated 
with age (r = -0.271, p = 0.040) and apelin (r = -0.547, 
p = 0.001) was positively correlated with carotid IMT 
(r = 0.614, p = 0.001). Apelin level was negatively 

correlated with age (r = -0.328, p = 0.012) and carotid 
IMT (r = -0,611, p = 0.001), in addition to irisin. No 
correlation was observed between homocysteine level 
and other parameters. Multiple regression analysis 
revealed that although low apelin level significantly 
contributed to carotid IMT (p = 0,041) (Figure 1), 
high serum irisin level did not significantly affect carotid 
IMT (p = 0.096).

r = -0.335, p = 0.041

DISCUSSION

The association of SCH with all components of 
metabolic syndrome and risk of cardiovascular disease 
have been well-studied (2-4). However the data are 
limited about the level of adipokines such as irisin 
and apelin – whose metabolic and cardiovascular 
effects were supposed to be similar to the effects of 
hypothyroidism – in patients with SCH. Therefore, in 
this study we investigated serum irisin and apelin levels 
and known cardiovascular risk factors such as serum 
homocysteine levels and carotid IMT, in patients with 
SCH. We also re-evaluated all of these parameters after 
12-weeks of levothyroxine therapy when euthyroidism 
was achieved. 

SCH has been associated with functional cardiac 
abnormalities, vascular abnormalities, (eg increased 
vascular resistance, arterial stiffness and endothelial 
dysfunction), and atherosclerosis (19). Several cohort 
studies have analyzed the association between SCH and 
CHD. Although in the Whickham survey, CHD events 
were increased in individuals with SCH, in another survey 
including 3,233 individuals no significant difference was 
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observed in the prevalence of CHD between SCH patients 
and euthyroid controls (20,21). Likewise surrogate 
indexes of atherosclerosis such as serum homocysteine 
levels and carotid IMT have been well studied in SCH 
and after restoration of the euthyroid state, but the 
results are contradictory (22-25). Similar to some of the 
previous reports, we observed hyperhomocysteinemia 
(24,25) and significantly increased carotid IMT in 
subclinical hypothyroid patients (24). Also, in our study 
we observed significantly decreased homocysteine values 
with the restoration of euthyroid state after 12-weeks of 
levothyroxine treatment similar to Sengül and cols. (25). 
Yet it was reported as unchanged in other studies (23). 

Irisin has a role in the browning of subcutaneous 
adipocytes via elevation of uncoupling protein-1 
(UCP-1)and it has been shown to increase energy 
expenditure. Although there are conflicting results 
about irisin levels in type II diabetes, a meta-analysis 
showed that irisin levels were decreased in type II 
diabetes and they were found to be increased in insulin 
resistance and metabolic syndrome (26). Irisin was 
previously studied in hypothyroid patients. Ates and 
cols. reported increased irisin levels in hypothyroid 
patients and suggested that increased TSH levels 
might cause increased irisin levels. It was proposed that 
increased TSH might lead to increased adipogenesis 
and hormones such as leptin, ghrelin and irisin could 
be synthesized to keep the fat distribution in balance 
in the increased white adipose tissue (6). Zybek-Kocik 
and cols. found decreased irisin levels in long-standing 
hypothyroidism and suggested that it might result 
from muscle damage due to prolonged myopathy and 
leakage of irisin from damaged muscle cells (7). Only 
two studies evaluated circulating irisin levels in SCH: 
Although irisin levels were similar between euthyroid 
and subclinical hypothyroid patients in one study (14), 
it was reported to be increased in the other study (15). 
Stratigou and cols. suggested that irisin might represent 
an adipo-myokine counterbalancing the deterioration 
of lipid metabolism and insulin sensitivity in SCH as 
well as reflecting a protective compensatory mechanism 
against oxidative muscle and thyroid cell stress (15). 
In our study irisin levels in subclinical hypothyroid 
patients were similar to healthy controls. This may be 
because in Stratigou’s study insulin and lipid levels were 
significantly higher in patients with SCH compared to 
the control group. In our study, these parameters were 
similar between the patient and control group. Also, 
Stratigou and cols, observed no change in serum irisin 

levels after 6 months of levothyroxine treatment with 
restoration of euthyroidism. It was suggested that this 
might be attributed to 1) the small number of treated 
patients, 2) the short follow-up period, and 3) the 
variation of irisin not depending solely on TSH levels. 
Likewise, we found similar irisin levels after treatment.

Apelin, an adipocytokine is a constituent of 
adipose tissue and is secreted by adipocytes that are 
stimulated by insulin. It is also an endogenous peptide 
that is a ligand for the APJ receptor and produced by 
endothelial cells in many parts of the body and the 
sites of receptor expression are linked to the different 
functions of apelin (13). It is a powerful inotrope and 
peripheral vasodilator and may be involved in fluid 
homeostasis, by its antidiuretic effect (27). Apelin 
levels were found to be increased in type II diabetes 
and hyperinsulinemia-dependent obesity and decreased 
in hypertension and hypertensive heart disease (10). 
In addition a more recent study suggested that the 
apelin-APJ system might protect the myocardium 
from ischemia reperfusion injury by its actions on the 
reperfusion injury salvage kinase pathway (13). A small 
amount of evidence shows that the apelin-APJ system 
may be involved in modulating endothelial oxidative 
stress and the formation of coronary atherosclerotic 
plaques (27,28). 

Two studies have evaluated apelin levels in patients 
with SCH. In both studies no significant difference was 
observed in serum apelin levels between patients with 
SCH and healthy control subjects (10,13). The authors 
explained that these results were because, BMI was similar 
in both groups. In contrast to these findings, we observed 
significantly lower serum apelin levels in patients with 
SCH. Being different from these studies, we also evaluated 
apelin levels after becoming euthyroid with levothyroxine 
treatment in patients with SCH and we found a significant 
increase in serum apelin levels. This may be explained 
by SCH possibly being associated with increased risk of 
atherosclerosis (3-5) and treating SCH might lead to 
improvement in the atherosclerosis risk as suggested by 
changes in established markers of atherosclerosis such as 
homocysteine levels and carotid IMT.

In the present study, we also investigated serum 
homocysteine levels and carotid IMT in patients with 
SCH and the association of serum irisin and apelin levels 
with these markers of atherosclerosis. We found significant 
association of low apelin levels with carotid IMT. 

To our knowledge, this is the first study that has 
evaluated serum irisin and apelin levels in patients with 
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SCH when they were subclinical hypothyroid and had 
become euthyroid after levothyroxine replacement 
therapy. Nevertheless, our study has some limitations: 
the studied groups were small and the percentage of 
male participants was low. 

In conclusion, the apelin-APJ system may play a role 
in vascular and cardiac dysfunction described in patients 
with SCH and treatment of this condition may decrease 
the risk of cardiovascular disease. However, further 
studies should be carried out to evaluate the effect of the 
apelin-APJ system and thyroid hormone replacement in 
preventing cardiovascular events and mortality.

Disclosure: no potential conflict of interest relevant to this article 
was reported.
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Relationship between inflammatory 
markers, glycated hemoglobin and 
placental weight on fetal outcomes 
in women with gestational diabetes

Fernanda Oliveira Braga1, Carlos Antonio Negrato2, Maria de Fátima 
Bevilacqua da Matta1, João Régis Ivar Carneiro3, Marília Brito Gomes1

ABSTRACT 
Objective: The aim of this study was to evaluate the relationship between inflammatory cytokines, 
placental weight, glycated hemoglobin and adverse perinatal outcomes (APOs) in women with 
gestational diabetes mellitus (GDM). Subjects and methods: This was a prospective, longitudinal 
and observational study conducted from April 2004 to November 2005 in Bauru, Brazil. Included 
patients had singleton pregnancies and performed a 100 g OGTT and had the levels of C-reactive 
protein (CRP), interleukin (IL)-6, TNF alfa and glycated hemoglobin (HbA1c) determined at 24-28th 
gestation weeks. Results: A total of 176 patients were included, of whom 78 had the diagnosis of 
GDM (44.3%). Multivariate analysis demonstrated that HbA1c, age, body mass index (BMI) and 
previous history of GDM were independent predictors for GDM diagnosis. ROC curve indicated that 
HbA1C levels ≥ 5.1% at 24-28 weeks gestation were associated with GDM. No difference was found in 
IL-6, tumor necrosis factor alpha (TNF-alpha) and CRP serum levels in women with and without GDM. 
Multivariate analysis showed that placental weight was significantly associated with APOs (p < 0.005), 
with a cut-off value of 610 grams as demonstrated by the ROC curve. Conclusion: Placental weight 
≥ 610 grams and HbA1C ≥ 5.1% were found to be associated with APOs and GDM, respectively, and 
their evaluation should be part of prenatal care routine. Arch Endocrinol Metab. 2019;63(1):22-9
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INTRODUCTION

G estational diabetes mellitus (GDM) is the most 
common metabolic disorder found during 

gestation and is defined as hyperglycemia of variable 
severity with onset or first recognition during pregnancy 
that does not clearly characterize any type of preexisting 
diabetes (1). In Brazil, a study conducted in the 90’s 
called Brazilian Gestational Diabetes Study Group has 
found that approximately 7.6% of pregnancies were 
complicated by GDM (2). In 2010, the International 
Association of Diabetes and Pregnancy Study Groups 
has proposed new diagnostic criteria for the diagnosis 
of GDM with lower cutoff values, which lead to higher 
diagnostic rates (3). If these criteria were to be used 
in the population that was evaluated in the Brazilian 
Gestational Diabetes Study Group, the prevalence of 
GDM would be 18% instead of 7.6% as previously found 
(4). This finding shows that the prevalence of GDM 
varies widely depending on the diagnostic criteria that 
are used (5).

GDM is a heterogeneous disorder, resulting from 
an interaction between genetic and environmental 
risk factors. Currently, one of the most important risk 
factors for the development of GDM is the increasing 
prevalence of overweight/obesity which is present in 
up to 60.0% of women on reproductive age in the USA 
and some other developed countries (5).

GDM is associated with a constellation of alterations 
such as impaired insulin secretion, hyperinsulinemia, 
insulin resistance, obesity, dyslipidemia and 
hypertension (6), that are related to an increased risk 
of adverse perinatal outcomes (APOs) such as large for 
gestational age babies (LGA), overweight (ponderal 
index) and low Apgar scores (< 7) (7).

In general, specific risks of poorly controlled 
diabetes in pregnancy, that can be evaluated by 
HbA1c levels, include spontaneous abortion, fetal 
malformations, preeclampsia, intrauterine fetal demise, 
macrosomia, neonatal hypoglycemia and neonatal 
hyperbilirubinemia. Diabetes in pregnancy may increase 
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the risk of obesity and type 2 diabetes in the offspring 
later in life (8). 

Placenta is a maternal-fetal organ that separates 
the maternal and fetal circulations and plays a central 
metabolic role in pregnancy, mainly in fetal development 
(9). Several complications found in pregnancy such as 
GDM, preeclampsia, intrauterine growth restriction, 
prematurity and low birth weight are linked to 
angiogenic placental processes that are related to low 
and high placental weight (10). The human placenta 
expresses several cytokines including tumor necrosis 
factor-alpha (TNF-alpha), resistin, C-reactive protein 
(CRP), interleukin 6 (IL-6) and leptin which are also 
produced by adipose cells. Cytokines are produced 
by three different placental cell types: Hofbauer cells, 
trophoblast cells and vascular endothelium cells. Leptin 
and IL-6 are released into the fetal and maternal 
systemic circulation; they can exert endocrine actions 
by acting at remote sites from their original production 
site. In contrast, TNF-alpha is poorly released from 
placenta and hence is more likely to exert paracrine 
effects. In GDM, the overexpression of placental TNF-
alpha is associated with increased fetal adiposity (11).

The aim of this study was to evaluate the relationship 
between inflammatory markers, placental weight, 
glycated hemoglobin and APOs in women with GDM.

SUBJECTS AND METHODS

This was a prospective, longitudinal and observational 
study conducted between April 2004 and November 
2005 in Bauru, a Southeastern Brazilian city. The 
methodology has been described previously (7). All 
patients received free health-care from the Brazilian 
National Health Care System (BNHCS). One hundred 
and eighty women with singleton pregnancies were 
invited to participate. In the 3rd trimester (24-28th 
weeks of gestation) a 100g OGTT was performed; the 
cutoff values for the OGTT were those proposed by 
Carpenter & Coustan (12). After performing the test, 
patients were classified as having GDM if they presented 
at least two altered values in the curve or controls if 
they had a normal test (CG).

This study was approved by the ethics committee 
of Botucatu’s School of Medicine – São Paulo State 
University (Unesp), Brazil. Written informed consent 
was obtained from all patients.

The following maternal variables were accessed 
using a questionnaire during a clinical visit: age, parity, 

ethnicity, years of school attendance, family income 
(Brazilian minimum wage), weight and length at birth, 
pre-pregnancy body mass index (BMI), family’s history 
of diabetes, hypertension, obesity and dyslipidemia. At 
the screening, weight, height, legs length, blood pressure, 
waist circumference (at the point of minimal abdominal 
girth) and hip circumference (at the point of maximum 
extension of the buttocks) were measured. BMI was 
calculated dividing weight in kilograms by the square of 
the height in meters. A prepregnancy BMI ≥ 30 kg/m2 
was defined as obesity. When a systolic blood pressure > 
140 mmHg or a diastolic blood pressure > 90 mmHg was 
found on at least two occasions, at least six hours apart, 
the diagnosis of hypertension was made. The waist-to-hip 
ratio was calculated dividing waist by hip circumferences.

At the time the OGTT was made, blood samples 
were collected to determine fasting levels of glucose, 
HbA1C, total cholesterol, HDL, LDL, VLDL 
cholesterol and triglycerides. Sera samples were stored 
at -80oC. Glucose oxidase method (Glucose–analyzer II 
Beckman, Fullerton, CA, USA) was used to determine 
blood glucose levels. Triglycerides, cholesterol and 
its fractions (LDL, VLDL, HDL) were measured by 
enzymatic colorimetric assays. High performance liquid 
column method (HPLC) was used to determine HbA1C 
values (Dia-Stat analyzer, Bio-Rad Laboratories, 
Hercules, CA, USA reference values: 4.0-6.3%). 

The following biochemical parameters were 
measured: CRP by turbidimetric method (A25 
BioSystems and CRP kit BioSystems, with a reference 
value of < 0.3 mg/dl and an intra-assay and inter-
assay coefficient of variation of 1.8% and 3.6%, 
respectively); IL-6 and TNF-alpha dosages by the 
MAGPIX (Luminex), multiplex immunoassay (xMAP 
Technology) with the Human Adipokine Magnetic 
Bead Panel 2 kit with coefficients of variation for TNF-
alpha (intra-assay of 3.0% and inter-assay of 19.0%) and 
for IL-6 (intra-assay of 2.0% and inter- assay of 10.0%).

The following fetal data were collected: birth 
weight, length, ponderal index, gender, gestational age 
at delivery, Apgar scores at 1, 2 and 5 minutes, APOs 
and congenital malformations. Preterm was present 
when gestational age was < 37 weeks. The need for a 
baby to be admitted into an intensive care unit (ICU) 
was defined by the presence of any acute morbidity. 
The presence of malformations, respiratory distress 
syndrome, icterus, infections, LGA, macrosomia, 
neonatal hypoglycemia and the need to be admitted 
into an ICU, were considered as APOs.
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Ponderal index was determined by the ratio between 
100 times the weight and the cube of the length in cm. 
Lubchenco’s classification was used to determine the 
relationship between newborns’ weight to gestational 
age (13). Placental weight was obtained immediately 
after delivery, in the same balance used to evaluate the 
newborn’s weight. Weight was measured in kilograms 
(kg), grams (g) and in subsequent scales of up to 0.05 kg.

Statistical analysis

Data are presented as means (±SD) or median 
(minimum-maximum) for continuous variables and 
numbers (relative frequencies) for discrete variables. 
Comparisons between independent continuous variables 
were performed using Mann-Whitney test. Chi-Square 
(χ2) or Fisher tests were used for comparisons between 
discrete variables. Spearman coefficient of correlation 
(rho) was performed between clinical and laboratory 
maternal and fetal data. 

Multivariate stepwise forward logistic regression was 
performed to identify independent demographic and 
clinical predictors of GDM (yes or no) and for the presence 
or absence of APOs (LGA, macrosomia, preterm birth, 
and need for ICU admission). In all models the following 
parameters were described: coefficient (B), standard 

error (SE), odds ratio (OR) and 95% confidence interval 
(95% CI). The ROC (receiver operator characteristic) 
curve was constructed from these analyzes. Analyses 
were performed using SAS® System, version 6.11 (SAS 
Institute, Inc., Cary, North Carolina). A two-sided p 
value less than 0.05 was considered significant.

RESULTS

Demographic, clinical and laboratory data according 
to the presence or absence of GDM

A total of 176 patients were included in the study of 
whom 78 (44.3%) had the diagnosis of GDM. Four 
patients were excluded: two were HIV positive and in 
two blood samples were not adequately stored.

Patients in the GDM group were older, mostly 
Caucasians n = 51 (65.4%), had less years of school 
attendance and lower income. They were also shorter 
and had shorter legs’ length than the CG. They were 
heavier and presented higher blood pressure levels 
(both diastolic and systolic). Pregnant women with 
GDM had a higher frequency of previous history of 
GDM, higher levels of fasting glucose and HbA1c.
These data are described in Tables 1-3.

Table 1. Clinical, demography and laboratory data of the population according to OGTT

Variable
GDM Normal OGTT

p valuea

N Median IQR N Median IQR

Age (years) 78 31.0 29.0-37.0 98 27.5 24-32 < 0.0001

Education level (years) 78 11.0 8.0-12.3 98 12.0 10.0-15.0 0.004

Family income (Brazilian minimum wage) 78 2.65 1.67-7.9 98 6.0 3.0-12.0 0.0001

Height (m) 78 1.61 1.58-1.67 98 1.65 1.59-1.7 0.010

Legs length (cm) 78 73.3 71.0-76.1 98 75.0 72.5-78.6 0.011

Legs/height ratio (%) 78 45.6 44.5-46.4 98 45.8 45.0- 46.7 0.089

Weight (kg) 78 70.0 62.0-87.5 98 64.0 57.8-72.0 0.0009

Body Mass Index (kg/m2) 78 27.8 23.6-32.1 98 22.8 20.9-27.3 < 0.0001

Systolic blood pressure (mmHg) 78 120 110-120 98 110 100-120 0.0001

Diastolic blood pressure (mmHg) 78 80 70-80 98 70 70-80 < 0.0001

Fasting glycemia (mg/dL) 72 90.5 82.6-103.3 89 74.0 67.0-79.0 < 0.0001

HbA1c (%) 72 5.68 5.09-6.10 88 4.8 4.41-5.20 < 0.0001

Total cholesterol (mg/dL) 72 209.0 191.0-238.0 89 230.0 206.0-261.0 0.001

LDL cholesterol (mg/dL) 70 112.0 89.0-141.0 89 127.0 110.0-153.0 0.008

HDL cholesterol (mg/dL) 72 56.3 47.6-66.9 89 64.0 54.3-76.7 0.002

VLDL cholesterol (mg/dL) 71 37.0 27.4-44.9 89 37.0 25.6-48.0 0.90

Triglycerides (mg/dL) 72 185.0 132.0-227.0 89 185.0 128.0-240.0 0.78

IL-6 (pg/mL) 78 0.175 0.120-0.298 98 0.155 0.100-0.325 0.77

CRP (mg/dL) 78 0.585 0.335-1.123 98 0.530 0.250-0.883 0.40

TNF alpha (pg/mL) 78 0.230 0.130-0.330 98 0.200  0,130-0.310 0.76

IQR: interquartile range; GDM: gestational diabetes mellitus; OGTT: oral glucose tolerance test; CRP: C-reactive protein; TNF alpha: tumor necrosis factor alpha; TSH: thyroid-stimulating hormone.

a Mann-Whitney test.
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Multivariate Analysis according to the presence or 
absence of GDM

Multivariate logistic analysis performed with 160 
observations (missing data of 16 patients for HbA1c) 
showed that HbA1c [OR 4.92; (95% CI 2.51-9.65);  
B 1.5931; SE 0.3438, p < 0.0001], age [OR 1.14; (95% 
CI 1.06-1.23); B 0.1341; SE 0.0368, p = 0.0002], 
BMI [OR 1.09; (95% CI 1.02-1.17); B 0.0880; SE 
0.0351, p = 0.012] and previous history of GDM [OR 
3.73; (95% CI 1.01-13.8); B 1.3162; SE 0.6669, p = 
0.048] were independent predictors of GDM. Figure 1 

illustrates the ROC curve of HbA1c for GDM. An area 
under the curve (AUC) of 0.79 [95% CI (0.72-0.86)] 
p < 0.0001) was observed. The cut-off value according 
to the ROC curve for GDM was HbA1c ≥ 5.1%, with a 
sensitivity of 70.8% and a specificity of 71.6%.

Clinical and laboratory data, including inflammatory 
markers and multivariate analysis according to the 
presence or absence of APOs

There was no significant difference between the two 
groups in the levels of the evaluated cytokines, in APOs 

Table 2. Previous clinical and obstetric history of the population according to OGTT

 
Variable Category

GDM Normal OGTT 
P value

N % N %

Polycystic ovary syndrome Yes

No

21

57

26.9

73.1

39

59

39.8

60.2

0.073

Acanthosis Yes

No

50

28

64.1

35.9

27

71

27.6

72.4

< 0.0001

Smoking Yes

No

6

72

7.7

92.3

7

91

7.1

92.9

0.15

GDM Yes

No

13

65

16.7

83.3

6

92

6.1

93.9

0.025

Abortion Yes

No

21

57

26.9

73.1

25

73

25.5

74.5

0.83

Stillbirth Yes

No

3

75

3.8

96.2

2

96

2.0

98.0

0.39

Babies’ mal formation Yes

No

5

73

6.4

93.6

3

95

3.1

97.0

0.24

Polyhydramnios Yes

No

26

52

33.3

66.7

30

68

30.6

69.4

0.70

Multiple pregnancy Yes

No

0

78

0.0

100.0

4

94

4.1

95.9

0.094

Respiratory distress syndrome Yes

No

5

73

6.4

93.6

1

97

1.0

99.0

0.061

Preterm birth Yes

No

13

65

16.7

83.3

10

88

10.2

89.8

0.21

Neonatal hypoglycemia Yes

No

0

78

0.0

100.0

0

98

0.0

100.0

NA

Icterus Yes

No

7

71

9.0

91.0

5

93

5.1

94.9

0.31

< 2,500g newborn Yes

No

6

72

7.7

92.3

7

91

7.1

92.9

0.89

> 4,000g newborn Yes

No

9

69

11.5

88.5

11

87

11.2

88.8

0.95

Pregnancy induced hypertension Yes

No

12

66

15.4

84.6

11

87

11.2

88.8

0.42

Newborn death Yes

No

3

75

3.8

96.2

0

98

0.0

100.0

0.085

Familial DM Yes

No

65

13

83.3

16.7

72

26

73.5

26.5

0.12

OGTT: oral glucose tolerance test; GDM: gestational diabetes mellitus; DM: diabetes mellitus.

χ2 test or Fisher test.
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and in placental weight (Tables 1 and 3). We observed 
a correlation between levels of TNF-alpha, maternal 
BMI and CRP with placental weight (rho = 0.188;  
p = 0.021, r = 0.186; p = 0.022, r = 0.176; p = 0.031, 
respectively). A correlation between CRP and HbA1c 
levels (rho = 0.167, p = 0.035), in the total sample was 
also noted. An association between blood glucose [93.2 
(76.0-115.4) vs. 79.0 (71.0-88.3) mg/dl; p < 0.003] 
and CRP [0.86 (0.68-1.36) mg/dl; p < 0.01] levels 
with prematurity was found. A correlation between 
CRP and HbA1c levels (rho = 0.167, p = 0.035) in the 
total sample was also observed.

Multivariate logistic analyses were performed with 
150 observations (loss of placental weight records 
n = 26) with APOs’ as dependent variable. The only 
significant independent variable was placental weight 
with an [OR 0.0014; (95% CI 1.001-1.007; B 1.004; 
SE 0.0040, p = 0.005].

Figure 2 illustrates the ROC curve of placental 
weight for the presence or absence of APOs. An AUC 
of 0.65 with a 95% CI of 0.55 to 0.75, (p = 0.003) 
was observed. The cut-off point according to the 
ROC curve was placental weight ≥ 610 grams, with a 
sensitivity of 63.0% and a specificity of 64.4%. 

Table 3. Fetal demographic data according to OGTT

Variable
GDM Normal OGTT

p valuea

N Median IQR N Median IQR

Newborn weight (grams) 77 3,195 2935-3555 94 3,275 2,993-3,564 0.36

Length (cm) 77 48.0 46.5-49.0 94 48.5 47.0-50.0 0.18

Head circumference (cm) 76 35.0 33.5-35.0 93 35.0 34.0-36.0 0.24

Thoracic circumference (cm) 76 33.0 32.0-34.0 93 33.2 32.0-34.0 0.96

Waist circumference (cm) 73 32.0 30.0-33.0 78 32.0 30.0-33.0 0.72

Apgar T1 score 77 9 8-9 93 9 8-9 0.68

Apgar T2 score 77 10 9-10 93 10 9-10 0.92

Apgar T5 score 77 10 10-10 93 10 10-10 0.52

Placental weight (grams) 72 600 500-684 78 580 518-713 0.65

IQR: interquartile range; GDM: gestational diabetes mellitus; OGTT: oral glucose tolerance test. 
a Mann-Whitney test.

Figure 1. ROC curve for HbA1c as a predictor for GDM. Figure 2. Receiver Operator Characteristics (ROC) curve for placental 
weight as a predictor of fetal adverse outcomes.
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DISCUSSION

No difference was found in serum levels of IL-6, 
TNF-alpha, CRP and placental weight in women with 
GDM compared to those from the CG, between 24-
28 gestation weeks. We found that values   of HbA1C ≥ 
5.1% at 24 to 28 weeks of gestation could be associated 
with GDM, however with high sensitivity and low 
specificity. A placental weight ≥ 610 grams was also 
found to be associated with the presence of APOs.

Our prevalence of GDM was higher than the 
prevalence found in the Brazilian Study on Gestational 
Diabetes (BSGD) in the 1990s, which was 7.6% (2). 
This may be justified by the fact that our study was 
performed at a secondary level medical care service, 
focused on diabetes in pregnancy, and also by the 
increasing prevalence of overweight and obesity in 
Brazil in recent years. In 1999, around the time this 
study begun, the estimated prevalence of obesity in the 
Brazilian general population was of 32.0% (14) and has 
been steadily increasing ever since, reaching 53.8% in 
2016 (15). It is possible that if these data were to be 
collected nowadays, the rates of GDM would be even 
greater. 

In our study, pregnant women with GDM were 
older, shorter, heavier, with higher blood pressure 
levels and shorter legs (16,17) as expected, since all 
these characteristics are risk factors for the development 
of GDM (18).

Multivariate analysis for the prediction of GDM 
demonstrated that HbA1c, age, BMI and previous 
history of GDM were independently associated with 
GDM. The ROC curve indicated that values   of HbA1C 
≥ 5.1% at 24 to 28 gestation weeks are associated with 
GDM. 

Universal screening for diabetes in pregnancy is 
recommended by the International Association of the 
Diabetes and Pregnancy Study Groups (IADPSG) (3), 
the American Diabetes Association (ADA) (1) the 
World Health Organization (WHO) (19) and more 
recently by the Brazilian Diabetes Association (BDS), 
Brazilian Federation of Gynecologists and Obstetricians 
(Febrasgo), Pan American Health Organization 
(PAHO) and the Brazilian Ministry of Health at the 
first antenatal visit (20). However what should be the 
most appropriate test and glucose levels thresholds are 
still debated in many regions and countries around the 
world (21,22). This screening should be done with a 
fasting glycemia and a 75g OGTT at the first antenatal 
visit or at 24-28 gestation weeks, respectively (20). 

The OGTT is time consuming, poorly tolerated by 
pregnant women, needs a previous patient preparation 
and presents issues with preanalytical stability and 
reproducibility (21,22). HbA1c, the most used 
measurement of chronic glycemia outside of pregnancy 
is easier to perform, does not need a previous patient 
preparation and is much less time consuming than the 
OGTT. However, the evaluation of HbA1c has its 
limitations such as: conditions that promote a reduction 
in the real value of HbA1c due to the reduction in 
the number of red blood cells, hemoglobin levels and 
hematocrit, conditions that increase the real value of 
HbA1c (21) and the period of pregnancy in which it 
is performed, being lower in the first trimester and 
around 0.5% lower at the 14th week (22).

