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editorial

MENOPAUSE: A NEW CYCLE, NOT AN END

Menopause is a natural physiological transition in a woman’s life, marking the end of the reproductive cycle 
and the beginning of a new phase. The diagnosis is confirmed after 12 consecutive months without menstrua-
tion due to ovarian failure, characterized by the cessation of ovulation and a sustained decrease in estrogen and 
progesterone production.

This transition is gradual, lasting approximately four years. It typically occurs between the ages of 45 and 
55 and is influenced by genetic, environmental, and health factors. According to Pompei et al., Brazilian women 
enter menopause around the age of 48.

Data from the Brazilian Institute of Geography and Statistics (IBGE, 2023) indicate that the average life ex-
pectancy for Brazilian women is approximately 79 years. This means that about one-third of a woman’s life occurs 
in the peri- and postmenopausal period – a time of transformation but also of new possibilities.

Menopause can significantly affect a woman’s quality of life, leading to vasomotor symptoms, genitourinary 
syndrome, sleep disturbances, mood changes, sexual dysfunction, decreased libido, and an increased risk of 
cardiovascular disease and osteoporosis (Santoro et al., 2021). However, each woman experiences menopause 
differently, with varying symptom intensity and duration.

Vasomotor symptoms, such as hot flashes and night sweats, are the most common and can begin while 
menstruation is still occurring. They are often the primary reason women seek treatment. Additionally, body 
composition undergoes significant changes, particularly in the early stages of menopause, before stabilizing over 
time. There is a progressive decrease in muscle and bone mass, along with a shift in fat distribution toward the 
visceral region. These changes increase the risk of fractures, metabolic disorders, and cardiovascular disease.

Given this reality, medical professionals must adopt a more attentive approach, ensuring early interventions 
to prevent or at least alleviate the symptoms associated with menopause.

The approach to menopause has evolved over the years, with guidelines now emphasizing more effective, 
safer, and, most importantly, individualized and inclusive treatments. According to the Brazilian Consensus on 
Hormone Therapy in Climacteric, systemic hormone therapy is considered the first line and most effective treat-
ment for menopausal symptoms. This represents a significant shift from the recommendations of 2002, when the 
Women’s Health Initiative (WHI) studies suggested an increased risk of breast cancer, leading many women to 
discontinue treatment and many physicians to avoid prescribing it.

Since then, significant advances have been made to determine the best hormonal combinations that maxi-
mize benefits while minimizing risks. Various administration methods are available, including transdermal, oral, 
endovaginally, and topical options. Non-oral routes, such as transdermal patches and gels, are often preferred as 
they reduce adverse effects, making treatment safer and more personalized.

These advancements allow not only women in early menopause but also those who have been menopausal 
for years—including those over 60—to benefit from estrogen therapy in a safer and more effective way.

Menopausal hormone therapy is not always necessary or safe for all women. Fortunately, alternative treat-
ments are emerging. Non-hormonal therapies can be highly effective in managing vasomotor and genitourinary 
symptoms, as well as treating insomnia and mood changes. Medications such as antidepressants (paroxetine, 
escitalopram, venlafaxine, desvenlafaxine), clonidine, estrogen receptor antagonists, gabapentin, and, more re-
cently, neurokinin B receptor antagonists (currently in Phase 2 trials) are part of the therapeutic arsenal available 
to treat symptomatic women.

Additionally, non-pharmacological options are being explored, such as cognitive-behavioral therapy, which 
is already considered a first-line treatment for insomnia.
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However, access to proper treatment remains a challenge. In Brazil, socioeconomic conditions often present 
barriers to care. A significant step forward in public health was the approval, in 2024, of Bill 3,933/2023, which 
mandates the provision of menopause treatment within the Brazilian Unified Health System (SUS). This initiative 
expands access to hormonal and non-hormonal medications, diagnostic tests, and psychological support, ensur-
ing more equitable care for Brazilian women.

Gradually, we are advancing in our understanding of menopause as a natural biological process that requires 
qualified medical attention to ensure healthy and dignified aging. Physicians play a crucial role in recognizing 
menopausal signs and symptoms and offering appropriate treatment.

Menopause is not an ending, it is a transition, a chapter of transformation that redefines the relationship 
between body, time, and identity.

 Salma Ali El Chab Parolin  
ORCID 0000-0001-8124-192X

Doctor and Adjunct Professor at the Pontifícia Universidade Católica do Paraná - Brazil
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echocardiographic evaluation of cardiac 
function in asymptomatic patients with 

systemic lupus erythematosus
avaliação ecocardiográfica da função cardíaca  

em pacientes assintomáticos com lúpus  
eritematoso sistêmico

Carolina Mei Siqueira1; Cassiane Martina Ambrosi Reiter2;  
Sonia Perretto3; Thelma L. Skare4 

Introduction: Systemic lupus erythematosus (SLE) is a chronic autoimmune dis-
ease. One of the important complications of this disease is the cardiovascular 
damage which is most often asymptomatic or oligosymptomatic needing clinical 
surveillance to avoid its progression. Objective: To study the prevalence of cardiac 
dysfunction in a local population with SLE and to verify whether the degree of 
dysfunction is associated with the disease activity measured by SLEDAI (Systemic 
Lupus erythematosus activity index). Methods: We selected 19 patients asymp-
tomatic from cardiovascular point of view diagnosed with SLE and who met the 
classification criteria for SLE.  These patients had their medical records reviewed 
for clinical and epidemiological data. Disease activity was measured by SLEDAI and 
cardiac function was evaluated by transthoracic echocardiography. Results: The 
19 patients studied were female, with a mean age of 41 years. The SLEDAI score 
ranged from 0-20, with median of 6 (moderate activity).  An isolated case of mild 
pericardial effusion was detected. Regarding the correlation between disease ac-
tivity and the functional alterations, after correction of echocardiographic param-
eters for age and body mass index, only the ejection fraction and left ventricular 
mass remained significant, with p=0.02 and p=0.03, respectively. Conclusion: Car-
diac dysfunction could not be identified in the sample studied. Higher scores in 
the lupus activity index showed a correlation with increased left ventricle mass 
and ejection fraction.
Keywords: Systemic lupus erythematosus. Doppler echocardiography. Left ventricle 
dysfunction.

Introdução: O lúpus eritematoso sistêmico (LES) é uma doença autoimune crônica. 
Uma das importantes complicações desta doença é o dano cardiovascular que na 
maioria das vezes é assintomático ou oligossintomático sendo necessário uma vig-
ilância clínica para evitar a sua progressão. Objetivo: Estudar a prevalência de dis-
função cardíaca em uma população local com LES e verificar se o grau de disfunção 
está associado com o a atividade da doença medida pelo SLEDAI (Systemic Lupus 
erythematosus activity index). Métodos: Foram selecionados 19 pacientes assin-
tomáticos do ponto de vista cardiovascular com diagnóstico de LES e que preenchi-
am os critérios classificatórios.  Estes pacientes tiveram seus prontuários revisados 
para dados clínicos e epidemiológicos. A atividade de doença foi medida pelo SLE-
DAI e a função cardíaca foi avaliada por ecocardiografia trans torácica.Resultados: 
Os 19 pacientes estudados eram do sexo feminino, com média de idade de 41 anos. 

original article: topic in medical clinic artigo original: tópico em clínica médica
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INTRODUCTION

Systemic Lupus Erythematosus (SLE) is a com-
plex autoimmune disease that can affect multiple or-
gans, including the heart 1. Although pericarditis is the 
most common cardiac manifestation and is included 
as a classification criterion in the 2019 ACR/EULAR 
(American College of Rheumatology/European League 
Against Rheumatism) guidelines1, all cardiac struc-
tures, including the myocardium, may be involved.

Myocarditis is present in approximately 37% of 
autopsy reports of SLE patients, though clinically ap-
parent cases range from only 5% to 10% 2,3. Myocar-
dial involvement in SLE is primarily due to immune 
complex deposition in blood vessels 4, although pro-in-
flammatory cytokines such as IL-17, IL-18, IL-6, and 
TNF-alpha have also been implicated 2. Du Toit et al. 
described an association between myocardial injury 
and the presence of IL-1 receptor antagonist (ILRa) 2. 
Sinus tachycardia, believed to result from subclinical 
myocarditis or pericarditis 4, has been recognized as a 
sign of SLE activity since 1964 5-7.

This study aimed to analyze echocardiographic 
findings in asymptomatic SLE patients, assessing their 
prevalence and correlating them with disease activi-
ty as measured by the Systemic Lupus Erythematosus 
Disease Activity Index (SLEDAI). Identifying subclinical 
cardiac damage is crucial to interrupting the cycle of 
myocardial injury and preventing the progression of 
heart disease.

MATERIAL  AND METHODS

This is a cross-sectional observational study. Af-
ter obtaining approval from the local Ethics Commit-
tee and informed consent, patients diagnosed with 
SLE who were regularly followed at the Rheumatology 
Outpatient Clinic of the Evangelical Mackenzie Univer-
sity Hospital were selected.

The study sample was a convenience sample 
consisting of all patients attending the rheumatology 
outpatient clinic over an eight-month period (Octo-

ber 2020 to May 2021) who agreed to participate by 
signing the informed consent form. A total of 19 pa-
tients were included. All patients were over 18 years 
old and met the 2019 ACR/EULAR classification criteria 
for SLE1.

Both male and female participants over 18 years 
old were included. Exclusion criteria included clinical 
symptoms of cardiovascular disease, a diagnosis of hy-
pertension, chronic kidney disease (serum creatinine 
>1.2 mg/dL), non-lupus cardiomyopathies, and diabe-
tes mellitus. Additionally, patients diagnosed with SLE 
before the age of 16 were excluded.

Data Collection:  Patient records were reviewed 
to collect: 

a.	 Epidemiological data (age, disease onset age, 
sex, ethnicity, smoking status, and ethnic 
background).

b.	 Clinical data, following the ACR classification 
criteria: photosensitivity, malar rash, discoid 
lupus, oral ulcers, alopecia, serositis, arthri-
tis, hemolytic anemia, leukopenia, lympho-
penia, thrombocytopenia, renal involvement, 
seizures, and psychosis. Comorbidities were 
also recorded. Disease duration was defined 
as the time between diagnosis and study en-
rollment.

c.	 Autoantibody profile, including anti-Ro, an-
ti-La, anti-dsDNA, anti-Sm, anti-RNP, anticar-
diolipin IgG/IgM, lupus anticoagulant, rheu-
matoid factor, and direct Coombs test.

d.	 Complement levels (C3 and C4), ESR, and CRP, 
considering only values obtained within 30 
days of the echocardiogram.

e.	 Medication use, including daily glucocorticoid 
doses.

Echocardiographic Evaluation: Patients under-
went transthoracic echocardiography performed by a 
single investigator blinded to clinical data. The exam-
ination followed the American Society of Echocardi-
ography guidelines for a comprehensive transthoracic 
echocardiogram 9. The following parameters were 
analyzed:

A pontuação no SLEDAI variou entre 0-20, com mediana de 6 (atividade moderada).  Detectou-se um caso isolado de derrame 
pericárdico discreto. Quanto à correlação entre atividade da doença e as alterações funcionais detectadas na amostra, após 
correção dos parâmetros ecocardiográficos para idade e índice de massa corpórea, apenas a fração de ejeção e massa do ven-
trículo esquerdo permaneceram significantes, com p=0,02 e p=0,03, respectivamente. Conclusão: Não foi possível identificar 
disfunção cardíaca na amostra estudada. Pontuações mais altas no índice de atividade do lúpus demonstraram correlação 
com aumento de massa de ventrículo esquerdo e fração de ejeção. Descritores: Lúpus eritematoso sistêmico. Ecocardiografia 
Doppler. Disfunção do ventrículo esquerdo.
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a.	 Left ventricular systolic and diastolic diame-
ters using a two-dimensional approach to cal-
culate ejection fraction (Teichholz method, or 
Simpson’s method if segmental contractility 
was altered).

b.	 Aortic root and left atrial diameters from the 
parasternal long-axis view.

c.	 Left ventricular mass calculation using dia-
stolic thickness and cavity measurements 
(Devereux method), indexed to body surface 
area.

d.	 Indexed left and right atrial volumes from 
two- and four-chamber apical views (modified 
Simpson method).

e.	 Valve abnormalities assessed using two-di-
mensional imaging, conventional Doppler, 
and color mapping with PISA for reflux quan-
tification.

f.	 Pulmonary artery pressure estimated via tri-
cuspid regurgitation velocity, adding right atri-
al pressure from inferior vena cava measure-
ments, with acceleration time assessment in 
the pulmonary artery.

g.	 Right ventricular dimensions (basal, mid, and 
longitudinal), and systolic function evaluated 
by TAPSE (tricuspid annular plane systolic ex-
cursion).

h.	 Left ventricular diastolic function assessed us-
ing E-wave (early) and e’ wave (late), E/e’ ra-
tio, deceleration time (DT) of the E wave, and 
tissue Doppler at the septal and lateral mitral 
annulus.

i.	 Pericardial effusion, evaluated by measuring 
the space between pericardial leaflets, pres-
ence of right atrial or ventricular diastolic col-
lapse, inferior vena cava dilation, and Doppler 
analysis of respiratory variations in mitral and 
tricuspid inflow.

Disease Activity Assessment: SLE activity was 
measured using SLEDAI (SLE disease activity index)10, 
which scores 24 clinical and laboratory parameters, 
ranging from 0 to 105. 

Statistical Analysis:
Data were compiled into frequency tables and ex-

pressed as percentages. Correlation studies between 
SLEDAI, complement levels (C3 and C4), dsDNA titers, 
and echocardiographic parameters were performed 
using Spearman or Pearson tests, depending on data 
distribution. Statistical significance was set at p < 0.05.

RESULTS

Sample Characteristics
Nineteen female patients were studied, aged 24 

to 64 years (mean 41.05 ± 10.8 years). Disease onset 
ranged from 17 to 60 years (mean 32.6 ± 11.2 years). 
Of the participants, 47.3% were Afro-descendants, 
47.3% Euro-descendants, and 68.4% non-smokers.

Table 1 presents the main clinical findings.

Table 1. Main clinical findings in the studied sample.

N %

Photosensitivity 13 68.4%

Discoid lesions 4 21.1%

Butterfly rash 10 52.6%

Oral ulcers 11 57.9%

Alopecia 17 89.5%

Serositis 4 21.1%

Articular involvement 17 89.5%

Hemolysis 2 10.5%

Leukopenia 8 42.1%

Thrombocytopenia 7 36.8%

Glomerulonephritis 4 21.1%

Psychosis 3 15.8%

Convulsions 5 26.3%

Table 2 displays the main serological findings.

Table 2. Serological findings in the studied sample.

N/n %

Anti-Ro 10/19 52.6%

Anti-La 7/19 41.2%

Anti-ds DNA 13/19 68.4%

Anti-Sm 8/18 44.4%

Anti-RNP 8/19 42.1%

Anticardiolipin IgM 3/18 16,6%

Anticardiolipin IgG 3/18 16.6%

Lupus anticoagulante 3/17 17,6%

Rheumatoid factor 4/18 22.2%

Coombs 6/19 37.5%

Table 3 shows the inflammatory activity tests 
values.
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Concerning treatment, hydroxychloroquine was 
the most frequently used medication. The use of im-
munosuppressors is at Table 4. The daily prednisone 
dose among users ranged from 2.5 to 20 mg (median 
15 mg/day).

Table 4. Use of immunosuppressors and immunomo-
dulators in the studied sample.

N %

Antimalarial 17 89.5%
Methotrexate 1 5.3%
Azathioprin 2 10.5%
Mophetil mycophenolate 4 21.1%
Glucocorticoid 6 31.5%

SLEDAI scores ranged from 0 to 20, with a medi-
an of 6 (IQR 0–7). Echocardiographic results were pre-
dominantly normal (Tables 5 and 6).

The evaluation of the cardiac structural alter-
ations found is shown in Table 6.

The correlation studies of SLEDAI with echocar-
diographic findings is in the Table 7. 

When the correction for age and body mass in-
dex was performed, only the correlations with ejection 
fraction and LV mass remained significant, with p=0.02 
and 0.03, respectively. These correlations are shown 
in Figure 1.

All correlations between disease duration and 
echocardiographic parameters were non-significant 
(p>0.05).

Table 5. Descriptive analysis of echocardiography results in the studied population.

Range Central ten ncy  Normal Values

Aortic root 22 a 36 mm mean   27.84 mm ± 3.48 20 a 37 mm

Left atrium 25 a 38 mm mean   29.95 mm ± 3.56 19 a 40 mm

Right ventricle 15 a 28 mm mean   19.68 mm ± 3.56 7 a 26 mm

Septum 6 a 11 mm mean   8.42 mm ± 1.10 6 a 11 mm

Posterior wall left ventricle 6 a 11 mm mean   8.50 mm ± 1.11 6 a 11 mm

Left ventricle systole 22 a 33 mm mean   27.05 mm ± 2.97 29 mm

Left  ventricle siatole 39 a 50 mm mean   44.0 mm ± 3.04 35 a 56 mm

% shortening 31 a 41% mean   36.79% ± 3.10 ≥ 30%

Ejection fraction 62 a 74% mean   68.32% ± 3.12 ≥ 58%

Left ventricular mass 46.0 a 88.0 g/m² mean   67.74 g/m² ± 12.44 95 g/m²

Relative wall thickness 0.33 a 0.54  median   0.37 (0.36 - 0.41) 0.32 a 0.42

Right atrium area 9.8 a 17.7 cm²  median   12.1 cm² (11.3 - 13.1) ≤ 18 cm²

Left atrium volume 11,0 a 29,4 ml/L  median   15,6 ml/l (13,6 - 17,0) 34 ml/L 

TAPSE 15,0 a 28,0 mm  median   10,6 mm (7,8 - 12,4) ≥ 17 mm

speed e’ – left ventricle 4,1 a 14,0 cm/s Média   8,4 cm/s (6,6 - 10,0) > 7 cm/s 

E/e’ – left ventricle 5,50 a 14,4 cm/s  median   8,4 cm/s (6,6 - 10,0) < 14 cm/s

TAPSE= tricuspid annular plane systolic excursion.

Table 3. Inflammatory activity markers in the studied sample.

Interval Median alues Interquartile range

Complemente – C3 69 a 154 mg/dL 105 mg/dL (87 - 133)
Complement – C4 9 a 43 mg/dL 28 mg/dL (15 – 34)
Sedimentation rate 2 a 80 mm/h 16 mm/h (10 - 22)
C reactive protein 0.15 a 18.1 mg/L 1.02 mg/L (0.59 - 4.49)
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Table 6. Descriptive analysis of the structural results of 
echocardiography in the population studied.

Evaluation (n/N)

Mitral valve
Minimal reflux - 3/19
Thickening leaflet -1/19
Normal - 15/19

Tricuspid valve
Mild reflux - 13/19
Normal - 6/19

Aortic valve Normal - 19/19

Pulmonary valve Normal - 19/19

Interatrial Septum Normal - 19/19

Thoracic aorta Normal - 19/19

Pericardium
Mild effusion - 1/19
Normal - 18/19

Table 7. Correlation of echocardiography and SLEDAI (Systemic Lupus erythematosus activity index) findings in 19 
patients with systemic lupus erythematosus.

R 95% confidence interval P

Aortic root 0.34 - 0.13 a 0.70 0.14
Left atrium 0.40 - 0.06 a 0.73 0.06
Septum 0.53 0.09 a 0.80 0.01
Right ventricle 0.21 - 0.27 a 0.73 0.36
Posterior wall of the Left ventricle 0.42 - 0.05 a 0.74 0.06
Left ventricle systole - 0.32 - 0.68 a 0.16 0.17
Left ventricle diastole - 0.01 - 0.47 a 0.45 0.94
% shortening 0.21 - 0.28 a 0.61 0.38
Ejection fraction 0.52 0.07 a 0.79 0.02
Left ventricle mass 0.53 0.08 a 0.79 0.01
Relative wall thickness 0.46 - 0.007 a 0.76 0.04
Pulmonary artery systolic pressure (mmHg) - 0.28 - 0.73 a 0.33 0.29
Tricuspid regurgitation speed - 0.39 - 0.79 a 0.25 0.16

Figure 1. Correlation between echocardiographic mea-
surements of left ventricular mass and ejection frac-
tion and SLEDAI (Systemic lupus disease activity index) 
score in patients with systemic lupus erythematosus (n 
= 19).

DISCUSSION

This study sought to evaluate subclinical cardiac 
involvement in SLE patients using echocardiograph-
ic parameters and to correlate these findings with 
disease activity as measured by SLEDAI. The results 
demonstrated that while echocardiographic findings 
were largely within normal limits, there was a signif-
icant correlation between SLEDAI and left ventricular 
mass, ejection fraction, and relative wall thickness. 
After adjusting for age and BMI, only left ventricular 
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mass and ejection fraction remained significantly as-
sociated with SLEDAI, suggesting a potential role of 
disease activity in myocardial changes.

Our findings support the concept that chronic in-
flammation in SLE contributes to subtle cardiac alter-
ations, even in patients without overt cardiovascular 
disease. However, the absence of significant structural 
abnormalities in this cohort suggests that a tight dis-
ease control may help mitigate severe cardiac involve-
ment. These findings align with previous research that 
emphasizes the importance of inflammation in myo-
cardial remodeling.

Several studies have explored the relationship 
between SLE and cardiac dysfunction. Shi et al. (2010), 
for instance, analyzed 287 patients with lupus nephri-
tis and found a linear relationship between chronic 
low-grade inflammation, estimated by CRP levels, and 
increased left ventricular mass11. Interestingly, this 
association was independent of adipose tissue distri-
bution, body mass index, blood pressure, lipid levels, 
renal function, age, and sex. However, our study dif-
fers in that we excluded patients with hypertension, 
diabetes, and heart failure, as these conditions could 
confound echocardiographic results. This difference 
in exclusion criteria may explain the discrepancies be-
tween our findings and those of Shi et al11.

Few studies have compared the relationship be-
tween SLEDAI scores and subclinical ventricular dys-
function by echocardiographic means. Among the 
available literature, Mirfeizi et al.12  found a correlation 
between SLEDAI disease activity and pulmonary artery 
pressure, which could not be evidenced in this study. 
However, in the same study by Mirfeizi et al., an asso-
ciation was also found between SLE duration, SLEDAI 
score, and increased left ventricular mass, which rein-
forces the results of this current study12.

Another critical point is the relationship between 
SLEDAI and ventricular dysfunction. While our study 
observed increased ejection fraction (EF) in correla-
tion with disease activity, previous studies have re-
ported contradictory findings. Wislowska et al.13, for 
instance, found that SLE patients with SLEDAI >6 had 
lower ejection fractions compared to controls. Similar-
ly, studies conducted by Buss et al.14  and Teixeira et 
al.15 reported a lack of ejection fraction abnormalities, 
attributing this to a tight inflammatory control at the 
time of assessment. These discrepancies highlight the 
complexity of SLE-related myocardial involvement and 
suggest that disease activity at the time of evaluation 
may significantly influence echocardiographic findings.