However it is important to emphasize that the 
accuracy of HbA1c as a screening tool in pregnancy 
has been studied in recent decades and the results are 
inconsistent (22-29). Thus, it would be necessary to 
establish reference values according to different ethnic 
populations before recommending the universal use of 
HbA1c for the screening of GDM (28). Khalafallah 
and cols. (21) aiming to compare HbA1c levels with 
glucose values on the 75g OGTT for the screening and 
diagnosis of GDM, found a HbA1c cut-off point of 
5.4% associated with GDM, with a negative predictive 
value of 91.0% and a specificity of 95.0%. Similar results 
were also obtained when a cut-off point of HbA1c > 
5.1% was used, with a sensitivity of 55% and a specificity 
of 80.0%, which was also the cut-off point we found 
(21). In our study, the cut- off point of HbA1c > 5.1% 
had higher sensitivity (70.9%) and lower specificity 
(71.6%) than this study. 

 Studies with small number of patients revealed 
an increase in inflammatory markers such as TNF-alpha 
(30) and CRP (31) in women with GDM which was 
not found in our study, maybe because the prevalence 
of obesity was small among those patients. In a study 
conducted in Austria, evaluating women with and 
without GDM an increase in CRP levels in pregnant 
women with GDM was found only at 37th-38th weeks 
gestation but not at 24th-28th weeks (32), the time 
frame we conducted our study. Cytokine levels fluctuate 
during the gestational trimesters, being the first and 
third trimesters characterized by a pro-inflammatory 
state and the second trimester by an anti-inflammatory 
state.

There was a correlation between TNF-alpha values, 
maternal BMI and CRP levels with placental weight 
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in our study. This correlation, although weak (rho < 
0.30), can point to a relationship between BMI with 
TNF-alpha and CRP that can generate damage to the 
placenta due to their inflammatory actions independent 
of glycemic levels. Retnakaran and cols. (31) 
performed a study with 180 healthy pregnant women 
who underwent an OGTT at the end of the 2nd and 
beginning of the 3rd trimester and found higher CRP 
levels in patients with normal OGTT and overweight 
and a correlation between CRP and prepregnancy BMI.

     In our study, placental weight was an independent 
predictor for the presence of any of the following 
APOs (LGA, macrosomia, preterm birth and need 
for neonatal ICU admission) with a cut-off point of 
≥ 610g. Studies performed with pregnant women 
having GDM indicate that they could have greater 
placental weight in relation to pregnant women having 
GDM (33,34), which we did not find in our study. In 
a study performed in Tanzania (35), in Sub-Saharan 
Africa, with 6,579 pregnant women, younger and with 
lower BMI than those patients enrolled in our study, 
low placental weight was associated with an increased 
risk of APOs. Possibly, a poorer nutritional status and 
the presence of infectious diseases in that population 
could have contributed for these results. Disruptions 
in placental growth can have long-term consequences 
on perinatal and childhood health and have been 
associated with adverse obstetric outcomes (intrauterine 
growth restriction and preeclampsia, maternal disease), 
perinatal mortality and morbidity, as well as impairment 
in childhood growth and development (10,35). A 
Romanian study (33), with pregnant women between 
24-28 weeks of gestation showed that the placentas 
of six out of 13 GDM patients presented micro and 
macroscopic alterations. Macroscopically, the most 
frequent pathological changes found were larger 
placental size, volume and weight. It was also observed 
that, in the total sample, the presence of preterm birth 
was related to higher levels of fasting glycemia and 
CRP. The Camden Study conducted in USA, including 
520 pregnant women with normal OGTT, showed that 
during pregnancy, higher levels of CRP were related to 
APOs, such as prematurity, only in lean women (BMI 
< 25) (36).

Some limitations of this study must be addressed 
such as the small number of patients and also the 
pregestational weight that was self-reported by the 
patients, which could generate some “bias”. We also 
correlated the presence of one or more APOs among 

those that were evaluated, with placental weight; 
therefore, we do not know which outcome had the 
greatest statistical strength this correlation.

In conclusion, in our study, some predictors of 
GDM are modifiable such as high BMIs and HbA1c 
levels. HbA1c values ≥ 5.1% at 24-28 weeks gestation 
were found to be associated with GDM, but we cannot 
hypothesize that this test could be used as a tool for 
GDM screening or diagnosis, because in our study, the 
sensitivity and specificity were low. A placental weight ≥ 
610 grams was found to be associated with APOs, and 
consequently its weight should be monitored through 
ultrasound evaluation during the whole pregnancy as 
part of prenatal care routine to stratify risks for APOs. 
Further prospective studies with larger number of 
participants are necessary to confirm if this placental 
cutoff weight is associated to APOs for all pregnant 
women or just for those with GDM. 
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Anthropometric measurements as 
a potential non-invasive alternative 
for the diagnosis of metabolic 
syndrome in adolescents

Silmara Salete de Barros Silva Mastroeni1,2, Marco Fabio Mastroeni2,3,  
John Paul Ekwaru2, Solmaz Setayeshgar2, Paul J. Veugelers2,  
Muryel de Carvalho Gonçalves4, Patrícia Helen de Carvalho Rondó5

ABSTRACT
Objective: To identify which anthropometric measurement would be the best predictor of metabolic 
syndrome (MetS) in Brazilian adolescents. Subjects and methods: Cross-sectional study conducted 
on 222 adolescents (15-17 years) from a city in southern Brazil. Anthropometric, physical activity, 
blood pressure and biochemical parameters were investigated. MetS criteria were transformed 
into a continuous variable (MetS score). Linear regression analyses were performed to assess the 
associations of BMI, hip circumference, neck circumference (NC), triceps skinfold, subscapular skinfold 
and body fat percentage with MetS score. ROC curves were constructed to determine the cutoff for 
each anthropometric measurement. Results: The prevalence of MetS was 7.2%. Each anthropometric 
measurement was significantly (p < 0.001) associated with MetS score. After adjusting for potential 
confounding variables (age, sex, physical activity, and maternal education), the standardized 
coefficients of NC and body fat percentage appeared to have the strongest association (beta = 0.69 
standard deviation) with MetS score. The regression of BMI provided the best model fit (adjusted 
R2 = 0.31). BMI predicted MetS with high sensitivity (100.0%) and specificity (86.4%). Conclusions: 
Our results suggest that BMI and NC are effective screening tools for MetS in adolescents. The early 
diagnosis of MetS combined with targeted lifestyle interventions in adolescence may help reduce 
the burden of cardiovascular diseases and diabetes in adulthood. Arch Endocrinol Metab. 2019;63(1):30-9
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INTRODUCTION

T he prevalence of overweight and of its 
comorbidities have increased in adolescents and 

have reached epidemic proportions in both developed 
and developing countries (1). The increase in the 
prevalence of overweight is higher in developing than 
in developed countries, with reported increases of 65% 
and 48% between 1990 and 2010, respectively (1). In 
2015, 23.7% of 13-17-year-old Brazilian adolescents 
were overweight (including obese) and 7.8% were 
obese (2). The rise in the prevalence of childhood 
overweight will result in significant health problems and 
financial burdens in the future, therefore warranting 
comprehensive prevention efforts (3).

One of the consequences of being obese or 
overweight is the risk of developing metabolic 

syndrome (MetS) (4), a complex condition of 
multiple, interrelated risk factors for cardiovascular 
diseases (CVDs) and diabetes (5). These risk factors 
include elevated fasting glucose and triglyceride levels, 
high blood pressure, low high-density lipoprotein 
cholesterol (HDL-c) levels, and central adiposity (5). 
According to the International Diabetes Federation 
(IDF), MetS is defined as the presence of elevated waist 
circumference plus two of the following four criteria: 
high blood pressure, elevated triglyceride and fasting 
plasma glucose levels, and decreased HDL-c levels (6).

The prevalence of MetS is increasing worldwide due 
to the rise in obesity and poor lifestyle (5). Excess body 
weight is the primary cause of MetS due to the increase in 
insulin production, as well as the likelihood of developing 
insulin resistance, a central pathophysiological factor in 
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the development of MetS (7,8). Insulin resistance has 
multiple metabolic effects in the organism, including 
the increased synthesis of very-low-density lipoprotein 
cholesterol and cholesterol, resistance to the action 
of insulin on lipoprotein lipase in peripheral tissues, 
degradation of HDL-c, enhanced sympathetic activity, 
and increased formation of plaque which is associated 
with high blood pressure (8,9). Another important 
point regarding the adipose tissue is the production of 
leptin, adiponectin, and resistin, as well as interleukin-6, 
tumor necrosis factor-alpha and plasminogen activator 
inhibitor-1 (8,9). All these cytokines are involved in 
the inflammatory process (8,9), indicating that the 
pathological consequences of excess body fat involve 
different tissues and organs (8,9).

In the last decade, MetS has been identified in 
younger populations (4,10-12). This is particularly 
concerning given the potential earlier manifestations 
of MetS outcomes, such as type 2 diabetes and CVDs 
(4,13). The early identification of MetS would permit 
early preventive actions (14) designed to reduce 
the burden of type 2 diabetes and CVDs later in 
life (15). However, there is no universal or uniform 
definition of MetS in younger populations (12). Since 
the prevalence of MetS in children and adolescents 
shows significant disparities among studies and the 
use of multiple logistic regression analysis provided 
controversial results, some authors (12) suggested the 
use of a continuous variable of MetS (MetS score) to 
overcome these limitations (12). 

In recent years, several authors have suggested the 
use of neck circumference (NC) to identify MetS in 
adult populations (16-24). Other studies proposed 
the use of NC (25-27), BMI (15,25,28-30), waist 
circumference (11,12,15,26,29), waist-hip ratio (25), 
waist-height ratio (29), wrist circumference (26), 
skinfold thickness (31), conicity index (29), and fat and 
lean body mass index (BMI) (30) to predict MetS in 
adolescents. More recently, a national study assessed 
the prevalence of MetS and its components in a large 
sample of Brazilian adolescents (The ERICA Study) 
(11). Another national study the authors evaluated the 
validity of continuous metabolic syndrome score for 
predicting MetS and to determine the cutoff values 
in a representative sample of Iranian children and 
adolescents (The CASPIAN-V Study) (12). However, 
to the best of our knowledge, no study simultaneously 
compared six different anthropometric measurements 
(BMI, hip circumference, NC, triceps skinfold, 

subscapular skinfold and body fat percentage (BF%)) 
in the same population for the identification of MetS in 
Brazilian healthy adolescents. 

Since the diagnosis of MetS is invasive, expensive, 
and labor intensive on the part of health professionals, 
noninvasive and low-cost methods are needed, particularly 
in low-resource settings. The aim of this study was to 
evaluate BMI, hip circumference, NC, triceps skinfold, 
subscapular skinfold and BF% as potential alternatives for 
the diagnosis of MetS in adolescents.

SUBJECTS AND METHODS

Subjects and study design

This was a cross-sectional study conducted in two 
phases on 15- to 17-year-old high school students 
from Joinville, a city of about 500,000 inhabitants, 
Santa Catarina, Brazil. Details of the recruitment 
process have been described previously (32). In the 
first phase, 2,195 students completed a short survey 
on socioeconomic and demographic characteristics. 
An informed consent form was handed out to obtain 
agreement for participation from their parents/
guardians and 1,104 (50.3%) students returned the 
signed consent form (32).

All of the 1,104 students were invited to participate 
in the second phase. They were contacted by phone 
and by a personal visit in the residence and were 
informed about the day and place of data collection. 
At the end of the study, 222 students participated in 
the data collection (32). Assessments in this phase 
included anthropometric measurements (weight, 
height, waist and hip circumferences, NC, triceps and 
subscapular skinfold thickness, and BF%), physical 
activity, biochemical analyses, and blood pressure 
measurement. Blood samples were drawn from each 
participant to assess the levels of fasting insulin, fasting 
glucose, total cholesterol, low-density lipoprotein 
cholesterol (LDL-c), HDL-c, and triglycerides.

The study was carried out in accordance with 
the Declaration of Helsinki and the Research Ethics 
Committee of the University of Joinville Region 
approved this study (Approval No. 005/2007).

Data collection

The anthropometric measurements were made in 
the morning after an overnight fast, with the subjects 
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wearing light clothing and no shoes. The adolescents 
were weighed on a Filizola® digital scale (Curitiba, PR, 
Brazil; capacity of 180 kg) to the nearest 0.1 kg. Height 
was measured with a Cardiomed® stadiometer (Curitiba, 
PR, Brazil; 200 cm) to the nearest 0.1 cm. Waist 
circumference was measured midway between the lowest 
rib and the top of the iliac crest during the mid-expiratory 
phase. Hip circumference was measured with the tape at 
the widest portion of the buttocks. Neck circumference 
was measured horizontally above the cricothyroid 
cartilage with the tape not compressing the skin (33). 
All circumferences were measured with a flexible tape 
(Cardiomed®; 150 cm) to the nearest 0.1 cm.

A Cescorf® skinfold caliper (Porto Alegre, RS, Brazil) 
was used to measure triceps and subscapular skinfold 
thickness at a pressure of 10 g/mm2 over the contact 
surface area to the nearest 0.1 mm. Triceps skinfold 
thickness was measured on the back of the arm and at 
a point midway between the acromion and olecranon 
process. With the arm hanging loosely, subscapular 
skinfold thickness was measured 2 cm below the inferior 
angle of the right scapula. All anthropometric variables 
were measured three times and the arithmetic mean of 
these measurements was used as the final result.

Body mass was evaluated by calculating the BMI 
[weight (kg)/height (m2)] following the classification 
of the World Health Organization for the calculation of 
BMI according to age and sex (34). Body fat percentage 
was obtained by foot-to-foot bioelectrical impedance 
analysis using a BIA 310e® Bioimpedance Analyzer 
(Biodynamics Corporation, Shoreline, WA, USA).

The diastolic (DBP) and systolic blood pressure 
(SBP) was measured using the HDI/Pulse WaveTM 
CR-2000 Research Cardiovascular Profiling System 
(Hypertension Diagnostic, Inc., Eagan, MN, USA), 
with the adolescent lying on a gurney after a 10-min 
resting period.

Information about maternal education and 
physical activity was collected by interview. Physical 
activity was classified using the International Physical 
Activity Questionnaire (IPAQ) (35).

Biochemical analysis

Approximately 15 ml of venous blood was drawn from 
the antecubital vein of each subject. All blood samples 
were collected in the morning after an overnight 
fast. Within 30 min, the remaining blood serum was 
separated by centrifugation at 3,500 rpm for 10 min at 

4 °C, immediately aliquoted, and frozen at -70 °C until 
the time of analysis.

Fasting glucose, LDL-c, and HDL-c were analyzed 
by colorimetric enzymatic methods on the Bayer 
ADVIA 1650 automated analyzer using the GLUO, 
D-LDL and D-HDL kits, respectively (Siemens 
Diagnostics®, Tarrytown, NY, USA). Total cholesterol 
and triglycerides were measured with the Bayer ADVIA 
Centaur automated analyzer using the Cholesterol 
and Triglycerides Liquiform kits, respectively (Labtest 
Diagnostica®, Vista Alegre, MG, Brazil). Insulin was 
assayed by a chemoluminescence method on the 
Bayer ADVIA Centaur automated analyzer with IRI 
Bayer ADVIA kit, analytical sensitivity of 0.5 μIU/
ml (Siemens Diagnostics®). The homeostatic model 
assessment for insulin resistance (HOMA-IR) index 
was calculated using the equation [HOMA-IR = fasting 
insulin [(μIU/ml) × fasting glucose (mmol/l)/22.5]. 
All measurements were performed in a laboratory 
accredited by the Brazilian Society of Clinical Analysis.

Definition of metabolic syndrome and metabolic 
syndrome score

MetS was defined using age- and sex-specific cutoff 
points for each component, according to Jollife and 
Janssen (6). Each MetS component growth curve was 
linked to the corresponding Adult Treatment Panel and 
the IDF cut point (6) In the present study, MetS was 
defined according to the IDF criteria as increased waist 
circumference and two of the following four criteria: 
elevated blood pressure, triglyceride and fasting plasma 
glucose or decreased HDL-c (6).

For the purpose of the present study, a MetS 
score was created using the sex- and age- specific 
Z-score cutoff points for the following variables: waist 
circumference, SBP, DBP, triglycerides, HDL-c, and 
HOMA-IR according to Eisenmann (36). The MetS 
score was chosen due to the lack of a standard definition 
of MetS for children or adolescents and because its 
prevalence in the population is still low (36). Since 
HDL-c concentration is inversely related to metabolic 
risk, the values of this variable were multiplied by -1. A 
higher score indicates a less favorable MetS profile (36).

Statistical analysis

The Statistical Package for the Social Sciences (SPSS), 
version 22.0, was used for statistical analysis. Central 
tendency and absolute and relative frequencies were 
estimated as descriptive statistics. Continuous variables 
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are reported as median and interquartile range. The 
chi-square test was used to compare the prevalence of 
categorical variables according to the presence of MetS. 
The Mann-Whitney U test was applied to compare the 
medians of general characteristics according to the 
presence of MetS. 

Spearman correlation coefficients were calculated 
to evaluate the association of the anthropometric 
parameters with MetS score, MetS components 
and HOMA-IR. Multiple linear regression analysis 
was applied to analyze the relationship between the 
anthropometric parameters and MetS score. Since 
the anthropometric parameters showed skewed 
distributions, they were log-transformed. Multivariable 
linear regression models were developed adjusting 
for age, sex, physical activity and maternal education. 
The standardized regression coefficients from these 
models were used to compare the relative effects of 
the anthropometric measurements on MetS score, 
regardless of the anthropometric measurement units.

We also carried out analyses to determine cutoff 
values of BMI, hip circumference, NC, triceps and 
subscapular skinfolds, and BF% to predict MetS. These 
cutoffs were determined by constructing receiver 
operating characteristic (ROC) curves for girls and boys 
separately. The area under the curve (AUC) was used as a 
measure of the diagnostic power of the test, considering 
the anthropometric measurements investigated. The 
greater the AUC, the greater the discriminatory power 
of the anthropometric measurement. Subsequently, the 
sensitivity (proportion of individuals with a diagnosis 
of MetS who were identified as having MetS by the 
anthropometric measure) and specificity (proportion 
of individuals without MetS who were identified as 
not having MetS by the anthropometric measure) were 
determined. The outcome, MetS score, was analyzed 
separately for each anthropometric parameter (BMI, hip 
circumference, NC, triceps and subscapular skinfolds, 
and BF%). Statistical significance was defined as p < 0.05. 

RESULTS

All analyses were conducted in the second phase of 
the study (n = 222), corresponding to individuals 
who returned the consent form of the first phase  
(n = 1,104). The Mann-Whitney U test showed no 
significant difference in maternal education or BMI (p = 
0.204 and p = 0.252, respectively) between adolescents 
enrolled in the first and second phases. Excess body weight 

(overweight and obesity) was observed in 20.3% of the 
participants and 7.2% had MetS. Table 1 shows the general 
characteristics of the adolescents according to the presence 
of MetS. All anthropometric and metabolic parameters 
were significantly (p < 0.05) higher in adolescents with 
MetS, except for HDL-c. No significant differences in age, 
sex, maternal education or physical activity were observed 
between adolescents with and without MetS (Table 1).

The Spearman correlation coefficients of all 
anthropometric parameters were positively correlated 
(p < 0.001) with MetS score and HOMA-IR. The 
correlation coefficients of MetS score (rho = 0.46), 
triglycerides (rho = 0.21), waist circumference (rho 
= 0.81) and HOMA-IR (rho = 0.39) with BMI were 
higher when compared to the other anthropometric 
parameters (hip circumference, NC, triceps and 
subscapular skinfolds, and BF%). However, SBP (rho 
= 0.41) and HDL-c (rho = -0.39) showed a higher 
correlation with NC than with BMI, hip circumference, 
triceps and subscapular skinfolds, or BF%.

The results of linear regression analysis are 
summarized in Table 2. All anthropometric variables 
were significantly (p < 0.001) associated with MetS 
score in both unadjusted and adjusted analysis. After 
adjusting each model for potential confounding variables 
(age, sex, physical activity, and maternal education), the 
standardized coefficients of log transformed values of 
NC and BF% indicated similar associations with MetS 
score. For each standard deviation (SD) increase in log 
NC or in log BF%, the MetS score increased by 0.69 
SD. The proportion of variance explained (adjusted R2) 
was higher for the regression analysis that included BMI 
when compared to any of the other anthropometric 
measurements (Table 2), i.e., BMI, age, sex, physical 
activity, and maternal education together explained 
31% of the variation in MetS score.

Table 3 and Figure 1 show the AUC for the 
anthropometric variables associated with metabolic 
syndrome according to sex. Higher AUC values were 
observed for boys (95.4% to 100.0%) when compared to 
girls (87.4% to 94.1%) and all differences in AUC were 
statistically significant (p < 0.001). Hip circumference 
and BMI showed the highest AUC for boys and girls, 
respectively. 

The optimal cutoffs, sensitivity and specificity of the 
anthropometric variables related to increased MetS risk 
are shown in Table 4. Except for triceps skinfold and 
BF%, the other cutoffs were higher in boys than in girls. 
High sensitivity (100.0%) and specificity (> 70.0%) were 
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Table 1. Socio-demographic and biochemical characteristics of Brazilian adolescents according to the presence of metabolic syndrome

Variable
Metabolic syndrome* (n = 222)

p
Absent (n = 206) Present (n = 16)

Age (years) 16.0 (1.0) 16.0 (1.0) 0.699†

Girls (%) 125 (60.7%) 10 (62.5%) 0.889‡

Maternal education (years) 8.0 (6.0) 7.0 (7.0) 0.302†

Physical activity (min/week) 2,160.0 (3,441.5) 2,641.0 (3,771.8) 0.647†

BMI (kg/m2) 21.0 (3.6) 30.2 (8.3) < 0.001†

Waist circumference (cm) 69.7 (8.7) 93.6 (18.3) < 0.001†

Hip circumference (cm) 94.6 (8.2) 112.0 (15.0) < 0.001†

Neck circumference (cm) 32.5 (5.0) 36.1 (5.7) < 0.001†

Triceps skinfold (mm) 13.1 (10.1) 30.2 (9.2) < 0.001†

Subscapular skinfold (mm) 11.3 (6.7) 33.7 (15.8) < 0.001†

Body fat percentage (%) 18.0 (12.7) 27.7 (5.9) < 0.001†

Systolic blood pressure (mmHg) 116.0 (13.0) 124.5 (14.0) 0.002

Diastolic blood pressure (mmHg) 61.0 (8.0) 66.0 (13.0) 0.001

HDL-c (mg/dL) 62.0 (15.3) 54.5 (17.5) 0.080

Triglycerides (mg/dl) 82.0 (40.3) 107.0 (62.3) 0.011

Fasting glucose (mg/dl) 102.0 (13.0) 106.5 (9.3) 0.008

Insulin (mIU/l) 9.1 (6.8) 16.6 (18.0) < 0.001†

HOMA-IR 2.3 (1.8) 4.5 (5.5) < 0.001†

BMI: body mass index; HDL-c: high-density lipoprotein cholesterol; HOMA-IR: homeostasis model assessment-insulin resistance.

* Values were expressed as the median (interquartile range).

† Mann-Whitney U test.

‡ Chi-square test.

Table 2. Association between log transformed values of the anthropometric measurements and metabolic syndrome score among Brazilian adolescents

Standardized 
coefficient* SE 95% CI p Adjusted R2†

Unadjusted analysis

BMI 0.57 0.06 0.45-0.69 < 0.001 0.32

Hip circumference 0.52 0.06 0.40-0.64 < 0.001 0.27

Neck circumference 0.35 0.06 0.23-0.47 < 0.001 0.12

Triceps skinfold 0.40 0.06 0.28-0.52 < 0.001 0.15

Subscapular skinfold 0.51 0.06 0.39-0.63 < 0.001 0.25

Body fat percentage 0.33 0.07 0.18-0.46 < 0.001 0.10

Adjusted analysis‡

BMI 0.57 0.06 0.45-0.69 < 0.001 0.31

Hip circumference 0.51 0.06 0.39-0.63 < 0.001 0.25

Neck circumference 0.69 0.09 0.51-0.87 < 0.001 0.22

Triceps skinfold 0.56 0.08 0.40-0.72 < 0.001 0.21

Subscapular skinfold 0.53 0.06 0.41-0.65 < 0.001 0.26

Body fat percentage 0.69 0.09 0.51-0.87 < 0.001 0.21

BMI: body mass index; SE: standard error of the mean; CI: confidence interval.

* Standardized regression coefficients to compare the relative effects of the anthropometric measurements on MetS score, regardless of the anthropometric measurement unit.

† Adjusted R2: proportion of variance explained including anthropometric measurement and confounders (age, sex, physical activity, and maternal education) as independent variables, and MetS score 
as the dependent variable.

‡ Each model was adjusted for age, sex, physical activity, and maternal education.
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Table 3. Area under the curve of the anthropometric measurements in the assessment of metabolic syndrome among Brazilian adolescents

Boys (n = 87) Girls (n = 135) Both (n = 222)

Variable AUC (95% CI) AUC (95% CI) AUC (95% CI)

BMI (kg/m2) 99.5 (98.3-100.0) 94.1 (89.8-98.4) 96.2 (93.5-98.9)

Hip circumference (cm) 100.0 (100.0-100.0) 91.3 (85.2-97.5) 95.0 (91.2-98.7)

Neck circumference (cm) 95.4 (88.4-100.0) 93.8 (89.1-98.5) 82.8 (73.6-92.0)

Triceps skinfold (mm) 99.6 (98.5-100.0) 90.4 (80.8-100.0) 94.3 (89.6-99.0)

Subscapular skinfold (mm) 99.2 (97.3-100.0) 90.5 (82.3-98.7) 94.8 (90.5-99.1)

Body fat percentage (%) 99.2 (97.3-100.0) 87.4 (79.4-95.4) 89.2 (82.7-95.7)

BMI: body mass index; AUC: area under the curve; CI: confidence interval.

Figure 1. Receiver operating characteristics (ROC) curves for the prediction of metabolic syndrome using anthropometric measurements in adolescents. 
a) Girls. b) Boys. c) Girls and boys.
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Table 4. Optimal cutoff, sensitivity and specificity of the anthropometric measurements for metabolic syndrome among Brazilian adolescents according 
to sex

Variable
Boys (n = 87) Girls (n = 135) Both (n = 222)

Cutoff Sensitivity 
(95% CI)

Specificity 
(95% CI) Cutoff Sensitivity 

(95% CI)
Specificity 
(95% CI) Cutoff Sensitivity 

(95% CI)
Specificity 
(95% CI)

BMI (kg/m2) 27.2 100.0 
(61.0-100.0)

97.5 
(91.4-99.3)

24.0 100.0 
(72.3-100.0)

84.8 
(77.5-90.0)

24.1 100.0 
(80.6-100.0)

86.4 
(81.1-90.4)

HC (cm) 106.9 100.0 
(61.0-100.0)

100.0 
(95.5-100.0)

99.4 100.0 
(72.3-100.0)

75.0 
(67.0-82.0)

99.5 100.0 
(80.6-100.0)

77.7 
(71.5-82.8)

NC (cm) 36.4 100.0 
(61.0-100.0)

76.5 
(66.3-84.4)

32.7 100.0 
(72.3-100.0)

83.1 
(75.5-88.7)

32.7 100.0 
(80.6-100.0)

51.5 
(44.4-58.0)

TS (mm) 20.8 100.0 
(61.0-100.0)

97.5 
(91.4-99.3)

25.0 90.0 
(59.6-98.2)

88.7 
(82.1-93.2)

21.0 93.8 
(71.7-98.9)

83.8 
(78.4-88.4)

SS (mm) 22.9 100.0 
(61.0-100.0)

95.0 
(88.0-98.1)

18.2 90.0 
(59.6-98.2)

79.0 
(71.3-85.4)

18.2 93.8 
(71.7-98.9)

82.8 
(77.3-87.5)

BF (%) 18.0 100.0 
(61.0-100.0)

95.0 
(88.0-98.1)

24.2 100.0 
(72.3-100.0)

70.2 
(63.6-79.1)

23.6 100.0 
(80.6-100.0)

80.4 
(74.5-85.3)

BMI: body mass index; HC: hip circumference; NC: neck circumference; TS: triceps skinfold; SS: subscapular skinfold; BF: body fat percentage; CI: confidence interval.

found for almost all anthropometric measurements in 
both sexes. Hip circumference (100.0% sensitivity and 
specificity) and BMI (100.0% sensitivity and 84.8% 
specificity) were the best predictors of MetS in boys 
and girls, respectively. BMI was also the best predictor 
of MetS when boys and girls were combined (100.0% 
sensitivity and 86.4% specificity).

DISCUSSION

In this study, we observed that BMI, hip circumference, 
NC, triceps skinfold, subscapular skinfold and 
BF% were associated with MetS score. Although 
BMI was the strongest predictor of MetS, all other 
anthropometric measurements showed good or high 
sensitivity and specificity to identify MetS in boys and 
girls. Additionally, for screening purposes and clinical 
practice, we tried to determine the cutoff values of the 
six anthropometric measurements related to increased 
MetS risk. Our results suggest that BMI and NC are 
effective screening tools for MetS in adolescents.