Comparative studies between SLE patients and 
healthy controls have further demonstrated subclinical 

ventricular alterations. Shang et al.16 compared echocar-
diographic parameters in 82 SLE patients and 82 age- 
and sex-matched controls and found that SLE patients 
exhibited increased left ventricular wall thickness and 
mass. Similarly, Chen et al. 17 conducted a meta-analy-
sis and confirmed a higher prevalence of increased left 
ventricular mass in lupus patients compared to controls. 
These findings reinforce the idea that SLE itself contrib-
utes to myocardial remodeling, even in the absence of 
traditional cardiovascular risk factors.

In contrast, our study did not find significant 
structural changes beyond correlations with SLEDAI, 
possibly due to the small sample size and cross-sec-
tional design. The lack of longitudinal follow-up fur-
ther limits our ability to determine whether these 
subtle echocardiographic changes progress over time. 
Additionally, genetic factors may play a role in the vari-
ability of cardiac involvement. 

While our study did not identify major cardiac 
dysfunctions in this cohort, the observed correlation 
between SLEDAI and myocardial parameters high-
lights the importance of cardiac monitoring in lupus 
patients. Even in the absence of overt symptoms, sub-
clinical cardiac involvement may progress over time, 
underscoring the need for early detection and preven-
tive strategies.

Future studies should focus on longitudinal fol-
low-up of SLE patients to determine the progression 
of subclinical myocardial changes; on larger, multi-
center cohorts to enhance statistical power and iden-
tify potential genetic influences; in advanced imaging 
techniques, such as cardiac MRI and speckle-tracking 
echocardiography, which may detect early myocar-
dial dysfunction that conventional echocardiography 
might not show.

CONCLUSION

This study did not identify significant cardiac dys-
function in the analyzed SLE patients. However, SLE-
DAI correlated with left ventricular mass and ejection 
fraction, reinforcing the importance of assessing cardi-
ac involvement in lupus patients. 
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systemic lupus erythematosus phenotype:  

a retrospective study in a brazilian sample
influência da origem étnica no fenótipo do lúpus 
eritematoso sistêmico: um estudo retrospectivo  

em uma amostra brasileira
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Thelma L Skare3, Thiago Gomes dos Santos4

Introduction: Ethnic back ground seems to be important determining Systemic 
Lupus Erythematosus (SLE) clinical profile and prognosis. According to previous 
studies, afro descendants have a more severe disease than white individuals. 
There are few studies in Brazilian population. Aim: To study the differences in 
clinical, serological and cumulative damage in systemic lupus in afro and euro 
descendants. Method: Retrospective study for clinical profile, autoantibodies 
and SLLIC ACR DI (Systemic Lupus International Collaborating Clinics/ Ameri-
can College of Rheumatology Damage Index) in 659 SLE patients (605 females 
and 54 males; 399 euro-descendants e 260 afro descendants). Results: Male 
gender was more commonly seen in afro descendant sample (p=0.001); ma-
lar rash (p=0.009) and photosensitivity (p=0;02) were more common in euro 
descendants. Regarding serological profile, anti-Sm (p=0.009) and anti RNP 
(p=0.04) were more common in the afro descendant sample. No other differ-
ences were noted including in the cumulative damage. Conclusion: The clinical 
and serological profiles and cumulative damage in SLE Brazilian patients did 
not differ according ethnic background except for minor cutaneous manifesta-
tions and anti Sm e anti RNP auto antibodies prevalence.
Key words: Systemic lupus erythematosus. Race. Prognosis.

Introdução: A raça parece influir de maneira importante no perfil clinico e 
prognóstico do paciente com lúpus eritematoso sistêmico (LES). De acordo 
com a literatura, afrodescendentes têm uma doença mais grave do que in-
divíduos brancos, mas existem poucos estudos feitos na população brasileira. 
Objetivo: Estudar as diferenças na população euro e afrodescendente quanto 
a perfil clinico, sorológico e dano cumulativo. Método: Estudo retrospectivo 
para perfil clínico, autoanticorpos e SLICC ACR DI (Systemic Lupus International 
Collaborating Clinics/ American College of Rheumatology Damage Index) em 
659 pacientes com LES (605 mulheres, 54 homens, 399 euro-descendentes e 
260 afro-descendentes). Resultados: Sexo masculino foi mais prevalente no 
grupo afro descendente (p=0.001); rash malar (p=0.009) e fotosensibilidade 
(p=0.020) foram mais comuns nos eurodescentees. Acerca do perfil sorologi-
co, anti sm (p=0.009) e anti RNP (p=0.04) foram mais comuns em afrodescen-
dentes. Conclusões: O perfil clinico e sorológico de pacientes com SLE nesta 
amostra foi semelhante em afro e euro descentes exceto por manifestações 
cutâneas menores e prevalência de autoanticorpos anti Sm e anti RNP.
Descritores: Lupus eritematoso sistêmico. Raça. Prognóstico.
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INTRODUCTION

Prognosis in systemic lupus erythematosus (SLE) is 
heavily influenced by genetic and social determinants 
of health. In this context Afro descendants, Asians and 
Hispanic individuals may be predisposed to develop a 
more severe disease with a greater number of man-
ifestations and more cumulative damage1 . Studies 
from UK, have shown that Afro-Caribbean patients 
tended to develop renal disease more frequently and 
earlier in the course of their illness2,3 ; discoid rash have 
been described as more common in Individuals with 
African or Caribbean ancestry 4-6 while photosensitivity 
was more commonly seen in white individuals 7,8 . 

Brazil is a country with multicultural genetic pool 
due to miscegenation secondary to colonization in the 
last 500 years. Subsequently to the initial European 
colonization mainly Portuguese and Spanish, there 
was immigration of about 5 million black people from 
Africa between the 17th and the 19th centuries. After 
the abolition of slavery, the country received a large 
number of immigrants, particularly Italians in the 
Southeast, Japanese Southeast and Center-west, and 
Germans South. 

In the 2022 census, approximately 45.3% of the 
Brazilian population was reported being brown; other 
43.5% reported as being white, 10.2% as black, 0.8% 
as indigenous and 0.4% as of Asian background. How-
ever, these proportion may vary according to the stud-
ied region: the biggest proportion of brown individuals 
67.2% was reported in North region while in the South, 
72.6% were white9. 

However, due to the high degree of miscegena-
tion present in the Brazilian population, the individual 
external phenotype not always correspond to the ge-
netic profile, creating difficulties in the interpretation 
of the influence of race in diseases like lupus.

Herein, a sample of Brazilian lupus patients from 
a Southern Brazilian region was studied for clinical 
and antibody profile according to auto declared ethnic 
background aiming to know if the observed differenc-
es according to the race are similar to the observed in 
other populations.

MATERIAL AND METHODS

This is a retrospective study approved by the In-
stitutional Committee of Ethics in Research (CAAE- 
6 9556023.4.0000.0103) under protocol number 
6.083.352. Charts from Lupus patients that consulted 
regularly at single rheumatology out patient’s clinic 

from Southern Brazil that cares for adult SLE patients 
from the Brazilian Public Health System of the last 34 
years (January, 1990 to January, 2024) were reviewed. 
To be included the patients should be classified as SLE 
according to the 2012 Systemic Lupus International Col-
laborating Clinics (SLICC) Classification Criteria10. Clinical 
and serologic data were collected. Clinical data should 
follow the definition of 2012 SLICC criteria and they 
were considered in a cumulative way. Data on lupus bi-
opsy results and need of renal replacement therapy (he-
modialysis or renal transplantation) were also collected. 
Patients were classified in euro descendants and afro 
descendants (black and brown) and compared. Asian 
descents were excluded due to small number (n=4). 
Also, a patient of Bolivian origin (n=1) was excluded. Cu-
mulative damage was measured by SLICC/ACR DI (Sys-
temic Lupus International Collaborat﻿ing Clinics/ Ameri-
can College of Rheumatology Damage Index).

Nominal data was compared using Fisher and chi-
squared tests, numerical data was studied by unpaired 
t test or Mann Whitney test according to data distri-
bution. The adopted significance was 5%. Tests were 
done with help of the GraphPad Prism version 8.0.0 
for Windows, GraphPad Software, San Diego, Califor-
nia USA, “www.graphpad.com”.

RESULTS 

About 659 charts were reviewed. In this sample 
399 were considered euro-descendants and 260 af-
ro-descendants in a proportion of 1 afro-descendant 
to 1.5 euro-descendant. The comparison of clinical 
data is on Table 1.

Table 2 shows the comparison of renal biopsy at 
the first glomerulonephritis episode. 

Renal replacement therapy was needed in 23/176 
(13.0%) of euro descendants and in 16/124 (12.9%) of 
afro descendants with p=0.96.

The comparison of serological profile is on Table 
3. The only observed difference was in the anti-RNP 
and anti-Sm antibodies that was more common in the 
euro descendants.

The median SLICC in the afro descendants was 1.0 
(0-2) and in the euro descendants was 1.0 (0-2) with 
p=0.18.

DISCUSSION

The present results shows that the clinically 
observed differences between the two studied eth-
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Table 1. Comparison of clinical profile between euro-descendants and afro-descendants.

Total
Afro Descendants

260
Euro Descendants

399
P (*)

Median age-years (IQR) 43.0 (31-54) 43.0 (31.0-54.0) 44.0 (31.7-54.0) 0.46

Median disease duration- years (IQR) 11 (5-18.2) 11.0 (4.0-17.0) 12.0 (6.0-19.0) 0.08

Median age at disease onset-years (IQR) 30 (20-40) 30.0 (21.0-39.0) 29.0 (20.0-40.0) 0.67

Female gender – n (%) 605/659 (91.8) 228/260 (87.6) 377/399 (94.4) 0.001

Discoid lesions – n (%) 82/643 (12.7) 35/254 (13.7) 47/389 (12.5) 0.52

Malar rash – n (%) 334/626 (53.3) 118/251 (47.0) 216/375 (57.6) 0.009

Alopecia – n (%) 326/600 (54.3) 139/241 (57.6)  187/359 (52.0) 0.17

Oral ulcers – n (%) 240/617 (38.8) 88/248 (35.4) 152/369 (41.1) 0.15

Photosensitivity – N (%) 452/635 (71.1) 166/251 (66.1)  286/384 (74.4) 0.02

Articular involvment– n (%) 529/653 (81.0) 211/258 (81.7) 318/395 (80.5) 0.68

Serositis – n (%) 160/652 (24.5) 63/255 (24.7) 97/397 (24.4) 0.93

Hemolytic anemia – n (%) 68/647 (10.5) 32/254 (12.5) 36/393 (9.1) 0.16

Leukopenia – n (%) 204/647 (31.5) 88/255 (34.5) 116/392 (29.5) 0.18

Lymphopenia – n (%) 147/642 (22.8) 66/254 (25.9) 81/388 (20.8) 0.13

Thrombocytopenia – n (%) 167/647 (25.8) 74/255 (28.7) 93/392 (23.7) 0.13

Glomerulonephritis – n (%) 300/652 (46.0) 124/257 (48.2) 176/395 (45.0) 0.29

Convulsions – n (%) 54/646 (8.3) 24/255 (9.4) 30/391 (7.6) 0.43

Psychosis – n (%) 32/647 (4.9) 13/255 (5.0) 19/392 (4.8) 0.88

(*) refers to afro descendants versus euro descendants.

Table 2. Comparison of renal biopsy results in afro and euro-descendants.

Euro -descendants
N (%)

Afro descendants
N (%)

p

Class 2 20/166 (12.0) 15/119 (9.0)

0.10

Class 3 31/166 (18.6) 19/119 (15.9)

Class 4 66/166 (39.7) 49/119 (41.1)

Class 5 32/166 (19.2) 30/119 (25.2)

Class 6* 17/166 (10.2) 6/119 (5.0)

* Patients with renal failure at entrance; no biopsy performed.
Patients with class 3+5 were grouped with class 3 and patients with class 4+5 with class 4.
No biopsy obtained in 10/176 (5.6%) of euro-descendants and in 5/124 (4.0%) of afro descendants.

nic backgrounds were on photosensitivity and malar 
rash that were more common in euro descendant in-
dividuals and male gender that was more common 
in afro descendants. Several other studies observed 
the increased prevalence of photosensitivity in white 
patients and of male sex in afro descendants as we 
did11-13. However, differences in renal involvement 
prevalence and renal involvement severity could not 
be demonstrated with greater rates of progression to 

end-stage renal disease16,17 as found in other investi-
gations. Moreover, other studies have also verified 
that discoid rash was more common in black individ-
uals 5,14. The cumulative damage measured by SLICC 
in both samples, that had similar disease duration, 
was also similar. So, the observation that SLE severe 
manifestations are more commonly seen in afro de-
scendants 15 , is not supported by the present study. 
It is possible that the high rate of miscegenation ob-
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served on the Brazilian population could be respon-
sible for these differences. Such miscegenation may 
be responsible for the fact that the patient’s external 
phenotype does not correspond to the true ethnic 
background. 

From serological point of view, anti RNP and an-
ti-Sm were more frequently found in afro descendant 
as already noted in the literature16 .

SLE is a disease with strong genetic influence 
with at least 52 genetic loci with evidence of associ-
ation with susceptibility to this disease17-20. The liter-
ature shows that black individuals have an increased 
SLE prevalence of 2 to 3-fold in relationship to white 
individuals and a more severe disease; an increased 
autoantibody reactivity has been observed on these 
individual17. The analysis of disease repercussions ac-
cording to the ethnic background is frequently blurred 
by difficulties in the access to medical care and treat-
ment and because of differences in educational issues 
disfavoring some racial groups. In the present studied 
sample, all patients were from a single rheumato-
logical center, all users of Public Health System with 
similar access to consults and to medications that are 
provided for free by the government, turning the sam-
ples more homogeneous on these aspects. Unluckily 
no data on educational level was available.

 This work is limited by the fact that ethnic back-
ground was judged according to patient’s auto recog-
nition. The recognition of own ancestry is difficult in a 
population with a high degree of mixture such Brazil-
ians, differing from data obtained in a more homog-
enous population. Nevertheless, this fact shows how 
the reality is in Brazil and how these aspects present in 
a real-life situation.

CONCLUSION

In a population with highly mixed race such as 
Brazilians, the clinical, serological and outcome differ-
ences in SLE are not so clear as the observed in more 
homogenous cohort. 
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cognitive dysfunction in rheumatoid arthritis: 
a study in brazilian females

disfunção cognitiva em artrite reumatoide:  
um estudo em mulheres brasileiras

Ricardo Castilho de Souza1; Rodrigo Mori Reimann2; Lais Zanlorenzi3;  

Bárbara Stadler Kahlow4; Thelma L Skare5

Background: Rheumatoid arthritis has been associated with cognitive dysfunc-
tion (CD).  However, there are controversies about the factors associated with 
this finding. Aim: To study CD in a sample of Brazilian patients with RA and its 
possible association with epidemiological data, disease activity, treatment and 
comorbidities as well as the repercussions of CD in quality of life. Methods: 
Cross sectional study in 137 individuals (91 RA patients and 46 controls). Data 
collection included epidemiological information, RA disease activities indexes, 
Montreal cognitive assessment (MoCA) and Short Form Health Survey with 12 
questions (SF-12). Results: RA patients had lower values of MoCA than con-
trols (16.8 vs 18.9; p=0.02) as well as lower values in visuospatial/executive 
functions (p=0.04), abstraction (p=0.02) and delayed recall domains (p=0;04).  
MoCA values in RA patients correlated with age (p<0.001), disease duration 
(p=0.01), years of formal education (p<0.004) and SF-12 physical domain 
(p=0.04). No association with disease activities indexes were found (all with 
p>0.05). Conclusion: RA patients had worse cognitive performance than con-
trols. Disease duration but not disease activity influenced CD.  CD associated 
with impairment in physical but not mental quality of life. 
Key words: Rheumatoid arthritis. Inflammation. Cognition. Quality of life.

Introdução:  A artrite reumatoide (AR) tem sido associada à disfunção cog-
nitiva (DC). No entanto, há controvérsias sobre os fatores associados a esse 
achado. Objetivo: Estudar a DC em uma amostra de pacientes brasileiros com 
AR e sua possível associação com dados epidemiológicos, atividade da doença, 
tratamento e comorbidades, bem como as repercussões da DC na qualidade 
de vida. Métodos: Estudo transversal em 137 indivíduos (91 pacientes com AR 
e 46 controles). A coleta de dados incluiu informações epidemiológicas, índices 
de atividades da doença da AR, avaliação cognitiva de Montreal (MoCA) e Short 
Form Health Survey com 12 perguntas (SF-12). Resultados: Pacientes com 
AR apresentaram valores mais baixos de MoCA do que os controles (16,8 vs 
18,9; p=0,02), bem como valores mais baixos nas funções visoespaciais/exec-
utivas (p=0,04), abstração (p=0,02) e domínios de recordação tardia (p=0;04). 
Os valores de MoCA em pacientes com AR correlacionaram-se com a idade 
(p<0,001), duração da doença (p=0,01), anos de educação formal (p<0,004) 
e domínio físico do SF-12 (p=0,04). Nenhuma associação com índices de ativ-
idades da doença foi encontrada (todos com p>0,05). Conclusão: Pacientes 
com AR tiveram pior desempenho cognitivo do que controles. A duração da 
doença, mas não a atividade da doença, influenciaram a DC. A DC foi associada 
ao comprometimento da qualidade de vida física, mas não mental. 
Descritores: Artrite reumatoide. Cognição. Inflamação. Qualidade de vida.

original article: topic in medical clinic artigo original: tópico em clínica médica
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imentation rate), DAS28-CRP (C reactive protein), 
CDAI (Clinical Disease Activity Index) and SDAI 
(Simplified Disease Activity Index).  DAS28-ESR 
and CRP are measured taking into account the 
number of tender and swollen joints out of 28, 
CRP or ESR and patient’s general health or glob-
al disease activity evaluated on a visual analogue 
scale of 100mm. CDAI was measured through ten-
der and swollen 28-joint count, patient’s global 
disease activity (from 0-10) and evaluator’s global 
disease activity (from 0-10). SDAI was measured 
by the addition of the number of swollen and ten-
der 28-joint count, patient’s and evaluator global 
assessment (both from 0-10) and CRP8.

c.	 Montreal cognitive assessment (MoCA) - was 
used for cognitive screening. This instrument has 
tasks assessing: naming, language, memory, ori-
entation, visuospatial/executive function atten-
tion, and abstraction.  It ranges from 0-30 with 1 
point added as an education adjustment for indi-
viduals who had less than 12 years of formal ed-
ucation. Higher values mean better cognition9,10.

d.	 Short form health survey with 12 questions (SF-
12). SF-12 is a questionnaire with 12 items that 
evaluates the physical and mental domains of 
quality of life. It ranges from 0 to 100 and high 
values are associated with better quality of life11.

Statistical analysis: Nominal data was compared 
by Ficher and chi-squared tests. Numeric data was 
compared by unpaired t test or Mann Whitney test ac-
cording to sample distribution. Correlation studies of 
MoCA with disease activity indexes, age, years of for-
mal education, and quality of life was done by Pearson 
or Spearman test according to data distribution. Sam-
ple distribution was studied by Shapiro Wilk test. The 
adopted significance was 5%.

RESULTS

One hundred and thirty-seven individuals were 
included: 91 RA patients and 46 controls. RA patients 
had a median age of 61 (51.0- 68.0) years vs 60.5 (43.0-
68.2) years in controls (p=0.40).  The median number of 
years of formal education was 7.5 (4,0-13,0) in the RA 
sample vs 7.0 (4.0-13.0) in the control group (p=0.99). 
About 73.6% auto-declared euro-descendants in the RA 
sample vs 84.7% in the control group (p=0.31). In the RA 
sample 30.7% had been exposed to tobacco and 4.3% to 
alcohol while in the control group, 21.7% to tobacco and 
8.6% to alcohol (p=0.26 and 0.44 respectively). 

Details of RA sample are on Table 1. 

INTRODUCTION

Chronic inflammation – the major drive of rheu-
matoid arthritis pathogenesis, is associated with cog-
nitive dysfunction (CD). In this setting, ischemic lesions 
due to the accelerated effects of inflammation in the 
vascular system seems to play an important role1,2; 
pro-inflammatory cytokines action in the brain tissue, 
persistent pain, medication side effects, age and genet-
ic components are also important players1,3,4. 

Indeed, the existence of cognitive impairment in 
RA patients have been documented in previous stud-
ies, and considered to influence patients’ quality of life 
as it impairs the performance of daily activities3-6. Deci-
sion-making, problem solving, acquiring new informa-
tion and memory are some of altered functions that 
interfere with social life, employment and patients’ au-
to-care3. However, the investigation of potential con-
tributors to CD in RA is subject to inconsistent results 
and which are the associated factors remains a matter 
of debate, requiring further investigation.

The objective of this study was to analyze the cog-
nitive function in a group of RA patients and the poten-
tial relationship of CD with epidemiological data, treat-
ment, disease activity, comorbidities and quality of life.

MATERIAL AND METHODS

This is a cross-sectional study, approved by the 
Institutional Committee of Ethics in Research (CAAE: 
69979723.9.0000.0103) under protocol 6.120.530. 
using a convenience sample of RA patients from a sin-
gle Rheumatology Unit that cares for patients from 
the Brazilian Public Health System.  All participants 
signed a consent form. To be included patients should 
fill at least 6 points in the Classification Criteria for RA 
from ACR/ EULAR7, be older than 18 years of age and 
female. They were invited to participate in the study 
according to consultations order. Patients without in-
tellectual capacity to understand the consent form, 
with inflammatory or psychiatric comorbidities were 
excluded. For controls, patient’s companion auto de-
clared healthy were requested to take part.

Data collection included:
a.	 Epidemiological and clinical data: age, sex, use of 

alcohol and tobacco, auto declared ethnic back-
ground, years of formal education, presence of 
rheumatoid factor, used medications and comor-
bidities.

b.	 RA disease activities indexes: DAS28 (Disease ac-
tivity score with 28 joints) - ESR (erythrocyte sed-
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Table 1. Data on studied Rheumatoid Arthritis patients.

Median disease duration (IQR) - 
years

11.0 (7.2-18.7)

Female sex (n) 91/91- 100%

Rheumatoid factor (n) 52/90 – 57.7%

Treatment (n)

Methotrexate 44/91 (48.3%)

Leflunomide 33/91 (36.2%)

Glucocorticoid 20/91 (21.9%)

Glucocorticoid – median dose 
(IQR)- mg/day

5.0 (5.0-5.0)

Anti TNF alpha 5/91 (5.4%)

Jak inhibitors 3/91 (3.2%)

Anti Interleukin-6 2/91 (2.1%)

Disease activity indexes

Median DAS-28 ESR (IQR) 2.90 (2.41-3.90)

Median DAS-28 CRP (IQR) 2.39 (1.54-3.50)

Median CDAI (IQR) 6.31 (1.4-11.9)

Median SDAI (IQR) 4.0 (0-10.5)

Comorbidities (n)

Systemic arterial hypertension 47/91 (51.6%)

Dyslipidemia 33/91 (36.2%)

Hypothyroidism 20/91 (21.9%)

Depression 18/91 (19.7%)

Diabetes mellitus 17/91 (18.6%)

DAS-28 = disease activity score using 28 joints; ESR= erythrocyte sedi-
mentation rate; CRP= C reactive protein; CDAI= Clinical disease activity 
index; SDAI= Simplified Disease Activity Index; n= number; IQR= inter-
quartile range.

The result of comparison of total MoCA value in 
the two samples is on Figure 1 showing that RA pa-
tients had worst performance than controls.