The prevalence of MetS observed in this study (7.2%) 
was higher than that reported in other studies involving 
Brazilian adolescents (2.6%) (11), Iranian children and 
adolescents (5.0%) (12), Algerian adolescents (0-4.0%) 
(25), Greek adolescents (3.0%) (37), young Thai adults 
(5.9%) (38), and Korean adolescents (2.0%) (39). On 
the other hand, the prevalence was lower than that 
reported for adolescents in Brazil (12.8%) (14), and 
in Puerto Rico (16.8%) (40). Our study confirmed 
previous evidence (4,11) of a higher prevalence of MetS 

in overweight (33.0%) compared to normal weight 
adolescents (0.6%). The worldwide prevalence of MetS 
among adolescents is on average 10.0%, ranging from 
2.0% among normal weight adolescents to 32.0% 
among obese individuals (4). The wide variability in 
MetS prevalence among studies is partly due to the use 
of different criteria to define MetS. The use of different 
criteria to identify MetS and the lack of a universal 
definition for adolescents make it difficult to interpret 
and compare the results (41,42).

Few studies conducted on adolescents (38,41) 
have associated body composition, measured by dual-
energy X-ray absorptiometry (DXA), with MetS. Some 
authors have indicated BMI as the best anthropometric 
parameter to detect MetS in children and adolescents 
(15,30), in agreement with our results. We also 
showed that NC and BF% are strong predictors of 
MetS, corroborating the results of other authors (26). 
Although NC has been suggested to identify overweight 
in children (43-45) and adolescents (45,46) or to 
predict CVDs and MetS in the adult population (16-
21,24), this parameter was recently investigated as an 
anthropometric parameter to predict MetS in apparently 
healthy adolescents (22,26,27). Since NC is a low-cost, 
time-saving, noninvasive, quick and easy-to-use measure 
(18,43,47,48), it might be used to screen individuals 
with MetS in epidemiological studies (20). Because of the 
limitations of BF% assessment (overnight fast necessary, 
not applicable in women during the menstrual cycle or 
in individuals performing moderate to vigorous physical 
activity before measurement, and ethnic variation) (49), 
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NC might be a more convenient option to detect MetS 
in adolescents. Compared to the other anthropometric 
measurements investigated in the present study, NC 
showed strong correlations with SBP and HDL-c, both 
MetS components. These results are consistent with 
other authors who also observed a strong relationship 
between SBP and NC in a study conducted in Lithuania 
on 1,947 adolescents aged 12-15 years (50).

Although BMI was the stronger predictor and 
showed higher accuracy in identifying MetS, the use 
of NC has advantages. For example, NC eliminates 
the need for a scale, stadiometer and undressing the 
subject, thus reducing the time necessary for evaluation 
and permitting to increase the number of subjects to 
be investigated (43). Given its good sensitivity and 
specificity, NC may be used for screening purposes, 
especially among people living in remote areas and in 
low-resource settings or when it is difficult to obtain 
weight and height (43). Furthermore, NC 1) is a proxy 
of upper BF distribution (47,48), which is strongly 
associated with the risk of CVDs and diabetes; 2) is 
not affected by postprandial abdominal distensions, 
avoiding false results (16,19,47); 3) is more acceptable 
among overweight and obese people (19,47), and 4) 
can be used both in research and in clinical settings to 
identify the risk of MetS in adolescents.

The use of sex- and age-specific criteria to identify 
adolescents with MetS was a strength of this study (6). 
Additionally, the use of a continuous variable (MetS 
score) instead of a categorical variable (MetS: yes or no) 
to detect MetS in adolescents has been recommended 
(12,36,41,42), especially due to the limitation of 
logistic regression in studies involving a small number of 
individuals with MetS (12). The prevalence of MetS in 
adolescents is low. In this respect, considering the outcome 
as a continuous variable increases the statistical power 
of the test (36,42) and avoids the loss of information 
that occurs when continuous variables are reclassified 
into categorical variables (41). For clinical purposes, 
since there are no accepted criteria for the definition of 
MetS in children and adolescents and because of the 
growing prevalence of MetS in this population, the use 
of a continuous variable to detect MetS seems to be an 
effective strategy to prevent the progression of MetS and 
associated pathologies in young people.

Another important strength of this study was the 
simultaneous association of multiple anthropometric 
measurements, including BMI, hip circumference, NC, 
triceps and subscapular skinfolds and BF%, with MetS 

in the same population of adolescents. This approach 
is important for clinical practice since it permits better 
comparison of different anthropometric indicators to 
diagnose MetS and to identify the best parameter to 
be used. Finally, this study has some limitations. First, 
its cross-sectional design does not allow conclusions 
about causality. Second, the lack of an international 
consensus classification of MetS in adolescents restricts 
the comparison of results between studies. Third, the 
small number of participants with MetS may limit the 
generalizability of our findings. Lastly, the MetS score 
derived in this study cannot be compared to other 
studies since it is sample specific.

In conclusion, all anthropometric measurements 
were associated with MetS score, with BMI showing 
the strongest relationship. However, in situations 
in which the measurement of height and weight is 
not possible, NC might be an interesting surrogate 
measurement because it can be obtained only with a 
tape measure at no cost. Health professionals should 
be made aware of this important tool for predicting 
MetS, even in apparently healthy adolescents. Since 
risk factors for MetS progress from childhood into 
adulthood, early lifestyle interventions are important to 
reverse the rising trend of noncommunicable diseases 
in adolescents. This approach may help decrease 
or prevent the onset of CVD and type 2 diabetes in 
adulthood, thus reducing the economic burden for the 
public health system.
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Influence of obesity in  
pulmonary function and  
exercise tolerance in obese  
women with obstructive  
sleep apnea

Vivian Maria Moraes Passos1, Anna Myrna Jaguaribe de Lima2,  
Bárbara Renatha Afonso Ferreira de Barros Leite1, Rodrigo Pinto Pedrosa3, 
Isly Maria Lucena de Barros4, Laura Olinda Bregieiro Fernandes Costa5, 
Amilton da Cruz Santos6, Maria do Socorro Brasileiro-Santos6

ABSTRACT 
Objective: To evaluate the influence of obesity on pulmonary function and exercise tolerance in 
women with obstructive sleep apnea (OSA). Subjects and methods: A descriptive analytic cross- 
sectional study was carried out. Thirty-nine (39) sedentary climacteric women, aged 45 to 60 years, 
were evaluated and submitted to polysomnography. The participants were divided into 4 groups: a) 
‘eutrophic non-OSA’ (n = 13); b) ‘eutrophic OSA’ (n = 5); c) ‘obese non-OSA’ (n = 6); d) ‘obese OSA’  
(n = 15). All subjects underwent clinical and anthropometric evaluation, followed by pulmonary 
function tests and 6-minute walk test (6MWT). Results: There was a significant difference in the 
predicted percentage values of FEV1/FVC when comparing ‘eutrophic OSA’ and ‘obese OSA’ (97.6% 
± 6.1% vs. 105.7% ± 5.7%, respectively; p = 0.025). The other spirometric variables did not show any 
differences between the studied groups. There was no significant difference in the maximum distance 
walked when the ‘eutrophic non-OSA’, ‘eutrophic OSA’, ‘obese non-OSA’ and ‘obese OSA’ groups 
were compared. Conclusion: Considering the results of this study, OSA itself did not influence 
pulmonary function or functional capacity parameters compared to eutrophic women. However, not 
only isolated obesity but also obesity associated with OSA can negatively impact sleep quality and 
lung function. Arch Endocrinol Metab. 2019;63(1):40-6
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INTRODUCTION

Obstructive sleep apnea (OSA) is a respiratory 
disorder characterized by repeated and cyclic 

episodes of total collapse of the upper airway during 
sleep. These events may result in oxygen desaturation, 
high blood levels of carbon dioxide and microarousals 
(1,2). Recent studies have estimated that nearly 4% of 
men and 2% of women in the world, aged between 
30 to 60 years, suffer from OSA (3). Tufik and cols. 
(4) showed that in São Paulo, Brazil’s most populous 
city, approximately 32% of the population present risk 
factors for any degree of OSA severity, and its prevalence 
increases with age for men and women, although it is 
higher in males.

There is also a high prevalence of OSA in obese 
individuals, mainly due to fat accumulation in the 
neck region, morphological modification of upper 
airways and lung volume reduction (2,3,5). Women 
of working/reproductive age tend to have less OSA 
than men, possibly as a result of protective action of 
progesterone over the pharyngeal dilator muscles. 
Leptin levels seem to have an influence on ventilatory 
control, promoting better responses to hypoxia and 
hypercapnia (6). In contrast, post-menopausal women 
have higher prevalence and severity of OSA caused by 
the loss of hormonal protection (3,6,7). 

Regarding the deleterious effects of obesity on 
pulmonary function, reduced forced expiratory 
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volume in the first second (FEV1) is observed, as well as 
reduced forced vital capacity (FVC) and their relation, 
lower strength and endurance of the respiratory 
muscles (5,8). In obese women, there is a reduction 
in the respiratory function, with lower vital capacity 
(VC) and diminished maximum voluntary ventilation 
(MVV) (9). 

To our knowledge, this is the first paper that has 
studied exercise tolerance in obese women with 
OSA. Therefore, the aim of this study was to evaluate 
the influence of obesity on pulmonary function, 
cardiorespiratory fitness and sleep quality in women 
with obstructive sleep apnea.

SUBJECTS AND METHODS

This is a cross-sectional descriptive study, approved by 
the Ethics and Research Committee of the Universidade 
Federal de Pernambuco. The participants were selected 
through the medical records of the patients admitted 
to the Heart and Sleep Laboratory – PROCAPE, based 
on their previous polysomnography exam.

Polysomnography was performed in the same 
laboratory, where all patients were monitored 
overnight using an Embletta-type handheld portable 
respirator (Embla, Embletta® Gold, USA) (10). 
This test aimed to identify the Apnea-Hypopnea 
Index (AHI), which is defined by the mean number 
of apnea and hypopnea events per hour, in order 
to confirm diagnosis and to measure OSA severity 
according to definitions of the American Academy of 
Sleep Medicine (11): i) absence of OSA < 5 events/
hour); ii) mild OSA (5 < AHI < 15 events/hour); 
iii) moderate OSA (15 < AHI < 30 events/hour); iv) 
severe OSA (AHI > 30 events/hour).

Women who were submitted to a polysomnography, 
aged between 45 and 60 years, eutrophic and grade I and 
II obese (12) were included in the study. Overweight 
and morbidly obese women, as well as smokers or 
people who had quit smoking for at least one year 
were excluded from the study. Participants receiving 
hormone replacement therapy or with respiratory 
disorders besides OSA, subjects who could not 
comprehend the verbal commands during evaluation 
or showed discomfort during the exams were excluded. 
Each participant provided written informed consent to 
participate.

Sample size calculation was performed using the 
GPower® software, version 3.1.6 (Kiel University, 

Germany), using a probabilistic error of 0.05, effect 
size of 0.25, and 80% statistical power as parameters, so 
that the minimum sample was determined as a total of 
20 subjects (n = 5 in each group).

Pittsburgh Sleep Quality Index. The Pittsburgh 
sleep quality index (PSQI), validated for Brazilian 
population (13), is a self-reported measure of sleep 
quality and queries about sleep-related variables 
over the previous month. The global score varies 
from 0 to 21, and higher results indicate poor sleep 
quality.

Physical Activity Questionnaire. The physical 
activity questionnaire (14), validated for the Brazilian 
population and remained from the original International 
Physical Activity Questionnaire (IPAQ), is also a self-
report questionnaire to detect the level physical fitness. 

Lung Function Evaluation. During spirometric 
tests (Spirobank G® USB (MIR, Rome, Italy), the 
patients remained seated, back steady and performed 
the forced vital capacity (FVC) and maximum 
voluntary ventilation (MVV) maneuvers. In every 
test, the maneuvers should conform with the criteria 
of the American Thoracic Society (ATS) (15). The 
resulting measurements of all tested maneuvers were 
FVC, FEV1, FEV1/FVC ratio, forced expiratory flow 
between 25 and 75% (FEF25%-75%), peak expiratory 
flow (PEF) and the MVV. All the results were expressed 
as an absolute value and percentage of the predicted 
numbers (16). 

Cardiorespiratory Fitness Evaluation. Six-minute 
walk test (6MWT), a submaximal effort test, was 
performed according to ATS (17) rules. Parameters 
such as saturation of peripheral oxygen (SpO2), heart 
rate (HR), respiratory rate (RR), systolic and diastolic 
blood pressure (SBP and DBP) and rate of perceived 
exertion were measured before and after the 6MWT, as 
recommended.  

Statistical Analysis. Statistical analysis was performed 
using the Statistical Package for the Social Sciences-
SPSS 15.0 (Statsofat Inc., Chicago, IL, USA, 2006). 
The Kolmogorov-Smirnov test evaluated normality 
of the data. ANOVA repeated measures was used to 
compare means within and between groups and post-
hoc analysis was evaluated by Bonferroni test. Fischer’s 
exact test verified differences between categorical 
variables. The results are presented as mean ± standard 
deviation. A p-value < 0.05 was considered statistically 
relevant for all analyses.
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RESULTS

Out of the 265 medical records evaluated in the Heart 
and Sleep Laboratory – PROCAPE, 178 provided 
information that did not match the inclusion criteria. 
From the 87 patients remaining, 21 were excluded 
because they did not fill the eligibility criteria when 
contacted and 66 were considered eligible. Then, 19 
subjects refused to participate, and another 8 started 
to participate in the study but were unable to perform 
the necessary tests, comprising a total sample loss of 
226 subjects. 

The final sample consisted of 39 women, aged 
between 45 to 60 years, divided into the groups 1) 
‘eutrophic non-OSA’ (n = 13), 2) ‘eutrophic OSA’ 
(n = 5), 3) ‘obese non-OSA’ (n = 6) and 4) ‘obese 
OSA’ (n = 15). In the ‘eutrophic OSA’ group, the 
prevalence of mild and moderate apnea was 80% and 
20%, respectively. 

In the ‘obese OSA’ group, the results were 40% 
for mild OSA, 47% for moderate OSA and 13% for 
severe OSA. Anthropometric measures are presented 
in Table 1. When comparing the eutrophic group 
with the obese group, regardless of OSA, a significant 
difference related to weight, body mass index (BMI), 
neck circumference and waist-hip ratio (WHR) were 
observed. Likewise, when comparing OSA and non-
OSA groups, regardless of obesity, different AHI 
results were detected, as expected. When comparing 

the ‘eutrophic OSA’ group and the ‘obese OSA’ group, 
the latter had significantly higher AHI levels (8.94 vs. 
17.98; p = 0.032) (Table 1). 

Sleep quality assessed with PQSI did not differ 
between eutrophic groups (OSA or non-OSA) (9.80 
± 6.63 and 9.08 ± 3.04; p = 0.617). The ‘eutrophic 
OSA’ group had higher PQSI results than the ‘obese 
OSA’ (9.08 ± 3.04 vs. 6.17 ± 2.48, p = 0.01), as well as 
comparing the ‘eutrophic OSA’ and ‘obese non-OSA’ 
(9.80 ± 3.04 vs. 6.17 ± 2.48; p = 0.04). In comparing 
the obese OSA and non-OSA, there were also different 
results (9.73 ± 3.53 vs. 6.17 ± 2.48, respectively;  
p = 0.035) (Table 1). Groups were paired in percentage 
of non-smokers/ex-smokers, presence of dyslipidemia 
and diabetes mellitus (DM). 

 However, the presence of systemic arterial 
hypertension (SAH) was more expressive in the ‘obese 
OSA’ group (Table 2). Physical fitness obtained through 
IPAQ did not show differences between groups (p = 
0.621) (Table 2). 

There was only a significant difference in the 
predicted percentage values of FEV1/FVC when we 
compared eutrophic and obese OSA groups (97.60% 
± 6.07% vs. 105.73% ± 5.73%, respectively; p = 0.025) 
(Table 3). The other spirometric variables did not show 
any differences between the studied groups. There 
was no significant difference in the maximum distance 
walked comparing the groups (Table 3).

Table 1. Sample characteristics, anthropometric information, apnea classification (AHI) and sleep quality (PSQI)

Variables 

Groups 

Eutrophic
non-OSA (n = 13)

Eutrophic
OSA (n = 5)

Obese  
non-OSA (n = 6)

Obese
OSA (n = 15)

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

Age (years) 52.5 ± 4.2 50.0 ± 12.1 50.0 ± 1.4 53.1 ± 6.22f

Weight (kg) 54.2 ± 6.18 53.5 ± 10.8 84.2 ± 10.72b.d 85.5 ± 10.02c.e

Height (m) 1.54 ± 0.05 1.55 ± 0.09 1.6 ± 0.07 1.6 ± 0.08e

BMI (kg/m2) 22.8 ± 2.0 22.1 ± 2.4 33.8 ± 3.09b.d 34.0 ± 1.79c.e

Neck Circumference (cm) 32.0 ± 1.8 33.1 ± 0.9 37.2 ± 1.3b.d 36.9 ± 2.59c.e

Waist (cm) 82.6 ± 7.9 78.4 ± 8.1 103.2 ± 8.8b.d 105.5 ± 6.83c.e

Hip (cm) 94.4 ± 5.6 94.3 ± 10.3 111.7 ± 6.5b.d 114.2 ± 5.58c.e

WHR 0.88 ± 0.08 0.83 ± 0.05 0.92 ± 0.04d 0.93 ± 0.06e

AHI (events/hour) 1.8 ± 1.5 8.9 ± 2.9a 2.3 ± 1.7d 18.0 ± 10.7c.e.f

PSQI 9.1 ± 3.0 9.8 ± 3.6 6.2 ± 2.5b,d 9.7 ± 3.5f

BMI: body mass index; WHR: waist hip ratio; AHI: apnea hypopnea index; PSQI: Pittsburgh sleep quality index. a p < 0.05 Eutrophic non-OSA x Eutrophic OSA; b p < 0.05 Eutrophic non-OSA x Obese 
non-OSA; c p < 0.05 Eutrophic non-OSA x Obese OSA; d p < 0.05 Eutrophic OSA x Obese non-OSA; e p < 0.05 Eutrophic OSA x Obese OSA; f p < 0.05 Obese non-OSA x Obese OSA.
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Table 2. Sample characterization, tobacco smoking, comorbidities and physical activity level

Variables 

Groups 

p-value*Eutrophic
non-OSA

Eutrophic
OSA

Obese  
non-OSA

Obese 
OSA

n (%) n (%) n (%) n (%)

Smoking

Non-smoker 10 (76.9) 5 (100.0) 4 (66.7) 10 (66.7) 0.585

Ex-smoker 3 (23.1) 0 (0.0) 2 (33.3) 5 (33.3)

SAH

Yes 7 (53.8) 0 (0.0) 4 (66.7) 12 (80.0) 0.016

No 6 (46.2) 5 (100.0) 2 (33.3) 3 (20.0)

Dyslipidemia 

Yes 4 (30.8) 2 (40.0) 1 (16.7) 4 (26.7) 0.879

No 9 (69.2) 3 (60.0) 5 (83.3) 11 (73.3)

DM

Yes 1 (7.7) 0 (0.0) 1 (16.7) 4 (26.7) 0.532

No 12 (92.3) 5 (100.0) 5 (83.3) 11 (73.3)

IPAQ

MET (min/week) 273,0 ± 198,5 283,8 ± 148,1 256,9 ± 101,6 273,0 ± 198,5  0.621

SAH: systemic arterial hypertension; DM: diabetes mellitus; IPAQ: international physical activity questionnaire. (*) Fisher’s Exact Test.

Table 3. Pulmonary function test results and maximum distance walked in the 6MWT

Variables 

Groups 

Eutrophic
Non-OSA (n = 13)

Eutrophic
OSA (n = 5) Obese non-OSA (n = 6) Obese 

OSA (n = 15)

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

FVC (l) 2.55 ± 0.45 3.05 ± 0.74 2.65 ± 0.64 2.60 ± 0.48

predicted FVC% 89.92 ± 16.44 102.00 ± 19.42 87.33 ± 19.65 86.47 ± 11.49

FEV
1
 (l) 2.16 ± 0.36 2.43 ± 0.60 2.26 ± 0.42 2.22 ± 0.40

predicted FEV
1
% 94.69 ± 16.36 98.60 ± 18.26 91.00 ± 15.28 92.60 ± 16.86

FEV
1
/FVC 84.92 ± 4.26 79.84 ± 6.16 86.38 ± 8.44 85.52 ± 4.87

predicted FEV
1
/FVC% 104.00 ± 5.52 97.60 ± 6.07 105.67 ± 9.61 105.73 ± 5.73e

PEF (l/s) 4.00 ± 0.90 3.91 ± 0.61 3.79 ± 0.43 4.33 ± 0.93

predicted PEF% 59.31 ± 13.33 56.80 ± 7.22 54.17 ± 4.88 62.13 ± 13.16

FEF
25-75% 

(l/s) 2.53 ± 0.41 2.47 ± 0.70 2.72 ± 0.46 2.82 ± 0.69

predicted FEF% 108.92 ± 19.94 99.20 ± 23.57 111.00 ± 17.74 119.07 ± 33.74

MVV (l/min) 82.74 ± 9.97 82.24 ± 12.68 90.87 ± 11.98 89.49 ± 19.18

predicted MVV% 75.69 ± 9.24 72.80 ± 8.96 75.67 ± 9.29 77.07 ± 15.81

Distance walked (m) 470.77 ± 8.22 462.72 ± 39.38 434.97 ± 51.32 453.11 ± 87.04

FEV
1
: forced expiratory volume in the first second; FVC: forced vital capacity; PFE: peak expiratory flow; FEV

1
/FVC: ratio of FEV

1
 to FVC; MVV: maximal voluntary ventilation. e p < 0.05 Eutrophic OSA 

x Obese OSA.

DISCUSSION 

OSA did not seem to affect the pulmonary function of 
eutrophic and obese individuals in the present study, 
but in the latter group it caused poor sleep quality. 
On the other hand, the presence of obesity proved 

to be a condition that not only negatively interferes 
in sleep quality of subjects with or without OSA, but 
also in certain pulmonary function variables. However, 
exercise tolerance was not modified by any of these 
disorders in the evaluated population.
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Regarding sleep quality, the PQSI had better 
results in the ‘eutrophic non-OSA’ when compared 
to the ‘obese non-OSA’, but there was no difference 
between the obese with OSA group. When validating 
the PQSI for the Brazilian population, Bertolazi and 
cols. (13) identified the results of this test from 2.5 ± 
2.0 in control individuals to 8.1 ± 4.0 in subjects with 
OSA. In our sample, non-OSA participants showed 
different outcomes, suggesting that not only OSA but 
also other factors related to sleep may have interfered 
in the results.

In the groups with OSA, the results followed 
the ones observed in PSQI validation (13). Among 
obese individuals, the PQSI showed differences when 
compared to OSA or non-OSA subjects, pointing out 
that the presence of the disease decreases sleep quality, 
at least in these individuals. In fact, other studies using 
the Epworth sleepiness scale (ESS) showed that obese 
people with OSA have bad sleep quality when compared 
to control groups (18,19).

Regarding pulmonary function and OSA, it is very 
clear that there is a complex interaction between structure 
and function. Previous studies have shown a relation 
between OSA and reduced pulmonary volume such 
as residual volume, and a decline of expiratory reserve 
volume and vital capacity, with a reduction of airway 
patency which increases the possibility of collapse, thus 
leading to emergence or aggravation of OSA. However, 
these primary variables are not the purpose of our study. 
Our results revealed that the main spirometric variables 
were not influenced by OSA when eutrophic or obese 
groups with or without the disorder were compared, as 
previously observed (20). Regarding FEV1 and FVC, the 
negative relationship between obesity and pulmonary 
function has already been demonstrated (21,22). 
Previous studies have also shown that there is reduction 
in these parameters and the predicted percentage in 
individuals with severe OSA (23). 

There were no differences in these two variables 
in the present study. It is possible that higher BMI as 
well as higher degrees of OSA may have interfered in 
the final results of those studies (22,23), which limits 
comparisons with our data. There were differences in the 
FEV1/FVC ratio in our study in terms of the predicted 
percentage between ‘eutrophic OSA’ and ‘obese OSA’, 
contradicting the results of other studies (21-23) which 
found that the quotient does not show a difference 
between eutrophic or obese groups with OSA or non-
OSA due to simultaneous and proportional reduction 

of FEV1 and FVC. It is assumed that the severity of the 
OSA, initially different, may have affected some level of 
obstruction in the participants, promoting such results. 

Regarding respiratory muscle resistance, Costa 
and cols. (9) showed that the MCC is reduced as the 
BMI increases. In the same way, Chien and cols. (23) 
observed a decrease of MVV in individuals with OSA. 
Their results are not compatible to our research, since 
our results did not show a difference between the 
studied groups. It is assumed that our MVV results were 
not influenced by OSA, or that the obese individuals 
may have received non-specific and indirect muscle 
training caused by the adipose tissue on the respiratory 
muscles, showing no differences in comparison to the 
eutrophic group. Data for FEF25-75% were similar in 
all the groups, corroborating the results of previous 
authors in which these variables do not change when 
comparing obese individuals with healthy control 
individuals (8,22). These answers explain the lower 
influence of obesity on expiratory volumes and confirm 
the restrictive character of it. However, there is evidence 
that this variable may decrease significantly, as long as 
there is a high BMI and presence of OSA (24). 

With regards to cardiorespiratory fitness, our results 
did not show any difference in the maximum distance 
walked during 6MWT in any of the groups, assuming 
that there would be no interference from obesity or 
OSA in this parameter. When the eutrophic and obese 
groups were compared, there were no significant 
changes in the maximum distance walked due to the 
obesity factor. The results contradict studies performed 
with obese and eutrophic subjects, which showed 
that the latter walked a greater distance, and that the 
difference among women was bigger (25). These 
authors confirmed a negative and discrete relationship 
between obesity (and its severity levels) and the distance 
walked in the 6MWT. 

Nevertheless, in comparing eutrophic and obese 
without OSA, Alameri and cols. (26) did not detect 
any differences in the distance walked, which supports 
the results of our research. Regarding the effects of 
OSA on cardiorespiratory fitness, just one previous 
study compared eutrophic individuals with or without 
OSA (27), and no difference was observed regarding 
VO2Max, respiratory exchange ratio (RER) or anaerobic 
threshold (AT) between the groups, which suggests no 
or little influence of the OSA on the functional capacity. 

Other results reinforce the low influence that this 
respiratory disorder has on exercise tolerance, as there 
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was no difference in variables such as VO2, RER and 
work rate by comparing groups with or without OSA 
or obese subjects separated by the level of OSA (28). 
Many previous studies have shown an association 
between OSA and reduced cardiorespiratory fitness. 
Some indicate that patients suffering with OSA have 
reduced functional capacity, since they observed 
lower VO2peak, VO2Max and AT values compared 
to the predicted values or in comparison to healthy 
individuals (29,30). In a gender comparison study, 
Cintra and cols. (31) showed that women with OSA 
in the climacteric period submitted to maximum effort 
test had lower oxygen consumption (VO2), reduced 
maximum heart rate (HRmax) and lower pressure 
levels than the ones found in men, which suggest that 
women with OSA have peculiarities during and after 
aerobic exercise. 

Pływaczewski and cols. (19) also suggest that 
patients with severe OSA show exercise intolerance and 
point to the female gender, the presence of SAH, high 
BMI and low FVC as increased factors. Vanhecke and 
cols. (18) not only observed a reduction of VO2max in 
morbidly obese individuals with OSA when compared 
to individuals who do not suffer from the disorder, 
but also an inverse relation between this variable and 
AHI, even if the ventilatory equivalents remain similar 
between the groups. 

Regarding the 6MWT, it was already seen that the 
distance walked was much higher in eutrophic with no 
OSA than in obese with OSA (26). It is important to 
note that the level of apnea was severe (average AHI of 
66 events/hour) (26) for these authors, as well as the 
obesity level (average BMI of 50 kg/m2) (18), which 
may have boosted the outcomes. 

The present study has some limitations. The low 
number of patients may have interfered in the results 
and some of the tested groups may have been even more 
negatively affected by this factor. The performance of 
this study was limited to one research center, what 
makes the data less extrapolated and compromises the 
generalization of the results. The results for pulmonary 
function could have been supplemented by evaluation 
of respiratory muscle strength, without which it is 
not possible to know if there is a muscular condition 
affecting the functional matter. 

Regarding the submaximal functional capacity, one 
of the limitations was the fact that other factors that 
contribute to exercise tolerance were not investigated, 
such as peripheral muscular condition, heart function 

and psychological factors. Moreover, a maximum effort 
test could generate more reliable answers about the 
exercise tolerance for the studied population.