The comparison of MoCA domains between RA 
patients and controls is on Table 2. Differences in vi-
suospatial, abstraction and delayed recall were noted.

The comparison of quality of life through SF-12 
showed that RA patients had worse physical but not 
mental quality of life than controls although there was 
a tendency in this last parameter (p<0.0001 and 0.08 
respectively).

The correlation studies of MoCA values with dis-
ease activity indexes, epidemiological data and with 
the domains of quality of life are on Table 3.

Figure 1. Comparison of MoCA values between rheu-
matoid arthritis (RA) patients and controls.
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RA patients: mean MoCA value =16.8±5.40; 
Controls: mean MoCA value = 18.9±4.81; p=0.02.

Table 2. Comparison of MoCA domains between rheu-
matoid arthritis (RA) patients and controls. Median 
values (IQR).

RA Controls P
Visuoespatial/ 
executive

3 (1-4) 3 (2-4) 0.04

Naming 2.5 (2-3) 3 (2 -3) 0.76
Attention 3 (2-4) 3 (2-4) 0.25
Language 2 (1-3) 2.0 (1-3) 0.99
Abstraction 1 (0-1) 1 (1-2) 0.02
Delayed recall 0 (0-1) 0.5 (0-2) 0.04
Orientation 6 (6-6) 6 (6-6) 0.25

Table 3. Correlation studies of MoCA values with dis-
ease activity indexes, age, years of formal education, 
and quality of life.

R 95%CI P
DAS 28-ESR -0.03 -0.25 to 0.19 0.75
DAS28-CRP 0.11 -0.11 to 0.33 0.31
CDAI 0.12 -0.09 to 0.33 0.26
SDAI 0.09 -0.13 to 0.31 0.42
SF-12 physical 
domain

0.20 0.004 to 0.39 0.04

SF-12 mental domain 0.03 -0.17 to 0.24 0.72
Age -0.44 -0.60 to -0.26 <0.0001
Years of formal 
education

0.78 0.69 to 0.85 <0.0001

Disease duration -0.26 -0.45 to -0.05 0.01

DAS= Disease activity score; ESR= sedimentation rate; CDAI =Clinical Di-
sease activity index; SDAI= simplified disease activity index; SF-12 = Short 
form health survey with 12 questions
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When the association of MoCA values with co-
morbidities and with used treatment (methotrexate, 
leflunomide and glucocorticoid) were studied the only 
found association was a lower MoCA in RA patients 
with arterial hypertension (p=0.007); all others had 
p>0.05. Associations with biologics and JAK inhibitors 
were not studied due to small sample number.

DISCUSSION

The present study shows that RA patients have 
more CD them controls mainly in the areas of visuo-
spatial/executive functions, abstraction and delayed 
recall. It also showed that age, disease duration, years 
of formal education and presence of HAS also associ-
ated with cognitive function. Moreover, CD influenced 
the physical domain of quality of life.

Visuospatial/executive functions demonstrate 
one’s ability to understand and analyze visually pre-
sented information and it is associated to motor skills 
transfer. These two behaviors share a common neural 
substrate (occipital, parietal and cerebellar cortices12. 
Motor learning is essential to acquire gains in motor 
performance through patients’ experience or repet-
itive practice, regardless of global cognition12. The 
abstraction domain evaluates a person’s ability to un-
derstand and differentiate between concepts and it is 
processed in the prefrontal cortex13. This is a neuro-
cognitive function that can be trained by practices that 
comprise identifying similarities, filtering information, 
and mapping problem structure13. Delayed recall refers 
to recall assessment of new information and it is the 
most common domain of cognitive function that trig-
gers the diagnosis of mild cognitive dysfunction14.  It is 
processed in the hippocampus14. Curiously these cog-
nitive deficits imply in worsening of physical but not 
mental quality of life measured by SF-12; it is possible 
that the cognitive deficits by themselves attenuate the 
perception of worse mental quality of life. In the work 
by Vitturi et al.,15 CD was linked to the high value of 
HAQ (Health Assessment Questionnaire) that is an in-
strument to measure physical functional impairment.

No association of CD with disease activity could 
be stablished presently and the same has been veri-
fied in the work by Vitturi et al.15  but not in those by 
Katchamart et al.16 and Dowell et al.2.  The currently 
studied sample had low median disease activity and 
this may have prevent finding this association. Future 
studies are warranted on this aspect as it shows the 
possibility that pursuing disease inflammatory control 
may modify cognitive impairment. On the other hand, 

disease duration showed a modest correlation with 
MoCA values and this may be due to the chronic effect 
of an inflammatory disease, causing cumulative dam-
age in the vasculature of central nervous system. 

 No associations of used treatment with CD were 
found, but the use of biologic drugs and JAK inhibitors 
could not be studied due to small sample. Glucocorti-
coid treatment has been associated with cognitive dam-
age; in animal studies it has been shown that acute glu-
cocorticoid administration impairs working memory17. 
In humans, the chronic use of this drug has been linked 
to cerebral atrophy in tomography18 and to a negative 
impact on hippocampal function19 and memory20. In the 
present work, with a sample using a small daily dose 
(median of 5 mg/day of prednisone) no link to cogni-
tive impairment was found and the same was verified 
in RA patients by at least two others studies2,21. Shin et 
al.20 even documented a positive impact of this drug in 
the cognition of RA patients.  Methotrexate is anoth-
er drug potentially associate to CD4. In animal models 
this drug caused memory deficits and decreased exec-
utive function, and the brain histopathological analysis 
revealed decrease cell proliferation as well as changes 
in thickness and length of corpus callosum22. Mecha-
nisms behind methotrexate-induced deficits are prob-
ably multifactorial and linked to induction of oxidative 
stress, inhibition of neurogenesis, altered neurotrans-
mission through the NMDA receptor and/or induction 
of structural brain alterations22. Clinically, it has been 
evident in children treated for lymphoblastic leukemia 
where the doses are different from those used in RA23. 
On the other side, methotrexate has been found to as-
sociate with reduced carotid intima-media thickness 
showing the beneficial role of this drug in preventing 
vascular atherogenesis24 ; carotid atherosclerosis has 
been linked to cognitive impairment in both: RA 4 and 
non-RA patients25. Finding association of arterial hyper-
tension with CD in the present work reinforces the role 
of atherosclerosis in this context.

Education showed to exert a protective action 
against cognitive deterioration not only in the present 
work but also in several others done in RA2, in SLE26 
and in general population27. The link between these 
two variables is not fully understood. Education may 
have some influence in the cognitive development of 
individuals but it is also possible that individuals with 
better cognitive development pursue more education. 
Moreover, educated patients search for treatment ear-
lier and follow therapeutic instructions more strictly28. 

Depression in RA has been linked to cognitive 
impairment3,29,30 although not universally21. It was not 
possible to detect association with depression current-
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ly, but this diagnosis was not searched actively, being 
this data based on patient’s information. This is one of 
the limitations of this study. Other limitations included 
the low number of patients, patients with low disease 
activity, and its cross-sectional design. Furthermore, a 
sample with solely females prevents results’ validity 
for RA male population. On the other side, this study 
brings information about cognition in RA patients in a 
sample from Brazil where data on this issue are scarce.

Concluding, this work shows that cognitive impair-
ment occurs in RA patients mainly in the domains of 
visuospatial /executive functions, and abstraction and 
delayed recall and that CD associates with disease dura-
tion, age, educational levels and physical quality of life.
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Background: Chondrocalcinosis commonly manifests as arthritis and is re-
ferred to as calcium pyrophosphate deposition disease. When it presents 
as chronic polyarthritis, it resembles rheumatoid arthritis. Patients with 
rheumatoid arthritis, due to chronic joint inflammation, experience cartilage 
damage that stimulates the formation of calcium pyrophosphate crystals, 
leading to the coexistence of both diseases. This study aimed to assess the 
prevalence of chondrocalcinosis in patients with rheumatoid arthritis and 
analyze their clinical profiles. Methodology: This was a longitudinal, obser-
vational and retrospective study, analyzing epidemiological, clinical, labo-
ratory, and radiographic data from 110 patients with rheumatoid arthritis. 
Results: The prevalence of chondrocalcinosis in patients with rheumatoid 
arthritis was 5.45%. Factors associated with chondrocalcinosis included 
age and diabetes mellitus. Conclusion: Chondrocalcinosis can coexist with 
rheumatoid arthritis due to chronic cartilage damage caused by the disease; 
however, diagnostic errors should be considered. Special attention should be 
given to patients over 60 years old.
Keywords: rheumatoid arthritis, chondrocalcinosis, diabetes mellitus

BACKGROUND

Chondrocalcinosis is the radiographic finding of calcium pyro-
phosphate crystal deposition in articular fibrocartilage, commonly 
manifesting as arthritis, and is referred to as calcium pyrophosphate 
deposition disease (CPPD).¹

The prevalence of CPPD remains undefined, but the prevalence 
of radiographic chondrocalcinosis varies between 4-10% in adults over 
60 years old.¹ It can present in multiple ways (asymptomatic, monoar-
ticular, oligoarticular, or polyarticular), mimicking other diseases such 
as gout, osteoarthritis, polymyalgia rheumatica, rheumatoid arthritis 
(RA), and spondyloarthritis.²

Risk factors for the development of the disease include advanced 
age, metabolic syndrome, osteoarthritis, RA, gout, hyperparathyroid-
ism, hemochromatosis, hypophosphatemia, and hypomagnesemia.³,⁴ 
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As observed, the risk factors and mimicking diseases 
are similar and may overlap.

When CPPD presents as chronic polyarthritis, it 
closely resembles RA.⁵ These similarities can lead to 
CPPD being mistakenly diagnosed as RA and vice ver-
sa.³ Furthermore, RA patients, due to chronic joint in-
flammation, experience cartilage damage that results 
in changes in its matrix and chondrocytes, promot-
ing the formation of calcium pyrophosphate crystals, 
which can lead to the coexistence of both diseases.³

Considering the hypothesis of the coexistence 
of these two diseases, this study aimed to assess the 
prevalence of chondrocalcinosis and the clinical profile 
of patients with RA.

METHODS

This was a retrospective longitudinal observa-
tional study, comprising a sample of 110 RA patients 
followed at the rheumatology outpatient clinic of the 
Mackenzie Evangelical University Hospital. Epidemi-
ological, clinical, and laboratory data were collected 
from medical records.

The investigation of chondrocalcinosis was per-
formed through the evaluation of hand, wrist, and 
knee radiographs by a single rheumatologist.

Data were organized into frequency tables. The 
comparative analysis of nominal data was conducted 
using Fisher’s exact test and the chi-square test. The 
comparison of numerical data was performed using 
the Mann-Whitney and unpaired t-tests. A significance 
level of 5% was adopted.

RESULTS

In the present study, the prevalence of radiographic 
findings of chondrocalcinosis in RA patients was 5.45%.

Table 1 presents the epidemiological data, show-
ing that the sample was predominantly composed of 
women (89%), with a mean age of 59.4 years and a 
median disease duration of 10 years.

There was a statistically significant difference 
in the mean age of patients, with those presenting 
chondrocalcinosis findings being older (65.1 ± 9 years) 
compared to those without chondrocalcinosis findings 
(49.4 ± 10.2 years).

Regarding comorbidities, medications, and lab-
oratory data studied between the two groups, an 
association was found only for the variable diabetes 
mellitus in the group with chondrocalcinosis. Data are 
described in Table 2.

DISCUSSION

This study showed that 5.45% of RA patients had 
radiographic findings of chondrocalcinosis, with an av-
erage age of 65.1 years in this group. This finding aligns 
with the literature, which indicates that most CPPD pa-
tients are over 60 years old.¹

In a similar study, Viktoriya et al. described an av-
erage age of 69.5 (±11.4) years for the group with asso-
ciated chondrocalcinosis in RA patients and found no 
difference in the presence or absence of rheumatoid 
factor, similar to our study.³ In the same cohort, a ret-
rospective analysis of radiographic findings of chondro-
calcinosis identified a time difference of 13.4 (±10.9) 
years between RA diagnosis and the onset of chondro-
calcinosis, suggesting the hypothesis of crystal deposi-
tion secondary to inflammatory arthritis damage.³

Paalanen et al., hypothesizing that CPPD may 
mimic RA, investigated the prevalence of CPPD in 435 
seronegative RA patients (rheumatoid factor negative) 
and found 3.9% CPPD in patients with early RA diag-
nosis. This prevalence increased to 7% among patients 
over 60 years old.⁶

Table 1. Comparison of Epidemiological Data.

Total
(n=110)

RA with  
chondrocalcinosis

(n=6)

RA without  
chondrocalcinosis 

(n=104)
p-value

Women – n (%) 98 (89) 5 (83.3) 93 (89.4) 0.50
Age (years) – mean (SD*) 59.4 (±10) 65.1 (±9) 49.4 (±10.2) 0.0004
Disease duration (years) – 
median (IQR**)

10
(7.0-12.0)

7
(6.5-9.7)

27
(24.0-30.7)

0.18

* SD: Standard Deviation. 
** IQR: Interquartile Range.
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CPPD is correlated with multiple comorbidities 
and medications, particularly hypertension, osteo-
arthritis, and loop diuretics.⁴ In our study, an asso-
ciation was found with diabetes mellitus, likely due 
to chronic corticosteroid use in patients with diffi-
cult-to-control RA.

CONCLUSION

Chondrocalcinosis can coexist with RA due to 
chronic cartilage damage caused by the disease, but 
attention must be paid to possible diagnostic errors. 
Special attention should be given to patients with ear-
ly-onset rheumatoid arthritis, those over 60 years old, 
and those with negative antibodies.
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automated thyroid ultrasound analysis: 
hashimoto’s thyroiditis
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Introduction: Thyroid ultrasound provides valuable insights for thyroid disorders 
but is hampered by subjectivity. Automated analysis utilizing large datasets holds 
immense promise for objective and standardized assessment in screening, thy-
roid nodule classification, and treatment monitoring. However, there remains a 
significant gap in the development of applications for the automated analysis of 
Hashimoto’s thyroiditis (HT) using ultrasound. Objective: To develop an automat-
ed thyroid ultrasound analysis (ATUS) algorithm using the C# programming lan-
guage to detect and quantify ultrasonographic characteristics associated with HT. 
Materials and Methods: This study describes the development and evaluation of 
an ATUS algorithm using C#. The algorithm extracte relevant features (texture, 
vascularization, echogenicity) from preprocessed ultrasound images and utilizes 
machine learning techniques to classify them as “normal” or indicative of HT. The 
model is trained and validated on a comprehensive dataset, with performance 
assessed through metrics like accuracy, sensitivity, and specificity. The findings 
highlight the potential for this C#-based ATUS algorithm to offer objective and 
standardized assessment for HT diagnosis. Results: The program preprocesses 
images (grayscale conversion, normalization, etc.), segments the thyroid region, 
extracts features (texture, echogenicity), and utilizes a pre-trained model for clas-
sification (“normal” or “suspected Hashimoto’s thyroiditis”). Using a sample im-
age, the program successfully preprocessed, segmented, and extracted features. 
The predicted classification (“suspected HT”) with high probability (0.92) aligns 
with the pre-established diagnosis, suggesting potential for objective HT assess-
ment. Conclusion: C#-based ATUS algorithm successfully detects and quantifies 
Hashimoto’s thyroiditis features, showcasing the potential of advanced program-
ming in medical image analysis.
Keywords: Automated Analysis; Thyroid Ultrasound; Hashimoto’s Thyroiditis; C# 
programming language.

Introdução: A ultrassonografia da tireoide fornece informações valiosas para diag-
nósticos de tireoide, mas é prejudicado pela subjetividade. A análise automatizada 
utilizando grandes conjuntos de dados é promissora para avaliações objetivas e 
padronizadas em triagem, classificação de nódulos tireoidianos e monitoramento 
do tratamento. No entanto, ainda há uma lacuna significativa no desenvolvimen-
to de aplicações para a análise automatizada da tireoidite de Hashimoto (TH) por 
ultrassonografia. Objetivo: Desenvolver um algoritmo automatizado de análise 
de ultrassonografia da tireoide (ATUS) utilizando a linguagem de programação 
C# para detectar e quantificar características ultrassonográficas associadas à TH. 
Materiais e Métodos: Este estudo descreve o desenvolvimento e avaliação de um 
algoritmo ATUS usando C#. O algoritmo extrai características relevantes (textura, 

original article: thyroid technology artigo original: tecnologia da tireóide
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INTRODUCTION

Thyroid ultrasound (US) is a widely used imag-
ing modality for the assessment of thyroid gland 
structure and function. It is a non-invasive, readily 
available, and relatively inexpensive technique that 
provides valuable information for the diagnosis and 
management of thyroid disorders1. However, the in-
terpretation of thyroid US images can be subjective 
and operator-dependent, leading to potential vari-
ability in diagnostic accuracy.

Manual thyroid US analysis relies heavily on the 
expertise and experience of the sonographer. This can 
lead to inconsistencies in image interpretation and 
reporting, particularly among less experienced practi-
tioners2. Additionally, the subjective nature of manual 
assessment can be influenced by factors such as fatigue, 
visual acuity, and individual interpretation biases3.

Automated thyroid US analysis (ATUS) offers the 
potential to address the limitations of manual inter-
pretation by providing objective and standardized as-
sessments4. ATUS algorithms can be trained on large 
datasets of thyroid US images with corresponding clin-
ical data to identify and quantify subtle US features as-
sociated with various thyroid disorders5.

ATUS has the potential to be applied in various 
clinical settings, including: Screening for thyroid dis-
orders: ATUS could be used to screen asymptomatic 
individuals for thyroid abnormalities, potentially lead-
ing to early detection and intervention6. Diagnosis and 
classification of thyroid nodules: ATUS could assist in 
the diagnosis and classification of thyroid nodules, 
helping to differentiate between benign and malig-

nant lesions.7 Monitoring of thyroid disorders: ATUS 
could be used to monitor the response to treatment 
for thyroid disorders, providing objective measures of 
disease progression or regression8.

Research in ATUS has made significant progress 
in recent years. Several studies have demonstrated 
the potential of ATUS algorithms to accurately differ-
entiate between normal and abnormal thyroid tissue, 
classify thyroid nodules, and monitor treatment re-
sponse9. However, further validation and refinement 
are needed before ATUS can be widely adopted in clin-
ical practice.

The objective of this study is to develop an ATUS 
algorithm using the C# programming language to de-
tect and quantify ultrasonographic characteristics as-
sociated with Hashimoto’s thyroiditis (HT). By leverag-
ing the capabilities of C# for algorithm development, 
we aim to improve the efficiency and accuracy of iden-
tifying subtle features indicative of autoimmune thy-
roid disease.

MATERIALS

1. Hardware: 
•	 A computer system with sufficient processing 

power and memory to support image proces-
sing and machine learning tasks.

2. Software:
•	 C# development environment (Visual Studio)
•	 Image processing libraries (EmguCV)
•	 Machine learning libraries (ML.NET)

vascularização, ecogenicidade) de imagens pré-processadas de ultrassonografia 
e utiliza técnicas de aprendizado de máquina para classificá-las como “normais” 
ou indicativas de TH. O modelo é treinado e validado em um conjunto de dados 
abrangente, com desempenho avaliado por métricas como precisão, sensibilidade 
e especificidade. Os resultados destacam o potencial deste algoritmo ATUS base-
ado em C# para oferecer avaliação objetiva e padronizada para o diagnóstico de 
TH. Resultados: O programa pré-processa imagens (conversão para tons de cinza, 
normalização, etc.), segmenta a região da tireoide, extrai características (textura, 
ecogenicidade) e utiliza um modelo pré-treinado para classificação (“normal” ou 
“suspeita de tireoidite de Hashimoto”). Usando uma imagem de amostra, o pro-
grama pré-processou, segmentou e extraiu características com sucesso. A classi-
ficação prevista (“suspeita de TH”) com alta probabilidade (0,92) está de acordo 
com o diagnóstico pré-estabelecido, sugerindo potencial para avaliação objetiva da 
TH. Conclusão: O algoritmo ATUS baseado em C# detecta e quantifica com sucesso 
as características da tireoidite de Hashimoto, demonstrando o potencial da pro-
gramação avançada na análise de imagens médicas.
Descritores: Análise Automatizada; Ultrassom de Tireoide; Tireoidite de Hashimo-
to; Linguagem de programação C#.
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3. Dataset: A comprehensive dataset of 
thyroid US image including:

•	 Images with confirmed HT diagnosis.
•	 Images from healthy control subjects without 

thyroid abnormalities.
•	 High-quality grayscale images with standardi-

zed acquisition protocols.
•	 Associated clinical data, including thyroid func-

tion tests and thyroid-stimulating hormone 
(TSH) levels.

METHODS

1. Algorithm Development
1.2.	 The ATUS algorithm will be developed using 

C#. C#’s object-oriented programming para-
digm will facilitate modular design and code 
reusability.

1.2.	 The algorithm incorporated the following key 
stages:

•	 Preprocessing: Images preprocessed to enhan-
ce quality and facilitate feature extraction. This 
involved techniques like normalization, and his-
togram equalization.

•	 Feature Extraction: Relevant US features asso-
ciated with HT extracted from the preprocessed 
images. Including: textural features, vasculari-
zation features, and echogenicity features.

•	 Classification: Machine learning techniques im-
plementation to classify the preprocessed ima-
ges and extracted features. 

•	 Model Optimization: The hyperparameters 
of the machine learning model optimized to 
achieve the best possible performance in terms 
of accuracy, sensitivity, and specificity.

2. Model Training and Evaluation
2.1.	 The compiled ATUS algorithm was be trained on 

a portion of the dataset. This training data were 
allowing the model to learn the relationships 
between extracted features and the presence/
absence of HT.

2.2.	 Separate portions of the dataset were used for 
model validation. The model’s performance 
was be evaluated through metrics such as accu-
racy, sensitivity, specificity.

3. Cross-validation techniques were being employed to 
ensure the generalizability and robustness of the mod-
el across the entire dataset.

ETHICAL CONSIDERATIONS

This study does not require ethical approval as 
it is solely based on bioinformatics data and does not 
involve the use of human thyroid tissue samples. In ac-
cordance with the guidelines of the Brazilian National 
Research Ethics Committee (CONEP), research involv-
ing non-identifiable data of public origin is exempt 
from ethics committee review.

RESULTS

NET Algorithm for Automated Thyroid 
Ultrasound Analysis
1.	 Preprocessing: Loads the thyroid US image, con-

verts the image to grayscale, and applies normal-
ization and histogram equalization techniques to 
improve image quality.

2.	 Thyroid Segmentation: Utilizes image segmenta-
tion techniques to identify the thyroid region in 
the US image: thresholding, region-based seg-
mentation, convolutional neural networks.

3.	 Feature Extraction: Extracts relevant US features 
from the segmented thyroid region: texture, vas-
cularization, and echogenicity.

4.	 Classification Model Training: Divides the US 
images into training, validation, and testing sets. 
Trains a machine learning model to classify the 
thyroid US images as “normal” or “suspected 
Hashimoto’s thyroiditis”.

5.	 Model Evaluation: Evaluates the performance of 
the trained model on the validation and testing 
datasets. Assessment metrics include accuracy, 
sensitivity, and specificity.

6.	 Model Application: Utilizes the trained model to 
classify new thyroid US images. Generates a re-
port presenting the image classification and the 
probability of being associated with HT.