Considering the results of this study, OSA itself did 
not influence pulmonary function and functional capacity 
parameters when obese and non-obese women were 
compared, but this disorder improved poor sleep quality 
in obese subjects. However, not only isolated obesity but 
also obesity associated with OSA can negatively impact 
sleep quality and lung function. It is suggested that 
studies with a larger sample size with different grades 
of OSA and obesity, along with pulmonary strength 
tests and maximal cardiopulmonary exercise test and 
associations between lung function and anthropometric 
and polysomnographic variables should be considered to 
obtain more reliable answers about pulmonary function 
and exercise tolerance in obese women with OSA.
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original article 

Clinical and hormonal 
characteristics of patients with 
different types of hypophysitis: 
a single-center experience

Narin Nasiroglu Imga1, Ali Erdem Yildirim2, Ozden Ozdemir Baser1, Dilek Berker1

ABSTRACT
Objective: The inflammation of the pituitary gland is known as hypophysitis. It is a rare disease accounting 
for approximately 0.24%-0.88% of all pituitary diseases. The natural course of hypophysitis is variable. 
Main forms are histologically classified as lymphocytic, granulomatous, IgG4 related and xanthomatous. 
We aim to present our patients with hypophysitis and compare clinical, laboratory and radiological 
features. Subjects and methods: We retrospectively reviewed our database of 1.293 patients diagnosed 
with pituitary diseases between 2010 and 2017. Twelve patients with hypophysitis were identified. 
Demographical data, clinical features, endocrinological dysfunction, imaging findings, treatment courses 
and follow-up periods were evaluated. Results: The frequency of hypophysitis was found 0.93% in all 
cases of the pituitary disease. Twelve patients (nine females and three males), ages between 17-61 years, 
were evaluated. The characteristic features of our patients tended to be predominantly female and young. 
Diagnosis of hypophysitis was made after pituitary biopsy in four patients, and in eight patients after 
pituitary operation due to adenoma. Headache (67%) and visual problems (33%) were the most frequent 
nonendocrine symptoms. Anterior pituitary hormone deficiencies (63.7%) and/or diabetes insipidus 
(17%) were seen among patients. According to histopathological forms, four had lymphocytic, seven 
had granulomatous and one had xanthogranulomatous types. Contrast enhancement heterogeneous 
and thickened pituitary stalk were the most common radiological alterations. Conclusion: Hypophysitis 
should be considered in the differential diagnosis of sellar masses. It can mimic pituitary adenomas in 
radiological and endocrinological aspects. The different patterns of pituitary hormone deficiencies may 
be seen in the course of the disease. Arch Endocrinol Metab. 2019;63(1):47-52
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INTRODUCTION

F ocal or diffuse inflammation and cellular infiltration 
of the pituitary gland is known as hypophysitis. It is 

a significant condition, which can mimic the other sellar 
lesions and result in the destruction of pituitary gland 
cells. It may also result in isolated anterior and posterior 
pituitary hormone deficiency or panhypopituitarism 
(1). Hypophysitis is an uncommon disease accounting 
for approximately 0.24%-0.88% of all pituitary diseases, 
with a reported annual incidence rate of one case per 
9 million (2-4). Based on histological appearance and 
pathophysiological mechanism, the inflammation of the 
pituitary gland is categorized as primary and secondary 
hypophysitis. Secondary hypophysitis can be originated 
from neighboring tissue lesions or multisystemic 
inflammatory diseases (5,6). Primary hypophysitis is 
classified as lymphocytic (autoimmune), granulomatous, 
xanthomatous, IgG4-related and lymphoplasmacytic. 

It also has mixed forms called lymphogranulomatous 
and xanthogranulomatous hypophysitis. Xanthomatous 
hypophysitis is characterized by infiltration of foamy 
histiocytes in the anterior pituitary gland. Causes and 
natural courses of secondary hypophysitis are variable. 
According to the anatomical location, hypophysitis 
lesions are classified into adenohypophysitis, 
infundibuloneurohypophysitis or panhypophysitis (7).

In this study, we aim to present clinical features, 
neurologic and endocrinologic data, and treatment 
courses of twelve patients with hypophysitis that 
followed up in a single-center. 

SUBJECTS AND METHODS

We retrospectively reviewed our database of 1.293 
patients diagnosed with a pituitary mass disease followed 
at Ankara Numune Education and Research Hospital 
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Department of Endocrinology between 2010 and 2017. 
Out of 1.293 patients, 12 patients who had histological 
confirmation of hypophysitis were included to the study. 
Demographical and laboratory data, clinical features, 
endocrinological dysfunction, magnetic resonance 
imaging (MRI) findings of the pituitary gland, treatment 
courses and follow-up period were all evaluated. All 
patients had initial and control MRI images taken of their 
pituitary gland. Pituitary gland volume was measured by 
the volume = 1/2 x length x width x height formula, as 
described in a previous study (8). All patients underwent 
transsphenoidal microscopic surgery (TSS). After TSS, 
all specimens were exposed to hematoxylin and eosin 
(H&E) staining and immunohistochemical staining. 
After that, according to underlying disease, they were 
divided into primary or secondary hypophysitis. By 
the anatomical location, the cases were classified into 
adenohypophysitis, infundibuloneurohypophysitis or 
panhypophysitis. Pretreatment and post-treatment 
plasma concentrations of hormones related to 
the pituitary gland, such as ACTH, basal cortisol, 
thyrotropin stimulating hormone (TSH), free T4, free 
T3, growth hormone (GH), IGF-1, prolactin, follicle-
stimulating hormone (FSH), luteinizing hormone (LH) 
and estradiol or total and free testosterone levels, were 
evaluated. In addition, the function of the posterior 
pituitary gland was evaluated with clinical symptoms 
according to plasma and urinary osmolality and plasma 
sodium levels. The laboratory analyses of all these cases 
were evaluated. Growth hormone deficiency (GHD) was 
diagnosed by the insulin tolerance test (ITT) or glucagon 
test. In patients with clear-cut characteristics of GHD 
and three other documented pituitary hormone deficits 
the diagnosis of GHD was made without biochemical 
testing. Steroid replacement therapy was given to 
patients with adrenal insufficiency. Adrenal insufficiency 
diagnosed if a morning cortisol level < 3 μg/dL and a 

level > 15 μg/dL likely excluded an adrenal insufficiency 
diagnosis. In case of cortisol levels between 3-15 μg/dL 
adrenal insufficiency was assessed using ITT or standard-
dose ACTH stimulation tests. Peak cortisol levels > 18.1 
μ/dL at 30 or 60 minutes excluded adrenal insufficiency. 
Central hypothyroidism diagnosis confirmed by free T4 
level below the laboratory reference range in concurrence 
with a low, normal, or mildly elevated TSH (9). For the 
follow-up in the first year, the patients were evaluated 
every six months after the surgery, followed by every 
year. The local ethical committee of Ankara Numune 
Education and Research Hospital approved the study. 

RESULTS

The frequency of hypophysitis was found 0.9% among 
our 1.293 cases with pituitary disease. The follow-up 
time ranged from 6 to 98 months (median: 28 months). 
Demographical characteristics of 12 cases and pituitary 
gland volume at the presentation and control are 
summarized in Table 1. Twelve patients (nine females 
and three males) with ages ranged between 17 and 
61 years (mean age: 44) were evaluated. At the time 
of diagnosis female patients were not pregnant or in 
the puerperium period. The mean age at presentation 
was between fourth and fifth decades in lymphocytic 
and granulomatous hypophysitis; on the other hand, a 
case of xanthogranulomatous hypophysitis was younger 
(27 years). The features suggesting hypophysitis on the 
MRI scans were: diffuse symmetric enlargement of the 
pituitary gland, a thickened stalk, expansion of sella 
turcica and homogeneous or heterogeneous pituitary 
gland. Mean pituitary gland volume at presentation 
was found to be 6,115 ± 8,873 mm3. However, in the 
follow-up period, the mean pituitary gland volume 
was decreased to 1,009 ± 2,225 mm3. No other major 
changes were observed radiological image pattern. 

Table 1. Demographical data of patients according to those subgrouped with histological diagnosis 

All LyHy (n = 4) GrHy (n = 7) XantgrHy (n = 1)

Mean age, y 44 (17-61) 40 (17-55) 48 (28-61) 27

Gender 

Female 

Male

9 (75%)

3 (25%)

3 (75%)

1 (%25)

6 (%86)

1 (%14)

-

1 (100%)

BMI 26.8 ± 2.6 26.2 ± 2.4 26.9 ± 2.9 29.1

Pituitary gland volume baseline (mm3) 6,115 ± 8,873 8,169 ± 7,717 5,564 ± 10,403 1,755

Pituitary gland volume after follow-up (mm3) 1,009 ± 2,225 4,415 ± 3,867 174 ± 315 40.5

LyHy: lymphocytic hypophysitis; GrHy: granulomatous hypophysitis; XantgrHy: xanthogranulomatous hypophysitis BMI: body mass index.

Values are expressed as mean (range), median or number (%).
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Pituitary surgery was performed for histological 
diagnosis and to improve the compressive neuropathy 
symptoms in big-sized pituitary gland and mimicking 
adenoma cases. In cases of a small-sized pituitary gland, 
surgery was performed only for histological diagnosis. 
In four patients diagnosis was made through pituitary 
biopsy, while in eight patients after pituitary operation. 
All the patients underwent TSS, and histopathological 
diagnosis was made through H&E staining and 
immunohistochemical staining. According to the 
histopathological features, three types of the hypophysitis 
were detected: lymphocytic (n = 4), granulomatous (n 
= 7) and xanthogranulomatous (n = 1). The clinical 
characteristics, radiological and endocrinologic findings 
of patients according to histological diagnosis of 
hypophysitis was given in Table 2.

Symptoms were found non-specific, but the most 
predominant non-endocrine symptoms were headache 
(67%) and visual field defects (33%), followed by 
secondary amenorrhea and impotence. The duration 
of symptoms varied from a few days to over five years. 
Pituitary gland swelling (33%), compression of the 
optic chiasm (33%) thickened pituitary stalk (41%) 
and heterogeneous contrast enhancement (58%) were 
identified in patients. Endocrinological evaluation was 
performed in all cases. Pituitary gland dysfunction was 
seen in variable degrees. Panhypopituitarism was seen 

in 50% of the cases and 25% had one or more isolated 
hormone deficiencies. The most isolated pituitary 
dysfunctions were suppressed gonadal axis, followed by 
suppression of pituitary-thyroid axis (75%). Diabetes 
insipidus (DI) was identified in 17% of patients. At the 
time of the diagnosis, seven patients received steroid 
therapy (58%) and nine patients received levothyroxine 
therapy (75%). Four cases with primary hypophysitis 
were treated with high doses of glucocorticoids (1g/
day methylprednisolone for three days), followed by 
tapering gradually (10 mg/day). Complete recovery 
was observed in one patient (25%). During the 
follow-up period, six patients remained to receive 
steroid therapy, seven on levothyroxine therapy and 
nine on hypogonadotropic hypogonadism therapy. 
Radiological features of all cases at presentation were 
evaluated according to MRI focused on the sellar 
area (Table 3). Heterogeneous contrast enhancement 
and increased infundibulum thickening were 
found in 50% of lymphocytic cases and in 57% of 
granulomatous hypophysitis cases. Cavernous sinus 
invasion and optic tract compression were found in 
one case of lymphocytic and one case of granulomatous 
hypophysitis. Etiology of the hypophysitis including 
autoimmune diseases and antibodies were investigated 
in all patients. All the lymphocytic cases were found 
idiopathic. Granulomatous hypophysitis cases were 

Table 2. The clinical characteristics, radiological and endocrinologic findings of patients according to histological diagnosis of hypophysitis

Symptoms and clinical signs All (n = 12) LyHy (n = 4) GrHy (n = 7) XantgrHy (n = 1)

Headache 8 (67%) 2 (50%) 5 (71%) 1 (100%)

Weight gain 2 (16%) 1 (25%) 1 (14%) 0

Nausea, vomiting 3 (25%) 1 (25%) 2 (29%) 0

Visual defects 4 (33%) 2 (50%) 2 (29%) 0

Amenorrhea/impotence 5 (41%) 1 (25%) 3 (43%) 1 (100%)

Initial radiological signs

Pituitary gland swelling 4 (33%) 2 (50%) 2 (29%) -

Compression of the optic chiasm 4 (33%) 1 (25%) 3 (43%) -

Thickened pituitary stalk 5 (41%) 2 (50%) 3 (43%) -

Contrast enhancement heterogeneous 7 (58%) 2 (50%) 4 (57%) 1 (100%)

Initial endocrinological disturbance 

Diabetes insipidus 2 (17%) 1 (25%) 1 (14%) -

Hypogonadism 9 (75%) 3 (75%) 6 (86%) -

GH deficiency 6 (50%) 2 (50%) 4 (57%) -

Hypothyroidism 9 (75%) 4 (100%) 5 (71%) -

Adrenal insufficiency 7 (58%) 4 (57%) -

Hyperprolactinemia 1 (8%) 1 (25%) 1 (14%) -

LyHy: lymphocytic hypophysitis; GrHy: granulomatous hypophysitis; XantgrHy: xanthogranulomatous hypophysitis; GH: growth hormone.
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evaluated; three patients had secondary granulomatous 
hypophysitis and four patients were idiopathic. All three 
cases of secondary hypophysitis were diagnosed with 
tuberculosis hypophysitis and the diagnosis of pituitary 
tuberculosis was made through a positive tuberculin 
skin test and response of an interferon-gamma release by 
QuantiFERON TB- Gold test. These patients received 
antituberculous therapy. In the follow-up period, no 
recurrence of hypophysitis was observed in patients. 
The visual functions were improved in patients who 
had optic tract compression. Contrarily, the hormonal 
deficiencies were not improved and were aggravated 
after the diagnosis in some patients. 

DISCUSSION

The natural course of hypophysitis is variable, ranging 
from spontaneous recovery to death. The prevalence and 
incidence of hypophysitis are not known with accuracy. 
In previous studies, the frequency of hypophysitis tends 
to be more in females (10,11). Our study confirmed 
the male/female ratio of 1:3 with the dominance of 
females reported in recent studies. The hormonal and 
clinical manifestations of hypophysitis are variable 
for all types. The signs and symptoms are related to 
anterior or posterior pituitary hormone deficiency and 
compression of sella. It is estimated that the immune 
system affects the anterior lobe, posterior lobe or both 
and caused hormone deficiency (12). According to 
clinical and neuroradiological findings, hypophysitis 
can involve the anterior pituitary gland, infundibulum, 
posterior lobe (infundibuloneurohypophysitis) or 

the entire pituitary gland (panhypophysitis) (13). 
Infundibuloneurohypophysitis is related to the 
etiological diagnosis of anterior hypopituitarism, 
particularly GH deficit, and secondary hypogonadism 
and DI (14). 

In other studies, it was reported that primary 
hypophysitis was usually seen in the anterior lobe of 
hypophysitis (15), and symptoms due to anterior 
pituitary hormone deficiency were the highest (16). 
This anterior pituitary deficiency was most common 
in our study group. Most of our patients had 
adenohypophysitis involvement, and DI was seen in 
16% of the patients. These patients had panhypophysitis 
and infundibuloneurohypophysitis. In the literature, it 
was reported that infundibuloneurohypophysitis is a 
cause of central DI (17,18).

Primary hypophysitis is commonly idiopathic, 
but in some cases it is related to other autoimmune 
diseases, such as autoimmune polyglandular syndrome 
(APS), Hashimoto thyroiditis, Graves’ disease, type 1 
diabetes mellitus, systemic lupus erythematosus and 
Sjögren’s syndrome. Secondary hypophysitis causes 
are variable and consist of local pituitary lesions 
(adenomas, craniopharyngiomas, Rathke’s cleft cysts, 
germinomas and meningiomas), systemic inflammatory 
diseases (sarcoidosis, granulomatosis with polyangiitis, 
vasculitis), infectious diseases (tuberculosis, syphilis, 
aspergillosis, coccidioidomycosis), infiltrative diseases 
(hemochromatosis, amyloidosis, Langerhans cell 
histiocytosis) and secondary to treatment (anti-CTLA-4 
monoclonal antibodies, interferon-alfa), but the source 
is frequently unknown. Lymphocytic hypophysitis is 

Table 3. The clinicopathological characteristics and radiological features of the patients included in this study

Case nº Diagnosis Age, Gender Size (mm) Gland volume 
(cm3) Enhancement Infundibulum 

Thickening
Cavernous 

sinus invasion
Optic tract 

compression

1 Lymphocytic 31, F 29 4,872 Homo Yes No No

2 Lymphocytic 55, F 36 19,656 Homo Yes Yes Yes

3 Lymphocytic 17, F 18 5,148 Hetero No No No

4 Lymphocytic 40, M 15 3,000 Hetero No No No

5 Granulomatous 39, F 20 1,200 Homo No No No

6 Granulomatous 37, F 28 28,910 Homo Yes Yes Yes 

7 Granulomatous 61, F 14 1,568 Homo Yes No No

8 Granulomatous 48, F 11 495 Hetero No No No

9 Granulomatous 48, F 15 750 Hetero No No No

10 Granulomatous 51, F 11 1,073 Hetero Yes No No

11 Granulomatous 28, M 29 4,959 Hetero Yes No No

12 Xhanthogranulomatous 27, M 15 1,755 Hetero Yes No No

F: female; M: male.
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initially characterized by lymphocytic infiltration and 
expansion of the pituitary gland, and followed by 
destruction of the pituitary cells (12). Granulomatous 
hypophysitis is characterized by infiltration by histiocytes 
and giant cells. Xanthomatous hypophysitis is a very 
uncommon form of hypophysitis, and histologically 
it is characterized by infiltration of foamy histiocytes 
in the pituitary gland (19). Lymphocytic hypophysitis 
is the most common subtype of hypophysitis (7), but 
the granulomatous type was the most common type 
seen among our patients. In our patients, 67% had 
granulomatous hypophysitis and 33% had lymphocytic 
hypophysitis. Based on the histopathologic features 
IgG4 related hypophysitis is a rare type of hypophysitis, 
but IgG4 positivity was not found in our patients.

The courses of primary and secondary hypophysitis 
are variable and unpredictable (20). Naturally, in the 
pituitary gland, inflammation primarily occurs and then 
is followed by edematous and an enlarged gland, and 
then the secondary mass effects are developed. The 
mechanism is due to the destruction of pituicytes, and 
the parenchyma is replaced by fibrosis. This results in 
pituitary atrophy and leads to hypopituitarism. The 
disease course may be rapidly destructive and aggressive 
(21). In some cases in the literature, the partial or full 
recovery resolution of pituitary functions has been 
recognized (22,23). In our study, full recovery was seen 
in only one case. Partial recovery of pituitary function 
was seen in 17% of patients, and 50% of patients 
remained unchanged in pituitary functions during 
follow-up. Long-term follow-up is essential for possible 
hypopituitarism due to development of empty sella.

In the management of hypophysitis, a symptomatic 
treatment approach is usually needed. Symptomatic 
treatment can both minimize the size of the pituitary 
mass and replace the defective endocrine function. 
Observation with replacement for deficient pituitary 
hormones, TSS, radiotherapy, medical treatment with 
immunosuppressant drugs such as glucocorticoids, 
azathioprine, methotrexate or cyclosporine A are 
treatment options to reduce the mass effect. Owing 
to the lymphocytolytic features, the glucocorticoids 
are efficient for reducing the volume of the pituitary 
mass and the thickened stalk (24,25). Therewithal, the 
treatment of secondary hypophysitis must be focused 
for the etiology of underlying disease and simultaneous 
missing hormone replacement. In addition, providing 
the histological diagnosis surgery can achieve sellar 
mass decompression and resolve the symptoms of mass 

effect. In our patients, of all who underwent surgical 
treatment, three of five patients who had lymphocytic 
hypophysitis who received high dose glucocorticoid 
treatment, and three of seven patients who had 
granulomatous hypophysitis who had treatment of 
underlying disease showed significant mass reduction. 
Complete recovery without any hormone replacement 
was observed in one patient. We consider that the diffuse 
lymphocytic and granulomatous infiltration leads to 
cell destruction in the pituitary gland and resulted in 
irreversible pituitary hormone dysfunction. As seen in 
our patients, the individuals who had hypopituitarism 
usually did not benefit from surgical decompression 
and high dose glucocorticoid treatment. After the 
fibrous stage of hypophysitis, the responsiveness of 
glucocorticoid therapy is decreased. 

Surgical treatment is generally appropriate for 
achieving decompression of pituitary masses, however, 
it infrequently improved hormone deficiency. It is 
suggested that surgery should generally be performed in 
the presence of critical and progressive deficits of visual 
fields and in patients who are unresponsive to medical 
treatment. Surgery also has some complications, such 
as bleeding, cerebrospinal fluid leaks and DI (26). 
Consequently, in the treatment of hypophysitis in 
the absence of symptoms related to mass effect, the 
replacement of missing hormones must be performed. 
After that, hypophysitis should be distinguished as 
primary or secondary. If the diagnosis of primary 
hypophysitis is made, high dose glucocorticoid therapy 
should be given, for the secondary hypophysitis 
appropriate management of underlying disease still 
remains incontrovertible.

Pituitary tuberculosis is a rare cause of a secondary 
hypophysitis. All our three cases of secondary 
hypophysitis were diagnosed with tuberculosis 
hypophysitis, without the systemic manifestations of 
tuberculosis infection. The histological studies showed 
chronic inflammatory lesions of granulomatous type 
in different phases, leading to different degrees of 
destruction and necrosis of the pituitary gland with 
giant cells. The diagnosis of pituitary tuberculosis was 
made through a positive response of an interferon-
gamma release by QuantiFERON TB- Gold test and 
positive tuberculin skin test. A confirmation by acid 
fast Bacilli, and chain polymerase reaction for detection 
of mycobacterial DNA, and Ziehl-Neelsen staining 
tests of pituitary biopsy were found negative. Patients 
received antituberculous therapy at least one year. In 
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the follow-up period, no recurrence of hypophysitis 
was observed in patients.

The limitation of our study is the lack of serum 
anti-pituitary auto-antibodies (APA) and serum anti-
hypothalamus auto-antibodies (AHA) because these tests 
have not been routinely available in our laboratory. It was 
suggested that high positivity of APA and AHA has the 
potential to be helpful in the diagnosis of hypophysitis 
(27) but autoantigens are poorly defined (28). 

In conclusion, hypophysitis should be kept in mind 
in patients with hormone deficiencies and sellar masses. 
It can mimic pituitary adenomas in radiological and 
endocrinological aspects. The different patterns of 
anterior pituitary hormone deficiencies and diabetes 
insipidus may be seen in the course of disease. The 
deficit of the anterior pituitary hormones was seen 
most commonly in our cases of hypophysitis. In 
the absence of surgical decompression, the first-line 
therapy must be the replacement of missing hormones. 
Surgical treatment should be done to reduce the size 
of the mass and degree of compressive neuropathy, 
such as ophthalmoplegia and visual field defects. The 
goal of the medical treatment is consistent with high 
dose glucocorticoids for primary hypophysitis, and for 
secondary hypophysitis is underlying disease. Due to 
possible development of empty sella long-term, follow-
up is necessary in all hypophysitis cases.
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Basal metabolic rate in Brazilian 
patients with type 2 diabetes: 
comparison between measured 
and estimated values

Thais Steemburgo1,2,3, Camila Lazzari2, Juliano Boufleur Farinha4, 
Tatiana Pedroso de Paula3, Luciana Vercoza Viana3,  
Alvaro Reischak de Oliveira4, Mirela Jobim de Azevedo3

ABSTRACT
Objectives: The aims of this study are to investigate which of the seven selected predictive equation 
for estimating basal metabolic rate (BMR) is the best alternative to indirect calorimetry (IC) and to 
evaluate the dietary energy intake in patients with type 2 diabetes. Subjects and methods: Twenty-
one patients with type 2 diabetes participated in this diagnostic test study. Clinical and laboratorial 
variables were evaluated as well as body composition by absorptiometry dual X-ray emission (DXA) 
and BMR measured by IC and estimated by prediction equations. Dietary intake was evaluated by 
a quantitative food frequency questionnaire. Data were analyzed using Bland–Altman plots, paired 
t-tests, and Pearson’s correlation coefficients. Results: Patients were 62 (48-70) years old, have had 
diabetes for 8 (2-36) yeas, and 52.4% were females. The mean body composition comprised a fat-free 
mass of 49.8 ± 9.4 kg and a fat mass of 28.3 ± 7.2 kg. The energy intake was 2134.3 ± 730.2 kcal/day 
and the BMR by IC was 1745 ± 315 kcal/day. There was a wide variation in the accuracy of BMR values 
predicted by equations when compared to IC BMR measurement. Harris-Benedict, Oxford, FAO/WHO/
UNO equations produced the smallest differences to IC, with a general bias of < 8%. The FAO/WHO/
UNO equation provided the best BMR prediction in comparison to measured BMR. Conclusion: In 
patients with type 2 diabetes, the equation of the FAO/WHO/UNO was the one closest to the BMR 
values as measured by IC. Arch Endocrinol Metab. 2019;63(1):53-61
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INTRODUCTION

T ype 2 diabetes is the most common form of the 
diabetes mellitus (DM), usually occurs in adult 

life, and is associated with obesity in about 80% of 
cases. The primary strategy for treating obese patients 
with type 2 diabetes is the loss of body mass through 
changes in lifestyle, which has been associated with 
improvement in glycemic control (1). Among these 
interventions, an appropriate dietary prescription with 
the goal of reducing body weight, taking into account 
each patient’s daily energy needs, is essential. The main 
energy requirement component is the total energy 
expenditure (TEE), and calculating the TEE requires 
knowledge of the basal metabolic rate (BMR) (2).

The most accurate procedure for measuring BMR 
is indirect calorimetry (IC), which is considered the 

reference method. However, its use is limited due to 
equipment costs, the need for qualified and trained 
personnel, and time constraints. In clinical practice, 
several predictive equations have been developed as 
alternative methods for estimating BMR (3-6). 

The variability of BMR may depend on several 
factors, such as sex, ethnicity, age, physical activity, 
genetic factors, the presence of diabetes or obesity, 
body composition, and caloric intake (7). Several 
studies have evaluated BMR using prediction equations 
in different populations (8-10) and specific ethnic 
groups, as demonstrated in the US and Dutch (11), 
Belgian (12), Pima Indians (13), Caucasians (14) and 
Asian populations (15-18)

In nondiabetic individuals, different studies have 
demonstrated that the equations described by Harris-
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Benedict (3), Schofield (4), Mifflin-St. Jeor (5), and 
the FAO/WHO/UNO (6) can overestimate or 
underestimate the BMR value as compared with IC. 
A cross-sectional study in Brazilian eutrophic and 
obese men showed a variation between the prediction 
equations as compared to IC (8). The equation that 
was closest to the BMR was the one proposed by 
Mifflin-St. Jeor, with a difference of -9.1% in obese 
subjects and of 0.9% in eutrophic subjects (8). In 40 
obese Brazilian women, the equations of Harris and 
Benedict and the FAO/WHO/UNO that use weight 
and height in their formulas were the only ones that 
did not present statistically significant differences when 
compared to IC (9). Finally, in another study conducted 
in 86 Spanish obese women also submitted to a dietary 
intervention, the most accurate formula for estimating 
BMR was the Mifflin-St. Jeor equation and the smallest 
bias was demonstrated by Owen’s equation using IC as 
the reference method (10).

In patients with type 2 diabetes data on BMR 
prediction equations have been previously described 
(13,14,16-22), however, in Brazilian diabetic patients 
it was scarcely investigated (19). Indeed, one study 
that included only Brazilian obese women with type 2 
diabetes, the equation of Mifflin-St. Jeor underestimated 
BMR in -2.6% and the FAO/WHO/UNO equation 
overestimated BMR in 10.6% as compared with IC (19). 
Two other studies proposed formulas for predicting 
BMR in diabetic patients, irrespective of sex (20,21). 
In a cross-sectional study conducted in 65 patients with 
type 2 diabetes, the inclusion of fasting blood glucose 
as a variable in a BMR predictive formula improved its 
predictability for real BMR by > 3% (20). Hyperglycemia, 
defined as fasting blood glucose > 180 mg/dL, increased 
the BMR by up to 8% (20). A retrospective analysis of 
severely obese patients was performed to compare the 
BMR of patients with and without diabetes (21). Obese 
Japanese patients with diabetes had a higher BMR than 
nondiabetic patients (18) and the presence of diabetes 
should be included as a variable in their proposed BMR 
predictive equation (21). In fact, the association of poor 
glycemic control with a high BMR, as evaluated by 
high A1c values, has already been demonstrated (22). 
In addition, the reduction of BMR has been negatively 
associated with both endogenous and exogenous insulin 
values, as demonstrated in a study conducted in 58 
patients with type 2 diabetes (23). 

Given that most predictive equations overestimate 
BMR in obese subjects, that the majority of patients 

with diabetes are obese or overweight, and that 
hyperglycemia has been associated with an increase in 
BMR, it is important to evaluate the best prediction 
equations for calculating BMR in order to recommend 
an adequate dietary intervention for diabetic patients. 
In addition, studies in Brazilian diabetics are scarce, 
the aim of the present study was to evaluate which 
predictive BMR equation was the best alternative to IC 
in Brazilian patients with type 2 diabetes.