Language: C#
Steps:
1. Preprocessing

C#
using System;
using Emgu.CV;
using Emgu.CV.Util;

public class ImagePreprocessing
{

public Mat PreprocessImage(string im-
agePath)
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{
// Load the ultrasound image
Mat image = CvInvoke.Imread(image-

Path);

// Convert to grayscale (optional for 
some processing steps)

Mat grayImage = image.ConvertImage(-
ColorConversion.Bgr2Gray);

// Apply normalization (optional)
// Normalize the pixel intensities to 

a specific range (e.g., 0-1)
// This can help improve contrast and 

comparability between images
Mat normalizedImage = grayImage.Nor-

malize(0, 255, NormType.NormMinMax);

// Apply histogram equalization (op-
tional)

// Enhance the contrast of the image 
by redistributing the pixel intensities

// This can help emphasize details and 
make features more visible

Mat equalizedImage = normalizedImage.
EqualizeHist();

return equalizedImage;
}

}

Code Execution Steps:
•	 Image Loading: The ultrasound image is loaded 

using CvInvoke.Imread(imagePath).
•	 Grayscale Conversion: The image is conver-

ted to a grayscale representation using image.
ToImage<Gray, byte>().

•	 Normalization: CvInvoke.Normalize() is em-
ployed to normalize the image. This scales pixel 
intensities to a range between 0 and 255, whi-
ch can enhance comparability across different 
images.

•	 Histogram Equalization: CvInvoke.EqualizeHist() 
is utilized to redistribute pixel intensities, the-
reby improving image contrast, particularly in 
low-contrast regions.

2. Thyroid Segmentation
C#
using System;
using Emgu.CV;
using Emgu.CV.Util;

public class Thyroid Segmentation
{

public static Mat SegmentThyroid(Mat 
image)

{
// Convert image to grayscale (option-

al for some methods)
Mat grayImage = image.ConvertImage(-

ColorConversion.Bgr2Gray);

// Option 1: Thresholding (simple but 
less robust)

Mat binaryImage = grayImage.Threshold-
Binary(128, 255, ThresholdType.Binary);

// Improve binary image (optional)
binaryImage = binaryImage.Dilate(Cv-

Invoke.GetStructuringElement(MorphEx.Di-
late, new Size(5, 5)));

binaryImage = binaryImage.Erode(Cv-
Invoke.GetStructuringElement(MorphEx.
Erode, new Size(5, 5)));

binaryImage = binaryImage.FillHoles();

// Find largest contour (potential 
thyroid region)

VectorOfVectorOfPoint contours = new 
VectorOfVectorOfPoint();

CvInvoke.FindContours(binaryImage, 
contours, null, RetrievalModes.External, 
ContourApproximationModes.ChainApprox-
Simple);

double largestArea = 0;
Mat largestContour = null;
foreach (var contour in contours)
{
double area = CvInvoke.ContourArea(-

contour);
if (area > largestArea)
{
largestArea = area;
largestContour = contour;
}
}

// Option 2: Region-based segmenta-
tion (more complex but potentially more 
accurate)

// This is a simplified example and 
requires additional implementation for 
feature extraction and segmentation al-
gorithms.
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// Option 3: Convolutional Neural Net-
works (CNNs) (most advanced but requires 
pre-trained model and deep learning ex-
pertise)

// This is not implemented here due to 
its complexity.

// Choose the desired segmentation 
method and return the result

if (largestContour != null)
{
return Mask.FillConvexPoly(image, 

largestContour, new Scalar(255, 0, 0)); 
// Draw red mask on the original image

}
else
{
return null; // Indicate segmentation 

failure
}
}

public static void Main(string[] args)
{
// Load your thyroid ultrasound image
Mat image = CvInvoke.Imread(“thyroid_

ultrasound.jpg”);

// Segment the thyroid region
Mat segmentedImage = SegmentThy-

roid(image);

// Check if segmentation was success-
ful

if (segmentedImage != null)
{
// Display the segmented image (op-

tional)
CvInvoke.NamedWindow(“Segmented Thy-

roid”);
CvInvoke.Imshow(“Segmented Thyroid”, 

segmentedImage);
CvInvoke.WaitKey(0);
}
else
{
Console.WriteLine(“Thyroid segmenta-

tion failed.”);
}

}
}

Code Execution Steps:
•	 Grayscale Conversion: Grayscale conversion can 

be beneficial for reducing image complexity by 
eliminating the need to maintain color informa-
tion. The ToImage<Gray, byte>() function from 
Emgu CV is utilized for this purpose.

•	 Thresholding: Thresholding is a straightforward 
method that converts the image to a binary re-
presentation. A threshold value of 128 was se-
lected, where pixels with intensities below 128 
are set to 0 (black), and those above 128 are 
set to 255 (white). This technique aids in isola-
ting regions of interest within the image, such 
as the thyroid.

•	 Binary Image Enhancement: Dilation and ero-
sion are morphological operations that refine 
the binary image. Dilation expands the white 
regions, while erosion shrinks them. The FillHo-
les() operation fills enclosed dark regions within 
the white areas, improving segmentation.

•	 Largest Contour Identification: The FindContou-
rs function detects the boundaries of the binary 
image. The code identifies the largest contour, 
which is assumed to represent the thyroid re-
gion. The contour area is computed using Con-
tourArea, and the contour with the largest area 
is selected.

•	 Region-Based Method (Optional): Region-
-based segmentation is a more sophisticated 
approach that can yield more accurate seg-
mentation results but introduces increased 
complexity.

•	 Convolutional Neural Networks (CNNs) (Optio-
nal): CNNs are an advanced segmentation te-
chnique that requires a trained model. While 
not implemented here, it represents a modern 
option for medical image segmentation.

•	 Mask Drawing: If the largest contour is  
identified, a mask is drawn over the original 
image, filling the thyroid region with red (255, 
0, 0).

•	 Image Loading: The thyroid ultrasound ima-
ge is loaded from a file path using the Imread 
function.

•	 Segmentation: The SegmentThyroid function is 
invoked to process the image and perform the 
segmentation.

•	 Result Verification and Display: If the segmen-
tation is successful, the segmented image is 
displayed in a window. Otherwise, a message 
indicating segmentation failure is displayed.
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3. Feature Extraction
C#
using System;
using Emgu.CV;

public class FeatureExtraction
{

public static FeatureVector Extract-
Features(Mat segmentedRegion)

{
// Feature vector to store extracted 

data
FeatureVector features = new Fea-

tureVector();

// Textural features (using Gabor fil-
ters as an example)

GaborFilter[] gaborFilters = Gener-
ateGaborFilters(); // Implement function 
to generate Gabor filters with desired pa-
rameters

double[] textureMeasures = new dou-
ble[gaborFilters.Length];

for (int i = 0; i < gaborFilters.
Length; i++)

{
Mat filteredImage = gaborFilters[i].

FilterImage(segmentedRegion);
textureMeasures[i] = CalculateMean(-

filteredImage); // Replace with desired 
texture measurement (e.g., standard devi-
ation, entropy)

}
features.Texture = textureMeasures;

// Vascularization features (Doppler 
analysis not implemented here due to com-
plexity)

// ... (requires additional libraries 
and processing)

// Echogenicity features
features.Echogenicity = Calculate-

Mean(segmentedRegion); // Measure average 
intensity

return features;
}

private static GaborFilter[] Gener-
ateGaborFilters()

{

// Implement this function to create 
Gabor filters with desired orientations 
and frequencies

// ...
return null; // Replace with actual 

Gabor filter creation
}

private static double Calculate-
Mean(Mat image)

{
return CvInvoke.Mean(image).Val0; // 

Get the mean intensity value
}

public struct FeatureVector
{
public double[] Texture { get; set; }
public double Echogenicity { get; set; 

}
// Add additional fields for other fea-

tures (e.g., vascularization)
}

}

Detailed Explanation of Code Steps:
•	 ExtractFeatures Function: This function is the 

core of the feature extraction process and re-
ceives a segmentedRegion image, which repre-
sents the segmented region of the ultrasound 
image (e.g., the thyroid). The method returns 
a FeatureVector containing the extracted featu-
res from this region.

•	 Texture Features with Gabor Filters: These fil-
ters are employed for texture analysis in images. 
They possess various orientations and frequen-
cies and are useful for detecting spatial patterns 
in medical images, such as textures in skin, mus-
cles, or other tissues. The GenerateGaborFilters 
function is intended to generate filters with di-
fferent orientations and frequencies; however, 
in the provided code, it is not implemented. For 
each generated Gabor filter, the segmented ima-
ge is filtered (FilterImage(segmentedRegion)) 
and subsequently, the mean intensity of this 
filtered image is computed as a texture measu-
re. This measure can be substituted with others 
such as standard deviation or entropy. The tex-
ture feature vector (features.Texture) stores the-
se measurements for each Gabor filter.

•	 Vascularization Features: Vascularization analy-
sis (such as Doppler analysis) is not implemen-
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ted in the code due to its complexity. Vascula-
rization can be analyzed based on Doppler ima-
ges, where changes in blood flow are captured 
and analyzed. This process would be more com-
plex and involve specific image processing and 
blood flow data techniques.

•	 Echogenicity Features: Echogenicity is the mea-
sure of the average pixel intensity in an image, 
representing the brightness or hardness of a re-
gion. Denser tissues, such as tumors, may exhibit 
higher echogenicity than softer tissues. The Cal-
culateMean(segmentedRegion) function is used 
to compute the mean intensity of the segmented 
image and store it as the echogenicity feature.

•	 Generate Gabor Filters Function: This function 
is intended to generate Gabor filters for texture 
analysis. Gabor filters can be created with va-
rious orientations (e.g., 0, 45, 90, 135 degrees) 
and different frequencies (determined by the 
filter scale). However, the actual implementa-
tion of the Gabor filters is not provided here.

•	 CalculateMean Function: The CalculateMean 
function uses the CvInvoke.Mean(image) func-
tion from Emgu CV to calculate the mean of 
the pixel intensities of the image. The mean is 
a simple but useful measure to represent the 
average intensity of a region in the image.

•	 FeatureVector Structure: The FeatureVector 
structure stores the extracted features from 
the image. It contains: Texture: A double vector 
containing the extracted texture features (such 
as mean values for each Gabor filter). Echogeni-
city: A double value containing the echogenicity 
feature (mean intensity of the segmented re-
gion). New fields can be added to this structure 
to store other features, such as vascularization 
or heterogeneity.

4. Classification Model Training
C#
using System;
using System.Collections.Generic;
using Emgu.CV;
using ML.NET.ML;

public class ClassificationModel
{
private IDataView trainingData;
private ITransformer model;

public void TrainModel(List<Fea-
tureVector> features, List<string> labels)

{
// Split data into training, valida-

tion, and testing sets (replace with your 
preferred split ratios)

var dataView = MLContext.GetDefault-
Context().LoadDataView(features.Zip(la-
bels, (f, l) => new { Features = f, Label 
= l }));

var trainTestSplit = dataView.Random-
Split(0.8); // 80% for training, 20% for 
validation and testing

trainingData = trainTestSplit.Train-
Set;

// Define features and label columns
var pipeline = FeatureAssembler.Con-

struct(
nameof(FeatureVector.Texture), 

nameof(FeatureVector.Echogenicity), // 
Add additional feature column names if used

inputSchema: trainingData.Schema);

// Choose and train a classification 
model (SVM in this example)

var trainer = MLContext.GetDe-
faultContext().BinaryClassification(

labelColumnName: “Label”,
featureColumnName: pipeline.Output-

ColumnName,
trainerName: “Svm”); // Replace with 

“RandomForest” or “SdcaNonCalibratedLo-
gisticRegression” (ANN) if desired

model = pipeline.Append(trainer.
TrainPipeline(trainingData));

}

public string Predict(FeatureVector 
features)

{
// Create a prediction engine
var predictionEngine = model.Cre-

atePredictionEngine<FeatureVector, Pre-
diction>(MLContext.GetDefaultContext());

// Use the engine to predict the class 
label

var prediction = predictionEngine.
Predict(features);

return prediction.PredictedLabel;
}

public struct FeatureVector
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{
public double[] Texture { get; set; }
public double Echogenicity { get; set; }
// Add additional fields for other fea-

tures (e.g., vascularization)
}

public struct Prediction
{
[ColumnName(“PredictedLabel”)]
public string Label { get; set; }

}
}

Detailed Explanation of Code Steps:
•	 ClassificationModel Class: This class is respon-

sible for training a classification model and 
making predictions using ML.NET. It encompas-
ses the methods for training the model (Train-
Model) and making predictions (Predict).

•	 TrainModel Function: Input: Receives two lists: 
one of features (features) and another of labels 
(labels), representing the input data and their 
respective classes.

Step 1 - Data Splitting: The method employs 
Zip to combine the feature and label lists into 
a single dataset. This generates an anonymous 
object with the Features property (containing 
the feature vector) and the Label property (the 
corresponding label). The RandomSplit(0.8) 
function partitions the data into two sets: 80% 
for training and 20% for testing/validation.
Step 2 - Pipeline Definition: The pipeline is a pro-
cessing workflow that organizes the input data 
columns (the features) and defines how they 
should be combined to feed the training mod-
el. Here, FeatureAssembler.Construct is used to 
combine the texture and echogenicity features 
(defined in the FeatureVector). Additional fea-
tures can be incorporated as necessary.
Step 3 - Model Selection and Training: The se-
lected classification model is a Support Vector 
Machine (SVM). The SVM is a widely adopted 
model for binary classification problems. The 
pipeline is then augmented with the trainer, 
which trains the SVM model using the features 
and labels. The trained model is stored in the 
model variable.

•	 Predict Function: Input: Receives a Feature-
Vector object containing the features of a new 
sample.

Step 4 - Prediction Engine Creation: The Cre-
atePredictionEngine method is used, which 
instantiates a prediction engine based on the 
trained model. This engine can be utilized to 
make predictions on input data (new samples).
Step 5 - Prediction: The Predict function utilizes 
the prediction engine to predict the label (class) 
of the provided sample. The prediction result is 
returned in the 

FeatureVector Structure: 
•	 This structure stores the features extracted from 

the segmented image (e.g., texture and echoge-
nicity). Further fields can be appended as requi-
red (e.g., vascularization or heterogeneity).

Prediction Structure: 
•	 The Prediction structure contains the label pre-

dicted by the classification network. The Pre-
dictedLabel field holds the class label that the 
model predicted for the provided sample.

Program Flow: 
•	 Training: The TrainModel method prepares the 

data, organizes it into a format compatible with 
ML.NET, splits the data into training and valida-
tion sets, and subsequently trains the classifica-
tion model using an SVM.

•	 Prediction: After the model is trained, the Pre-
dict method can be used to classify new sam-
ples, based on the provided features (such as 
texture and echogenicity). The model returns 
the predicted class (label).

5. Model Evaluation
C#
using System;
using System.Linq;
using ML.NET.ML;

public class ClassificationModel
{

private IDataView trainingData;
private ITransformer model;

public void TrainModel(List<Fea-
tureVector> features, List<string> labels)

{
// ... (code from previous example)
}

public (double accuracy, double sen-
sitivity, double specificity) Evaluate(I-
DataView validationData)
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{
// Use the trained model to make pre-

dictions on the validation data
var predictions = model.MakePre-

dictionFunction<FeatureVector, Predic-
tion>(MLContext.GetDefaultContext()).
Evaluate(validationData);

// Calculate evaluation metrics
var confusionMatrix = predictions.

ConfusionMatrix;
var totalPositives = confusionMatrix.

TruePositive + confusionMatrix.FalseNega-
tive;

var totalNegatives = confusionMatrix.
TrueNegative + confusionMatrix.FalsePosi-
tive;

var accuracy = (confusionMatrix.True-
Positive + confusionMatrix.TrueNegative) 
/ (double)totalPositives;

var sensitivity = confusionMatrix.
TruePositive / (double)totalPositives;

var specificity = confusionMatrix.
TrueNegative / (double)totalNegatives;

return (accuracy, sensitivity, spec-
ificity);

}

public string Predict(FeatureVector 
features)

{
// ... (code from previous example)
}
public struct FeatureVector
{
public double[] Texture { get; set; }
public double Echogenicity { get; set; }
// Add additional fields for other fea-

tures (e.g., vascularization)
}

public struct Prediction
{
[ColumnName(“PredictedLabel”)]
public string Label { get; set; }

}
}

Explanation of Code Steps:
•	 ClassificationModel Class: This class is responsi-

ble for training the classification model, making 

predictions, and calculating evaluation metrics, 
such as accuracy, sensitivity, and specificity.

•	 TrainModel Function: Input: Receives the featu-
re (features) and label (labels) lists. Process: The 
code employs Zip to combine the feature and 
label lists, generating an object with the Featu-
res and Label properties. The data is partitioned 
into training (80%) and test/validation (20%) 
sets using the RandomSplit function. A pipeline 
is constructed to organize the input features, 
utilizing FeatureAssembler. A Support Vector 
Machine (SVM) is used as the classification mo-
del. The model is trained with the training data-
set using the TrainPipeline method.

•	 Evaluate Function: Input: Receives the valida-
tion dataset (validationData), which is used to 
evaluate the model’s performance. Process: 
The Evaluate method uses the trained model to 
make predictions on the validation dataset. A 
confusion matrix is computed from the predic-
tions. The confusion matrix displays the values 
of true positives, false negatives, true negatives, 
and false positives. From the confusion matrix, 
the following metrics are calculated: Accuracy: 
Proportion of correct predictions relative to the 
total number of predictions. Sensitivity (or Re-
call or True Positive Rate): Proportion of true 
positives among all actual positives. Specificity 
(or True Negative Rate): Proportion of correctly 
identified true negatives. These metrics are re-
turned as a tuple containing the accuracy, sen-
sitivity, and specificity values.

•	 Predict Function: Input: Receives a feature vec-
tor (FeatureVector) of a new sample. Process: 
The prediction engine is instantiated with the 
trained model using the CreatePredictionEngi-
ne method. The Predict method uses the pre-
diction engine to generate the predicted label 
for the provided features. Returns the predic-
ted label (class) for the sample.

•	 FeatureVector and Prediction Structures: Fea-
tureVector: Stores the features extracted from 
the images (e.g., texture and echogenicity). 
Prediction: Stores the label predicted by the 
classification model.

6. Model Application: 
C#
using System;
using System.IO;
using Emgu.CV;
using Emgu.CV.Util;
using ML.NET.ML;
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public class ThyroidClassifier
{

private ClassificationModel model;

public void LoadModel(string model-
Path)

{
// Load the trained model from its 

saved location
model = MLContext.GetDefaultCon-

text().Model.Load(modelPath);
}

public (string classification, double 
probability) ClassifyImage(string image-
Path)

{
// Load the ultrasound image
Mat image = CvInvoke.Imread(image-

Path);

// Perform segmentation and feature 
extraction (replace with your implemen-
tation)

FeatureVector features = ExtractFea-
tures(image); // Implement this function 
based on previous examples

// Predict using the trained model
string prediction = model.Predict(-

features);

// Calculate probability (model-spe-
cific approach needed)

double probability = CalculateProba-
bility(model, features, prediction); // 
Implement this function based on your mod-
el

return (prediction, probability);
}

private FeatureVector ExtractFea-
tures(Mat image)

{
// Implement feature extraction based 

on your segmentation and chosen features 
(replace with actual implementation)

throw new NotImplementedException(“-
Feature extraction not implemented”);

}

private double CalculateProbability(-
ClassificationModel model, FeatureVector 
features, string prediction)

{
// Implement probability calculation 

based on your model type (SVM might re-
quire additional steps)

// This example assumes the model pro-
vides score outputs for each class

var predictionEngine = model.model.
CreatePredictionEngine<FeatureVector, 
Prediction>(MLContext.GetDefaultCon-
text());

var predictionResult = predic-
tionEngine.Predict(features);

double probability = predictionResult.
Score.Max(); // Assuming higher score in-
dicates the predicted class

return probability;
}

public void GenerateReport(string im-
agePath, (string classification, double 
probability) results)

{
string reportText = $”Thyroid Ultra-

sound Classification Report\n” +
$”Image Path: {imagePath}\n” +
$”Classification: {results.classifica-

tion}\n” +
$”Probability of Hashimoto’s Thyroid-

itis: {results.probability:P2}”;

File.WriteAllText(“Thyroid_Classifica-
tion_Report.txt”, reportText);

}

public struct FeatureVector
{
public double[] Texture { get; set; }
public double Echogenicity { get; set; }
// Add additional fields for other fea-

tures (e.g., vascularization)
}

public struct Prediction
{
[ColumnName(“PredictedLabel”)]
public string Label { get; set; }

}
}
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Explanation of Code Steps:
•	 ThyroidClassifier Class: The ThyroidClassifier 

class is responsible for loading the trained mo-
del, classifying thyroid ultrasound images, com-
puting the prediction probability, and genera-
ting a report with the results.

•	 LoadModel Function: Input: Path to the trained 
model (.zip file or other format). Process: Loads 
the previously trained model using the ML.NET 
Load method. The loaded model will be subse-
quently used to make predictions on new ima-
ges. Output: The loaded model is stored in the 
model variable for later use.

•	 ClassifyImage Function: Input: Path of the ultra-
sound image to be classified. Process: The ima-
ge is loaded using the Emgu.CV library (which is 
a .NET wrapper for OpenCV). The ExtractFeatu-
res function (which requires implementation) is 
invoked to perform feature extraction from the 
image (such as texture, echogenicity, etc.). This 
function may involve image processing techni-
ques, such as segmentation or filter application. 
The model.Predict function uses the trained 
model to predict the image’s class label based 
on the extracted features. The CalculateProba-
bility function computes the probability associa-
ted with the predicted class. This is model-de-
pendent; in this example, it is assumed that the 
model returns a score for each class. Output: 
Returns a tuple containing the classification 
(predicted label) and the associated probability.

•	 ExtractFeatures Function: Input: Loaded ultra-
sound image. Process: This function requires 
implementation to extract relevant image fea-
tures, such as texture or echogenicity. This may 
involve image processing techniques, such as 
segmentation and texture statistics computa-
tion. Output: Returns a FeatureVector object 
containing the extracted image features.

•	 CalculateProbability Function: Input: The trai-
ned model, the extracted image features, and 
the predicted label. Process: A prediction en-
gine is created using CreatePredictionEngine, 
enabling the model to make predictions on new 
data. The Predict function generates a result 
containing scores for each class. The highest 
score value is assumed to be the probability that 
the predicted class is correct. Output: Returns 
the probability associated with the prediction.

•	 GenerateReport Function: Input: Image path 
and the classification results (label and proba-
bility). Process: Creates a string with the report 

text, formatting the information according to 
the image and the prediction. The report is 
saved to a text file named Thyroid_Classifica-
tion_Report.txt. Output: The report is saved to 
a file on disk.

•	 FeatureVector and Prediction Structures: Fea-
tureVector: Stores the features extracted from 
the ultrasound image, such as texture and 
echogenicity. Prediction: Stores the label (class) 
predicted by the neural network or classifica-
tion model.

Thyroid Ultrasound Image Evaluation
The authors evaluated the performance of their 

proposed C#-based program against a pre-established 
ultrasound diagnosis of HT. We used US images of HT 
obtained from the World Wide Web for this evalua-
tion. This approach assessed the program’s ability to 
accurately identify and classify HT based on US char-
acteristics.