SUBJECTS AND METHODS 

Study design and patients

This diagnostic study test was conducted in 21 patients 
with type 2 diabetes, defined as patients over 30 years 
of age at onset of diabetes, with no previous episode of 
ketoacidosis or documented ketonuria, and treatment 
with insulin only after 5 years of diagnosis. Patients 
attending the outpatient clinic of the Endocrine 
Division of the Hospital de Clínicas de Porto Alegre, 
Brazil were selected on the basis of the following 
criteria: did not receive dietary counseling from a 
registered dietitian during the previous 6 months, 
age < 80 years, serum creatinine < 2 mg/dL, normal 
liver and thyroid function tests, and absence of renal 
disease, cardiac failure, or any acute or consumptive 
disease. The study protocol was approved by the Ethics 
Commission of Hospital de Clínicas de Porto Alegre 
(number 15.0625) and all subjects signed a written 
consent form.

Clinical evaluation

Patients were classified as current smokers or not. 
Physical activity status, according to activities during 
a typical day and based on the short version of the 
International Physical Questionnaire (IPAQ) (24) 
adapted to local habits (25), was classified into three 
levels: (1) low, (2) moderate, and (3) high. Blood 
pressure was measured twice to the nearest 2 mmHg, 
after a 10 minutes rest, using an Omron HEM-705CP 
digital sphygmomanometer (Omron Healthcare, Inc., 
Bamockburn, IL, USA). Hypertension was defined as 
blood pressure ≥ 140/90 mmHg measured on two 
occasions or the use of antihypertensive drugs (26). 
The body weight and height of patients (without 
shoes and coats) were obtained using a calibrated and 
anthropometric scale (Filizola®). Measurements were 
recorded to the nearest 100g for weight and to the 
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nearest 0.1 cm for height. Body mass index (BMI) 
was calculated as weight in kilograms divided by the 
square of the height in meters. Body composition 
was assessed by dual-energy X-ray absorptiometry 
(Healthcare® GE Medical Systems) for determining 
fat mass (kg) and fat-free mass (FFM) (kg). The 
procedure was performed in a specialized clinic by an 
imaging specialist.

Dietary assessment

The usual diet was evaluated by the quantitative food 
frequency questionnaire (FFQ) previously validated for 
patients with diabetes which details 80 items divided 
into 10 food groups (27). 

Laboratory measurements

Blood samples were obtained after a 12-hour fasting. 
Plasma glucose level was determined by a glucose 
oxidase method, the A1c test by ion exchange high-
performance liquid chromatography (Merck-Hitachi 
L-9100 glycated hemoglobin analyzer, reference range 
4.7%-6.0%; Merck Diagnostica, Darmstadt, Germany), 
serum cholesterol and triglycerides by enzymatic 
colorimetric methods (Merck; Boeringher Mannheim, 
Buenos Aires, Argentina), and high-density lipoprotein 
(HDL) cholesterol by a homogeneous direct method 
(autoanalyzer, ADVIA 1650). Low-density lipoprotein 
(LDL) cholesterol was calculated using the Friedewald 
formula: LDL cholesterol = total cholesterol – HDL 
cholesterol – triglycerides/5. 

Basal metabolic rate measurement 

The measurement of BMR was performed by IC. The 
IC protocol consisted of 10 min of rest on a gurney in 
dorsal decubitus, followed by 30 minutes of collection 
of exhaled gases using the canopy dilution technique 
and a coupled collection device. An open circuit 
calorimeter (QUARK RMR, Cosmed, Rome, Italy) was 
used for determining VO2 (oxygen consumption) and 
VCO2 (carbon dioxide production). To calibrate the 
equipment, the volume of the turbine flowmeter was 
first calibrated electronically by the system, followed by 
calibration of the collector plates using a known gas 
concentration. This process was repeated for each test 
to standardize the measurement. The first 10 min of gas 
collection were excluded from the analysis; thus, VO2 
and VCO2 (L/min) obtained during the final 20 min 
of each collection (mean value of the period) were used 

for the calculation of BMR. The equation proposed 
by Weir (28) was used to obtain values in kcal/min, 
which does not require the use of protein metabolism 
by incorporating a correction factor: [(3.9 x VO2) + 
(1.1 x VCO2)]. The result in kcal/min was multiplied 
by 1,440 min to obtain the value for 24 hours. The 
subjects were asked not to perform any type of physical 
activity of moderate or high intensity during the 24 
hours preceding the test, and not to consume alcohol or 
caffeine. The smoking patients were instructed not to 
smoke 12 hours before the day of BMR measurement. 
Additionally, the subjects were instructed to fast for 
12 hours prior to the test, with only the ad libitum 
intake of water being permitted, and to have a good 
night’s sleep of at least 8 hours. Finally, all subjects 
came to the test site using a motor vehicle to avoid 
energy expenditure before the determination of BMR. 
All tests were performed between 07:00 and 08:00 in a 
temperature-controlled (20 ºC to 25 ºC) and sound-
controlled room under low luminosity. All medications 
in use were maintained during the study period and 
patients received their usual medication after the IC.

Selection of equations for estimating basal 
metabolic rate (BMR) 

Predictive equations for estimating BMR were selected 
by searching previous publications on this subject  
(8-21). To be included, the equations had to have been 
developed for adults, men, and women, and based on 
body weight, height, age, sex, and/or fat mass (FM). 
Equations derived only for specific ethnic groups or for 
subjects with BMI ≥ 40 kg/m2 were not included. In 
accordance with these criteria, we included a total of 
seven BMR equations (Supplement 1).

Statistical analyses

The sample size calculation was based on a study 
conducted in obese and normal-weight subjects that 
evaluated the accuracy of predictive BMR equations for 
estimating energy expenditure as compared to IC (8). 
Assuming an alpha error of 5% and a power of 80%, 
a total of 21 patients with type 2 diabetes could be 
included.

The BMR was estimated by seven prediction 
equations commonly used according to sex and 
age: Harris-Benedict (5), Schofield (6), Mifflin-St. 
Jeor (7), FAO/WHO/UNO (8), Gougeon (20), 
Bernstein (29), and Oxford (30). We also evaluated 
the estimated caloric intake (27) versus measured 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

56

Basal metabolic rate in type 2 diabetes

Arch Endocrinol Metab. 2019;63/1

BMR. The Shapiro-Wilk normality test was used to 
determine the distribution of the variables. The bias 
was calculated as follows: estimated BMR – measured 
BMR. For each prediction equation the percentage 
of deviation of estimated BMR from measured BMR 
was calculated: [(estimated BMR − measured BMR) 
/ measured BMR] × 100. Estimated and measured 
BMR was compared by paired Student’s t-test. The 
agreement between estimated and measured BMR 
was graphically examined by plotting the differences 
between the predicted and the measured BMR against 
their mean values, with 95% limits of agreement (mean 
difference ± 1.96 standard deviation of the difference) 
(31). Pearson’s correlation coefficient was used to 
assess the correlation between estimated and measured 
BMR. Results are expressed as means and standard 
deviations, or medians (P25-P75). Data were analyzed 
using SPSS version 21.0, and Bland and Altman plot 
values were analyzed by the R Project for Statistical 

Computing software (version 3.3.3). A p value of < 
0.05 was considered significant.

RESULTS

Twenty-one patients with type 2 diabetes were evaluated 
[62 (48-70) years of age; 28.6% were older than 65 
years old, 8 (2-36) years of diabetes duration and 52.4% 
of women]. Most patients in the study were sedentary 
(66.7%), and 90.5% were overweight/obese. The mean 
body composition comprised 49.8 ± 9.4 kg of fat-free 
mass and 28.3 ± 7.2 kg of fat mass. The mean total 
energy intake was 2134.3 ± 730.2 kcal/day. Also, the 
presence of hypertension was observed in all patients 
(100%). The lipid profile was within normal limits; 
however, the glycemic control expressed by fasting 
glucose and A1c test showed altered levels, as expected 
in diabetic patients. With regard to drug treatment, 
all patients used oral antihyperglycemic agents (100%) 

Supplement 1. Selected equations for estimating basal metabolic rate (BMR) 

Reference BMR predictive equations Number of subjects Sample 
characteristics Weight/BMI

Harris-Benedict (3)

Men

Women

66 + [13.8 x W (kg)] + [5.0 x Ht (cm)] – [6.8 x (A)]

655 [9.5 x W (kg)] + [1.9 x Ht (cm)] – [4.7 x (A)] - - -

Schofield (4)

Men age < 60 years

Men age > 60 years

Women age < 60 years

Women age > 60 years 

[0.048 x W (kg) + 3.653] x 239

[0.049 x W (kg) + 2.459] x 239

[0.034 x W (kg) + 3.538] x 239

[0.028 x W (kg) + 2.755] x 239

- -

-

Mifflin-St. Jeor (5)

Men

Women

[W (kg) x 10] + [Ht (cm) x 6.25] – [(A) x 5] + 5

[W (kg) x 10] + [Ht (cm) x 6.25] – [(A) x 5] + 5 -166

251 men

247 women

Healthy adults -

FAO/WHO/UNO (6)

Men age < 60 years

Men age > 60 years

Women < 60 years

Women > 60 years

11.6 x W (kg) + 879

13.5 x W (kg) + 487

8.7 x W (kg) + 829

10.5 x W (kg) + 596

7173 

men/women Healthy adults

-

Gougeon and cols. (20)

Men and women 375 + (85 × W) – (48 × FM) + (63 × FPG)

25 men

40 women

Patients with type 2 
diabetes

100 ± 3 kg

37 ± 1 kg/m²

Bernstein (29)

Men (11.0 x W) + (10.2 x Ht) – (5.8 x A) – 1,032 48 men Obese

Women (7.48 x W) + (0.42 x Ht) - (3.0 x A) + 844 154 women

Oxford (30)

Men 30-60 years

Men > 60 years

Women 30-60 years

Women > 60 years

14.2 x weight + 593

13.5 x weight + 514

9.74 x weight + 694

10.1 x weight + 569

800 men

5,000 women Healthy adults -

BMI: body mass index; W: weight; A: age; Ht: height; FM: fat mass; FPG: fasting plasma glucose (mM)*.
* Unit of measure described in the original article of the equation (20).
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and antihypertensive agents (100%), and 38.1% (n = 8) 
used lipid-lowering agents. The characteristics of the 
sample are described in Table 1.

Table 2 shows mean and standard deviation values 
of measured BMR and estimated BMR with selected 
predictive equations, bias (percentage deviation) and 
95% limits of agreement. The variables assumed a 
normal distribution according to the Shapiro-Wilk test 
(data not shown). The mean of the BMR (kcal/day) 
verified by IC was statistically different by 1,745 ± 315 
kcal/day kcal/day from the BMR values (kcal/day) 
estimated by the prediction equations. According to the 
percentage, the prediction equation that underestimated 
the measured BMR the most were those of Bernstein 
(-20.1%), followed by Mifflin-St Jeor (-13.6%) and 
Schofield (-11.7%). Also, the equations that in lower 
values underestimated the measured BMR were the 
Harris-Benedict (-7.8%) equation when using weight 
and height together and the Oxford equation (-7.6%) 
when using only weight. The value of overestimation 
(8.7%) observed corresponded to the equation reported 
by Gougeon and cols. (20) when including FM and 
fasting plasma glucose (FPG). The equation that most 

closely estimated the BMR measured was that of the 
FAO/WHO/UNO (-5.6%), which also uses only the 
weight in its formula.

When we evaluated energy intake by FFQ vs. the 
BMR by CI, was observed a difference of approximately 
400 kcal/day (2134.3 ± 730.2 vs. 1745 ± 315 kcal/day, 
respectively), which corresponds to an overestimation 
of 23%. The Bland and Altman plots for the difference 
between predicted and measured BMR against the 
mean obtained equations are reported in Figure 1. 
The graphs demonstrating the agreement between the 
values of measured and estimated BMR suggest a poor 
correlation between the two methods, with wide limits 
of agreement. However, strong positive correlations 
were observed (p < 0.001) between methods. The 
correlation shows the association between dependent 
and independent variables, and BMR was significantly 
positively correlated (p < 0.01) with fat-free mass (FFM) 
(r = 0.859), BMI (r = 0.593), sex (r = 0.281), and age  
(r = 0.509). There were no significant correlations between 
BMR fat mass, FPG or between BMR and A1 test.

DISCUSSION

There is little research that compares the BMR measured 
by IC with that estimated by prediction equations in 
patients with type 2 diabetes. Our study shows a wide 
range of differences between predicted and measured 
BMR. The Harris-Benedict (when using weight and 
height together), and the Oxford and FAO/WHO/
UNO equations (when using only weight), showed 
mean differences between measurements and predicted 
BMR < 8%. These results suggest that these three 
equations are the most suitable equations to estimate 
BMR in patients with diabetes. However, the equation 
that presented lower values of bias (-98.2 kcal) and 
difference (-5.6%) compared to BMR measured by IC 
was that described by FAO/WHO/UNO. This finding 
is in agreement with a previous study conducted in 
women with obesity, but without diabetes, which also 
demonstrated an underestimation of the formulas 
proposed by the FAO/WHO/UNO and Harris-
Benedict (9). In obese women and men with diabetes, 
these equations showed an overestimation compared to 
BMR measured by IC (19,20). Validation studies show 
that the FAO weight and height equation is the most 
accurate (32), which is in agreement with our results. 
An explanation for this could be that this equation 
derived from a similar ethnic population as found in 

Table 1. Characteristics of patients with type 2 diabetes

Variable n (21)

Age (years) 62 (48-70)

Duration of diabetes (years) 8 (2-36)

Sex (female) 11 (52.4%)

Psysical activity – level 1 (sedentarism) (%) 14 (66.7%)

Weight (kg) 85.2 ± 18.0

Height (cm) 168.3 ± 10.2

BMI (kg/m²) 29.4 (20.2-37.4)

Fat-free mass (kg) 49.8 ± 9.4

Fat mass (kg) 28.3 ± 7.2

Total energy intake (kcal/day) 2134.3 ± 730.2

Hypertension (%) 21 (100%)

Fasting plasma glucose (mg/dL) 155.6 ± 58.4

A1C test (%) 7.6 (6.1-10.0)

Total cholesterol (mg/dL)

LDL cholesterol (mg/dL)

HDL cholesterol (mg/dl)

Triglycerides (mg/dL)

Medications

Oral antihyperglycemic

Antihypertensive agents

Hypolipidemic agents

166.4 ± 36.1

88.7 ± 32.8

47.2 ± 14.2

145 (49-342)

21 (100%)

21 (100%)

8 (38.1%)

Data are presented as median (25th-75th), percentage (%) or mean ± standard deviation.
BMI: body mass index; A1C: glycated hemoglobin; HDL: high-density lipoprotein; LDL: low-
density lipoprotein.
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Brazil, which is mainly composed of a population of 
European descendants, especially Italians. 

The Harris-Benedict equation is one of the most 
commonly used equations in clinical practice and, as it is 
the oldest, has undergone the most extensive validation 
(3). A Belgian study which validated BMR equations in 
536 women with a wide variety of body weight (18.5-
50 kg/m2) showed that the Harris-Benedict equation 
and the Mifflin-St. Jeor equation are a reliable tools to 
predict BMR (12). 

The Mifflin-St. Jeor equation was developed 
with a large sample of obese subjects. Several studies 
proposed this equation as the most valid to estimate 
BMR in overweight and obese subjects aged 19-
69 years (78% accurate predictions) (10,12). In our 
study, the Mifflin-St. Jeor equation presented a bias 
of -236 kcal, underestimating by -13.6% the value of 
the BMR measured. In the same way, we observed that 

the equations proposed by Schofield and Bernstein 
presented high values of -193.1 and -368.6 kcal, 
underestimating the BMR value measured by IC by 
-11.7% and 20.1%, respectively.

Although the Bland and Altman plots revealed a 
poor agreement between the equations and the IC, it is 
important to emphasize the correlations found between 
the methods. However, the correlation indicates only 
how the two methods interact linearly by not correctly 
expressing the agreement between them.

The findings of this study are clinically relevant and 
suggest that the best equation for estimating BMR in 
patients with type 2 diabetes is the one that considers 
the current weight. We observed a positive correlation 
of the BMR with BMI (r = 0.593, p = 0.005). This 
result is in agreement with the study conducted in 
Brazilian obese women with type 2 diabetes (19). 
These outcomes corroborate the importance of 

Table 2. Evaluation of measured and estimated BMR in patients with type 2 diabetes 

Variable Mean SD 95% Limits of 
Agreement1 p value

Measured BMR by IC (kcal/day) 1745 315

Estimated BMR (kcal/day)

Harris-Benedict (5) 1607.8 340.0 0.002†

Bias2 (kcal/day) -137.4 (-486.0; 211.1)

Percentage %3 -7.8

Schofield (6) 1552.2 387.2 < 0.001†

Bias2 (kcal/day)

Percentage %3

-193.1

-11.7

(-534.0; 147.8)

Mifflin-St.Jeor (7) 1508.4 319.0 < 0.001†

Bias2 (kcal/day)

Percentage %3

-236.9

-13.6

(-540.0; 66.2)

FAO/WHO/UNO (8)        

Bias2 (kcal/day)

Percentage %3

1647.1

-98.2

-5.6

331.1

 (-416.1; 219.8)

0.012†

Gougeon (20) 1593.55 285.4 < 0.001†

Bias2 (kcal/day)

Percentage %3

151.8

8.7

 (-206.5; 510.0)

Bernstein (29) 1376.7 224.3 (-801.2; 64.0) < 0.001†

Bias2 (kcal/day)      

Percentage %3

-368.6

-21.1

Oxford (30)

Bias2 (kcal/day)

Percentage %3

1615.1

-130.2

-7.5

353.6  

(-459.5; 199.2)

0.002†

† Paired Student’s t-test: to compared estimated and measured BMR 
1 Mean difference ± 1.96 SD of the difference.
2 Estimated − measured (kcal in 24h.
3 Difference/measured) × 100 (%).
BMR: basal metabolic rate; IC: indirect calorimetry; SD: standard deviation.
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Figure 1. Bland and Altman plots comparing indirect calorimetry (IC) and 
the following prediction equations for basal metabolic rate (BMR) in 
patients with type 2 diabetes: A) Harris-Benedict (5); B) Schofield (6);  
C) Mifflin-St. Jeor (7); D) FAO/WHO/UNO (8); E) Gougeon and cols. (20);  
F) Bernstein (31), and G) Oxford (30).
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using the weight as an independent variable in the 
prediction equations to correctly estimate the BMR 
of patients with diabetes, since the equations selected 
in this study included weight as independent variable 
(3-6,20,29,30). It is important to more accurately 
estimate the BMR of patients with type 2 diabetes 
with overweight and obesity to promote specific and 
individualized dietary management for these patients.

There is scarce scientific evidence indicating how the 
presence of diabetes may influence basal metabolism. 
However, some authors have confirmed higher BMR 
values in subjects with type 2 diabetes compared with 
controls without the disease (18,20,29,30). Another 
factor to consider is the association between diabetes 
and excessive body weight, since obese people have 
both increased FM and FFM fat mass and fat-free mass, 
which contributes to the increase in BMR (33). 

In patients with type 2 diabetes evaluated in this 
study, we observed a strong correlation of BMR 
measured with FFM (r = 0.859; p < 0.001). No 
correlation was found between BMR and FM. In 
agreement with other studies, we noted that the 
inclusion of body composition (FM and/or FFM) into 
the equations did not improve the accuracy of BMR 
prediction (10-12). This is a relevant finding because 
equations based on anthropometric parameters (weight 
and height) are more feasible in clinical practice than 
are body composition-based equations. 

Gougeon and cols. (20) evaluated the BMR of 
women with type 2 diabetes, proposing an equation to 
predict the BMR that tested plasma glucose, and FM 
as some of its independent variables, which justifies a 
better fit in the model equation. However, when we 
evaluated, the specific equation for patients with type 2 
diabetes, described by Gougeon, using FM and fasting 
glycemia, it showed an 8.7% overestimation of the 
measured BMR.

In our study, we observed an overestimation of 
23% of calorie consumption, which corresponds to 
around 400 kcal/day. These results suggest that in this 
group, patients consumed more calories than is actually 
required for their basal metabolism, and this explains 
the difficulty of weight loss in patients with obesity 
and diabetes. Moreover, regardless of the formula 
used, actual intake is higher than measured intake and 
estimations. The difference between the equations 
(-368.6 to -98.2 kcal/day) shows that with the diet 
prescription, any of the equations would lead to an 
adequate weight loss.

Our findings indicate that in the absence of a gold 
standard method the best equation for estimating 
BMR in patients with type 2 diabetes is the equation 
reported by the FAO/WHO/UNO. This equation 
presented a smaller value of bias, around -5.6%, and for 
clinical practice this corresponds to 100 kcal/day less 
when we apply the formula in this group of patients. 
It is important to remember that this same group 
overestimated their calorie intake by 400 kcal/day. 

The present study is limited in particular by the small 
sample size and it is also possible to observe a different 
BMR behavior with regard to sex in the distribution of 
our group of diabetic patients in the Bland and Altman 
plots. In fact, sex is a variable that appear to influence 
BMR. The decreased BMR with increasing age, 
specifically in women, may also be a result of changes 
in body composition caused by menopause (34). Also, 
from the age of 20, women present a reduction of 
BMR by about 2% per decade, and the decrease of the 
FFM directly influences this decline (35,36). Thus, 
for a better evaluation in the comparison of the real 
BMR and the BMR calculated by prediction equations, 
we suggest the importance of a study conducted in 
patients with type 2 diabetes using a larger sample in 
order to evaluate the difference between the sex with 
their inherent characteristics. 

In conclusion, this study showed that there is a great 
variation in the accuracy of BMR prediction equations. 
The accuracy of BMR prediction equations should be 
adequate to promote the efficacy of dietary counseling 
and treatment of diabetes. The findings showed that 
among the selected prediction equations, the BMR 
estimated by the FAO/WHO/UNO equation was 
the closest to the measured BMR as assessed by the 
percentage deviation.
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Low levels of dehydroepiandrosterone 
sulfate are associated with the risk 
of developing cardiac autonomic 
dysfunction in elderly subjects

Marina de Paiva Lemos1, Munique Tostes Miranda1, Moacir Marocolo2, 
Elisabete Aparecida Mantovani Rodrigues de Resende3, Rosângela 
Soares Chriguer4, Carla Cristina de Sordi3, Octávio Barbosa Neto1

ABSTRACT
Objective: To assess the relationships between serum dehydroepiandrosterone sulfate (DHEA-S) 
levels and heart rate variability (HRV) among different age groups. Subjects and methods: Forty-
five healthy men were divided into 3 groups: young age (YA; 20-39 yrs; n = 15), middle age (MA; 40-59 
yrs; n = 15) and old age (OA; ≥ 60 yrs; n = 15). Hemodynamic parameters, linear analyses of HRV and 
concentrations of cortisol and DHEA-S were measured at rest. Results: The OA group presented a 
higher resting heart rate (84.3 ± 4.6 bpm) than the YA group (72.0 ± 4.4 bpm; p < 0.05). The YA group 
showed an attenuated variance of HRV (2235.1 ± 417.9 ms2) compared to the MA (1014.3 ± 265.2 ms2; 
p < 0.05) and OA (896.3 ± 274.1 ms2; p < 0.05) groups, respectively. The parasympathetic modulation 
of HRV was lower in both the MA (244.2 ± 58.0 ms2) and OA (172.8 ± 37.9 ms2) groups in comparison 
with the YA group (996.0 ± 255.4 ms2; p < 0.05), while serum DHEA-S levels were significantly lower in 
both the MA (91.2 ± 19.6 mg/dL) and OA (54.2 ± 17.7 mg/dL) groups compared to the YA group (240.0 
± 50.8 mg/dL; p < 0.05). A positive correlation between lower serum concentrations of DHEA-S and 
attenuated variance of HRV (r = 0.47, p = 0.031), as well as lower serum concentrations of DHEA-S 
and decreased parasympathetic modulation of HRV (r = 0.54, p = 0.010), were found. Conclusion: The 
present study demonstrated that the decline of plasma DHEA-S is associated with reduced cardiac 
autonomic modulation during the aging process. Arch Endocrinol Metab. 2019;63(1):62-9
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INTRODUCTION

P rotective steroid hormones decrease with aging, 
particularly dehydroepiandrosterone (DHEA) and 

its active metabolite dehydroepiandrosterone sulfate 
(DHEA-S). These two endogenous hormones are 
synthesized from cholesterol and excreted mainly by 
the reticular zone of the adrenal cortex; they represent 
the most abundant steroid hormones in circulation 
across the life span (1,2). Recent scientific and public 
interest in DHEA-S has been driven in large part by 
the evidence frequently published in recent years, 
suggesting a strong relationship between the decline of 
the endogenous hormone and aging (3).

An excessive amount of mineralocorticoid hormones 
has been linked to cardiovascular disorders such as 
cardiac hypertrophy, arrhythmias, endothelial and 
smooth muscle vascular dysfunctions. Previous studies 

showed a causal association between steroid hormones 
and cardiovascular diseases (4). A large majority of 
research has hypothesized that the development of 
DHEA-S deficiencies in elderly individuals might play 
a substantial role in the damage of many functions 
and contribute to the development of several injuries, 
including cardiovascular impairment (5), regardless of 
other risk factors (6). Moreover, it has been suggested 
that low serum levels of DHEA-S are a predictor of 
cardiovascular disease mortality (7).

A substantial number of investigations have focused 
on biomarkers that identify subjects at higher risk of 
developing cardiovascular disease (8). One important 
indicator that seems to play a determinative role is 
vagal and sympathetic cardiac autonomic dysfunction. 
In fact, increased sympathetic and/or decreased 
parasympathetic activity has been associated with 
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increased risk for cardiovascular disorders such as 
hypertension, heart failure, ventricular arrhythmias 
and, especially, sudden cardiac death (9). Measurement 
of heart rate variability (HRV) is a valid noninvasive 
technique for estimating the characteristics of the 
autonomic nervous system and quantifying modulation 
of the sympathetic and parasympathetic inputs (10). 
HRV is also believed to decline as people age, but an 
important scientific question is whether decreases in 
HRV occur naturally with age as a result of the aging 
process itself or as a result of pathogenic processes. 
Therefore, the relationship between serum levels of 
sex steroid hormones and autonomic functions in both 
sexes has become an attractive area of research.

Scientific evidence has shown that elements 
such as aging and levels of sex hormones may also 
influence cardiovascular autonomic control (11,12). 
Data obtained by our group demonstrated that 
DHEA-S decline was associated with lower HRV in 
sedentary elderly individuals compared to physically 
active individuals (data not shown). Nevertheless, few 
marked results have been clearly reported in relation to 
serum DHEA-S levels and HRV in the aging process. 
Therefore, it is believed that lower blood concentrations 
of DHEA-S along with the advancement of age can 
interfere in the circadian oscillation of the autonomic 
system and thus unbalance the sympathetic-vagal activity 
and cardiovascular function, consequently increasing 
the risk of cardiovascular diseases in this population.

Therefore, in the present report, we examine the 
serum DHEA-S levels and cardiac autonomic control 
using linear methods of HRV in subjects in different 
age groups. Our hypothesis was that DHEA-S decline 
would be most pronounced elderly individuals over 60 
years old and that this reduction could be associated 
with cardiac autonomic dysfunction.

SUBJECTS AND METHODS

Study population

Forty-five healthy men without severe complications 
participated voluntarily in this study and were divided 
into 3 groups according to age: young-man group  
(n = 15), composed of people between the ages of 20 
and 39 years; middle-age group (n = 15), composed of 
people between the ages of 40 and 59 years and old-
man group (n = 15), composed of people aged 60 years 
and over. Exclusion criteria included coronary artery 

disease, valvular and congenital heart disease, congestive 
heart failure, diabetes mellitus, sinus tachycardia, 
smoking habit and psychiatric, respiratory or metabolic 
disorders. All subjects gave written informed consent, 
and the study was approved by the Ethical Committee 
for Research of the Federal University of Triângulo 
Mineiro (Protocol: 2580/2013).

Body composition and anthropometric measures

Anthropometric measurements of weight, height and 
body mass index were taken using a portable Tanita 
electronic scale (Tanita HD-350®) and portable 
stadiometer (0.1 cm precision; Prime Med®) fixed on a 
wall with volunteers wearing no shoes and light clothes. 
The percentage of body fat and the resulting fat-free 
body mass were estimated using the three-skinfold 
method.

Experimental protocol 

Data collection was done from 8:00 to 10:00 a.m., 2 h 
after the regular first breakfast. All participants underwent 
anamnesis and were instructed to fast and not consume 
alcohol or caffeine products. Additionally, they were 
told not to exercise on the day of the experiment. The 
experimental sessions were performed in baseline condition 
(supine position). After 10 min of resting in a quiet, 
temperature-regulated room, the electrocardiographic 
signal was recorded for 5 min. Subjects were not allowed 
to sleep. The electrocardiographic signal was continuously 
amplified by an electrocardiogram (ECG) recorder (model 
ECG-5, EcafixFunbec®, São Paulo, Brazil), collected by 
an analogue to digital converter board (DI-194 Starter 
Kit, Dataq Inst., Akron, OH, USA) with a sampling rate 
of 240 Hz and stored on personal computer for posterior 
offline analysis. Blood pressure (BP) was monitored 
noninvasively using an automatic and oscillometric cuff 
(M3 Intellisense HEM-7051-E; Omron Healthcare®, 
Kyoto, Japan). The HR was monitored through lead II 
of an ECG (model ECG-5, EcafixFunbec®, São Paulo, 
Brazil) beat per beat.