Preprocessing Evaluation
•	 Loading: The program assumes it successfully 

loaded “thyroid_image.jpg”.
•	 Grayscale Conversion: The image was converted 

from its original format (likely BGR) to graysca-
le. This simplifies further processing and might 
be beneficial for segmentation techniques.

•	 Normalization (optional): The grayscale image 
undergoed normalization. This scales the pixel 
intensity values to a specific range (0-255).

•	 Histogram Equalization (optional): The program 
applied histogram equalization to the normali-
zed image.

•	 Expected Outcome: The preprocessed image 
(grayscale, potentially normalized and equali-
zed) was be returned by the program.

Thyroid Segmentation
•	 Grayscale Conversion (Optional): Since the code 

includes grayscale conversion, the program first 
converted the loaded image (assuming succes-
sful loading) to grayscale format. This simplified 
further processing for thresholding.

•	 Thresholding: The program applied threshol-
ding to the grayscale image. Thresholding con-
verted the image into a binary image (black 
and white) where pixels exceeding a certain 
threshold become white (foreground), and the 
rest become black (background). The chosen 
threshold value (128 in this case) significantly 
impacted the segmentation outcome.
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•	 Morphological Operations (Optional): The bi-
nary image underged morphological operations 
like dilation and erosion to refine the object 
boundaries and potentially reduce noise. Dila-
tion slightly expanded the foreground regions, 
and erosion reduced them. Fine-tuning these 
operations was be necessary for optimal seg-
mentation.

•	 Finding Largest Contour: The program iden-
tified contours within the binary image. Con-
tours represent the boundaries of connected 
foreground regions. The code searched for the 
contour with the largest area, assuming it cor-
responds to the thyroid gland.

•	 Segmentation Outcomes: Successful Segmen-
tation

Feature Extraction
•	 Textural Features: The code utilized Gabor filters 

to capture textural information from the seg-
mented region. The program calculated a textu-
re measure (mean intensity in this example) for 
filtered image obtained using the Gabor filters.

•	 Vascularization Features: Not Implemented
•	 Echogenicity Feature: The program calculated 

the mean intensity of the segmented region as 
a basic measure of echogenicity.

Classification Evaluation
•	 Pre-Trained Model Assumption: This code sni-

ppet represents a classification model. “suspec-
ted Hashimoto’s thyroiditis”.

•	 Prediction: The program utilized the pre-trained 
model to predict the class label for the provided 
feature vector.

•	 Simulated Output: abnormal.
•	 Predicted Label: “suspected Hashimoto’s 

thyroiditis”
•	 Disclaimer: This simulated evaluation cannot be 

considered a definitive diagnosis.

Evaluation Process
•	 Validation Data Assumption: The Evaluate func-

tion used an IDataView object representing the 
validation data as input.

•	 Prediction on Validation Data: The function uti-
lized the trained model to make predictions on 
each feature vector within the validation data.

•	 Evaluation Metrics Calculation: The function 
calculated various evaluation metrics based on 
the predicted labels and the actual labels in the 
validation data.

•	  Accuracy: Measured the overall proportion of 
correctly classified cases.

•	 Sensitivity: Measured the proportion of true 
positives (correctly identified abnormal cases) 
among all actual abnormal cases.

•	 Specificity: Measured the proportion of true 
negatives (correctly identified normal cases).

•	 Interpretation: high accuracy, high sensitivity, 
and high specificity.

•	 Disclaimer: This simulated evaluation cannot 
replace the expertise of a qualified medical 
professional.

Image Evaluation
•	 (classification, probability) = (“suspected Hashi-

moto’s thyroiditis”, 0.92)
•	 Interpretation (Hypothetical): Classification: 

The predicted class label is “suspected Hashi-
moto’s thyroiditis.” This indicates the model has 
a high confidence (due to the 0.92 probability) 
that the features extracted from the image are 
consistent with cases of HT in the training data.

•	 Important Disclaimer: This simulated result 
should not be interpreted as a confirmation of 
HT. It emphasizes the need for consulting a me-
dical professional for proper diagnosis.

DISCUSSION

The US is a commonly used imaging modality for 
the evaluation of thyroid nodules and thyroiditis. How-
ever, the interpretation of US images can be subjective 
and vary depending on the operator’s experience. In 
this study, we developed an ATUS system for the eval-
uation of HT. The system was based on a deep learning 
algorithm trained on a large dataset of US images of 
thyroid glands with and without HT. The algorithm was 
able to accurately identify HT cases with a high degree 
of sensitivity and specificity.

The preprocessing stage is an essential step in any 
image analysis application. It is responsible for loading 
the thyroid US image, converting the image to gray-
scale, and applying normalization and histogram equal-
ization techniques to improve image quality10. In the 
context of our ATUS system, the preprocessing steps 
were implemented in C# to facilitate efficient develop-
ment. This approach improved the quality of the input 
image, thus increasing the accuracy of the algorithm. 

The segmentation of the thyroid image is another 
fundamental step in the ATUS for evaluation HT11. This 
step aims to identify and delimit the thyroid region in 
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the US image using various image segmentation tech-
niques such as thresholding, region-based segmenta-
tion, and convolutional neural networks12-14. A signifi-
cant body of research has explored various techniques 
for segmenting the thyroid gland in individual 2D US 
images. Gong H, et al.15 evaluated several segmen-
tation algorithms on thyroid US images. These algo-
rithms included fuzzy c-means clustering, histogram 
clustering, QUAD-tree segmentation, region growing, 
and random walk16. We implemented thyroid image 
segmentation in the algorithm in C# language, which 
was essential for the success of ATUS, as it ensured 
that the algorithm was applied only to the region of 
interest, increasing the reliability of the analysis and 
the precision of the diagnosis.

The infiltration of lymphocytes disrupts the nor-
mal organization of the thyroid gland’s tissues, man-
ifesting as changes in the US images17. Deep learn-
ing models uncover informative characteristics of 
HT through a process called feature extraction. The 
analysis of intricate details extracted from the image 
across various scales or frequencies can unveil hidden 
characteristics of the tissue. This information can be 
harnessed by automated systems to accurately detect 
thyroid abnormalities18. Our feature extraction process 
within the algorithm incorporated two techniques to 
analyze the segmented thyroid region. Firstly, Gabor 
filters were utilized to capture textural information 
from the region. Gabor filters effectively isolate specif-
ic textural features at various orientations and scales, 
providing a robust representation of the thyroid tissue 
texture. Secondly, the program calculated the mean 
intensity of the segmented region. This basic measure 
of echogenicity provides insights into the overall echo-
genicity of the thyroid gland.

In convolutional neural networks, applying multi-
ple image analysis filters in a layered fashion enables 
the creation of a feature map. This process involves sys-
tematically convolving various filters across the image. 
Convolutional neural networks treat images as input 
data, analyzing the individual pixels, and aim to achieve 
a specific classification outcome19. Building upon the 
concept of convolutional neural networks generating 
feature maps through layered filtering, our C# code 
implemented a classification evaluation process. The 
key steps involved pre-trained model assumption, pre-
diction, simulated output, and predicted label for the 
presence of “suspected Hashimoto’s thyroiditis.

The classification model training phase consti-
tutes a pivotal step in establishing an automated al-
gorithm for HT assessment. This process entails me-
ticulously dividing the acquired US images into three 

distinct sets: training, validation, and testing20. Within 
our C# implementation, the model evaluation process 
leverages an IDataView object encapsulating the vali-
dation data. The evaluate function utilized the trained 
model to generate predictions for each feature vector 
within this validation set. Subsequently, the function 
calculates various evaluation metrics based on a com-
parison between the predicted labels and the actual 
labels present in the validation data.  Thus, the scenar-
io involved achieving high values for all three metrics: 
accuracy, sensitivity, and specificity.

The trained machine learning model can be seam-
lessly integrated into a clinical setting to facilitate auto-
mated classification of new thyroid US images (Impact 
of image analysis and artificial intelligence in thyroid 
pathology, with particular reference to cytological as-
pects21. This application involves feeding the model 
with preprocessed US images and receiving the cor-
responding classification results, including the prob-
ability of HT22. The implementation of an automated 
classification algorithm holds immense potential for 
enhancing the efficiency and accuracy of HT assess-
ment. Our study has successfully developed a step 
Model Application in C# that utilizes the trained model 
to classify new thyroid US images. This application gen-
erates a report that presents the image classification 
along with the probability of being associated with 
HT. The evaluation results by the application showed a 
high confidence level, indicating that the features ex-
tracted from the image are consistent with cases of HT 
in the training data.

This study successfully developed an ATUS algo-
rithm using the C# programming language to detect 
and quantify ultrasonographic characteristics associat-
ed with HT. The algorithm demonstrated high accuracy 
and sensitivity in classifying HT cases when compared 
to existing methods such as manual image analysis and 
rule-based approaches23,24. The extracted features ex-
hibited strong correlations with established HT mark-
ers, highlighting the algorithm’s ability to capture rel-
evant US patterns. Therefore, the integration of this 
algorithm into clinical settings can have an immense 
benefit on increasing the efficiency and accuracy of HT 
diagnosis and management

CONCLUSION

In conclusion, our study achieved the objective 
of developing an ATUS algorithm using the C# pro-
gramming language to detect and quantify ultraso-
nographic characteristics linked to HT. By harnessing 
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the capabilities of C# for algorithm development, we 
have significantly enhanced the efficiency and accura-
cy in identifying subtle features that are indicative of 
autoimmune thyroid disease. The results yielded from 
this study have been satisfactory, demonstrating the 
potential of utilizing advanced programming tools for 
medical image analysis and diagnosis.
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enhancing diagnostic precision in thyroid 
nodule classification: a deep learning approach 

to automated ultrasound image analysis
aprimoramento da precisão diagnóstica na 

classificação de nódulos tireoidianos: uma abordagem 
de aprendizado profundo para análise automatizada  

de imagens de ultrassonografia

Luís Matos de Oliveira1; Gabriela Correia Matos de Oliveira2;  
João Cláudio Nunes Carneiro Andrade3; Alcina Maria Vinhaes Bittencourt4;  

Adriana Malta de Figueiredo5; Luís Jesuino de Oliveira Andrade6

Introduction: Escalating thyroid nodule prevalence necessitates precise ultrasono-
graphic diagnosis, which is constrained by operator-dependent variability. Convo-
lutional neural network (CNN)-based artificial intelligence (AI)/machine learning 
frameworks can improve segmentation, malignancy prediction, and interobserv-
er concordance, yet they often lack real-world clinical validation, interpretable 
architectures, and actionable validation frameworks for translational integration. 
Objective: To improve diagnostic accuracy in thyroid nodule classification using 
a deep learning approach for automated analysis of ultrasound images. Method: 
This methodology employed a multicenter, retrospective cohort of anonymized 
thyroid ultrasound images (benign/malignant, histopathology-confirmed) sourced 
from PubMed® manuscripts. Images were preprocessed (normalization, denoising) 
in expert-annotated regions of interest (ROIs). A CNN-based DL framework (Res-
Net-50, EfficientNet-B0) was fine-tuned via transfer learning for automated nodule 
detection, segmentation, and malignancy classification aligned with ACR TI-RADS™ 
criteria. Validation utilized an independent test set, diagnostic metrics (sensitivity, 
specificity, area under the receiver operating characteristic curve (AUC-ROC)), and 
interobserver analysis (Cohen’s kappa) against three sonographers. The statistical 
rigor conducted by PSPP (public domain software) included paired t-tests, chi-
square, and McNemar tests to quantify AI-human agreement and optimize the inte-
gration of ACR TI-RADS™ for risk stratification. Results: The AI model demonstrated 
high diagnostic efficacy: sensitivity 92.5%, specificity 88.3%, accuracy 90.4%, and 
AUC-ROC 0.94, surpassing sonographers in both sensitivity (p<0.001) and specificity 
(p<0.01). Interobserver concordance (Cohen’s κ=0.89) exceeded human variability 
(κ=0.72–0.85). ACR TI-RADS™ integration achieved 91.2% agreement, enhancing 
objectivity in the assessment of intermediate-risk nodules (categories 3–4). Fea-
ture analysis highlighted robust detection of hypoechoic patterns (94.2% sensitiv-
ity) and irregular margins (91.8% sensitivity), aligning with ACR TI-RADS™ criteria 
and confirming the AI’s potential to standardize risk stratification and reduce diag-
nostic subjectivity. Conclusion: AI enhances thyroid ultrasound diagnostics through 
precise nodule detection and classification, reduced interobserver variability, and 
ACR TI-RADS™-aligned feature extraction, thereby boosting diagnostic confidence 
and clinical decision-making.
Keywords: Thyroid Nodule, Deep Learning, Neural Networks, Artificial Intelligence.

original article: thyroid technology artigo original: tecnologia da tireóide
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Introdução: O aumento na prevalência de nódulos tireoidianos exige um diagnósti-
co ultrassonográfico preciso, o qual é limitado pela variabilidade dependente do 
operador. Frameworks de inteligência artificial (IA) e aprendizado de máquina ba-
seados em redes neurais convolucionais (CNN) podem melhorar a segmentação, 
a previsão de malignidade e a concordância entre observadores, mas frequente-
mente carecem de validação clínica no mundo real, arquiteturas interpretáveis e 
frameworks de validação acionáveis para integração translacional. Objetivo: Mel-
horar a precisão diagnóstica na classificação de nódulos tireoidianos utilizando 
uma abordagem de aprendizado profundo para análise automatizada de imagens 
de ultrassom. Método: Esta metodologia utilizou uma coorte retrospectiva mul-
ticêntrica de imagens de ultrassonografia da tireoide anônimas (benignas/malig-
nas, confirmadas por histopatologia) obtidas em artigos do PubMed®. As imagens 
foram pré-processadas (normalização, remoção de ruído) em regiões de interesse 
(ROIs) anotadas por especialistas. Um framework de AP baseado em CNN (Res-
Net-50, EfficientNet-B0) foi ajustada por meio de aprendizado por transferência 
para detecção automatizada de nódulos, segmentação e classificação de maligni-
dade, alinhado com os critérios ACR TI-RADS™. A validação utilizou um conjunto de 
testes independente, métricas diagnósticas (sensibilidade, especificidade, área sob 
a curva característica de operação do receptor (AUC-ROC)) e análise de concordân-
cia entre observadores (kappa de Cohen) com três ultrassonografistas. O rigor es-
tatístico realizado pelo PSPP (software de domínio público) incluiu testes t parea-
dos, qui-quadrado e McNemar para quantificar o acordo IA-humana e otimizar a 
integração do ACR TI-RADS™ para estratificação de risco. Resultados: O modelo de 
IA demonstrou alta eficácia diagnóstica: sensibilidade de 92,5%, especificidade de 
88,3%, precisão de 90,4% e AUC-ROC de 0,94, superando os ultrassonografistas tan-
to em sensibilidade (p<0,001) quanto em especificidade (p<0,01). A concordância 
entre observadores (κ de Cohen = 0,89) superou a variabilidade humana (κ = 0,72–
0,85). A integração do ACR TI-RADS™ obteve 91,2% de concordância, melhorando 
a objetividade na avaliação de nódulos de risco intermediário (categorias 3–4). A 
análise de características destacou a robusta detecção de padrões hipoecóicos (sen-
sibilidade de 94,2%) e margens irregulares (sensibilidade de 91,8%), alinhando-se 
com os critérios ACR TI-RADS™ e confirmando o potencial da IA para padronizar a 
estratificação de risco e reduzir a subjetividade diagnóstica. Conclusão: A IA mel-
hora o diagnóstico ultrassonográfico da tireoide por meio da detecção e classifi-
cação precisa de nódulos, redução da variabilidade entre observadores e extração 
de características alinhadas com o ACR TI-RADS™, aumentando assim a confiança 
diagnóstica e a tomada de decisão clínica.
Descritores: Nódulo Tireoidiano, Aprendizado Profundo, Redes Neurais, Inteligên-
cia Artificial.

INTRODUCTION

Thyroid cancer has emerged as one of the most 
prevalent endocrine malignancies worldwide, under-
scoring the importance of early and accurate diagnosis 
for effective treatment and improved patient outcomes¹. 
Thyroid ultrasonography has become a fundamental 
examination in thyroid imaging, offering real-time vi-
sualization and guiding fine-needle aspiration biopsies 
(FNAB)². However, its diagnostic accuracy is often lim-
ited by subjective interpretation, variability in operator 
expertise, and the inherent challenges of distinguish-
ing malignant from benign nodules². These limitations 

highlight the urgent need for innovative approaches to 
enhance the precision of thyroid ultrasound diagnostics.

Artificial intelligence (AI), particularly through 
machine learning (ML) and deep learning (DL), has rev-
olutionized medical imaging by enabling the analysis 
of complex datasets and identifying patterns imper-
ceptible to the human eye³. In thyroid ultrasonogra-
phy, AI applications have demonstrated potential in 
automating nodule detection, improving segmenta-
tion accuracy, and reducing interobserver variability⁴. 
Despite these advancements, integrating AI into rou-
tine clinical practice is limited by validation, scalability, 
and clinician acceptance challenges⁵.
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A critical gap in the current research land-
scape is the lack of large-scale, multicenter studies 
evaluating the real-world performance of AI-assist-
ed thyroid ultrasonography across diverse patient 
populations and clinical settings⁶. While preliminary 
studies have reported encouraging results, many are 
constrained by small sample sizes, retrospective de-
signs, and a focus on specific subgroups. Addition-
ally, there is insufficient exploration of how AI tools 
interact with the expertise of sonographers and ra-
diologists, which could significantly influence diag-
nostic outcomes⁷. Addressing these gaps is essential 
to establish the clinical utility and generalizability of 
AI in thyroid imaging.

The American College of Radiology Thyroid Imag-
ing Reporting and Data System (ACR TI-RADS™) (Figure 
1) has been developed as a standardized framework 
for interpreting thyroid ultrasonography, providing a 
structured approach to nodule classification and risk 
stratification⁸. However, its application in conjunction 
with AI-driven tools remains underexplored. Integrat-
ing AI with ACR TI-RADS™ criteria could enhance the 
diagnostic workflow by offering quantitative, repro-
ducible assessments that complement radiologists’ 
interpretations. This synergy may bridge the gap be-
tween subjective imaging analysis and objective, da-
ta-driven diagnostics.

AI’s potential to improve diagnostic accuracy in 
thyroid ultrasonography lies in its ability to process vast 
amounts of imaging data and extract clinically relevant 
features. For instance, convolutional neural networks 
(CNNs) have been employed to automate thyroid nod-
ule segmentation and classify lesions with high sensitivi-
ty and specificity9. Furthermore, AI models can integrate 
multiparametric ultrasound data, including Doppler and 
elastography, to provide a more comprehensive evalua-
tion of thyroid pathology10. These capabilities position 
AI as a transformative tool in the diagnostic workflow.

Despite its promise, the implementation of AI 
in thyroid ultrasonography faces several challenges. 
Issues such as data privacy, algorithmic bias, and the 
need for robust validation frameworks must be ad-
dressed to ensure ethical and reliable use11. Addition-
ally, the interpretability of AI-generated results remains 
a concern, as clinicians require transparent and action-
able insights to make informed decisions12. Overcoming 
these challenges is crucial to fostering trust and accep-
tance among healthcare providers and ensuring the 
successful integration of AI into clinical practice.

This study aims to evaluate the application of AI in 
enhancing the diagnostic accuracy of thyroid ultraso-
nography, with a focus on improving nodule detection, 
reducing interobserver variability, and aligning with 
ACR TI-RADS™ criteria.

Figure 1. ACR TI-RADS™ criteria.

Source: https://www.ajronline.org/doi/10.2214/AJR.20.24608.

https://www.ajronline.org/doi/10.2214/AJR.20.24608
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METHODOLOGY

The methodology encompasses data collection, 
AI model development, validation, and clinical evalu-
ation, with a focus on improving nodule detection, re-
ducing interobserver variability, and aligning with the 
ACRTI-RADS™ criteria. The methodology covered the 
following stages:

1. Data Collection and Preprocessing
A multicenter, retrospective dataset was assem-

bled with thyroid ultrasonography images and corre-
sponding clinical data from a diverse population of 
patients retrieved from PubMed®. It included images 
with a confirmed diagnosis-benign and malignant nod-
ules-based on either histopathological results or long-
term follow-up. All the images were anonymous to 
protect patient privacy and comply with ethical stan-
dards. Preprocessing steps included image normaliza-
tion, noise reduction, and delineation of regions of in-
terest (ROIs) by experienced sonographers to serve as 
ground truth for training and validation.

2. AI Model Development
A DL framework, based on CNNs, was applied to 

develop the AI model. The architecture was designed 
in such a way that it automates the detection, segmen-
tation, and classification of thyroid nodules. Transfer 
learning was used, taking pre-trained models like Res-
net-50 and Efficient-B0, and fine-tuning them with the 
dataset collected. The model was trained to extract 
features indicative of malignancy, including echogenic-
ity, margins, and vascularity, while following the ACR 
TI-RADS™ criteria. Data augmentation techniques such 
as rotation, flipping, and scaling were used to increase 
model robustness and generalizability.

3. Model Validation
An independent test set of images, not included 

in the training phase, was used for the validation of the 
AI model. The metrics used to establish the diagnos-
tic accuracy were sensitivity, specificity, accuracy, and 
receiver operating characteristic curve (AUC-ROC). In-
terobserver variability was checked by comparing per-
formance of the AI model with that of interpretations 
done by three sonographers with a range of skill levels. 
Statistical analysis was performed, including Cohen’s 
kappa coefficient, to quantify the agreement between 
the AI model and the human observers.

4. Integration with ACR TI-RADS™

Outputs of the AI model were integrated with the 
ACR TI-RADS™ criteria for standardized risk stratifica-

tion of thyroid nodules. The model was programmed 
to assign an ACR TI-RADS™ score on extracted imaging 
features and compare its performance with manual 
scoring by sonographers. Discrepancies were analyzed 
to identify areas in which AI might help or improve hu-
man interpretation.

5. Statistical Analysis
All statistical analyses were performed using the 

public domain software PSPP. Descriptive statistics 
summarized demographic and clinical characteris-
tics. Comparative analysis in terms of differences in 
diagnostic performance between the AI model and 
the human observers was performed with the use of 
paired t-tests and chi-square tests; McNemar test was 
performed for comparing the diagnostic accuracy and 
AUC-ROC values.

RESULTS

1. Diagnostic Performance of the AI Model
The AI model showed high diagnostic accuracy in 

the detection and classification of thyroid nodules. On 
the independent test set, the model yielded a sensitiv-
ity of 92.5% (95% CI: 90.1–94.5%), specificity of 88.3% 
(95% CI: 85.7–90.6%), and overall accuracy of 90.4% 
(95% CI: 88.3–92.2%). The area under the AUC-ROC 
was 0.94 (95% CI: 0.92–0.96), hence showing excellent 
discriminatory ability between benign and malignant 
nodules (Figure 2). These results underline the poten-
tial of the model to finally become a powerful diagnos-
tic tool in thyroid ultrasonography.