Heart rate variability measurements

The HRV was assessed in the time domain by means 
of time series variance. Subsequently, frequency 
domain analysis was performed with an autoregressive 
algorithm (13). In brief, a time series of the RR intervals 
was calculated via the Levinson-Durbin recursion, with 
the order of the model chosen according to Akaike’s 
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criterion. The temporal indices analyzed were: RR 
intervals (iRR, ms) and variance. The variance was 
estimated as a marker of total variability in the time 
domain. The power spectral density was calculated for 
each RR series. Spectral components were considered: 
low frequency (LF: 0.04 to 0.15 Hz) and high frequency 
(HF: 0.15 to 0.40 Hz). The spectral components were 
expressed in absolute (ms2) and normalized units (nu). 
In addition, the LF/HF-ratio was calculated, a sensitive 
indicator for sympathetic activation. Normalization 
consisted of dividing the power of a given spectral 
component by the total power minus the power below 
0.03 Hz and multiplying the ratio by 100 (13).

Hormonal analysis

At the end of the protocol, blood samples were drawn 
from each participant through antecubital vein puncture 
of the right arm to evaluate serum hormone levels of 
cortisol and DHEA-S. For collection, BD Vacutainer® 
SST II Advance tubes were used to obtain and separate 
a serum hormone sample. These tubes were centrifuged 
for 5 min at 1000 rpm. Next, the serum in test tubes 
was stored at -80 °C for further analysis. The intra- and 
inter-assay coefficients of variation were below 8% for 
DHEA-S and cortisol, respectively, and were measured 
using the direct chemiluminescent assay method (Advia 
Centaur, Bayer Corporation, Tarrytown, NY, USA).

Statistical analyses

Data are expressed as mean ± standard error of the mean 
(SEM). The normality of the data distribution was verified 
by the Shapiro-Wilk test, and Levene’s test was used to 
evaluate the homogeneity of the sample. The variables 
were compared among the 3 groups using a 1-way 
analysis of variance (ANOVA). When overall differences 
were found at p < 0.05, a post hoc Tukey’s test protected 

least-significant difference was performed, or Kruskal-
Wallis, followed by Dunn’s post hoc test in agreement 
with presence or not of distribution normality and/or 
homogeneity of the variance, respectively. The Pearson 
correlation coefficient was used to test the correlation 
between HRV and serum DHEA-S concentrations. The 
level of significance was set at p ≥ 0.05 for all analyses. 
Analyses were conducted using SigmaStat (Jandel 
Scientific Software; SPSS, Chicago, IL).

RESULTS

Information regarding age, body composition and 
anthropometric parameter recordings according to 
age group is shown in Table 1. The old-man group 
presented a significantly higher age in comparison to 
the middle-age and young-man groups (p < 0.05), and 
participants in the middle-age group were significantly 
older than those in the young-man group (p < 0.05). 
There were no significant differences between the three 
groups in terms of weight, BMI, muscle mass and total 
body fat (p > 0.05).

Resting HR and BP are shown in Figure 1. The HR of 
elderly participants aged over 60 years at rest was higher 
(82.8 ± 3.2 bpm) than that of the young-man group 
(67.0 ± 2.1 bpm; p < 0.001) (Figure 1A). In contrast, 
there were no significant differences between groups in 
terms of systolic BP (123.5 ± 11.3 mmHg in young-man 
group, 126.5 ± 12.0 mmHg in middle-age group and 
136.4 ± 10.4 mmHg in old-man group; Figure 1B) and 
diastolic BP (71.8 ± 9.5 mmHg in young-man group, 
72.6 ± 10.1 mmHg in middle-age group and 82.4 ± 11.9 
mmHg in old-man group; p > 0.05) (Figure 1C).

Table 2 shows the HRV by linear analysis. Compared 
to the young-man group, the middle-age and old-
man groups presented an attenuated variance of HRV  

Table 1. Body composition and anthropometric characteristics

YA
(20-39 years)

MA
(40-59 years)

OA
(≥ 60 years)

Age (y) 29.2 ± 3.6 52.9 ± 4.5* 62.8 ± 2.4*†

Weight (kg) 63.8 ± 11.2 63.9 ± 11.0 65.2 ± 13.6

Height (cm) 163.5 ± 4.6 161.8 ± 7.9 160.9 ± 11.4

BMI (kg/m2) 23.9 ± 5.1 24.4 ± 8.9 25.1 ± 7.3

Total fat (kg) 16.2 ± 3.0 17.2 ± 2.8 19.3 ± 2.3

Total MM (kg) 47.6 ± 5.2 46.7 ± 8.2 45.9 ± 11.3

Values are expressed as mean ± standard error (SE). BMI: body mass index; MM: muscle mass; YA: young-age; MA: middle-age; OA: old-age; respectively. *p < 0.05 vs. YA and †p < 0.05 vs. MA.

P values for comparisons between groups using one-way ANOVA followed by Tukey’s post-hoc analysis.
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(p < 0.001). The HF oscillations of HRV were lower in 
both the middle-age and old-man groups compared to 
the young-man subjects (p < 0.001). The LF/HF ratio 
was lower in the young-man group than in the middle-age 
and old-man groups (p < 0.05). No significant changes in 
sympathetic indices of HRV were found (p > 0.05). 

Figure 2 presents the serum levels of cortisol and 
DHEA-S in all groups. As shown in the figure, no 
statistically significant difference was observed between 
the three groups in terms of cortisol parameters (11.2 
± 1.6 mg/dL in young-man group; 9.6 ± 1.2 mg/dL 
in middle-age group and 10.7 ± 0.4 mg/dL in old-man 
group; p > 0.05) (Figure 2A). On the other hand, the 

Figure 1. Graphs showing hemodynamic parameters in young-man, middle-age and old-man. (A) heart rate, (B) systolic blood pressure and (C) diastolic 
blood pressure at rest. Data are mean ± standard error (SE). *p < 0.05 vs. young-man. P values for comparisons between groups using one-way ANOVA 
followed by Tukey’s post-hoc analysis or Kruskal-Wallis followed by Dunn’s post hoc test.

Table 2. Spectral parameters of heart rate calculated from time series using autoregressive power spectral analysis at rest in young-man, middle-age 
and old-man

YA
(20-39 years)

MA
(40-59 years)

OA
(> 60 years)

Variance, ms2 2860.5 ± 452.7 1034.2 ± 146.6* 702.7 ± 177.6*

LF, ms2 465.6 ± 78.6 415.4 ± 32.7 433.7 ± 154.3

LF, nu 41.2 ± 7.4 52.6 ± 1.7 48.0 ± 6.2

HF, ms2 1004.2 ± 112.8 266.3 ± 36.8* 179.5 ± 36.2*

HF, nu 66.8 ± 8.1 53.5 ± 4.3 47.3 ± 4.3

LF/HF ratio 0.82 ± 0.3 1.66 ± 0.2* 2.20 ± 0.4*

Values are expressed as mean ± standard error (SE). LF: low-frequency spectral component of HRV; HF: high-frequency spectral component of HRV; nu: normalized units. *p < 0.05 vs. YA.
P values for comparisons between groups using one-way ANOVA followed by Tukey’s post-hoc analysis or Kruskal-Wallis followed by Dunn’s post hoc test.

serum levels of DHEA-S were significantly lower in both 
the middle-age (87.4  17.8 mg/dL) and old-man (50.8 
± 14.9 mg/dL) groups compared to the young-man 
group (244.3 ± 49.5 mg/dL; p < 0.005) (Figure 2B).

Analysis showed a significant and positive correlation 
between serum concentrations of DHEA-S and variance 
of HRV (r = 0.65, p < 0.001; Figure 3A), as well as a 
significant correlation between serum concentrations 
of DHEA-S and absolute HF oscillations of HRV  
(r = 0.55, p < 0.001; Figure 3B). There were no 
significant correlations between serum concentrations 
of DHEA-S and the LF component of HRV (r = 0.10, 
p = 0.509; Figure 3C).
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Figure 2. Bar graphs (mean ± SE) showing serum concentrations of (A) cortisol and (B) DHEA-S among young-man, middle-age and old-man. *p < 0.05 
vs. young-man. P values for comparisons between groups using one-way ANOVA followed by Tukey’s post-hoc analysis or Kruskal-Wallis followed by 
Dunn’s post hoc test.

Figure 3. Pearson’s linear correlation scatter plot between serum DHEA-S levels and variance of HRV (A), serum DHEA-S levels and high-frequency 
spectral component of HRV (B) and serum DHEA-S levels and low-frequency spectral component of HRV (C).
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DISCUSSION

Studies have indicated that decreased levels of DHEA-S 
have been found in people with cardiovascular disease 
(14), and an inverse correlation between DHEA-S 
and cardiovascular mortality has been reported in the 
aging process (15). On the other hand, researchers 
have documented that HRV decreased with aging 
independent of pathological conditions or medication 
use (16), potentially suggesting that cardiac autonomic 
modulation diminishes due to normative aging and 
HRV changes due to chronic diseases or health-related 
conditions (17). Theoretically, therefore, the main finding 
of this large study was that a decline of serum DHEA-S 
level is positively correlated with lower HRV and 
parasympathetic modulation and negatively correlated 
with sympathetic activities. An important factor should 
be taken into account: The HRV normally decreases with 
age, as well as serum DHEA-S levels; therefore, there 
is a conflict to understand if the correlation between 
DHEA-S and HRV found in our study is causal or 
noncausal. Previous studies have demonstrated a decrease 
in DHEA-S concentration with aging, and this decrease 
is associated with greater cardiac autonomic dysfunction; 
other studies indicate that there is no correlation between 
these variables because both decline physiologically due to 
aging. In the current scientific literature, there are limited 
studies on the association between cardiac function and 
serum levels of DHEA-S.

The effect of age on DHEA-S levels in adults has 
previously been described (18). Our study confirms the 
results of these earlier findings and clearly demonstrates 
that serum DHEA-S levels significantly decline with 
age. It is worth noting that within an individual, the 
levels of DHEA-S may fluctuate over time, but the 
general trend is a decline (19). The serum DHEA and 
DHEA-S have been deeply studied for their potential 
anti-aging effects. In humans, blood DHEA levels 
decline with age, suggesting that it may be a key element 
in the aging process (20). Studies in mice have shown 
that DHEA-S supplementation reverted left ventricular 
rigidity in aging (11). However, it is important to 
emphasize that the American Society of Endocrinology 
does not recommend the supplementation of DHEA-S 
for normal subjects, even during aging. Another study 
demonstrated an inverse relationship between heart 
disease and serum DHEA-S levels (21). Prior studies 
have shown associations between sex steroid levels, 
age and autonomic activity. In fact, testosterone 

effects on autonomic control of nerve transduction 
pathways have been described, providing evidence 
that this hormone affects parasympathetic responses 
and facilitates the baroreflex sensibility in autonomic 
function. Although it is not an adrenal hormone, 
growth hormone (GH) levels in circulation begin to 
decline soon after attainment of adult body size and full 
physical and reproductive maturation. GH deficiency is 
associated with increased cardiovascular morbidity and 
mortality. Abnormalities in HRV have been found in 
patients with GH deficiency (22-24); however, these 
alterations are only associated with decreased cardiac 
sympathetic activity (25). These results indicate that 
serum steroid hormones have effects not only on sexual 
differentiation but also on autonomic modulation of 
the cardiovascular system. To our knowledge, so far, 
there is very little published evidence regarding the 
effects of aging on DHEA-S concentrations and their 
association with the HRV. Studying the relationship 
between serum sex steroid levels and HRV parameters, 
Dog6ru and cols. found that DHEA-S exhibited the 
most significant correlations with autonomic functions 
after controlling for the effects of age in comparison to 
gonadal steroids (12).

In part, our results may be explained by the 
existence of cardiac receptors for DHEA-S verified in 
some studies (11). On the other hand, it was shown 
that DHEA-S had regulatory effects on sympathetic 
adrenal activity and was positively correlated with 
the attenuation of the sympathetic-adrenal response 
to hypoglycemia. The mechanisms of the effects of 
DHEA-S on the sympatho-vagal balance have not yet 
been elucidated; therefore, this action can be attributed 
to specific receptors and the effect of DHEA-S on the 
brain (26).

DHEA-S has been considered a marker of good 
health (27). The peak of this hormone proceeds to 
attenuate with age more markedly than any other 
endogenous hormone, corroborating the experimental 
evidence of their involvement in age-related health 
disorders (19). Interaction of the DHEA-S blood 
levels and aging-related pathologies has been widely 
explored during the last decades. Several researches 
have shown a negative association between the levels 
of these hormones and the aging process, as defined 
by the occurrence of numerous disorders including 
cardiovascular disorders, as well as more definitive 
entities such as mortality (28). The literature reported 
that DHEA-S levels are much more often measured in 
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studies than DHEA levels, which are often not reported 
at all. Few published studies have clearly mentioned 
physiological differences between DHEA to relate 
the concentration to various diseases, probably due to 
the different hormone distributions throughout life, 
compared to its sulfated form (29).

Our findings demonstrated a decrease of HRV in 
the elderly. In relation to the physiological process 
of aging, some authors verified that increasing age 
causes a significant decrease in HRV (30), which is in 
agreement with our results.

Higher HRV is a signal of good adaptation and 
characterizes a healthy person, while chronic reductions 
in resting-state HRV appear to be associated with 
negative cardiovascular prognostics. A study showed that 
attenuated HRV is related to a 32%-45% increased risk 
of cardiovascular events in people who are not known to 
have cardiovascular problems. However, a 1% increase in 
the parasympathetic component results in a 1% decrease 
for risk of fatal and nonfatal cardiovascular disease (31).

We observed that middle-aged individuals and 
old people aged over 60 years presented a reduced 
parasympathetic modulation of HR than the young 
group, which is in agreement with some studies in the 
literature (32). This result may be related to a lower 
HRV allied with a higher resting tachycardia. Our 
analysis focused specifically on a subpopulation of 
healthy participants without cardiovascular condition 
and with no reported medication use during the data 
collection phase. Although the physiological basis of 
HRV indices is complex, the decreasing HF component 
of HRV may suggest that aging is accompanied by a 
reduction of overall fluctuation in cardiac autonomic 
input and by attenuation in vagal modulation. The 
changes that occur in parasympathetic modulation as 
a result of aging may be associated with changes in 
cholinergic and muscarinic pathways through which the 
vagal efferent signal is carried. This may include cardiac 
disorders in acetylcholine release response to stimulation 
(33), decreases in muscarinic receptor activity (34) and 
reductions in M2 muscarinic receptor density (35), all 
of which have been shown to decrease with aging. Loss 
of vagal reflexes seems to hinder biological functioning 
and capacity to respond to stimuli originating from the 
efferent pathway, resulting in increased vulnerability to 
diseases (9) that are often prevalent in individuals of 
advanced age (36).

An elevated resting HR, even above 80 beats per 
minute, was demonstrated to increase the risk of 

cardiovascular disease (37). Therefore, we elucidated in 
our study that old men had a higher resting HR than 
young men, likely to be associated with the hypoactive 
parasympathetic system found in this study. Our 
findings are in agreement with the current literature 
(38). A fast or irregular HR is abnormal and is the 
result of a problem with the heart or the irregular 
electrical signals in the heart (39). Knowing resting HR 
and how it changes over time can provide insight into 
cardiovascular health. The resting HR increases with 
age, and it can also be affected by several factors, such 
as caffeine, tobacco, certain medications and lifestyle. 
Previous studies have demonstrated that resting 
tachycardia is a predictor of mortality and shorter life 
expectancy. These authors estimated that HR increases 
of 10 bpm are associated with a 20% increased risk of 
cardiac death, and 15 bpm increases in HR were found 
to increase the rate of cardiovascular disease mortality 
(37,39).

In summary, we conclude that low levels of plasma 
DHEA-S concentration are linked to decreases in cardiac 
autonomic modulation following increases of age.
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Genetic causes of isolated 
short stature
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ABSTRACT
Short stature is a common feature, and frequently remains without a specific diagnosis after 
conventional clinical and laboratorial evaluation. Longitudinal growth is mainly determined by 
genetic factors, and hundreds of common variants have been associated to height variability among 
healthy individuals. Although isolated short stature may be caused by the combination of variants, 
with a deleterious impact on the growth of individuals with polygenic inheritance, recent studies have 
pointed out some monogenic defects as the cause of the growth disorder observed in nonsyndromic 
children. The majority of these defects are in genes related to the growth plate cartilage and in the 
growth hormone (GH) – insulin-like growth factor 1 (IGF-1) axis. Affected patients usually present the 
mildest spectrum of some forms of skeletal dysplasia, or subtle abnormalities of laboratory tests, 
suggesting hormonal resistance or insensibility. The lack of specific characteristics, however, does not 
allow formulation of a definitive diagnosis without the use of broad genetic studies. Thus, molecular 
genetic studies including panels of genes or exome analysis will become essential in investigating 
and identifying the causes of isolated short stature in children, with a crucial impact on treatment and 
follow-up. Arch Endocrinol Metab. 2019;63(1):70-8
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INTRODUCTION

S hort stature is defined as a condition characterized 
by height more than 2 standard deviation scores 

below the mean observed in age and sex control 
population (height SDS < -2) (1). Based on this 
definition, short stature affects 2.3% of children, and is 
a matter of concern for many parents seeking medical 
attention. Although growth disorder may be a clinical 
presentation of an underlying disease, in around 70% 
of the cases, short stature is not associated with any 
clinical and laboratory evidence that justify growth 
impairment (2). These children are usually classified as 
having constitutional or idiopathic short stature (ISS) 
(3). In this review, we also used the term isolated short 
stature, in view of the growing number of monogenic 
conditions that explain the short stature phenotype in 
nonsyndromic children. 

Height is one of the human traits with a higher 
degree of heritability (> 80%), which means that 
genetic variability is the main determinant of stature 
(4). Up to date, more than 600 common variants 
(with allele frequencies greater than 1%) distributed 

across more than 400 regions of the genome have been 
independently associated with height (5). The impact 
of each identified common variant on stature is small 
(around 1-4 mm). More recently, studies have pointed 
out that rare variants (frequency < 1%) may exert an 
effect on height variability 10 to 20 times greater than 
that exert by common variants (about 20 mm per 
allele). Many of these common and rare variants are 
in genes associated with syndromic growth disorders 
or in genes involved in the development of the growth 
cartilage (6).

Since short stature is a common clinical presentation, 
it is widely accepted that it is caused by common variants 
with polygenic inheritance (7,8). However, recent 
studies have challenged this dogma, and proposed that 
many of the children classified as ISS could instead 
have a monogenic defect. A part of this group would 
represent the mildest spectrum of phenotypic variability 
of syndromic conditions (9,10). For example, there are 
short stature individuals harboring pathogenic variants 
in genes responsible for the Noonan syndrome who do 
not present any of the other phenotypic alterations that 
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would allow the recognition of this condition clinically 
(11). Additionally, genes that regulate the growth 
plate and that had already been associated with skeletal 
dysplasias were recently pointed as responsible for some 
cases of ISS (12-16). This review provides an update on 
monogenic causes of isolated short stature.

GENES THAT REGULATE GROWTH PLATE 

Endochondral ossification is a complex process 
which occurs in the growth plate to promote bone 
elongation and consequent increase in height. It 
involves proliferation, hypertrophy and senescence of 
chondrocytes and also cartilage matrix synthesis (17). 
Paracrine and autocrine factors are the main regulators 
of endochondral ossification and defects in genes 
that encode or disrupt these factors (summarized in 
Table 1) have been associated with ISS. Each of these 
genes is responsible for a small proportion of cases (up 
to 2%), but this proportion may be significantly higher 
in familial short stature. Defects in genes that regulate 
growth plate, inherited in an autosomal dominant 
manner, cause a variable phenotype in terms of degree 
of short stature and body proportions. The atypical 
radiological findings do not allow the precise diagnosis 
and some of the patients are recognized as having a 
subclinical skeletal dysplasia.

SHOX 

The short stature homeobox (SHOX) gene is 
located in the pseudoautosomal region 1 of both sex 
chromosomes and is expressed in growth cartilage, 
especially in hypertrophic chondrocytes. The role of 
the SHOX gene as a regulator of the growth plate has 
not been fully understood. It is known that SHOX 
is a transcription factor that increases NPPB and 
inhibits FGFR3 expression, respectively (Figure 1A). 

Both effects stimulate and coordinate chondrocytes 
proliferation and differentiation in order to promote 
longitudinal growth. In addition, SHOX interacts 
with the SOX trio (SOX9, SOX5 and SOX6 genes), 
which has an important role in cartilage matrix 
synthesis (18). The causative relation between SHOX 
defects and ISS was first described in 1997 (12). Since 
then, SHOX haploinsufficiency has become the main 
recognized monogenic cause of short stature, being 
responsible for 2.6% of the nonsyndromic cases of 
short stature. Homozygous defects in SHOX gene 
cause Langer mesomelic dysplasia, a rare skeletal 
dysplasia with severe short stature and limb aplasia 
or hypoplasia of the ulna and fibula. Heterozygous 
SHOX haploinsufficiency causes phenotypes that range 
from isolated short stature to the complete picture of 
the Leri-Weill dyschondrosteosis (LWD), a skeletal 
dysplasia characterized by mesomelia and Madelung 
deformity (i.e. shortening and bowing of the radius 
with dorsal subluxation of the distal ulna) (19). Around 
80% of reported SHOX defects are deletions involving 
the gene or regulatory regions, with the remaining 
ones being point mutations. Although no genotype-
phenotype correlation has been identified in individuals 
with SHOX deletions encompassing exons and point 
mutations, deletion in downstream SHOX enhancer 
have been associated with a milder phenotype (18).

Abnormal body proportion, defined by the [sitting 
height]/[height] ratio for age and sex (SH/H SDS) > 2, 
is present in the vast majority of children with isolated 
short stature caused by SHOX haploinsufficiency (20). 
The degree of short stature is variable, and the mean 
growth deficit of affected individuals is of around 12 
cm, which means that there are carriers with height 
within the normal range.

A reasonable clinical selection criterion to screen for 
SHOX defects in a child with isolated short stature is 

Table 1. Genes involved in the endochondral ossification process that are associated with isolated short stature 

Gene First report in patient 
classified as ISS Frequency in ISS (%) Additional common findings References

SHOX 1997 2.6 (1.1 to 22.2) Mild abnormal body proportion, family member with Madelung deformity (18)

NPR2 2013 1.8 to 6 (13.6*) Nonspecific skeletal abnormalities, as short metacarpals (13,22)

NPPC 2018 NA Two families described with brachydactyly (16)

ACAN 2014 1.4 Accelerated bone maturation and early-onset osteoarthritis (52,53)

IHH 2018 3.4 Shortening of the middle phalanx of the 5th finger (15,54)

FGFR3 2015 NA Only one family described with normal body proportion (32)

* Familial cases; NA: not available; ISS: idiopathic short stature.
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the presence of abnormal body proportion, especially 
if the phenotype of disproportional short stature 
segregates in an autosomal dominant manner and/or 
there is a family member with Madelung deformity. 
Particular attention should be given to the regulatory 
regions of SHOX gene, since deletions located outside 
the coding region are more commonly associated with 
short stature without other specific findings.

NPR2 and NPPC

The C-type natriuretic peptide (CNP) and its receptor 
(NPR-B) are important regulators of the endochondral 
ossification process (21). CNP and NPR-B are encoded 
by NPPC and NPR2 genes, respectively. They are 
notably expressed in the hypertrophic zone of the growth 
plate. The CNP/NPR-B system stimulates chondrocyte 
proliferation and differentiation and synthesis of 
cartilage matrix in an autocrine/paracrine manner. The 
molecular mechanism that explains these actions is at 
least partially identified and involves the inhibition of 
the FGFR3 pathway (Figure 1B). After CNP binding to 
NPR-B, there is an intracellular accumulation of cyclic 
GMP (cGMP), that activates cGMP-dependent protein 
kinases I and II (cGKI and cGKII). cGKII inhibits 
the activation of RAF-1. Biallelic loss-of-function 
mutations in NPR2 cause acromesomelic dysplasia 
type Maroteaux (21). Heterozygous NPR2 mutations 
in a cohort of ISS children were first described in 
2013 (13). Since then, other studies have replicated 
this finding and the prevalence of heterozygous NPR2 
mutations in ISS patients has ranged from 1.8% to 
13.6% (in familial cases) (22). Similar to what has been 
observed in patients with SHOX haploinsufficiency, 
carriers of NPR2 mutation have a variable degree of 
short stature and some carrier relatives presented height 
at the lower limit of the normal range. Abnormal body 
proportion (SH/H SDS > 2) and nonspecific skeletal 
abnormalities, as short metacarpals (Figure 2A), were 
also observed among patients with NPR2 mutations. 
Due to the phenotypic heterogeneity, there is, at the 
moment, no clinical feature that enables establishing a 
criterion to select short stature patients for for NPR2 
molecular-genetic screening.

More recently, heterozygous NPPC mutations have 
been identified in two families with ISS. In total, six 
NPPC carriers were identified, two being Brazilian and 
four Spanish. Their height SDS ranged from -4.3 to -2.3 
and all of them also had small hands phenotype (16).

Figure 1. Schematic representation of chondrogenesis regulation by 
genes associated to isolated short stature phenotype. (A) SHOX is a 
transcriptional factor that enhances NPPB and SOX trio expression and 
inhibits FGFR3 expression. This leads to an increase in chondrocyte 
proliferation and differentiation and an increase in cartilage matrix 
synthesis. (B) CNP and FGF signaling pathways converge at the MAPK 
pathway. The opposite effect of CNP on FGFR3 pathway improves 
longitudinal bone growth by increasing chondrocyte proliferation and 
differentiation and cartilage matrix synthesis. 

A

B

ACAN

The Aggrecan gene (ACAN) encodes a proteoglycan 
present in the extracellular matrix. Aggrecan has a 
fundamental structural and functional role in the 
growth plate cartilage. Initially, ACAN mutations were 
associated with two rare types of skeletal dysplasias, 
one with an autosomal dominant (Spondyloepiphyseal 
dysplasia, Kimberley type) and another with a recessive 
inheritance (Spondyloepimetaphyseal dysplasia, 
aggrecan type) (23). In 2014, heterozygous ACAN 
mutations were identified as cause of short stature in 
three families with no skeletal findings suggestive of 
skeletal dysplasia. Children presented accelerated bone 
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IHH

The Indian hedgehog gene (IHH) is expressed in 
prehypertrophic chondrocytes of the growth plate, 
and codifies a key paracrine regulator of endochondral 
ossification, which coordinates chondrocytes 
proliferation and differentiation (26). Similar to what 
occurs with the other genes that regulate growth 
plate described above, IHH defects had already 
been recognized as a cause of two skeletal dysplasias. 
Homozygous IHH mutations cause acrocapitofemoral 
dysplasia, characterized by severe disproportionate 
short stature with cone-shaped epiphyses in hands and 
hips. Additionally, heterozygous mutations in IHH 
cause brachydactyly type A1 (BDA1), characterized by 
a striking shortening of the middle phalanges, which 
can be fused with the terminal ones (27). Interestingly, 
short stature was not consistently reported in patients 
with BDA1 (28). 

In 2018, we described heterozygous IHH 
mutations as a cause of the growth impairment in an 
ISS cohort (frequency of 3.4%) (15). Our patients with 
heterozygous IHH variants did not present classical 
features of BDA1. The only recurrent radiological 
finding observed was a varying degree of shortening 
of the middle phalanx of the 5th finger (Figure 2B), 
which is the defining feature of Brachymesophalangia 
– V (BMP-V). BMP-V was observed in 64.3% hand 
radiographs from individuals with heterozygous 
mutations in IHH in our cohort, which was significantly 
higher than that observed in a population study (12.1%) 
(15). Four probands were born small for gestational 
age considering only length at birth. Affected subjects 
typically had mild disproportional short stature. The 
severity of short stature is variable and disproportionality 
seems to become more pronounced over the years. 

FGFR3

The fibroblast growth factor receptor-3 (FGFR3) 
pathway acts as a negative regulator of the growth plate 
chondrogenesis (Figure 1). Heterozygous gain-of-
function mutations in the FGFR3 cause achondroplasia 
and hypochondroplasia. Achondroplasia is the most 
frequent skeletal dysplasia and is clinically characterized 
by severe disproportional short stature with rhizomelia 
(29). In contrast, hypochondroplasia is generally less 
severe and presents a broader phenotypic variability (30). 

Although there is an evident abnormal proportion in 
patients with hypochondroplasia and FGFR3 alterations 

Figure 2. Hand radiographs of children carrying NPR2 and IHH mutations. 
(A) Hand radiograph of a patient with heterozygous mutation in NPR2. 
Shortening of metacarpal is clearly observed. (B) Hand radiograph of a 
child with heterozygous mutation in IHH showing the shortening of the 
middle phalanx of the 5th finger with cone-shaped epiphyses.