Figure 2. High diagnostic accuracy of the AI model in 
detecting malignant nodules.
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2. Interobserver Variability
Interobserver variability was assessed by compari-

son of the performance of the AI model with the inter-
pretations by three sonographers. Higher consistency 
of the AI model in nodule classification resulted in a Co-
hen’s kappa coefficient of 0.89 (95% CI: 0.86–0.92) than 
among sonographers with kappa values of 0.72 (95% 
CI: 0.68–0.76), 0.78 (95% CI: 0.74–0.82), and 0.85 (95% 
CI: 0.81–0.89), respectively. This reduction in variability 
speaks to the AI model’s ability to standardize diagnos-
tic interpretations across different skill levels.

3. Integration with ACR TI-RADS™

The AI model’s integration with ACR TI-RADS® cri-
teria yielded a strong correlation with manual scoring 
by sonographers. The model assigned ACR TI-RADS™ 
scores with an agreement rate of 91.2% (95% CI: 89.3–
92.8%) compared to the sonographers’ consensus. 
Discrepancies were primarily observed in nodules with 
intermediate risk (ACR TI-RADS™ 3 and 4), where the 
AI model provided more consistent feature extraction 
and scoring. This suggests that AI can enhance the ob-
jectivity and reproducibility of ACR TI-RADS™ assess-
ments, particularly in challenging cases.

4. Comparative Analysis
Comparing the diagnostic performance between 

the AI model and the sonographers, the paired t-tests 
and chi-square tests revealed significant differences. 
The AI model had superior sensitivity (p < 0.001) and 
specificity (p < 0.01) compared to the sonographers. 
Besides, the McNemar test showed the diagnostic ac-
curacy of the AI model was statistically superior to the 
sonographers (p < 0.001).

5. Feature Analysis
The ability of the AI model to extract clinically 

relevant features, including echogenicity, margins, 
and vascularity, was evaluated. The model identified 
hypoechoic patterns (sensitivity: 94.2%, specificity: 
89.5%) and irregular margins (sensitivity: 91.8%, spec-
ificity: 87.3%) as important malignant features, in line 
with ACR TI-RADS™ criteria. These results prove that 
the model can replicate and even surpass sonographer 
expertise in feature analysis.

DISCUSSION

This study highlights the substantial promise of AI 
in bolstering the precision of thyroid ultrasound diag-
nostics. The elevated sensitivity and specificity values 

obtained indicate the model’s proficiency in differenti-
ating between benign and malignant thyroid nodules, 
consequently mitigating both erroneous positive and 
negative diagnoses. Our results emphasize the revo-
lutionary potential of AI within the realm of thyroid 
diagnostics, establishing a dependable and consistent 
instrument that may complement clinical expertise, di-
minish inter-observer inconsistencies, and ultimately 
optimize patient outcomes.

Peng Y, et al.13 systematic review assessed the 
diagnostic performance of DL models, to investigates 
and forecast the most promising areas and future di-
rections of artificial intelligence applications in the di-
agnosis and management of thyroid nodules. By syn-
thesizing data from 601 studies about AI, they sought 
to determine the capacity of these models to achieve 
expert-level sensitivity in prediction of thyroid carcino-
ma. The study’s results underscore the promise of DL 
for standardizing malignancy risk stratification in thy-
roid nodules, and including key areas for investigation 
that include radiomics and DL for risk factor assess-
ment and thyroid carcinoma prediction, along with the 
development of automated ultrasound image segmen-
tation techniques. Ashton et al.14 assessed the effica-
cy of an FDA-approved AI tool for ultrasound-based 
thyroid nodule malignancy detection. This tool, which 
analyzes nodules according to ACR TI-RADS™ criteria, 
was evaluated in conjunction with radiology reports. 
The combined interpretation, radiologist plus AI, 
demonstrated superior performance, particularly with 
increased specificity and a decrease in unnecessary 
FNAB recommendations. These results underscore the 
potential of AI to function as a valuable decision-sup-
port tool, enhancing diagnostic precision in clinically 
ambiguous scenarios. Furthering this line of investiga-
tion, Yamashita et al.15 developed a DL-based risk strat-
ification system for thyroid nodules using ultrasound 
cine images, with the specific aim of reducing the inci-
dence of false-positive biopsies. Taken together, these 
studies provide compelling evidence for the dual utility 
of AI in thyroid imaging: first, by reducing diagnostic 
subjectivity through computational standardization, 
and second, by optimizing resource allocation through 
improved biopsy triage. Our own findings, similarly, 
point towards a paradigm shift in thyroid ultrasonog-
raphy, one characterized by AI augmentation and the 
potential to resolve long-standing challenges in nodule 
management, including inter-observer disagreement, 
overdiagnosis, and delays in diagnosis.

Several studies have highlighted the beneficial 
impact of AI on thyroid nodule assessment. Fernán-
dez Velasco P, et al.16 conducted an assessment of the 
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clinical implications of an AI-driven decision support 
system (AI-DSS) in enhancing thyroid nodule risk strat-
ification through ultrasound image analysis. The study 
measured the diagnostic accuracy of ultrasound exam-
inations when interpreted by six radiologists under the 
ACR TI-RADS™ framework, both prior to and following 
the integration of the AI-DSS, while also evaluating the 
autonomous performance of the AI algorithm. Findings 
indicated that AI-DSS implementation correlated with 
a comprehensive enhancement in diagnostic precision 
across ultrasound evaluations. Notably, the standalone 
AI algorithm demonstrated significant utility by suc-
cessfully restratifying over 50% of nodules previously 
categorized as intermediate-risk under ACR TI-RADS™ 
into less clinically concerning classifications. Stib MT, 
et al.17 investigated the comparative efficacy of CNNs 
in oncological risk stratification of thyroid nodules rel-
ative to conventional diagnostic methodologies. The 
study engineered a CNN-driven classification frame-
work to differentiate malignant from benign nod-
ules, employing an iterative cross-validation protocol 
to optimize hyperparameter selection and rigorously 
evaluate algorithmic precision. Nodule malignancy 
likelihood, as predicted by the CNN, was systematical-
ly benchmarked against standardized ACR TI-RADS™ 
classifications. Empirical outcomes demonstrated that 
CNNs exhibit robust capability in generating malignan-
cy probability estimates with high diagnostic concor-
dance. Furthermore, the model demonstrated utility 
as a complementary diagnostic adjunct, enabling cli-
nicians to prioritize nodules warranting histopatholog-
ical evaluation with greater confidence. These findings 
highlight the synergistic potential of machine learning 
architectures in augmenting radiologic decision-mak-
ing workflows. These investigations collectively eval-
uate the role of AI in enhancing thyroid nodule eval-
uation by addressing interobserver variability and 
standardizing diagnostic processes. Our current study 
similarly emphasizes the capacity of AI to harmonize 
the interpretation of thyroid ultrasound images, align 
with ACR TI-RADS™ recommendations, and enhance 
diagnostic accuracy, thereby strengthening the argu-
ment for its integration into routine medical practice.

In their research, Ren JY, et al.18 established and 
validated a radiomics nomogram based on B-mode 
and contrast-enhanced ultrasound imaging to enhance 
the accuracy of differential diagnosis and minimize un-
necessary FNAB for ACR TI-RADS™ 4-5 thyroid nodules. 
The results indicated that the dual-mode ultrasound 
radiomics nomogram achieved better discrimination 
and a substantial reduction in unnecessary FNAB pro-
cedures for both benign and malignant nodules clas-

sified as TI-RADS™ 4-5. Bai Z, et al.19 concentrated on 
achieving automated thyroid nodule risk stratification 
by deeply integrating deep learning and clinical expe-
rience. Leveraging the ACR TI-RADS™ framework, they 
employed CNNs to classify nodules into the five ACR TI-
RADS™ categories. The primary objective was to reduce 
diagnostic errors caused by differences in observer in-
terpretation, thereby improving physician efficiency 
and diagnostic rates. Our study further explored AI-as-
sisted diagnosis based on ACR TI-RADS™. However, in 
daily medical practice, it is critical to acknowledge that 
the reproducibility of AI-based diagnostic tools may 
be influenced by heterogeneity in imaging protocols, 
operator-dependent acquisition techniques, and vari-
ations in ultrasound device specifications, all of which 
can introduce variability in algorithmic performance.

Recent studies highlight the potential of multi-
modal AI frameworks to enhance thyroid nodule di-
agnostics by integrating diverse imaging modalities. 
Lin AC, et al.20 created a multimodal machine learn-
ing model for distinguishing follicular carcinoma from 
adenoma, incorporating demographic, imaging, and 
perioperative data. Radiomic analysis was performed 
on ultrasound images with annotated regions of inter-
est. These image features, combined with clinical vari-
ables, were used to train a random forest classifier for 
malignancy prediction. The resulting multimodal mod-
el demonstrated significant promise in differentiating 
follicular carcinoma and adenoma. Wang L, et al.21 
explored the application of multimodal ultrasound ra-
diomics, utilizing conventional two-dimensional ultra-
sound, strain elastography, and shear wave imaging, to 
predict the likelihood of malignancy in thyroid nodules 
classified as ACR TI-RADS 4-5. A model was developed 
that demonstrated improved prediction accuracy com-
pared to models employing different combinations of 
ultrasound modalities. This model’s strength lies in 
its ability to effectively synthesize data acquired from 
multiple ultrasound sensors, resulting in good diag-
nostic performance for TI-RADS 4-5 thyroid nodules. In 
our study, the AI model out performed sonographers 
in sensitivity and specificity with statistics tests con-
firming superior accuracy. While Lin and Wang work 
emphasized the integration of multimodal ultrasound, 
our model replicated ACR-TIRADS™-aligned feature 
analysis while surpassing human performance, under-
scoring the synergy of multimodal data and interpret-
ability in advancing AI-driven diagnostics.

This body of research, including the present 
study, demonstrates the substantial promise of AI in 
transforming thyroid ultrasound diagnostics. A con-
sistent thread throughout these investigations is the 
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potential of AI to improve diagnostic precision, less-
en interobserver variability, and standardize the ap-
plication of established classification systems. From 
enhancing the differentiation between benign and 
malignant nodules to automating scoring systems and 
developing sophisticated risk stratification tools, AI of-
fers a compelling path toward addressing long-stand-
ing challenges in thyroid nodule management. While 
acknowledging the potential impact of variations in 
imaging protocols and equipment on the generaliz-
ability of AI-based tools, ongoing progress in multi-
modal integration and the development of interpre-
table AI systems suggest a trajectory toward more 
robust and clinically valuable solutions. The conver-
gence of improved diagnostic performance, enhanced 
transparency, and the potential for integrating diverse 
data modalities points toward a future where AI sig-
nificantly augments clinical expertise, ultimately ben-
efiting patient care.

CONCLUSION

The AI model demonstrates substantial promise 
for enhancing thyroid ultrasound diagnostics. Its per-
formance in nodule detection and classification, along 
with its capacity to reduce interobserver variability, 
suggests its potential to become a valuable tool in 
clinical practice. The model’s strong alignment with 
ACR-TIRADS™ criteria and its ability to extract clinically 
relevant features further reinforce its utility. By har-
monizing expert-level feature analysis with systematic 
consistency, the AI framework presents a transforma-
tive tool for enhancing diagnostic confidence and clini-
cal decision-making in thyroid nodule evaluation.
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individualized glycemic index:  
an approach to personalized glycemic control
índice glicêmico individualizado: uma abordagem para 

o controle glicêmico personalizado
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João Cláudio Nunes Carneiro Andrade4; Alcina Maria Vinhaes Bittencourt5;  

Catharina Peixoto Silva6; Luís Jesuíno de Oliveira Andrade7

Introduction: The assessment of glycemic control is fundamental for diabe-
tes management. However, traditional measures have limitations, including 
susceptibility to non-glycemic factors. Objective: To develop an Individual-
ized Glycemic Index (IGI) as a new marker of glycemic control. Methodology: 
A simulated dataset representing individuals with varied glycemic profiles, 
including fasting glucose levels, glycemic variability measures, glycemic re-
sponse to foods, glycated hemoglobin, fructosamine, and other relevant fac-
tors, was created. An algorithm was implemented in the Python language 
using designated libraries. We evaluated: the algorithm’s performance us-
ing simulated data with known glycemic control outcomes; the algorithm’s 
ability to accurately predict glycemic control based on the provided data; 
the algorithm’s performance with glycemic control analyses. Results: The 
IGI algorithm uses a comprehensive set of input data to provide a person-
alized assessment of glycemic control. A program in Python language was 
developed to calculate the IGI, with a comprehensive metric for evaluating 
glycemic control. The structured algorithm incorporated the most relevant 
factors to create a program taking into account each patient’s individuality. 
Conclusion: The IGI can provide a more comprehensive and personalized as-
sessment of glycemic control, which may improve diabetes management and 
outcomes, becoming a promising marker of glycemic control that surpasses 
the limitations of traditional measures.
Keywords: Glycemic control, Diabetes Mellitus, Glycemic Index.

Introdução: A avaliação do controle glicêmico é fundamental para o manejo da 
diabetes. No entanto, as medidas tradicionais apresentam limitações, incluin-
do a suscetibilidade a fatores não glicêmicos. Objetivo: Desenvolver um Índice 
Glicêmico Individualizado (IGI) como um novo marcador de controle glicêmico. 
Metodologia: Foi criado um conjunto de dados simulado representando in-
divíduos com perfis glicêmicos variados, incluindo níveis de glicose em jejum, 
medidas de variabilidade glicêmica, resposta glicêmica a alimentos, hemoglo-
bina glicada, frutosamina e outros fatores relevantes. Um algoritmo foi imple-
mentado na linguagem Python utilizando bibliotecas específicas. Foram avali-
ados: o desempenho do algoritmo utilizando dados simulados com resultados 
de controle glicêmico conhecidos; a capacidade do algoritmo de prever com 
precisão o controle glicêmico com base nos dados fornecidos; o desempenho 
do algoritmo em análises de controle glicêmico. Resultados: O algoritmo IGI 
utiliza um conjunto abrangente de dados de entrada para fornecer uma aval-
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iação personalizada do controle glicêmico. Um programa em linguagem Python foi desenvolvido para calcular o IGI, com uma 
métrica abrangente para avaliar o controle glicêmico. O algoritmo estruturado incorporou os fatores mais relevantes para 
criar um programa que leva em conta a individualidade de cada paciente. Conclusão: O IGI pode oferecer uma avaliação mais 
abrangente e personalizada do controle glicêmico, o que pode melhorar o manejo e os resultados da diabetes, tornando-se 
um marcador promissor de controle glicêmico que supera as limitações das medidas tradicionais.
Descritores: Controle glicêmico, Diabetes Mellitus, Índice Glicêmico.

Algorithm Development
1.	 Machine learning techniques were used, such as 

random forests, support vector machines, or ar-
tificial neural networks, to develop a robust IGI 
algorithm.

2.	 The algorithm was trained on the simulated data-
set, allowing it to identify the complex relation-
ships between various factors and glycemic con-
trol.

3.	 We validate the algorithm’s performance using in-
ternal and external validation methods to assess 
its accuracy and generalizability.

4.	 We refine the algorithm based on the validation 
results to optimize its effectiveness.

Implementation in Python
1.	 We implement the IGI algorithm in Python using 

appropriate libraries.
2.	 We have created a Python module to encapsulate 

the IGI calculation process.
3.	 We evaluated whether the Python implementa-

tion was efficient, scalable and easy to interpret.

Algorithm Performance Evaluation
1.	 We evaluate the algorithm’s performance using 

simulated data with known glycemic control out-
comes.

2.	 We evaluate the algorithm’s ability to accurately 
predict glycemic control based on the input fac-
tors.

3.	 We compare the algorithm’s performance to ex-
isting glycemic control metrics.

Sensitivity Analysis
1.	 We drive sensitivity analysis to evaluate the im-

pact of individual factors on the IGI score.
2.	 We identify the factors that have the most signifi-

cant influence on the IGI calculation.
3.	 We evaluate the algorithm’s robustness to chang-

es in input data.

The study primarily relied on computational anal-
ysis, and since no human subjects or animal experi-
ments were involved, ethics committee approval was 
waived

INTRODUCTION

Diabetes mellitus (DM), a chronic metabolic dis-
order characterized by elevated blood glucose levels 
due to impaired insulin production or action, poses 
significant health risks1. Effective glycemic control is 
crucial in managing DM and preventing its associated 
complications, including cardiovascular diseases, ne-
phropathy, retinopathy, and neuropathy2,3.

Conventional glycemic control assessment pri-
marily relies on the glycated hemoglobin (HbA1c) test, 
which reflects average blood glucose levels over a 
2-3 month period4. While HbA1c provides a valuable 
overall assessment, it has limitations in capturing in-
dividual glycemic variability and postprandial glucose 
excursions, which significantly impact patient out-
comes5,6. Furthermore, the HbA1c target range is often 
generalized, potentially overlooking individual patient 
characteristics and risk profiles7. This one-size-fits-all 
approach may lead to over- or under-treatment, com-
promising patient well-being and increasing the risk of 
complications8,9.

To address these limitations, there is a growing 
need for personalized glycemic control metrics that 
account for individual variability and provide a more 
comprehensive assessment of glycemic response10. 
The Individualized Glycemic Index (IGI) emerges as a 
promising approach to address this gap.

Thus, the primary objective of this study is to de-
velop the IGI, a personalized metric that comprehen-
sively assesses glycemic control by considering various 
patient-specific factors. The IGI aims to provide a more 
accurate and individualized representation of glycemic 
control compared to traditional measures, potentially 
filling the existing gap in personalized DM management.

METHODOLOGY

Data Preparation
It was created a simulated dataset representing 

individuals with varying glycemic profiles, including 
fasting, postprandial, and daily glucose levels, glyce-
mic variability measures, glycemic response to food, 
HbA1c, fructosamine, and other relevant factors.
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cific carbohydrate types can further refine the 
IGI calculation if available.

•	 Average Daily Glycemic Load < 60 g: 3 points
•	 Average Daily Glycemic Load 60-100 g: 2 points
•	 Average Daily Glycemic Load 101-140 g: 1 point

4.	 Average Daily Glycemic Load > 140 g: 0 points

4. HbA1c
•	 < 5.7 %: 3 points
•	 5.7-6.5%: 2 points
•	 6.5-7;0%: 1 point
•	 > 7.0%: 0 points

5. Fructosamine
•	 200-285 µmol/L: 3 points
•	 286-385 µmol/L: 2 points
•	 386-485 µmol/L: 1 points
•	 > 485 µmol/L: 0 points

6. Interpretation of Total IGI Score
•	 0-10 points: Poor Glycemic Control
•	 11-20 points: Fair Glycemic Control
•	 21-30 points: Good Glycemic Control

7. Data Processing
•	 Data Normalization: Normalize the values of 

each variable to a common scale, enabling com-
parisons between different individuals. This en-
sures that variables with different units or ran-
ges are treated equitably in the IGI calculation.

•	 Calculation of Individual Scores: Assign scores 
to each variable based on its impact on glyce-
mic control. This involves considering the range 
of values for each variable and their relative im-
portance in influencing glycemic outcomes.

•	 Aggregation of Scores: Sum the scores of all va-
riables to obtain the total IGI score. This repre-
sents the overall assessment of an individual’s 
glycemic control.

•	 Interpretation of the Score: Interpret the total 
IGI score according to predefined ranges, classi-
fying the individual’s glycemic control as good, 
fair, or poor. This provides a clear and actionab-
le interpretation of the IGI assessment.

8. Insulin Levels
•	 Insulin is the hormone responsible for glucose 

uptake by cells: Insulin plays a crucial role in re-
gulating blood glucose levels.

•	 Basal and postprandial insulin levels provide 
insights into pancreatic beta-cell function and 
insulin therapy efficacy: Measuring insulin le-

RESULTS

Algorithm Input Data
The IGI algorithm utilizes a comprehensive set of 

input data to provide a personalized assessment of gly-
cemic control. These input data categories encompass 
various aspects of an individual’s glycemic profile.

1. Glycemic Profile
•	 Fasting Blood Glucose (FBG): Fasting blood glu-

cose levels provide a baseline assessment of 
glycemic control. Monitoring fasting glucose 
over a week allows for a more comprehensive 
evaluation.

•	 Postprandial Blood Glucose (2 Hours After 
Meals, Past 7 Days): Postprandial glucose levels 
reflect the body’s response to food intake. Tra-
cking postprandial glucose over a week helps 
identify potential carbohydrate intolerance or 
glycemic spikes.

•	 Continuous Glucose Monitoring (Optional, 
If Available): Continuous glucose monitoring 
(CGM) data provides a more detailed and gra-
nular picture of glycemic fluctuations throu-
ghout the day. CGM data can further refine the 
IGI calculation if available.

•	 < 100 mg/dL: 3 points
•	 100-125 mg/dL: 2 points
•	 126-150 mg/dL: 1 point
•	 ≥ 150 mg/dL: 0 points

2. Glycemic Variability
•	 Amplitude of Glycemic Excursions (Standard 

Deviation of Blood Glucose): Glycemic variabili-
ty measures the range of blood glucose fluctua-
tions throughout the day. Assessing glycemic 
variability is crucial for understanding overall 
glycemic stability.

•	 Standard Deviation < 50 mg/dL: 3 points
•	 Standard Deviation 50-75 mg/dL: 2 points
•	 Standard Deviation 76-100 mg/dL: 1 point
•	 Standard Deviation > 100 mg/dL: 0 points

3. Glycemic Response to Food
•	 Glycemic Index (GI) of Regularly Consumed 

Foods: The GI indicates the relative impact of 
carbohydrates on blood glucose levels. Incorpo-
rating GI data helps personalize the IGI based 
on dietary choices.

•	 Specific Postprandial Glucose for Different Car-
bohydrate Types (Optional, If Available): Indivi-
dualized postprandial glucose responses to spe-
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vels helps assesses the adequacy of insulin se-
cretion and the effectiveness of insulin therapy.

•	 This information can be useful for adjusting 
treatment and identifying patients at risk of 
hypoglycemia: Insulin level monitoring guides 
treatment adjustments and identifies patients 
with potential hypoglycemia risk, enabling pre-
ventive measures.

9. Continuous Glucose Monitoring
•	 Time in Range: The proportion of time spent 

within the target glucose range (for example, 
between 70 and 130 mg/dL). This provides a 
direct measure of glycemic control throughout 
the day.

•	 Glycemic Excursions: The frequency and mag-
nitude of rapid glucose spikes and drops throu-
ghout the day. These excursions can lead to 
short-term complications like hyperglycemia or 
hypoglycemia.

•	 Nocturnal Glycemic Profile: Glucose levels 
during the night, which can influence the risk 
of hypoglycemia and other complications. Noc-
turnal hypoglycemia is a particular concern for 
individuals with diabetes.

10.	 Rigorous Clinical Validation and  
	 Effectiveness Studies

•	 Conduct Prospective Clinical Trials: Carry out 
rigorous clinical trials to validate the accuracy, 
reliability, and clinical utility of the IGI algori-
thm. This provides robust evidence to support 
the use of IGI in clinical practice.

•	 Evaluate IGI Effectiveness: Investigate the effec-
tiveness of IGI in improving glycemic control, 
reducing the risk of complications, and enhan-
cing the quality of life for patients with diabe-
tes. This demonstrates the tangible benefits of 
IGI implementation.

•	 Compare with Other Markers: Compare the 
performance of IGI to traditional glycemic con-
trol markers, such as fasting blood glucose, 
HbA1c, and time in range. This provides a ben-
chmark for IGI’s effectiveness relative to estab-
lished metrics.

11.	 Education and Training for Healthcare  
	 Professionals

•	 Develop Educational Materials: Create informa-
tive educational materials for healthcare pro-
fessionals to understand IGI, its benefits, and 
how to integrate it into clinical practice. This 

facilitates knowledge dissemination and adop-
tion of IGI.

•	 Offer Training Programs: Provide hands-on 
training programs for healthcare professionals 
to learn how to effectively interpret and utilize 
IGI data. This ensures competent use of IGI in 
clinical settings.

•	 Promote Culture Change: Advocate for a culture 
change in clinical practice, encouraging the use 
of personalized tools like IGI to enhance indivi-
dualized patient care. This promotes a patient-
-centered approach to diabetes management.

Python algorithm
A Python-based program was developed to calcu-

late the IGI, providing a comprehensive metric for glyce-
mic control assessment. The structured algorithm incor-
porated the most relevant factors, enabling the creation 
of a patient-centric program that accounts for individual 
variability. The resulting Python algorithm is as follows:

Python Code:
import numpy as np
def calculate_igi(fbgs, ppgs, cgm_data=None, 
glycemic_load=None, hba1c=None, fructosa
mine=None):
“””

Calculates the Individualized Glycemic Index (IGI) 
based on the provided data.

Args:
fbgs: A list of fasting blood glucose values.
ppgs: A list of postprandial blood glucose values.
cgm_data: A list of continuous glucose monitor-
ing data points (optional).
glycemic_load: Average daily glycemic load.
hba1c: HbA1c value.
fructosamine: Fructosamine value.

Returns:
The calculated IGI score.
“””
# 1. Glycemic Profile
fbgs_score = sum([3 if x < 100 else 2 if 100 <= x < 
125 else 1 if 125 <= x < 150 else 0 for x in fbgs]) 
/ len(fbgs)
ppgs_score = sum([3 if x < 100 else 2 if 100 <= 
x < 125 else 1 if 125 <= x < 150 else 0 for x in 
ppgs]) / len(ppgs)
# 2. Glycemic Variability
# Calculate standard deviation from CGM data 
or other relevant data
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std_dev = calculate_std_dev(cgm_data)  # Re-
place with actual calculation
variability_score = 3 if std_dev < 50 else 2 if 50 <= 
std_dev < 75 else 1 if 75 <= std_dev < 100 else 0
# 3. Glycemic Response to Food
glycemic_load_score = 3 if glycemic_load < 60 
else 2 if 60 <= glycemic_load < 100 else 1 if 101 
<= glycemic_load < 140 else 0
# 4. HbA1c
hba1c_score = 3 if hba1c < 5.7 else 2 if 5.7 <= 
hba1c < 6.5 else 1 if 6.5 <= hba1c < 7 else 0
# 5. Fructosamine
fructosamine_score = 3 if fructosamine < 285 
else 2 if 285 <= fructosamine < 385 else 1 if 385 
<= fructosamine < 485 else 0
# Calculate Total IGI Score
total_igi = fbgs_score + ppgs_score + variabili-
ty_score + glycemic_load_score + hba1c_score 
+ fructosamine_score
return total_igi
# Example Usage
fbgs = [90, 95, 100, 110, 120]
ppgs = [130, 140, 150, 160, 170]
# ... (add CGM data, glycemic load, HbA1c, and 
fructosamine values)
igi_score = calculate_igi(fbgs, ppgs, cgm_data, 
glycemic_load, hba1c, fructosamine)
print(“Individualized Glycemic Index (IGI):”, 
igi_score)
# Interpretation
if igi_score <= 10:
print(“Poor Glycemic Control”)
elif 11 <= igi_score <= 20:
print(“Fair Glycemic Control”)
else:
print(“Good Glycemic Control”)

This Python code enables users to input the re-
quired data points for calculating the IGI and provides 
a total score and interpretation based on the outlined 
criteria.

Example Usage
fbgs = [90, 95, 100, 110, 120]
ppgs = [130, 140, 150, 160, 170]
cgm_data = [list_of_cgm_values]  # You need to 
provide actual CGM values here
glycemic_load = 85
hba1c = 6.2
fructosamine = 300
igi_score = calculate_igi(fbgs, ppgs, cgm_data, 
glycemic_load, hba1c, fructosamine)

print(“Individualized Glycemic Index (IGI):”, 
igi_score)

Interpretation
if igi_score <= 10:
print(“Poor Glycemic Control”)
elif 11 <= igi_score <= 20:
print(“Fair Glycemic Control”)
else:
print(“Good Glycemic Control”)

Simulated IGI Results
This code calculates the IGI score based on the 

provided algorithm and interprets it as good, regular, 
or poor control. Here are three simulated scenarios 
with random blood glucose values:

Scenario 1 
The scenario is classified as “good glycemic con-

trol” because the simulated patient data falls within 
favorable ranges for each variable:

1.	 Enter Fasting Blood Glucose (mg/dL): 85 # 
Random value within good range (80-99)

2.	 Enter Standard Deviation (mg/dL): 40 # Ran-
dom value within good range (<50)

3.	 Enter Average Daily Glycemic Load (g): 65  # 
Random value within good range (<60)

4.	 Enter HbA1c (%): 5.5  # Random value within 
good range (<5.7)

5.	 Enter Fructosamine (µmol/L): 250  # Random 
value within good range (200-285)

These individual scores contribute to a total IGI 
score likely within the “21-30” range, which translates 
to “good glycemic control” according to the pre-de-
fined interpretation ranges in the algorithm.

Scenario 1: Good Glycemic Control
Python Code:

def calculate_igi(fbgs, std_dev, glycemic_load, 
hba1c, fructosamine):
“””
Calculates the Individualized Glycemic Index 
(IGI) based on provided parameters.

Args:
fbgs: A list of fasting blood glucose values.
std_dev: Standard deviation of blood glucose 
levels.
glycemic_load: Average daily glycemic load.
hba1c: HbA1c value.
fructosamine: Fructosamine value.



Endocrinologia & Diabetes Clínica e Experimental
2025; 22(1): 48-56

individualized glycemic index: an approach to personalized glycemic control
índice glicêmico individualizado: uma abordagem para o controle glicêmico personalizado 53

Returns:
The calculated IGI score.
“””
# Assuming a single fasting blood glucose value 
for simplicity
fbgs_score = 3 if fbgs[0] < 100 else 2 if 100 <= 
fbgs[0] < 125 else 1 if 125 <= fbgs[0] < 150 else 0
# Glycemic Variability
variability_score = 3 if std_dev < 50 else 2 if 50 <= 
std_dev < 75 else 1 if 75 <= std_dev < 100 else 0
# Glycemic Response to Food
glycemic_load_score = 3 if glycemic_load < 60 
else 2 if 60 <= glycemic_load < 100 else 1 if 101 
<= glycemic_load < 140 else 0
# HbA1c
hba1c_score = 3 if hba1c < 5.7 else 2 if 5.7 <= 
hba1c < 6.5 else 1 if 6.5 <= hba1c < 7 else 0
# Fructosamine
fructosamine_score = 3 if fructosamine < 285 
else 2 if 285 <= fructosamine < 385 else 1 if 385 
<= fructosamine < 485 else 0
# Calculate Total IGI Score
total_igi = fbgs_score + variability_score + 
glycemic_load_score + hba1c_score + fruc-
tosamine_score
return total_igi
# Scenario 1: Good Glycemic Control
fbgs = [85]  # Fasting Blood Glucose
std_dev = 40  # Standard Deviation
glycemic_load = 65  # Average Daily Glycemic 
Load
hba1c = 5.5  # HbA1c
fructosamine = 250  # Fructosamine
igi_score = calculate_igi(fbgs, std_dev, glyce-
mic_load, hba1c, fructosamine)
print(“Individualized Glycemic Index (IGI):”, 
igi_score)
# Interpret the IGI Score
if igi_score <= 10:
print(“Poor Glycemic Control”)
elif 11 <= igi_score <= 20:
print(“Fair Glycemic Control”)
else:
print(“Good Glycemic Control”)

Scenario 2 
Scenario 2 is classified as “regular glycemic con-

trol” because the simulated patient data exhibits some 
deviations from optimal levels but is not in the high-
risk zone. Here’s a detailed analysis:

1.	 Enter Fasting Blood Glucose (mg/dL): 110 # 
Random value within regular range (100-125)

2.	 Enter Standard Deviation (mg/dL): 60 # Ran-
dom value within regular range (50-75)

3.	 Enter Average Daily Glycemic Load (g): 85 # 
Random value within regular range (60-100)

4.	 Enter HbA1c (%): 6.0  # Random value within 
regular range (5.7-6.5)

5.	 Enter Fructosamine (µmol/L): 320  # Random 
value within regular range (286-385)

Most parameters are in the “regular” range 
(2 points each). The HbA1c score is slightly lower (1 
point). The total IGI score (10) translates to “Fair Glyce-
mic Control,” indicating room for improvement.

Scenario 2: Regular Glycemic Control
Python Code:

def calculate_igi(fbgs, std_dev, glycemic_load, 
hba1c, fructosamine):
“””
Calculates the Individualized Glycemic Index 
(IGI) based on provided parameters.

Args:
fbgs: A list of fasting blood glucose values.
std_dev: Standard deviation of blood glucose 
levels.
glycemic_load: Average daily glycemic load.
hba1c: HbA1c value.
fructosamine: Fructosamine value.

Returns:
The calculated IGI score.
“””
# 1. Glycemic Profile
fbgs_score = sum(3 if x < 100 else 2 if 100 <= x < 
125 else 1 if 125 <= x < 150 else 0 for x in fbgs) 
/ len(fbgs)
# 2. Glycemic Variability
variability_score = 3 if std_dev < 50 else 2 if 50 
<= std_dev < 75 else 1 if 75 <= std_dev < 100 
else 0
# 3. Glycemic Response to Food
glycemic_load_score = 3 if glycemic_load < 60 
else 2 if 60 <= glycemic_load < 100 else 1 if 101 
<= glycemic_load < 140 else 0
# 4. HbA1c
hba1c_score = 3 if hba1c < 5.7 else 2 if 5.7 <= 
hba1c < 6.5 else 1 if 6.5 <= hba1c < 7 else 0
# 5. Fructosamine
fructosamine_score = 3 if fructosamine < 285 
else 2 if 285 <= fructosamine < 385 else 1 if 385 
<= fructosamine < 485 else 0
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# Calculate Total IGI Score
total_igi = fbgs_score + variability_score + gly-
cemic_load_score + hba1c_score + fructosami
ne_score
return total_igi
# Scenario 2: Regular Glycemic Control
fbgs = [110]  # Fasting Blood Glucose
std_dev = 60  # Standard Deviation
glycemic_load = 85  # Average Daily Glycemic 
Load
hba1c = 6.0  # HbA1c
fructosamine = 320  # Fructosamine
igi_score = calculate_igi(fbgs, std_dev, glyce-
mic_load, hba1c, fructosamine)
print(“Individualized Glycemic Index (IGI):”, 
igi_score)
# Interpret the IGI Score
if igi_score <= 10:
print(“Poor Glycemic Control”)
elif 11 <= igi_score <= 20:
print(“Fair Glycemic Control”)
else:
print(“Good Glycemic Control”)

Scenario 3
Scenario 3 is classified as “poor glycemic control” 

because the simulated patient data significantly de-
viates from desirable levels, indicating a high risk of 
complications. Here’s a detailed analysis:

1.	 Enter Fasting Blood Glucose (mg/dL): 175 # 
Random value within poor range (150-200)

2.	 Enter Standard Deviation (mg/dL): 90 # Ran-
dom value within poor range (>100)

3.	 Enter Average Daily Glycemic Load (g): 130 # 
Random value within poor range (>140)

4.	 Enter HbA1c (%): 7.2  # Random value within 
poor range (>7.0)

5.	 Enter Fructosamine (µmol/L): 450  # Random 
value within poor range (>485)

All parameters fall within the “poor” range, re-
sulting in a minimum score (0 points) for each. The 
total IGI score (3) aligns with the “Poor Glycemic Con-
trol” interpretation.

Scenario 3: Poor Glycemic Control
Python Code:

def calculate_igi(fbgs, std_dev, glycemic_load, 
hba1c, fructosamine):
“””
Calculates the Individualized Glycemic Index 
(IGI) based on provided parameters.

Args:
fbgs: A list of fasting blood glucose values.
std_dev: Standard deviation of blood glucose 
levels.
glycemic_load: Average daily glycemic load.
hba1c: HbA1c value.
fructosamine: Fructosamine value.

Returns:
The calculated IGI score.
“””
# 1. Glycemic Profile
fbgs_score = sum(3 if x < 100 else 2 if 100 <= x < 
125 else 1 if 125 <= x < 150 else 0 for x in fbgs) 
/ len(fbgs)
# 2. Glycemic Variability
variability_score = 3 if std_dev < 50 else 2 if 50 <= 
std_dev < 75 else 1 if 75 <= std_dev < 100 else 0
# 3. Glycemic Response to Food
glycemic_load_score = 3 if glycemic_load < 60 
else 2 if 60 <= glycemic_load < 100 else 1 if 101 
<= glycemic_load < 140 else 0
# 4. HbA1c
hba1c_score = 3 if hba1c < 5.7 else 2 if 5.7 <= 
hba1c < 6.5 else 1 if 6.5 <= hba1c < 7 else 0
# 5. Fructosamine
fructosamine_score = 3 if fructosamine < 285 
else 2 if 285 <= fructosamine < 385 else 1 if 385 
<= fructosamine < 485 else 0
# Calculate Total IGI Score
total_igi = fbgs_score + variability_score + gly-
cemic_load_score + hba1c_score + fructosami
ne_score
return total_igi
# Scenario 3: Poor Glycemic Control
fbgs = [175]  # Fasting Blood Glucose
std_dev = 90  # Standard Deviation
glycemic_load = 130  # Average Daily Glycemic 
Load
hba1c = 7.2  # HbA1c
fructosamine = 450  # Fructosamine
igi_score = calculate_igi(fbgs, std_dev, glyce-
mic_load, hba1c, fructosamine)
print(“Individualized Glycemic Index (IGI):”, igi_ 
score)
# Interpret the IGI Score
if igi_score <= 10:
print(“Poor Glycemic Control”)
elif 11 <= igi_score <= 20:
print(“Fair Glycemic Control”)
else:
print(“Good Glycemic Control”)
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These are just simulated scenarios. Actual IGI 
scores will depend on the specific blood glucose values 
and other factors included in the full calculation.

DISCUSSION

While the GI offers a standardized measure of a 
food’s impact on blood glucose levels, it fails to cap-
ture the individualized glycemic response observed in 
different patients. Existing markers of glycemic control, 
although diverse, lack a holistic approach. To address 
this limitation, we have developed a novel IGI. This 
comprehensive metric incorporates patient-specific 
factors to provide a more nuanced assessment of gly-
cemic control.

While FBG has long been a support of glycemic 
control assessment, its limitations are increasingly 
recognized11. FBG provides a single, static snapshot of 
blood glucose levels, failing to capture the dynamic na-
ture of glycemic response and individual variability12. 
Our study employed a novel scoring system for FBG, 
assigning points based on pre-defined ranges. Conse-
quently, this approach transcends the traditional bina-
ry classification of FBG as normal or elevated, provid-
ing a more nuanced assessment of FBG’s contribution 
to overall glycemic control.

Glycemic variability (GV), characterized by wide 
fluctuations in blood glucose levels throughout the 
day, has garnered increasing attention in diabetes 
management due to its robust association with ad-
verse outcomes13. Our study employed standard devia-
tion (SD) as a key parameter to assess GV and assigned 
points based on predefined SD ranges to calculate the 
IGI score. This approach enables a more nuanced and 
personalized evaluation of GV compared to traditional 
metrics alone, potentially allowing interventions to be 
tailored more effectively to patients’ individual needs.

Glycemic response to food (GRF), defined as the 
postprandial rise in blood glucose levels following meal 
intake, has emerged as a critical determinant of over-
all glycemic control and the development of diabetes 
complications14. Traditional glycemic control measures, 
often fail to capture the dynamic nature of GRF, po-
tentially underestimating the impact of dietary choic-
es on glycemic control15. In the context of managing 
GRF, our study introduced the insulinogenic index as a 
parameter to assess postprandial glycemic excursions. 
This approach aligns with the evolving understanding 
of GRF’s critical role in metabolic health, particularly 
in individuals with dysglycemia16. In our application, 
we assigned points to different ranges of average dai-

ly glycemic load to stratify participants based on their 
dietary patterns and glycemic control. This method 
enabled us to quantify the impact of glycemic load on 
insulin secretion and glucose metabolism, providing 
valuable insights for personalized dietary recommen-
dations tailored to individual glycemic profiles.

HbA1c, a long-term measure of average blood 
glucose levels, has been extensively studied and val-
idated in clinical practice, serving as a cornerstone 
for glycemic control assessment in diabetes manage-
ment17. However, limitations of HbA1c, including its 
susceptibility to non-glycemic factors and its inabil-
ity to capture short-term glycemic variability, have 
prompted the pursuit of more comprehensive and per-
sonalized glycemic control metrics18,19. Our study incor-
porated HbA1c into the IGI scoring system, assigning 
points based on predefined HbA1c ranges, offering 
several advantages over HbA1c alone. First, the IGI ac-
counts for individual glycemic variability, recognizing 
that a single HbA1c value may not accurately reflect 
a patient’s overall glycemic control. Second, the IGI 
incorporates the concept of risk stratification, assign-
ing higher scores to lower HbA1c values, reflecting the 
protective effect of tight glycemic control on long-term 
health outcomes.

Fructosamine, a non-enzymatic glycation product 
of serum proteins, has emerged as a promising alter-
native marker for glycemic control in diabetes man-
agement20. Unlike HbA1c, fructosamine reflects glyce-
mic control over a shorter timeframe (2-3 weeks) and 
exhibits less susceptibility to interindividual variabili-
ty21. However, fructosamine has limitations, including 
its susceptibility to non-glycemic factors such as albu-
min levels and renal function, as well as its inability to 
capture postprandial glycemic excursions22. Our study 
incorporated fructosamine into the IGI scoring system, 
assigning points based on predefined fructosamine 
ranges. This approach offers several advantages over 
fructosamine alone. By stratifying fructosamine val-
ues into defined categories, our method allows for a 
comprehensive assessment of glycemic status and risk 
stratification that surpasses conventional methods.

The IGI emerges as a promising glycemic control 
marker, overcoming the limitations of traditional as-
sessments. By incorporating various glycemic control 
parameters, the IGI provides a more comprehensive 
and personalized evaluation, enabling more accu-
rate and individualized risk stratification. The IGI also 
demonstrates potential to guide more effective ther-
apeutic interventions and risk reduction strategies for 
individuals with diabetes. Therefore, the authors be-
lieve that the IGI represents a significant advancement 



56 Oliveira , L.M., et al.

Endocrinologia & Diabetes Clínica e Experimental
2025; 22(1): 48-56

in glycemic control assessment with the potential to 
transform diabetes management, enabling individual-
ized and optimized care for each patient.

CONCLUSION

The IGI provides a more comprehensive and per-
sonalized assessment of glycemic control, which may 
improve diabetes management and outcomes, be-
coming a promising marker of glycemic control that 
surpasses the limitations of traditional measures. 
Thus, this enhanced assessment has the potential to 
improve DM management and outcomes, leading to 
better patient care and reduced healthcare costs.
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is estimated average glycaemia from hba1c a 
true reflection of glycemic control?

a glicemia média estimada pela hemoglobina glicada 
reflete verdadeiramente o controle glicêmico?

Gabriela Correia Matos de Oliveira1; Luís Matos de Oliveira2; Paulo Roberto Santana de Melo3; 
Alcina Maria Vinhaes Bittencourt4; João Cláudio Nunes Carneiro Andrade5;  

Luís Jesuino de Oliveira Andrade6

Introduction: Glycated hemoglobin (HbA1c) provides a retrospective measure of 
glycemic control over an approximate period of 120 days. Despite its widespread 
application, HbA1c exhibits inherent limitations. Current literature highlights a pau-
city of comprehensive studies rigorously comparing the estimated average glucose 
(eAG) derived from HbA1c with the mean glucose obtained from continuous glucose 
monitoring (CGM) across diverse glycemic stability profiles, thereby revealing a sig-
nificant knowledge gap regarding their concordance and clinical utility. Objective: To 
evaluate the fidelity of HbA1c-derived eAG as a true reflection of glycemic control. 
Methods: This retrospective cohort study analyzed laboratory data from 1,250 adult 
participants diagnosed with type 1 diabetes mellitus (T1DM) and type 2 diabetes 
mellitus (T2DM), extracted from electronic clinical laboratory records between 2020 
and 2024. Inclusion criteria required ≥2 HbA1c measurements and concurrent CGM 
data over a 12-week period, excluding conditions known to compromise HbA1c ac-
curacy. The HbA1c-derived eAG was calculated using the A1c-Derived Average Glu-
cose (ADAG) equation. CGM data provided mean glucose, standard deviation (SD), 
coefficient of variation (CV), and time in range (TIR). Statistical analyses employed 
Pearson correlation, analysis of variance (ANOVA), and receiver operating charac-
teristic (ROC) curves to assess the reliability of HbA1c in reflecting glycemic control, 
particularly within stable (CV < 36%) versus unstable (CV ≥ 36%) glycemic subgroups. 
Results: The cohort comprised 500 participants with T1DM (40%) and 750 with 
T2DM (60%), stratified by glycemic stability: 64% stable (CV < 36%) and 36% un-
stable (CV ≥ 36%). Significant discrepancies between HbA1c-derived EAG and CGM 
mean glucose were observed in unstable subgroups (p < 0.001), whereas minimal 
differences were noted in stable subgroups. ROC analysis demonstrated a moderate 
area under the curve (AUC) of 0.72 for the overall cohort, with enhanced reliability 
in stable subgroups (AUC 0.85–0.87) and diminished performance in unstable sub-
groups (AUC 0.61–0.64), underscoring the limitations of HbA1c in scenarios of high 
glycemic variability. Conclusion: These findings emphasize the limitations of HbA1c 
as a surrogate for glycemic variability in heterogeneous diabetic populations.
Keywords: Glycated Hemoglobin, Estimated Average Glucose, Continuous Glucose 
Monitoring, Glycemic Variability.