A B

maturation, even before puberty, and some subjects 
had accompanying early-onset osteoarthritis (14). This 
dual phenotypic presentation occurs because aggrecan 
is a component of both growth plate and articular 
cartilage. 

Since the first report, more than one hundred 
individuals from more than twenty families with 
autosomal dominant inherited short stature were 
identified as carriers of ACAN mutations (24). Affected 
children seem to have growth impairment even before 
birth, and mutations in this gene were reported in a 
cohort of short children born small for their gestational 
age, mainly regarding birth length (25). The majority 
of children with ACAN mutations have proportionate 
short stature with advanced bone age. Due to the poor 
pubertal spurt followed by early growth cessation, final 
height is still more compromised and adults present 
lower height SDS and, frequently, body disproportion. 
Other clinical features recognized in affected subjects 
are brachydactyly, mild midface hypoplasia, and flat 
nasal bridge. Some individuals present early-onset 
osteoarthritis, which appears until fourth decade of life 
and affects most commonly the knees, with a variable 
degree of severity (24). Whereas most children from 
cohorts of patients with ISS have delayed bone age, 
ACAN mutation should be suspected in a short child 
with advanced bone age.
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is rare in patients classified as ISS (31), some children 
still can be undiagnosed at first evaluation. More 
recently, a study identified FGFR3-activating mutation 
causing autosomal dominant familial proportionate 
short stature without other specific findings (32).

GENES RELATED TO THE GH-IGF1 AXIS

Since the growth hormone (GH) and insulin-like 
growth factor 1 (IGF-1) have been initially recognized 
as the main regulators of longitudinal growth, the 
first researches in the field of genetics of short stature 
attempted to identify children with defects in the 
GH–IGF-1–bone axis. GH is secreted by the pituitary 
gland, and promotes bone elongation mainly through 
regulating synthesis of IGF-1, both circulating and 
peripheral. Growth impairment can be caused by gene 
defects that affect several components of this cascade 
(summarized in Table 2), from the synthesis of GH to 
the action of IGF-1. Affected subjects may not present 
classical features of GH/IGF-1 deficiency or resistance, 
in which cases they would often be classified as having 
ISS.

GH1

Defects in GH1 gene, which encodes GH, were firstly 
recognized as a cause of isolated GH deficiency (IGHD). 
The genetic defects responsible for this phenotype 
are generally deletions involving the gene or point 
mutations leading to a truncated protein, although 
some missense mutations and rare promoter region 
mutations have already been reported (33). Affected 

children typically present proportionate short stature 
with low growth velocity, low IGF-1 concentration and 
an inadequate response during GH provocative tests. 
Additionally, heterozygous and homozygous mutations 
in GH1 have been associated with bioinactive GH, 
characterized by a similar phenotype to IGHD, except 
for normal or elevated GH levels (34).

Children with GH1 defects may present a milder 
phenotype than that classically described, with no 
typical findings that allow the diagnosis of IGHD or of 
bioinactive GH. This may be particularly important in 
less severe genetic defects, as reported in a study that 
identified a heterozygous mutation in the GH1 gene 
promoter associated to ISS (35). In these cases, the 
etiology of short stature remains undefined after the 
initial clinical and laboratorial evaluation.

GHSR

Two peptides stimulate GH synthesis and secretion: 
growth hormone-releasing hormone (GHRH) and 
ghrelin. Ghrelin acts through interaction with the GH 
secretagogue receptor (GHSR) and has also a potent 
orexigenic effect (36). 

Defects in the GHSR gene have been associated 
with ISS and GH deficiency with variable severity and 
penetrance. Both phenotypes were even described in the 
same family (37). Additionally, some affected children 
had delayed puberty (38). This heterogeneity in clinical 
presentation may be partially explained because gene 
defects can result in protein alterations that affect the 
binding affinity to ghrelin and the constitutive activity 
of the receptor.

Table 2. Genes related to GH-IGF1 axis that are associated with isolated short stature

Gene First report in patient 
classified as ISS Frequency in ISS (%) Inheritance Additional common findings References

GH1 2003 NA AD Low height velocity and delayed bone age (35)

GHSR 2006 2.0 to 2.4 AD/AR GHD and ISS in the same family (37,55)

GHR 1995 0 to 5.0 AD Laboratory suggestive of partial GH insensitivity (56,57)

STAT5B 2018 NA AD Three families described with eczema and laboratory 
suggestive of partial GH insensitivity

(41)

IGF1 2012 NA AD Birth weight and birth length in the lower normal range (45,58)

IGF1R 2003 1.6 to 2.0 AD Born small for gestational age in the most cases and 
elevated levels of IGF-1

(46,47,59)

IGFALS 2004 NA AR Severe deficiency of IGF-1 and IGFBP-3 
disproportional to the severity of short stature

(48)

PAPP-A2 2016 NA AR High levels of IGF-1 and IGFPB-3 (50)

NA: prevalence study is not available; ISS: idiopathic short stature. 
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GHR

GH exerts its action by binding to the GH receptor 
(GHR), a member of the cytokine superfamily of 
receptors. Homozygous or compound heterozygous 
mutations in GHR gene cause complete GH 
insensitivity (GHI), known as Laron syndrome, 
characterized by extreme short stature, high or normal 
GH concentrations, very low IGF-1 and IGFBP-3 
levels, and no increase in IGF-1 concentration 
after exogenous GH stimulation (39). Differently, 
heterozygous GHR mutations can cause a variable 
spectrum of GHI, ranging from total absence of GHR 
activation to milder impairment causing subtler clinical 
phenotypes. 

Until now, only seven patients have been reported 
with heterozygous GHR mutations with a dominant-
negative effect causing short stature with recognizable 
features of partial GHI. Several other studies have 
reported heterozygous GHR variants in ISS patient 
cohorts, with a frequency between 5% and 15.5%. 
However, many of these variants have not been proven 
to be causative of short stature. It is supposed that the 
ISS phenotype, accompanied by some degree of GHI, 
may be caused by less deleterious heterozygous GHR 
mutations. Some authors suggested that low growth 
hormone binding protein (GHBP) levels could indicate 
a defect in the extracellular domain of the GHR in these 
patients (40).

Hence, since the clinical characterization remains 
subjective, heterozygous GHR mutations may be 
responsible for the growth failure observed in a group 
of children with isolated short stature and non-classical 
laboratory phenotype associated with impaired GH 
action. 

STAT5B

STAT5B is an essential protein in the intracellular 
signaling pathway downstream of GHR activation. 
Homozygous inactivating STAT5B mutations cause 
the classical phenotype of GH insensitivity associated 
with immunodeficiency (mainly eczema and chronic 
pulmonary disease). Relatives of autosomal recessive 
STAT5B deficient patients who carry STAT5B mutations 
usually have heights within the low normal range (41).

In 2018, three heterozygous STAT5B mutations 
with a dominat-negative effect were described in 
eleven individuals from three unrelated families, 
whose probands had undiagnosed short stature and 

laboratory evaluation of mild GH insensitivity. Most 
of the affected individuals presented elevated IgE, mild 
eczema and short stature with inter- and intra-familial 
variability (42).

IGF1 and IGF1R

IGF-1 is the main growth factor in intrauterine 
development and in postnatal growth and acts through 
the binding to a cell surface tyrosine kinase receptor 
called IGF1R. Deletions or homozygous loss-of-
function mutations in IGF1 gene cause severe pre- and 
post-natal growth failure, microcephaly and retarded 
intellectual development (43). Affected patients 
present extreme low IGF-1 levels with normal or high 
GH concentrations. Individuals heterozygous for IGF1 
variants were significantly shorter and had reduced 
head circumferences compared to noncarrier relatives. 
Affected children born from affected mothers appear to 
have a more compromised height, which suggest a role 
of placental dysfunction (44).

In 2014, a complete IGF1 gene deletion in 
heterozygosity was reported in a patient with ISS. 
The affected child had birth length and weight within 
the low normal value and presented postnatal growth 
failure with low-normal serum IGF-1 (45). 

Patients heterozygous for IGFR1 defects have 
a similar phenotype to that of patients with IGF-1 
mutations, except for the relatively high IGF-1 
concentrations (46). Although this is a rare condition, 
some patients may have a less obvious clinical 
presentation, and short statute may be the only 
recognizable characteristic (47).

Ternary complex defects (IGFALS and PAPP-A2)

Most of the serum IGF-1 circulates bound to IGF 
binding protein type 3 (IGFBP-3) and acid-labile 
subunit (ALS), forming a ternary complex. This 
complex is essential to extend serum IGF-1 half-life 
and to decrease its bioavailability at tissue level. On the 
other hand, pregnancy-associated plasma protein A2 
(PAPPA2) is a serum and tissue protease responsible 
for the proteolysis of IGFBP-3, releasing IGF-1 from 
the ternary complex. 

Biallelic loss-of-function mutations in IGFALS 
result in extreme decrease in the circulating levels of 
functional ALS (48). The consequence of this is the 
impossibility to form a ternary complex with reduced 
IGF-1 and IGFBP-3 levels, which is reflected clinically 
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in mild short stature associated with delayed puberty. 
Over the past years, it has been postulated that 
heterozygous variants in IGFALS are responsible for 
isolated short stature phenotype. Affected children 
presented partial ALS deficiency and a mean decrease 
in height of 1 SDS (49). 

The opposite phenomenon, i.e. increased IGF-1 
and IGFBP-3 levels, was first described in 2016. Five 
affected children coming from two different families 
had PAPPA2 deficiency caused by autosomal recessive 
mutations in PAPPA2 gene. In addition to variable 
short stature (heights ranged from -1.0 to -3.8 SDS), 
some patients had microcephaly, thin long bones, low 
bone mineral density, and insulin resistance (50).

OTHER GENE 
PTPN11

The protein-tyrosine phosphatase non-receptor type 
11 gene (PTPN11) encodes the non-receptor Src-
homology 2 (SH2) domain-containing protein tyrosine 
phosphatase 2 (SHP2). SHP2 participates in multiple 
intracellular signaling pathways, including the Ras/
MAPK cascade. Activating heterozygous mutations 
in PTPN11 cause the Noonan syndrome (NS), 
characterized by reduced postnatal growth, congenital 
heart disease, and facial dysmorphisms. Commonly, 
affected children present low serum IGF-1 level, which 
reflects some degree of GH insensitivity (51). 

Similarly to the other genes reported above, there 
is a variable clinical presentation in affected individuals, 
even within the same family. In addition, the craniofacial 
features change with age, therefore it can be sometimes 
challenging to make a clinical diagnosis of NS. Finally, 
pathogenic variants in PTPN11 have been identified in 
patients from a cohort of ISS children (11). 

CONCLUSION AND FUTURE DIRECTIONS

Over the past several years, an increasing number of 
genetic variants have been associated with short stature. 
Many of these genes have been long known to be 
causing extreme phenotypes of growth disorders, which 
are clinically recognized, such as skeletal dysplasias or 
GH resistance syndromes. Nowadays, with the advent 
and greater availability of next-generation sequencing 
techniques, it has become possible to identify several 
gene defects in short stature children that presented 

clinically with the mildest spectrum of the diseases and 
that were initially classified as ISS.

The identification of the genetic causes of short 
stature prevents children to undergo unnecessary 
exams, and can give hints on the growth outcomes, 
with or without recombinant human GH (rhGH). 
For example, it is known that patients with SHOX 
defects have a good response to rhGH therapy (18). 
Conversely, it is expected that ISS children with less 
severe defects of the GH-IGF-1 axis, including less 
severe GHR mutations, will respond less to rhGH use at 
regular dosage (40). Besides that, a CNP analog named 
vosoritide, that has been used as an experimental drug 
for the treatment of achondroplasia, can be in the future 
an option to treat children with nonsyndromic short 
stature, especially those with heterozygous mutations 
in the NPR2 or in the NPPC genes (21).

The lack of specific characteristics makes accurate 
diagnosis difficult without the use of molecular genetic 
study. For this same reason, candidate gene analysis 
is generally not sufficient, and hence, a multiple-gene 
testing approach using next-generation sequencing 
(NGS) is preferable. The choice of the use of whole 
exome sequencing (WES) or gene-panel analysis of the 
genes will depend on the availability and on cost-benefit 
evaluation. Even when using the WES, the analysis of 
these patients should prioritize genes already associated 
with the isolated short stature phenotype. In the years 
that will follow, molecular genetic study using a panel 
of genes or exome analysis will become mandatory 
when investigating children with isolated short stature, 
with a crucial impact on treatment and follow-up. 
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Aggressive papillary thyroid 
carcinoma in a child with type 2 
congenital generalized lipodystrophy

Grayce Ellen da Cruz Paiva Lima1, Virgínia Oliveira Fernandes1, Ana Paula 
Dias Rangel Montenegro1, Annelise Barreto de Carvalho1, Lia Beatriz de 
Azevedo Sousa Karbage1, Lindenberg Barbosa Aguiar1, Mário Sérgio Rocha 
Macedo1, Luis Alberto Albano Ferreira1, Renan Magalhães Montenegro Júnior1

SUMMARY
Thyroid carcinoma (TC) is rare in children, particularly in those aged < 10 years. Several studies have 
demonstrated a correlation between neoplasms and hyperinsulinemia and insulin resistance, which are 
often associated with a higher risk for and/or aggressiveness of the neoplasm. Congenital generalized 
lipodystrophy (CGL) with autosomal recessive inheritance is a rare disease and is characterized by the 
lack of adipose tissue, severe insulin resistance, and early metabolic disturbances. Here, we reported 
a rare case of a type 2 CGL in a girl who presented with a papillary TC (PTC) at the age of 7 years. She 
had no family history of TC or previous exposure to ionizing radiation. She had a generalized lack of 
subcutaneous fat, including the palmar and plantar regions, muscle hypertrophy, intense acanthosis 
nigricans, hepatomegaly, hypertriglyceridemia, severe insulin resistance, and hypoleptinemia. A 
genetic analysis revealed a mutation in the BSCL2 gene (p.Thr109Asnfs* 5). Ultrasound revealed a 
hypoechoic solid nodule measuring 1.8 × 1.0 × 1.0 cm, and fine needle aspiration biopsy suggested 
malignancy. Total thyroidectomy was performed, and a histopathological examination confirmed PTC 
with vascular invasion and parathyroid lymph node metastasis (pT3N1Mx stage). This is the first 
report to describe a case of differentiated TC in a child with CGL. Severe insulin resistance that is 
generally observed in patients with CGL early in life, especially in those with type 2 CGL, may be 
associated with this uncommon presentation of aggressive PTC during childhood. Arch Endocrinol Metab. 
2019;63(1):79-83
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INTRODUCTION

T hyroid carcinoma (TC) is rare in children, 
particularly those aged < 10 years, and accounts 

for 1.5%–3% of all childhood cancers in North America 
and Europe; however, its incidence has been increasing 
by 1.1% each year (1). In Brazil, according to the 
National Cancer Institute database, the incidence of 
TC may be 2% of all pediatric cancers (2). The behavior 
of TC in children aged < 10 years differs from that in 
adults, because in the pediatric range there is usually 
at least one risk factor for papillary TC (PTC), mainly 
ionizing radiation exposure and family history (3). 

Several studies have revealed the correlation between 
neoplasms and hyperinsulinemia and insulin resistance 
(IR), which are frequently associated with a higher risk for 
and/or aggressiveness of the neoplasm (4-6). However, 
many of those studies included subjects who were obese, 
which characterizes many confounding variables (6-8), 
and data in conditions of severe IR are lacking. 

CGL is a rare disease with autosomal recessive 
inheritance characterized by a lack of adipose tissue, 

hypoleptinemia, severe IR, and early metabolic 
disturbances such as dyslipidemia and diabetes mellitus 
(9,10).

Here, we report a rare case of type 2 CGL in a girl 
who presented with PTC at the age of 7 years and who 
had no family history of TC or previous exposure to 
ionizing radiation. 

CASE REPORT

A 9-year-old girl with a clinical and molecular diagnosis 
of CGL was being followed at our center, (BRAZLIPO 
Program, Endocrine and Diabetes Unit, University 
Hospital, Federal University of Ceará, Brazil). Based 
on the generalized absence of adipose tissue, she was 
clinically diagnosed as having CGL in her first year of 
life.

A physical examination at 7 years of age revealed a 
height of 143 cm, a weight of 42.1 kg, and a body mass 
index (BMI) of 20.5 kg/m2. She had a generalized 
lack of subcutaneous fat, including in the palmar and 
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plantar regions, muscle hypertrophy, intense acanthosis 
nigricans, and hepatomegaly (Figure 1). The patient 
also had a history of consanguinity. Her parents are 
first-degree cousins, and her brother has the same 
clinical diagnosis of CGL (Figure 2). 

In her first year of life, hypertriglyceridemia (442 
mg/dL) was detected. During follow-up, her clinical 
and laboratory work-up revealed IR (Table 1). At 
7 years of age, fasting hyperinsulinemia, severe IR, 
abnormal glucose tolerance, and hypoleptinemia 
were also observed. At this time, a genetic analysis 
revealed a BSCL2 gene mutation (p.Thr109Asnfs* 5), 
characterizing type 2 CGL. 

At 7 years of age, thyroid gland ultrasound revealed 
a hypoechoic solid nodule measuring 1.8 × 1.0 × 1.0 cm 
in size, with partially defined margins and multiple foci 
of microcalcification located in the upper third of the 
right lobe. According to the clinical history, the patient 
had no family history of TC or previous exposure to 
ionizing radiation.

Results of a cytological evaluation of the nodule, 
obtained through fine-needle aspiration biopsy, 
suggested malignancy (Bethesda V classification). 
Thus, total thyroidectomy was performed. Results of 
a histopathological examination confirmed a classical 
variant of PTC, with the tumor measuring 1.2 cm 
(unifocal) and having vascular invasion. Perineural 
infiltration was not performed. Extrathyroid extension 
and metastasis were observed in a parathyroid lymph 
node (pT3N1Mx stage) (Figure 3). The patient also 
underwent radioiodine therapy (100 mCi), followed by 
suppressive levothyroxine treatment (3 mcg/kg/day), 
and no signs of residual disease. 

Figure 1. Clinical characteristics of a 7-year-old girl with a diagnosis of congenital generalized lipodystrophy. (A) Absence of adipose tissue in the face. 
(B) Severe acanthosis nigricans. (C and D) Absence of adipose tissue in the palmar and plantar regions, respectively. (E) Global absence of adipose tissue 
and muscle pseudohypertrophy.

Figure 2. The family pedigree of the patient showing two siblings affected 
by congenital generalized lipodystrophy.

Table 1. Clinical and laboratory data of a patient with CGL during follow-up

First 
evaluation

Second 
evaluation

Third 
evaluation

Age (years) 2.16 4.75 7.58

Weight 15.5 27.7 42.1

Height 96 122.5 143

BMI (kg/m2) 16.6 18.4 20.5

Glucose (mg/dL) 72 80 73

A1c (%) - 6,3 6,1

Insulin (µU/mL) 20.6 41.02 102

HOMA-IR 3.66 8.09 8,3

TC (mg/dL) 185 143 161

HDL (mg/dL) 22 23 28

Triglycerides (mg/dL) 284 324 117

TSH (µUI/mL) 2.09 1.2 2.3

Leptin (ng/mL) - 1.0 -

BMI: body mass index; HOMA: homeostasis model assessment-insulin resistance; TC: total cholesterol; 
HDLc: high-density lipoprotein cholesterol; TG: triglyceride; TSH: thyroid-stimulating hormone.
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case of the association between DTC and IR was in 
a 13.5-year-old obese girl with acanthosis nigricans 
(17). Diabetes and IR are considered risk factors for 
DTC (18). Epidemiological studies have suggested the 
association, although in such studies only obese subjects 
were evaluated, possibly leading to the presence of 
a positive confounder (7,19,20). A previous cross-
sectional study assessed the correlation between IR and 
thyroid, independent of body weight, in participants 
grouped according to their BMI and homeostasis 
model assessment-IR (HOMA-IR) and concluded 
that individuals with higher IR had a higher number 
of nodules and greater thyroid volume, independent of 
BMI (8).

Our patient had hyperinsulinemia since the 7 years 
of age. Insulin acts as a growth factor that stimulates 
cell proliferation. Some studies have described that 
insulin receptors (IRs) are overexposed in most DTC 
cases (21,22). In addition, insulin reduces insulin-
like growth factor-binding protein levels, leading to 
increased levels of insulin-like growth factor (IGF), 
subsequently resulting in cell multiplication and 
apoptosis reduction. Insulin also increases the risk of 
mutations and cancer development (22).

IGF-1 plays a role in various human malignancies 
and possibly in DTC (21,22). IGF-1 is important 
for thyroid growth and development, as thyroid-
stimulating hormone (TSH). In addition, IGF-
receptors are overexpressed in DTC (21), which 
amplifies the anabolic effect on thyrocytes (23). 

Some studies have described the presence of high 
leptin levels in patients with DTC (24). Cheng and 
cols. demonstrated that leptin and leptin receptors are 
overexpressed in patients with PTC, which correlates 
with increased tumor aggressiveness (7). In contrast, 
our patient had very low leptin levels, which correlated 
to the absence of metabolic active adipose tissues.

Although our patient had no clinical diagnosis of 
diabetes, she had altered glycated hemoglobin levels. 
Most studies have demonstrated the correlation 
between diabetes and DTC. In their case-control study, 
Bae and cols. observed that Korean women in the upper 
quarters of HOMA-IR had an odds ratio of 4.07 (95% 
confidence interval [CI] 2.81–5.89, p < 0.001) for 
DTC. These data were adjusted for age, BMI, history of 
smoking, hypertension, thyroid disease, other cancers, 
cholesterol levels and TSH (25).

In the meta-analysis conducted by Yeo and cols., 
women with pre-existing DM had an increased risk for 

Figure 3. Histopathological examination showing normal thyroid tissue 
below and papillary thyroid neoplasia at the top of the image.

RESULTS AND DISCUSSION

This is the first study to report about a differentiated 
TC (DTC) in a child with CGL. Although the patient 
did not present with other risk factors for TC, i.e., 
previous radiation exposure or a family history of TC, 
she had severe CGL-associated IR since early childhood. 
Furthermore, she had an aggressive presentation of 
PTC (pT3N1Mx stage).

CGL is a rare congenital disorder that is 
characterized by total or near-total lack of body fat, low 
leptin levels, ectopic fat deposits, and severe metabolic 
disorders such as hypertriglyceridemia and IR (10). 
Four subtypes of CGL have been described. Subtypes 
1 and 2 are responsible for 95% of described cases and 
occur because of mutations in the AGPAT2 and BSL2 
genes, respectively, which express proteins that are 
critical in triglyceride and phospholipid biosynthesis, 
lipid droplet formation, and adipocyte differentiation 
(11). Low leptin and adiponectin levels, increased free 
fatty acids, and triglyceride depositions in the liver and 
skeletal muscles, which are associated with severe IR, 
are frequently noted (12-15). 

CGL because of BSCL2 mutation is the most severe 
form of CGL, with a pronounced lack of adipose tissue 
(16). It affects both the metabolic active and mechanical 
adipose tissues and usually results in earlier and more 
severe metabolic abnormalities. Mental retardation 
and cardiomyopathy have also been described (16). 
Our patient presented with clinical and biochemical 
phenotypic characteristics of CGL. 

She had hypertriglyceridemia and intense acanthosis 
nigricans since her first year of life. The first described 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

82

Thyroid carcinoma in CGL

Arch Endocrinol Metab. 2019;63/1

TC (relative risk  =  1.38, 95% CI 1.13–1.67) (26). A 
similar conclusion was observed in another review that 
revealed that diabetes had a possible positive association 
with risk for TC (27). Conversely, in a systematic 
review, Kitahara and cols. concluded that neither 
physical inactivity nor diabetes history was associated 
with an increased risk for TC (28). These results are 
controversial, and evidence is not sufficient to associate 
RI or diabetes with TC (25,29,30).

However, it is unlikely that the association reported 
here is a random occurrence. The occurrence of DTC in 
children aged < 10 years is rare and is usually associated 
with the presence of identifiable risk factors such as a 
family history and exposure to ionizing radiation during 
childhood; however, this was not observed in our 
patient. Our patient had IR since her first year of life, 
which was related to the most severe subtype of CGL. 
Our case findings reinforce the hypothesis that IR is a 
trigger for CGL, independent of BMI or leptin levels.

In conclusion, this is the first report to describe DTC 
in a child with CGL. The severe IR usually observed 
in this disorder early in life, especially type 2 of CGL, 
may be associated with the uncommon presentation of 
aggressive PTC during childhood. Future prospective 
studies are needed to better define the association 
between TC and severe IR and demonstrate the possible 
benefit of thyroid evaluation in patients with CGL. 
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Congenital hyperreninemic 
hypoaldosteronism due to 
aldosterone synthase deficiency  
type I in a Portuguese patient –  
Case report and review  
of literature

Adriana de Sousa Lages1, Beatriz Vale2, Patrícia Oliveira1,  
Rita Cardoso3, Isabel Dinis3, Francisco Carrilho1, Alice Mirante3 

SUMMARY
Hyperreninemic hypoaldosteronism due to aldosterone synthase (AS) deficiency is a rare condition 
typically presenting as salt-wasting syndrome in the neonatal period. A one-month-old Portuguese 
boy born to non-consanguineous parents was examined for feeding difficulties and poor weight 
gain. A laboratory workup revealed severe hyponatremia, hyperkaliaemia and high plasma renin with 
unappropriated normal plasma aldosterone levels, raising the suspicion of AS deficiency. Genetic 
analysis showed double homozygous of two different mutations in the CYP11B2 gene: p.Glu198Asp 
in exon 3 and p.Val386Ala in exon 7. The patient maintains regular follow-up visits in endocrinology 
clinics and has demonstrated a favourable clinical and laboratory response to mineralocorticoid 
therapy. To our knowledge, this is the first Portuguese case of AS deficiency reported with confirmed 
genetic analysis. Arch Endocrinol Metab. 2019;63(1):84-8
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INTRODUCTION

A ldosterone is a mineralocorticoid hormone 
secreted exclusively in the zona glomerulosa (ZG) 

of the adrenal cortex and acts in distal renal tubules 
by increasing sodium reabsorption and promoting 
urinary potassium excretion. The aldosterone synthesis 
is dependent on aldosterone synthase (AS), an enzyme 
encoded by the CYP11B2 gene, one of the cytochrome 
P450 enzymes (P450c11Aldo). AS, previously named 
corticosterone methyloxidase is expressed in the 
adrenal cortex and is responsible for catalysing the 
final three steps of the aldosterone biosynthesis: from 
11-desoxycorticosterone (DOC) to corticosterone, 
then to 18-hidroxicorticosterone (18-OHB) and finally 
to aldosterone (1,2). 

Congenital hyperreninemic hypoaldosteronism due 
to defects in AS caused by inactivating mutations in 
the CYP11B2 gene has an unknown prevalence and is 
usually associated with an autosomal recessive pattern 
of inheritance. Two distinct forms of AS deficiency 

have been described, type I and type II, based only 
on the biochemical profile: no AS catalytic activity and 
low 18-hydroxycorticosterone (18-OHB) levels in 
AS deficiency type I and residual enzymatic catalytic 
activity and elevated 18-OHB levels in AS deficiency 
type II (3).

Typically, the disease manifests in the first weeks of 
life with nausea, vomiting, feeding problems and failure 
to thrive in the neonatal period. Isolated aldosterone 
deficiency is associated with neonatal salt-wasting 
syndrome resulting in hyponatremia, hyperkalaemia, 
metabolic acidosis and marked elevated renin with low 
or unappropriated normal aldosterone levels (4-15). 
Usually, clinical severity improves with age and patients 
are frequently asymptomatic during adulthood despite 
not having mineralocorticoid therapy (16). 

Most of the cases reported in the literature are 
from Iranian Jewish patients (5,16,17), but cases from 
Turkey (14,18) , Japan (7,8) and Israel (9,19) have also 
been described. To our knowledge, there has been no 
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previous report of Portuguese cases of AS deficiency, 
especially with confirmed genetic analysis.

CASE PRESENTATION

We report a case of a one-month-old infant delivered 
by caesarean section at 35 weeks from a dichorionic 
diamniotic twin pregnancy with a birth weight of 2,350g 
and a length of 46 cm. The parents are Portuguese and 
non-consanguineous. 

Our patient presented 1-week complaints of 
an increased number of dejections and vomiting 
predominantly after feeding. At the first examination 
in a local paediatric hospital, he presented severe signs 
of dehydration (heart rate 160 bpm, blood pressure 
92/58 mmHg, abnormally prolonged capillary 
refill time, deeply sunken eyes, mottled extremities), 
failure to retrieve weight compared to birth weight 
(2,340g) and marked hypotonia. He had a normal 
male phenotype with no genital anomalies, and no 
skin hyperpigmentation was described. A laboratory 
examination revealed an elevated plasma potassium 
level of 7.4 mmol/L [normal range (NR) 3.5-5.1], a 
low plasma sodium level of 126 mmol/L (NR 137-
145) and metabolic acidosis (pH 7.16 pCO2 46 
mmHg HCO3- 16.4 mmol/L Lactates 5.3 mmol/L 
Anion Gap -13.6 mmol/L). Prompt therapy with 5% 
dextrose and 0.45% sodium chloride (NaCl) as well as 
infusion of sodium bicarbonate were initiated, and the 
patient was transferred to our central medical unit.

During the hospital admission, because of a clinical 
presumptive diagnose of congenital adrenal hyperplasia, 
he was given therapy with hydrocortisone (2.5 mg 
6/6h) and oral NaCl supplement (0.8 mEq/kg/day) 
with initial favourable clinical and laboratory response.

However, a hormonal workup revealed normal 
plasma levels of adrenocorticotropic hormone (ACTH) 
(11.8 pg/mL – NR < 46), cortisol (10.9 µg/dL 
– NR 5.0-25.0), 17-OH-progesterone (17-OHP) 
(10.0 ng/mL), androstenedione (0.9 ng/mL) and 
dehydroepiandrosterone  sulfate (DHEA-SO4) (32.5 
µg/dL) with marked elevated renin (> 500 µUI/mL) 
levels and unappropriated normal aldosterone [12.4 
ng/dL; measured by chemiluminescent immunoassay 
(CLIA) on Liaison®], ruling out the first clinical 
suspicion of congenital adrenal hyperplasia (CAD) and 
raising the suspicion of primary hypoaldosteronism as 
the probable cause of the severe neonatal salt-wasting 
syndrome (Table 1). Ultrasound investigation of the 

kidneys revealed no abnormalities, and there were 
no signs of enteropathy, urinary tract infection or 
obstruction.

The patient was discharged with an oral 20% NaCl 
supplement (0.4 mL, 8 times/day after feeding) and 
ion-exchange resin – sodic phase (1.8g, 3 times/day). 
At 54 days old, he had his first paediatric endocrinology 
appointment with new laboratory evaluation, confirming 
the results previously obtained and maintenance of an 
elevated plasma potassium level of 5.95 mmol/L (NR 
3.5-5.1), so therapy with fludrocortisone (0.075 mg/
day, 0.018 mg/kg/day) and NaCl supplementation 
were associated.

Genetic analysis was performed with direct DNA 
sequence analysis of the entire coding regions of the 
CYP11B2 gene and revealed that our patient is a double-
homozygous carrier of two mutations: in exon 3, codon 
198 with replacement of glutamic acid for aspartic acid 
- c.594A > C (p.Glu198Asp), and in exon 7, codon 386 
with replacement of valine for alanine - c.1157T > C 
(p.Val386Ala). Genotyping of these variations in both 
parents revealed that both were heterozygous carriers 
of the same two mutations, c.594A > C (p.Glu198Asp) 
and c.1157T > C (p.Val386Ala) – mutation in cis – 
which implies a 25% risk of AS deficiency in offspring.

The patient maintains regular follow-up visits to 
endocrinology clinics, is currently 5 years old and 
good clinical effect on body growth and normalization 
of laboratory abnormalities after introduction of 
mineralocorticoid therapy. The dose of oral fludrocortisone 
has been stable at 0.075 mg/day, in two divided doses.

DISCUSSION

Aldosterone is secreted on the ZG of the adrenal gland 
under control of three principal factors: angiotensin II, 
potassium and, to a lesser extent, ACTH. The first two 
secretagogues stimulate aldosterone secretion mainly 
by increasing the transcription of the CYP11B2 gene. 
Distinctly, ACTH acutely stimulates the early pathways 
of adrenal steroidogenesis, promoting a 10%-20% 
elevation of the aldosterone circulating levels (20). 

Mineralocorticoid deficiency can be divided in two 
categories: congenital and acquired syndromes. 

Mutations in the gene encoding the AS enzyme, 
exclusively found in the ZG, are associated with isolated 
mineralocorticoid deficiency. Nevertheless, functional 
mineralocorticoid deficiency may also be related to 
mutations in the mineralocorticoid receptor or in the 
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gene encoding the epithelial sodium channel (ENaC) 
(21).

Regarding primary defects in aldosterone 
biosynthesis, mutations in AS limit the activation 
of DOC to aldosterone through three terminal 
subsequent steps catalysed by the mitochondrial CYP 
enzyme 11B2 (CYP11B2). Patients with AS deficiency 
can be classified as type I or type II according to the 
variable biochemical phenotype (based on 18-OHB 
and aldosterone levels). Both cases are rare and are 
inherited in an autosomal recessive pattern (3). 

Our patient presented with severe salt-wasting 
syndrome with important signs and symptoms of 
dehydration, feeding difficulties and failure to thrive 
in the neonatal period. Clinical presentation along 
with a typical biochemical profile with hyponatremia, 
hyperkalaemia, normal cortisol and sex steroids, 
high plasma renin levels and unappropriated normal 
aldosterone levels suggested the underlying diagnosis, 

posteriorly confirmed by genetic analysis of CYP11B2 
gene mutations on the index case.

In the neonatal period, clinical presentation can be 
dramatic, with significant hemodynamic impact and 
life-threating episodes of seizure and coma. Typically, 
we assist an improving of clinical severity with age, 
and adults are frequently asymptomatic despite no 
mineralocorticoid therapy. This fact can be associated 
with a gradual declining dependency on aldosterone 
during lifetime for normal ionic imbalance due to 
possible extra-adrenal compensatory mechanisms 
and alternative ACTH-dependent pathways for 
mineralocorticoid biosynthesis (22).

Occasionally, during adulthood, patients can present 
with orthostatic hypotension and hyperkalaemia in 
particular situations (as dehydration and heat stroke). A 
complete past medical history, with detailed childhood 
development and other medical conditions associated 
(such as nausea, vomiting, feeding problems and deficit 

Table 1. Initial and sequential plasma levels (ionogram and hormonal profile) in Portuguese patient with congenital hyperreninemic hypoaldosteronism 
due to aldosterone synthase deficiency

13/10/2012
presentation 5/11/2012 13/12/2013 02/01/2014 7/10/2014 21/4/2016 13/3/2018 Normal 

range

Weight (g)
Height (cm)
Age

2,340

46

31 days

2,980

54 days

4,240

56

91 days

4,740

57.5

110 days

10,100

78.5

18 months

12,900

95.1

3 years+7 
months

17.400

106.4

5 years+6 
months

Basal plasma 
levels

Na+ (mmol/L) 126 140 141 139 140 142 140 137-145

K+ (mmol/L) 7.4 5.95 5.49 4.61 4.06 4.39 4.1 3.5-5.1

ACTH (pg/mL) 11.8 < 46.0

Basal cortisol  
(µg/dL)

10.9 5.0-25.0

Basal 17-OHP  
(ng/mL)

10.0

Renin (µUI/mL)

(uU/mL)

> 500 > 500 208.2 26.5 0.5 1.9 0.5 1.0-16.0 
7-76

Aldosterone  
(ng/dL) (pg/mL)

12.4 9.8 6.4 1.1 1.2 16.2 24.6 2.8-39.9 
40-310

Free testosterone 
(pg/mL)

2.81

Androstenedione 
(ng/mL)

0.9

DHEA-SO4 (µg/dL) 32.5

Therapy - Oral 20% 
NaCl; 

Exchange 
resin sodic 

phase

Oral 20% NaCl 
supplement; 

Fludrocortisone 
0.05 + 

0.025 mg

Oral 20% NaCl 
supplement; 

Fludrocortisone 
0.05 + 

0.025 mg

Oral 20% NaCl 
supplement; 

Fludrocortisone 
0.05 +  

0.025 mg

Fludrocortisone 
0.05 + 

0.025 mg

Fludrocortisone 
0.05 + 

0.025 mg

ACTH: adrenocorticotropic hormone; 17-OHP: 17-OH-progesterone; DHEA-SO
4
: dehydroepiandrosterone sulfate.
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in weight gain), is essential to identify the correct 
diagnosis (1,16,23). 

It is also important to establish a correct differential 
diagnose with another neonatal salt-wasting syndromes 
such as congenital adrenal hyperplasia (CAH). In the 
latter, besides the clinical similarity at presentation, 
patients frequently have genital abnormalities (clitoral 
hypertrophy, labia partially or completely fused in girls) 
and a hormonal profile that is clearly distinct – instead 
of an isolated aldosterone deficiency with exclusively 
mineralocorticoid deficiency, on most patients  
(> 95%) with CAD due to 21-hydroxylase deficiency 
(CYP21A2), we found a combined aldosterone and 
cortisol synthesis deficiency associated with raised 17-
OHP, with elevated adrenal androgens as a hallmark of 
the diagnosis (24). Within this line, the therapy strategy 
is different and must include life-long glucocorticoid 
and mineralocorticoid replacement (16).

Typically, patients with AS deficiency respond well 
to fludrocortisone therapy and may also benefit from 
salt supplementation specifically in the neonatal period. 
In our patient, NaCl supplementation was discontinued 
at 2 years of age, and maintenance of mineralocorticoid 
therapy with fludrocortisone in a stable dose of 0.075 
mg allowed a catch-up growth with a favourable clinical 
and biochemical response.

Generally, genetic analysis of AS deficiency cases 
identified mutations on the CYP11B2 gene. Our 
patient is a double-homozygous carrier for two 
sequence changes leading to amino acid substitutions: 
E198D in exon 3 and V386A in exon 7. Both parents 
are heterozygous carriers for the same two mutations, 
which justifies the fact that neither have any clinical 
manifestation of the disease – mutation in cis. The 
combination of these two mutations encodes enzymes 
with a reduced residual 11β-hydroxylase activity; 
however, with no broad catalytic activity, the clinical 
phenotype arises (25). 

Although most cases of AS deficiency reported a 
mutation on the CYPB11B2 gene, this condition has 
recently been associated with cases of patients with 
clinically and biochemically presumed AS deficiency 
with no identified mutations on the CYP11B2 gene, 
emphasising a bigger heterogeneity and possible other 
mechanisms associated with the disease – mutations 
in genes encoding other renin-aldosterone system 
components (such as angiotensinogen, angiotensin-
converting enzymes and angiotensin II-receptor) or 
other regulatory genes of AS function. Encouraging 

the report of cases not linked to the CYPB11B2 
gene mutations is important precisely to estimate the 
proportion of patients without positive genetic analysis 
and contribute to a broad comprehension of the 
molecular basis of the condition (6,9). 

Unfortunately, in our country, we did not have 
access to measurement of plasma or urinary 18-OHB 
levels and corticosterone levels that clearly distinguish 
AS deficiency type I from type II. However, the genetic 
analysis and similarity to the genetic profile previously 
described by Portrat-Doyen S. and cols. together with 
the patient’s clinical presentation strongly supported 
the diagnosis of AS deficiency type I for the first time in 
a Portuguese patient (25). 

CONCLUSIONS

AS deficiency is a rare case of hyperreninemic 
hypoaldosteronism inherited in an autosomal recessive 
pattern. This condition represents a disorder of 
terminal biosynthesis of aldosterone with a typical 
manifestation of salt-wasting disorder in early life. 
Proper diagnosis of AS deficiency is essential for correct 
lifelong management, and genetic confirmation of 
CYP11B2 mutation allows for evaluation of familial 
adult members, information regarding the implications 
on offspring and reducing potential life-threatening 
risks associated with the disease.

This is the first report of a Portuguese patient with 
presumed AS deficiency type I in whom the molecular 
basis has been clarified, matching the clinical and 
laboratory diagnosis initially suspected. 

Mineralocorticoid therapy allowed remarkable 
weight recovery and total resolution of the initial 
symptoms and laboratory abnormalities. Expectedly, 
during adulthood, these patients present a favourable 
clinical course despite no fludrocortisone therapy and 
may only show an asymptomatic persistent abnormal 
steroid pattern throughout life.
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case report 

A rare mutation in hypophosphatasia: 
a case report of adult form 
and review of the literature 

Francisco Galeano-Valle1, Jaime Vengoechea2, Rodolfo J. Galindo3

SUMMARY
Hypophosphatasia is a rare inborn error of metabolism characterized by low serum alkaline 
phosphatase activity due to loss-of-function mutations in the gene encoding the tissue-nonspecific 
isoenzyme of alkaline phosphatase (TNSALP). Extracellular accumulation of TNSALP substrates 
leads to dento-osseous and arthritic complications featuring tooth loss, rickets or osteomalacia, and 
calcific arthopathies. Mild hypophosphatasia usually has autosomal dominant inheritance, severe 
cases are either autosomal recessive or due to a dominant negative effect. Clinical manifestations 
of hypophosphatasia are extremely variable, ranging from life threatening to asymptomatic clinical 
presentations. The clinical presentation of the adult-onset hypophosphatasia is highly variable. 
Fractures, joint complications of chondrocalcinosis, calcifying polyarthritis and multiple pains may 
reveal minor forms of the disease in adults. It is important to recognize the disease to provide the 
best supportive treatment and to prevent the use of anti-resorption drugs in these patients. Bone-
targeted enzyme-replacement therapy (asfotase alfa) was approved in 2015 to treat pediatric-
onset hypophosphatasia. We present a case of a 41-year-old male diagnosed with adult form of 
hypophosphatasia with a rare ALPL mutation that has been previously described only once and 
review the literature on the adult form of the disease and its genetic mechanism. Arch Endocrinol Metab. 
2019;63(1):89-93
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INTRODUCTION

H ypophosphatasia (OMIM 146300, 241500, 
241510) is a rare inborn error of metabolism 

characterized by low serum alkaline phosphatase 
(ALP) activity (hypophosphatasaemia) due to 
lossoffunction mutations within the gene that encodes 
the tissue-nonspecific isoenzyme of ALP (ALPL). 
In hypophosphatasia, extracellular accumulation of 
ALP substrates, including inorganic pyrophosphate, 
an inhibitor of mineralization, explains the dento-
osseous and arthritic complications featuring tooth 
loss, rickets or osteomalacia, and calcific arthropathies 
(1). In mild hypophosphatasia, there is functional loss 
of one of the copies of the gene, leading to autosomal 
dominant inheritance. In severe hypophosphatasia, the 
mutations affect both alleles of the gene. This could be 
through autosomal recessive transmission or because 
of an autosomal dominant mutation with a dominant 
negative effect, in which the gene product from one 
allele interferes with homo-dimerization (2). The 
prevalence of severe and moderate hypophosphatasia 

forms were estimated at 1/300,000 and 1/6,370 
patients in Europe, respectively (3). Clinical 
manifestations of hypophosphatasia are extremely 
variable and seven major clinical forms are identified. 
Fractures, joint complications of chondrocalcinosis, 
calcifying polyarthritis and multiple pains may reveal 
minor forms of the disease in adults. It is important 
to recognize the disease to provide the best treatment, 
to prevent fractures, which are frequently complicated 
and associated with pseudarthrosis. Moreover, it’s 
extremely important to prevent the inappropriate use 
of anti-resorption drugs, frequently prescribed for 
the fractures related to bone fragility, and attributed 
to primary osteoporosis in these patients (1,4-6). 
Bone-targeted enzyme-replacement therapy with 
asfotase alfa was approved in 2015 to treat pediatric-
onset hypophosphatasia. Currently, there is no well-
established treatment available for the correction of the 
bone fragility in adult hypophosphatasia. We present a 
case of a 41-year-old male diagnosed with adult form of 
hypophosphatasia with a rare ALPL gene mutation that 
has been previously described only once and review 
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the literature on the adult form of the disease and its 
genetic mechanism.

CASE REPORT

A 41-year-old Caucasian male presented to the 
endocrinology clinic with a long standing history 
of asthenia, constipation and depressed mood. 
Additionally, the patient related he had right lower 
ribs pain for several months. He denied any history of 
fractures, teeth loss, cavities, muscle pain, intellectual 
disability or vitamin supplementation. He had a family 
history of premenopausal osteoporosis in several family 
members, with poor response to bisphosphonates, 
and fractures. In addition, the patient had one sister 
with long-term decreased plasmatic ALP during 
adulthood, fractures and poor dentition (Figure 1). 
Physical examination revealed slight lack of enamel 
in teeth. Plasmatic calcium, phosphate, magnesium, 
thyroid and parathyroid hormone, kidney function, 
albumin and 25-hydroxyvitamin D (25(OH)D) were 
normal. Historical test results revealed decreased ALP 
for at least 2 years, ranging 18-20 U/L (normal range  
45-115 U/L). Bone-specific ALP was 4.8 μg/L 
(normal range in males 6.5-20.1 μg/L). Vitamin B6 was  
328.7 nmol/L (normal range 20-125 nmol/L). Vitamin 
A, B1, B2, B3, B5 and B12 were normal. Radiograph of 
the ribs did not reveal abnormalities. Kidneys ultrasound 
showed normal kidneys. After genetic counseling, 

ALPL gene (NM_000478.5) Sanger sequencing was 
performed at a CLIA-certified molecular diagnostic lab 
(Prevention Genetics, Marshfield, Wisconsin, USA). 
This showed that the patient was heterozygous for a 
pathogenic variant, c.1474del, which is predicted to 
result in a frameshift and premature protein termination 
(p.Ala492Profs*29). The classification as pathogenic 
was established by the clinical laboratory according to 
the 2015 ACMG/AMP guidelines. The diagnosis of 
autosomal dominant hypophosphatasia (adult form) 
was made. The patient was not enable to use enzyme 
replacement therapy (ERT) and the current treatment 
is basically symptomatic (analgesics, antidepressants), 
and focused on maintaining 25(OH)D within normal 
range and regular supervision by a multidisciplinary 
team including a dentist.

DISCUSSION 

The first case of hypophosphatasia was reported in 
1948 by J. C. Rathbun (7) and the first identified ALPL 
mutation was reported in 1988 (8). In humans, four 
genes account for ALP. Three genes encode the tissue-
specific intestinal, placental and germ-cell ALP, whereas 
the fourth gene, ALPL, encodes TNSALP, which is 
abundant in the skeleton, liver, kidney and developing 
teeth. TNSALP is actually a family of isoforms that differ 
by post-translational modifications. Homodimerization 
of TNSALP monomers is required for catalytic 

Figure 1. Pedigree of the patient’s family. HTN: hypertension; ALP: alkaline phosphatase; T2DM: type 2 diabetes mellitus. 
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activity (9). ALPs circulate as soluble homodimers 
that are cleared by the liver (10). There is deficiency 
of all TNSALP isoforms in hypophosphatasia (9). The 
prevalence of severe and moderate hypophosphatasia 
forms were estimated at 1/300,000 and 1/6,370 
respectively in the European population (3).

Three TNSALP phosphocompound substrates 
accumulate extracellulary in hypophosphatasia: 
both phosphoethanolamine (PEA) and inorganic 
pyrophosphate (PPi) in urine and blood and pyridoxal 
5’-phosphate (PLP) in plasma which is the active form 
of vitamin B6 and a cofactor for several enzymatic 
reactions including neurotransmitters (1). PPi is a potent 
inhibitor of mineralization and its superabundance 
leads to the impairment of hydroxyapatite crystal 
formation and growth, thereby producing rickets and 
osteomalacia, respectively in children and adults, and 
a wide range of other symptoms including calcific 
arthropathies in some affected adults (4,6). 

Hypophosphatasia shows an extraordinary range 
of severity that spans from death in utero with an 
unmineralized skeleton to dental complications or 
calcific periarthritis without bone disease in adulthood. 
Although its clinical spectrum is a continuum, 
hypophosphatasia has been classified into seven major 
clinical forms. Its outcome is conditioned principally by 
any skeletal complications, generally being worse with 
early life presentation (2,11,12). 

Adult-onset hypophosphatasia typically presents 
during middle age (13). The main symptom is pain 
caused by fractures due to osteomalacia and PPi 
arthropathy, including pseudogout. The most frequent 
fractures involve the metatarsals. These fractures are 
recurrent, usually show a delayed consolidation and 
may lead to pseudarthrosis. The other characteristic 
fractures (or pseudofractures) affect laterally and 
proximally in the subtrochanteric femoral region 
(5,12-14). Dental abnormalities include enamel 
disorders, loose teeth and premature tooth loss. 
Calcific periarthritis, ossification of ligaments and 
nephrocalcinosis may be present. This form can become 
debilitating due to recurrent fracturing, skeletal and 
joint pain, and muscle pain. Recurring headaches and 
psychiatric symptoms (insomnia, anxiety, depression) 
are frequent (5,6,12-15).

Due to the extraordinary range of variability of the 
clinical features of the adult form, this is probably the 
most underdiagnosed form. Delayed diagnose is very 
common. A study showed that the onset of symptoms 

in adulthood occurred at a median age of 44 years 
and the median age at diagnosis was 49 years. At the 
time of presentation, one third of patients appeared 
asymptomatic (12). 

Hypophosphatasia has been diagnosed traditionally 
when persistent hypophosphatasemia matches a medical 
history, physical examination, routine laboratory 
studies, and radiographic findings consistent with the 
diagnosis. The degree of hypophosphatasemia and 
TNSALP substrate accumulation generally reflects the 
severity of hypophosphatasia (1,6). TNSALP substrate 
excess in hypophosphatasia is marked with greatest 
sensitivity and specificity by elevated serum PLP (1,7). 
ALPL gene analysis is expected to reveal a defect in 
all patients with hypophosphatasia (2). Although 
persistent hypophosphatasaemia is the hallmark for the 
diagnosis of all forms of hypophosphatasia, it is not 
usually recognized in the clinical setting in hospitalized 
adult patients and it is rarely investigated further (16). 
Hypophosphatasaemia can also result from use of 
certain drugs and conditions (17). Assaying serum PLP 
is particularly helpful when hypophosphatasaemia has 
an explanation other than hypophosphatasia, because 
an elevated level might be expected exclusively in 
hypophosphatasia as the activities of all TNSALP 
isoforms, not just from bone, are low, and the other 
causes of hypophosphatasaemia seem to particularly 
suppress bone TNSALP activity (1,6). Documentation 
of an elevated PEA level in blood or urine supports a 
diagnosis of hypophosphatasia. However, PEA excretion 
can be unremarkable in mild hypophosphatasia 
(17). Currently, assays for PPi are carried out only 
in research laboratories (1). Radiological findings of 
adult hypophosphatasia include osteopenia, poorly-
healing metatarsal stress fractures, pseudofractures, 
pyrophosphate arthropathy and calcific periarthritis 
(14,18,19). Z-scores assessed by DXA are only slightly 
reduced in most adults (1,14). Weak muscles appear 
normal on routine laboratory testing (20).

Although hypophosphatasia can typically be 
diagnosed without ALPL mutation analysis, this 
information is crucial for understanding inheritance. 
Hypophosphatasia derives from any mutation in the 
ALPL gene located on chromosome 1p36.1 that causes 
decreased TNSALP activity and increased levels of its 
substrates. All patients with hypophosphatasia carry 
one or two mutations involving ALPL (6). Three 
hundred and fifty one mutations have been identified 
and are reported in the ALPL gene mutation database  
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(http://www.sesep.uvsq.fr/03_hypo_mutations.php, 
accessed on March 24, 2018) in North American, 
Japanese, and European patients, indicating a very 
strong allelic heterogeneity in the disease. This variety 
of mutations results in highly variable clinical expression 
and in a great number of compound heterozygous 
genotypes (21). The majority of the known mutations 
are missense point mutations with the remainder being 
composed of microlesions, splicing mutations, nonsense 
mutations, and a nucleotide substitution affecting the 
major transcription initiation site (17,22-24). The high 
clinical variability of the disease is correlated to the 
pattern of inheritance and depends on the large number 
of missense mutations and their variable effect on 
TNSALP activity. Autosomal dominant and autosomal 
recessive transmission of these defects generally explain 
mild versus severe hypophosphatasia, respectively. 
Missense mutations that interfere with the formation 
of the TNASLP dimer can decrease enzymatic function 
considerably and result in a dominant negative effect, 
accounting for cases of autosomal dominant perinatal 
hypophosphatasia. Significantly different phenotypic 
presentations of the disease may even occur within a 
family (2,15).

Despite our patient having mild and unspecific 
symptoms, persistently low ALP levels and the strong 
family history of bone and joint problems lead to the 
suspicion of hypophosphatasia, that was confirmed by 
genetic testing. Genetic counseling was performed 
to inform possible affected relatives. This patient was 
heterozygous in exon 12 of the ALPL gene for a variant 
defined as c.1474del, which is predicted to result 
in a frameshift and premature protein termination 
(p.Ala492Profs*29) and therefore the diagnosis of 
autosomal dominant hypophosphatasia (adult form) 
was made. This variant, along with another ALPL 
variant, has been reported by Brun-Heath and cols. 
(the report uses a non-current reference transcript so 
the variant is described as c.1471del) in a patient with 
perinatal lethal hypophosphatasia (24). In addition, this 
variant has been only observed in 1 of 236,966 alleles in 
a public database, indicating it is rare (http://gnomad.
broadinstitute.org/variant/1-21904036-CG-C). All 
the reported deletions result in a frameshift with early 
termination and mRNA decay or significantly shorter 
proteins. In that reported case, the mutation only 
affected the last 30 amino acids of the protein, a region 
where no missense mutation had ever been described, 
however the fetus was affected with perinatal lethal 

hypophosphatasia. In vitro experiments performed 
using a protein with a deletion of the last 30 amino acids 
showed that in the absence of this region, the protein 
was not excreted but retained a normal enzymatic 
activity. This indicates that, because the deletion occurs 
in the last exon of the gene, it escaped mRNA decay, 
and this region was necessary for membrane anchoring 
but not for enzymatic activity (25). The lethal 
phenotype observed for that patient suggested that 
membrane anchoring is essential for TNSALP function 
and confirmed the importance of the carboxy-terminal 
part of the protein. Finally, as previously reported (26), 
the mutations resulting in deletions and insertions 
resulting in frameshift are responsible for the more 
severe forms of hypophosphatasia, due to the aberrant 
product of the gene (24). We performed  molecular 
analysis  of the  ALPL  gene only, it is possible that a 
modifier variant elsewhere in the genome could be a 
contributor to the patient’s phenotype.

Management of adult patients with hypophosphatasia 
must include assessment of bone and joint complications, 
in addition to chronic pain and mood disorders (5). Anti-
resorptive therapies are not recommended, as they may 
worsen underlying osteomalacia (27). Currently, there 
is no established treatment available for the correction 
of the bone fragility in adult hypophosphatasia. Bone-
targeted ERT (asfotase alfa) was approved in 2015 to 
treat pediatric-onset hypophosphatasia. However, the 
adult form management is typically supportive (6,28). 
Recombinant PTH was tried on various clinical cases 
and it had positive results. In a clinical trial, asfotase alfa 
improved functional outcomes in some adolescents and 
adults with hypophosphatasia. However, the data is still 
limited to make strong recommendations (5). 

In conclusion, Hypophosphatasia is a rare inborn 
error of metabolism with a wide range of clinical 
features. Adult form accounts for the most common 
and the least severe form and it is often difficult to be 
recognized with a delayed diagnosis and inappropriate 
treatments. ALPL mutation testing is being increasingly 
used in clinical practice, confirming the need to manage 
mutation findings by thorough clinical examination 
to distinguish hypophosphatasia patients with 
subclinical manifestations from those with biochemical 
abnormalities but who are otherwise asymptomatic. 
The mutation c1474del has been previously described 
only once in medical literature. 

Funding: this work was not supported by any grant.
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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. 

Molecular Genetic Description 
• Use standard terminology for variants, providing rs numbers for all variants re-

ported. These can be easily derived for novel variants uncovered by the study. 
Where rs numbers are provided, the details of the assay (primer sequences, PCR 
conditions, etc.) should be described very concisely.

•  Pedigrees should be drawn according to published standards (See Bennett et al. 
J Genet Counsel (2008) 17:424-433 - DOI 10.1007/s10897-008-9169-9). 

Nomenclatures 
• For genes, use genetic notation and symbols approved by the HUGO Gene No-

menclature Committee (HGNC) – (http://www.genenames.org/). 
• For mutation nomenclature, please use the nomenclature guidelines suggested 

by the Human Genome Variation Society (http://www.hgvs.org/mutnomen/) 
• Provide information and a discussion of departures from Hardy-Weinberg equili-

brium (HWE). The calculation of HWE may help uncover genotyping errors and 
impact on downstream analytical methods that assume HWE. 

• Provide raw genotype frequencies in addition to allele frequencies. It is also de-
sirable to provide haplotype frequencies. 

• Whenever possible, drugs should be given their approved generic name. Where 
a proprietary (brand) name is used, it should begin with a capital letter. 

• Acronyms should be used sparingly and fully explained when first used.

Papers must be written in clear, concise English. 
Avoid jargon and neologisms. The journal is not prepared to undertake major correc-
tion of language, which is the responsibility of the author. Where English is not the 
first language of the authors, the paper must be checked by a native English speaker.
For non-native English speakers and international authors who would like assistan-
ce with their writing before submission, we suggest Voxmed Medical Communica-
tions, American Journal Experts or PaperCheck.
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