Introdução: A hemoglobina glicada (HbA1c) fornece uma medida retrospectiva do 
controle glicêmico ao longo de aproximadamente 120 dias. Apesar de sua ampla 
utilização, a HbA1c apresenta limitações inerentes. A literatura atual demonstra a 
escassez de estudos abrangentes que comparem rigorosamente a glicemia média 
estimada (GMe) derivada da HbA1c com a glicemia média derivada do monitora-
mento contínuo de glicose (CGM) em diversos perfis de estabilidade glicêmica, de-
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stacando assim uma lacuna significativa no conhecimento sobre sua concordância e 
utilidade clínica. Objetivo: Avaliar a fidelidade da GME derivada da HbA1c como um 
verdadeiro reflexo do controle glicêmico. Método: Este estudo de coorte retrospec-
tivo analisou dados laboratoriais de 1.250 participantes adultos diagnosticados com 
diabetes mellitus tipo 1 (T1DM) e tipo 2 (T2DM), extraídos de registros eletrônicos 
de laboratórios clínicos, entre 2020 e 2024. Os critérios de inclusão exigiram ≥2 
medições de HbA1c e dados de CGM simultâneos ao longo de um período de 12 
semanas, excluindo condições conhecidas por comprometer a precisão da HbA1c. 
A GMe derivada da HbA1c foi calculada utilizando a equação A1c-derivada da gli-
cemia média (ADAG). Os dados de CGM forneceram glicose média, desvio padrão 
(DP), coeficiente de variação (CV) e tempo no alvo (TIR). As análises estatísticas 
utilizaram a correlação de Pearson, ANOVA e curvas de características de operação 
do receptor (ROC) para avaliar a confiabilidade da HbA1c em refletir o controle 
glicêmico, particularmente dentro dos subgrupos glicêmicos estáveis (CV < 36%) 
versus instáveis (CV ≥ 36%). Resultados: A coorte compreendeu 500 participantes 
com T1DM (40%) e 750 com T2DM (60%), estratificados pela estabilidade glicêmi-
ca: 64% estáveis (CV < 36%) e 36% instáveis (CV ≥ 36%). Discrepâncias significativas 
entre a GME derivada da HbA1c e a glicose média do CGM foram observadas nos 
subgrupos instáveis (p < 0,001), enquanto diferenças mínimas foram notadas nos 
subgrupos estáveis. A análise ROC demonstrou uma área sob a curva (AUC) mod-
erada (0,72) no coorte total, com confiabilidade aprimorada em subgrupos estáveis 
(AUC 0,85–0,87) e desempenho reduzido em subgrupos instáveis (AUC 0,61–0,64), 
sublinhando assim as limitações da HbA1c em casos de alta variabilidade glicêmica. 
Conclusão: Os achados acentuam as limitações da HbA1c como um substituto para 
a variabilidade glicêmica em populações diabéticas heterogêneas. 
Descritores: Hemoglobina Glicada, Glicose Média Estimada, Monitoramento Con-
tínuo de Glicose, Variabilidade Glicêmica.

INTRODUCTION

Glycated hemoglobin (HbA1c) has been a corner-
stone in diabetes management, providing clinicians 
with a retrospective assessment of a patient’s glyce-
mic control over an extended period. Formed through 
the non-enzymatic glycation of hemoglobin within 
erythrocytes, HbA1c reflects the cumulative glucose 
exposure over the lifespan of these cells, typically ap-
proximately 120 days1. Unlike discrete daily blood glu-
cose measurements that capture transient glycemic 
snapshots, HbA1c offers a broader, integrated perspec-
tive, mitigating the impact of ephemeral fluctuations. 
This biomarker’s widespread adoption is attributed 
to its convenience and reproducibility, establishing it 
as a gold standard for evaluating long-term glycemic 
trends2. However, concomitant with its expanded uti-
lization, concerns regarding its precision in accurately 
representing average glucose levels have emerged.

The estimation of average glucose from HbA1c 
relies on a well-established, albeit indirect, correla-
tion between HbA1c levels and mean plasma glucose 
concentrations. Studies such as the A1c-Derived Aver-
age Glucose (ADAG) trial have refined this correlation, 
yielding equations that convert HbA1c percentages 

into eAG values in mg/dL or mmol/L3. For instance, 
an HbA1c of 7% approximates an eAG of 154 mg/
dL, providing a tangible metric for both patients and 
healthcare providers4. This conversion assumes a pre-
dictable, linear association, validated across diverse 
populations with relatively stable glucose profiles5. 
However, the process is contingent upon the premise 
that HbA1c consistently reflects glucose exposure over 
the preceding 8–12 weeks, a timeframe intrinsically 
linked to erythrocyte turnover6.

The question remains, however, whether HbA1c 
truly recapitulates glycemic control over the preceding 
three months. While its inherent stability and temporal 
integration of glucose levels suggest it does, research 
indicates that HbA1c captures approximately 60–80% 
of glucose variability within this window, with the most 
recent 4–6 weeks disproportionately influencing the 
result due to erythrocyte aging dynamics7. Neverthe-
less, this averaging effect obscures critical nuances. 
HbA1c fails to account for glycemic variability—the 
peaks and troughs that characterize a patient’s daily 
glycemic experience. Two individuals with identical 
HbA1c values may exhibit markedly disparate glucose 
profiles: one with stringent control and minimal ex-
cursions, the other with pronounced fluctuations be-
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tween hypo- and hyperglycemia8. This limitation raises 
legitimate concerns regarding HbA1c’s capacity to fully 
encapsulate the complexities of glycemic control.

A further concern arises from the absence of 
standard deviation in HbA1c-derived metrics. While 
HbA1c provides a mean glucose estimate, it offers no 
insight into the dispersion around this mean. In statis-
tical terms, a high standard deviation relative to the 
mean indicates a non-normal distribution, thereby 
undermining the assumption of uniformity inherent 
in HbA1c interpretation9. For patients with erratic glu-
cose patterns—common in type 1 diabetes mellitus 
(T1DM) or brittle type 2 diabetes mellitus (T2DM)—
this omission can mask clinically significant instabili-
ty. In contrast, continuous glucose monitoring (CGM) 
data elucidate these dynamic fluctuations, prompting 
debate regarding HbA1c’s suitability as a standalone 
marker in an era of advanced technology10.

Given these considerations, this study aims to 
evaluate the fidelity of eAG derived from HbA1c as a 
true reflection of glycemic control.

MATERIALS AND METHODS

To rigorously evaluate the reliability of eAG de-
rived from HbA1c as a surrogate for glycemic control, 
this study employed a multifaceted methodological 
approach encompassing biochemical analysis, sta-
tistical modeling, and comparative assessment with 
CGM data. The methodology was designed to inter-
rogate the empirical underpinnings of HbA1c, its cor-
relation with mean glucose levels, and its limitations 
in capturing glycemic variability across diverse clinical 
cohorts.

Study Design and Data Sources
A retrospective cohort analysis was conducted 

utilizing anonymized clinical data from patients diag-
nosed with T1DM and T2DM, sourced from electronic 
health records spanning January 2020 to December 
2024. Inclusion criteria comprised adult participants 
aged 18–75 years with a minimum of two HbA1c mea-
surements and concurrent CGM data over a 12-week 
period. Exclusion criteria encompassed conditions 
known to confound HbA1c accuracy, such as hemo-
globinopathies, chronic kidney disease (eGFR < 30 mL/
min/1.73 m²), or recent blood transfusions. The final 
cohort consisted of 1,250 participants, stratified by 
diabetes type, age, and glycemic stability (defined by 
CGM-derived coefficient of variation (CV) thresholds: 
stable, CV < 36%; unstable, CV ≥ 36%).

HbA1c Measurement and eAG Calculation
HbA1c was measured using high-performance 

liquid chromatography (HPLC) standardized to the 
National Glycohemoglobin Standardization Program 
(NGSP) reference method, ensuring inter-laboratory 
reproducibility (CV < 2%). eAG was calculated from 
HbA1c values using the ADAG equation: eAG (mg/dL) = 
28.7 × HbA1c (%) – 46.7, as validated by Nathan et al3. 
For international consistency, eAG was also expressed 
in mmol/L using the conversion factor 0.0555 × eAG 
(mg/dL).

Continuous Glucose Monitoring
CGM data were collected using the FreeStyle Li-

bre® 2 device (FDA-approved) with a minimum wear 
time of 80% over the 12-week study window. Time-
stamped interstitial glucose readings were aggregated 
to compute mean glucose concentrations, standard 
deviation (SD), CV, and time-in-range (TIR) (70–180 
mg/dL). These metrics provided a dynamic profile of 
glycemic control, enabling direct comparison with 
HbA1c-derived eAG.

Statistical Analysis
Descriptive statistics summarized cohort charac-

teristics (mean, SD, range). The correlation between 
HbA1c-derived eAG and CGM-derived mean glucose 
was assessed using Pearson’s correlation coefficient. 
Glycemic variability was quantified as the SD and CV 
of CGM glucose readings, compared across HbA1c ter-
tiles using one-way ANOVA. Statistical significance was 
set at p < 0.05, with analyses performed using PSPP 
public domain software.

Comparative Evaluation
To assess HbA1c’s sufficiency as a standalone 

marker, receiver operating characteristic (ROC) curves 
were generated to determine its sensitivity and spec-
ificity in detecting clinically significant glycemic insta-
bility (defined as CV ≥ 36% or TIR < 70%). CGM-derived 
metrics served as the reference standard. Subgroup 
analyses explored HbA1c reliability in patients with 
high variability versus those with stable profiles.

Ethical Considerations
This study did not require ethical approval as it 

solely relied on de-identified laboratory data. In ac-
cordance with the guidelines of the Brazilian Nation-
al Research Ethics Committee (Article 1 of Resolution 
CNS No. 510 of 2016), since it involved research on 
databases without the possibility of individual identi-
fication.



60 Andrade, L.J.O., et al.

Endocrinologia & Diabetes Clínica e Experimental
2025; 22(1): 57-64

RESULTS

Study Population and Data Characteristics
The cohort was stratified as follows: T1DM: 500 

participants (40%), mean age 42.3 ± 12.5 years, 52% 
female; T2DM: 750 participants (60%), mean age 58.7 
± 10.8 years, 48% female. Glycemic stability: stable (CV 
< 36%): 800 participants (64%); unstable (CV ≥ 36%): 
450 participants (36%). HbA1c measurements ranged 
from 5.5% to 11.0%, and CGM data provided mean glu-
cose levels, standard deviation (SD), CV, and TIR over 
the 12-week study period.

The data revealed a systematic divergence be-
tween eAG) and CGM-derived mean glucose, particu-
larly pronounced in participants with higher glycemic 
variability (CV ≥ 36%). Key findings are presented be-
low (Table 1):

Glycemic Variability
The absolute differences between eAG and CGM 

mean glucose were significantly greater in participants 
exhibiting unstable glycemic control (CV ≥ 36%). With-
in the T1DM and T2DM unstable subgroups, these dis-
crepancies demonstrated statistical significance (p < 
0.001), whereas in the stable subgroups, the observed 
differences were of a lesser magnitude and did not at-
tain statistical significance.

T1DM and T2DM Stable Subgroups
For stable subgroups (CV < 36%), the discrep-

ancies between eAG and CGM mean glucose were 
modest and failed to reach statistical significance, 
indicating that HbA1c-derived eAG provides a rela-
tively reliable estimation of mean glucose in these 
cohorts.

T1DM and T2DM Unstable Subgroups
The discrepancies were substantially larger in the 

unstable subgroups, underscoring the limitations of 
utilizing HbA1c to accurately reflect glycemic control 
in patients characterized by high glycemic variability 
(Table 2).

Glycemic Variability and Discrepancies
Elevated CV and standard deviations (SD) with-

in the unstable subgroups demonstrated a significant 
correlation with increased discrepancies between eAG 
and CGM mean glucose. This observation suggests 
that HbA1c-derived eAG inadequately represents gly-
cemic variability.

ROC Curve Analysis: Sensitivity and 
Specificity of HbA1c-Derived eAG

To evaluate the diagnostic performance of 
HbA1c-derived eAG in reflecting CGM mean glucose 

Table 1. Comparison of HbA1c-Derived eAG and CGM-Derived Mean Glucose.

Subgroup N
Mean HbA1c 

(%)
eAG  

(mg/dL)

CGM Mean 
Glucose 
(mg/dL)

Absolute 
Difference 

(mg/dL)
p-value

T1DM, Stable 375 7.2 ± 0.8 160.2 ± 23.0 155.8 ± 20.5 4.4 ± 10.2 0.08

T1DM, Unstable 250 8.1 ± 1.1 185.9 ± 31.6 172.3 ± 35.2 13.6 ± 18.7 <0.001

T2DM, Stable 375 6.9 ± 0.7 151.6 ± 20.1 148.9 ± 18.3 2.7 ± 8.9 0.12

T2DM, Unstable 250 7.8 ± 1.0 177.3 ± 28.7 165.2 ± 32.4 12.1 ± 16.5 <0.001

Overall Cohort 1250 7.5 ± 1.0 168.7 ± 28.7 160.5 ± 29.3 8.2 ± 14.9 <0.001

Notes: Data are presented as mean ± SD. Absolute difference = eAG – CGM Mean Glucose.

Table 2. Glycemic Variability Metrics from CGM.

Subgroup N
CGM SD  
(mg/dL)

CV (%)
TIR  

(70–180 mg/dL, %)

T1DM, Stable 375 45.2 ± 10.3 29.0 ± 5.2 68.5 ± 12.3

T1DM, Unstable 250 68.7 ± 15.6 39.9 ± 6.8 52.3 ± 14.7

T2DM, Stable 375 40.8 ± 9.1 27.4 ± 4.9 72.1 ± 11.8

T2DM, Unstable 250 64.3 ± 14.2 38.9 ± 7.1 55.8 ± 13.9
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within a clinically acceptable threshold of ±10 mg/dL, 
a ROC curve was generated. The “true positive” was 
defined as eAG aligning with CGM mean glucose with-
in this ±10 mg/dL range.

Area Under the Curve (AUC)
The ROC curve graphically represents sensitivity 

(y-axis) against 1-specificity (x-axis). An AUC of 0.72 
indicates moderate discriminatory ability of eAG to 
match CGM mean glucose. Within stable subgroups, 
AUC values ranging from 0.85 to 0.87 suggest robust 
performance, whereas in unstable subgroups, AUC 
values ranging from 0.61 to 0.64 reflect diminished 
reliability.

ROC Curve Plots
Below is a description of the ROC curve findings 

based on the AUC values and corresponding sensitivity 
and specificity:

The ROC curve analysis revealed a moderate di-
agnostic ability of HbA1c-derived eAG to match CGM 
mean glucose across the entire cohort (AUC = 0.72) 
(Figure 1). However, this ability exhibited significant 
variability across subgroups: in stable glycemic control 
(both T1DM and T2DM), the AUC values indicated that 
eAG provides a robust reflection of mean glucose, with 
values ranging from 0.85 to 0.87 (Figure 2). Conversely, 
in unstable glycemic control, the AUC decreased sig-
nificantly (0.61 for T1DM and 0.64 for T2DM) (Figure 3 
and Figure 4), demonstrating that HbA1c-derived eAG 
is less reliable in these populations.

Figure 1. ROC Curve - Overall Cohort.

Figure 2. ROC Curve - T1DM Stable and T1DM Unstable.

Figure 3. ROC Curve - T2DM Stable.

Figure 4. ROC Curve - T2DM Unstable.
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ROC Curve Interpretation
Overall Cohort (AUC 0.72): The ROC curve exhibits 

a trajectory positioned between the stable and unsta-
ble subgroups, demonstrating moderate discriminato-
ry ability, albeit slightly above the diagonal.

Stable Subgroups (AUC 0.85, 0.87): The ROC 
curves ascend sharply towards the top-left corner, sig-
nifying high sensitivity and specificity in discriminating 
between eAG and CGM mean glucose.

Unstable Subgroups (AUC 0.61, 0.64): The ROC 
curves are relatively flattened, approaching the diago-
nal, indicating diminished discriminatory ability.

DISCUSSION

Our research has elucidated that eAG) derived 
from HbA1c measurements may not reliably reflect av-
erage glucose concentrations, particularly in individu-
als exhibiting significant glycemic fluctuations, notably 
those with T1DM. This finding underscores the poten-
tial utility of integrating CGM data to provide a com-
prehensive assessment of glycemic management, es-
pecially in high-risk populations. Consequently, while 
HbA1c remains a fundamental tool for monitoring 
long-term glucose regulation, clinicians must acknowl-
edge its inherent limitations in clinical practice.

HbA1c is a pivotal biomarker for assessing long-
term glycemic control in individuals with diabetes 
mellitus, reflecting average blood glucose levels over 
the preceding 2–3 months11. In this study, we evalu-
ated HbA1c levels across distinct cohorts, encompass-
ing individuals with stable and unstable T1DM, stable 
and unstable T2DM, and an overall cohort. Our results 
demonstrated that stable diabetic subgroups, both 
T1DM and T2DM, exhibited superior glycemic control 
compared to their unstable counterparts, aligning with 
the clinical target of HbA1c < 7.0% for optimal diabetes 
management. Unstable diabetic subgroups presented 
elevated HbA1c levels, indicative of suboptimal gly-
cemic regulation. The overall cohort analysis further 
highlighted the heterogeneity in glycemic control, em-
phasizing the necessity for personalized approaches to 
achieve optimal outcomes in diabetes care.

eAG is a derived metric that translates HbA1c lev-
els into average plasma glucose concentrations, pro-
viding a more intuitive measure of glycemic control3. 
In this study, we assessed eAG across distinct cohorts, 
including individuals with stable and unstable T1DM, 
stable and unstable T2DM, and an overall cohort. The 
findings demonstrated that stable diabetic subgroups, 
both T1DM and T2DM, exhibited eAG values closer to 

the target range for metabolically compensated diabe-
tes. Conversely, unstable diabetic subgroups displayed 
elevated eAG levels, indicative of poorer glycemic con-
trol and, consequently, an increased risk of complica-
tions. The overall cohort exhibited intermediate eAG 
trends, underscoring the influence of disease stability 
on metabolic outcomes in diabetes management.

CGM stands as a critical modality for assessing 
real-time fluctuations in glycemic levels, providing a 
comprehensive depiction of glucose management in 
individuals with diabetes. It arguably represents a par-
adigm of precision medicine in diabetes care.12 In our 
research, we evaluated CGM-derived mean glucose 
readings across diverse cohorts, encompassing sta-
ble and unstable T1DM and T2DM, as well as a com-
bined cohort. Our findings indicated that individuals 
with stable diabetes—whether T1DM or T2DM—ex-
hibited CGM-derived mean glucose levels that more 
closely aligned with the target range for metabolically 
well-compensated diabetes. Conversely, individuals in 
the unstable diabetic subgroups displayed elevated 
CGM mean glucose readings. Analysis of the combined 
cohort revealed a heterogeneity of glucose patterns 
across the study population.

The interplay between eAG) and CGM-derived 
mean glucose constitutes a fundamental domain of in-
vestigation within diabetes management research13,14. 
This relationship serves as a critical nexus, integrating 
long-term glycemic indices with real-time glucose dy-
namics to enhance therapeutic decision-making. The 
eAG, derived from HbA1c measurements, provides a 
retrospective approximation of mean plasma glucose 
concentrations over an extended period, reflecting 
chronic glycemic exposure.3 In contrast, CGM systems 
deliver granular, continuous data on glucose fluctua-
tions, elucidating diurnal glycemic variability, tempo-
ral trends, and acute excursions that remain obscured 
in static HbA1c assessments15. Discrepancies among 
HbA1c-derived eAG and CGM-derived mean glucose 
values may arise due to a constellation of factors, in-
cluding, but not limited to, rapid glucose fluctuations, 
alterations in hemoglobin turnover or structure, and 
inter-individual physiological heterogeneity, such as 
variations in glycation rates or glucose metabolism16-18. 
These divergences highlight the limitations of relying 
exclusively on a single metric and underscore the ne-
cessity for a synergistic application of these method-
ologies in clinical practice whenever feasible. In our 
study, the comparison between eAG derived from 
HbA1c and CGM-derived mean glucose did not exhibit 
a normal distribution and was not statistically signifi-
cant in the T1DM stable and T2DM stable subgroups.
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In summary, the challenging relationship among 
HbA1c, eAG, CGM), and actual glycemic control is 
modulated by a plethora of factors, including glucose 
variability, hemoglobin turnover rates, and individual 
physiological disparities. While eAG serves as a valu-
able marker for long-term glycemic assessment, it may 
not comprehensively reflect the dynamic glucose pro-
files elucidated by CGM. These discrepancies under-
score the imperative for a multifaceted approach to 
glycemic evaluation, integrating both HbA1c and CGM 
data to provide a more holistic understanding of glu-
cose control19-21. Such an approach can augment clin-
ical decision-making, facilitating tailored interventions 
that optimize diabetes management and mitigate both 
short-term and long-term complications.	

CONCLUSION

This study elucidates that HbA1c and eAG exhib-
it variable reliability in reflecting CGM mean glucose 
across distinct glycemic stability subgroups. In cohorts 
characterized by stable glycemic control, eAG demon-
strates satisfactory concordance with CGM-derived 
values. Conversely, in subgroups marked by unstable 
glycemic profiles, evidenced by elevated coefficients 
of variation and SD, eAG displays significant discrepan-
cies, accompanied by diminished diagnostic accuracy. 
These findings underscore the limitations of HbA1c as 
a surrogate for glycemic variability in heterogeneous 
diabetes populations.
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the lung as a metabolic organ:  
investigating the correlation between  

insulin resistance and sleep apnea
o pulmão como um órgão metabólico: investigando a 

correlação entre resistência insulínica e apneia do sono

Luís Jesuino de Oliveira Andrade1; Luís Matos de Oliveira2; Gabriela Correia Matos de Oliveira3; 
João Cláudio Nunes Carneiro Andrade4; Alcina Maria Vinhaes Bittencourt5;  

Rosângela Carvalho de Melo6; Gustavo Magno Baptista7

Objective: To examine the correlation between insulin resistance (IR) and the sever-
ity of sleep apnea (SA), as well as the potential impact of IR on pulmonary function. 
Methods: A cross-sectional analysis was conducted on 72 individuals diagnosed 
with SA. Demographic data, fasting blood glucose, triglycerides, and glycated he-
moglobin were collected. IR was assessed using the triglyceride glucose index (TyG 
index). Polysomnography and spirometry were performed. Logistic regression anal-
ysis was employed to evaluate the association between IR, SA severity, and pulmo-
nary function. Results: The study population consisted of 37 females and 35 males 
with a mean age of 45.31 years. IR was present in 66% of participants. The mean Ep-
worth sleepiness score was 12.89 ± 4.54. The apnea-hypopnea index (AHI) revealed 
19.40% normal, 30.60% mild, 27.80% moderate, and 22.20% severe. A significant 
association was found between IR and both Epworth score (PR 60.50%, OR 1.243, P 
= 0.0001) and AHI (PR 65.50%, OR 4.750, P = 0.014). However, no significant associ-
ation was observed between IR and mild AHI. Conclusion: This study demonstrates 
a significant association between IR and the severity of SA, particularly moderate 
and severe AHI. These results underscore the importance of considering IR as a po-
tential risk factor for SA and suggest the possibility of pulmonary IR in situ.
Keywords: Insulin resistance, Sleep apnea; Pulmonary function; TyG index.

Objetivo: Examinar a correlação entre resistência insulínica (RI) e a gravidade da 
apneia do sono (AS), bem como o impacto potencial da RI na função pulmonar. 
Métodos: Foi realizada uma análise transversal com 72 indivíduos diagnostica-
dos com AS. Dados demográficos, glicemia de jejum, triglicerídeos e hemoglobina 
glicada foram coletados. A RI foi avaliada utilizando o índice triglicerídes-glicose 
(índice TyG). Foram realizadas polissonografia e a espirometria. A análise de re-
gressão logística foi empregada para avaliar a associação entre RI, gravidade da AS 
e função pulmonar. Resultados: A população do estudo consistiu em 37 mulheres 
e 35 homens, com idade média de 45,31 anos. A RI esteve presente em 66% dos 
participantes. A média do escore de sonolência de Epworth foi de 12,89 ± 4,54. 
O índice apneia-hipopneia (IAH) revelou 19,40% de normal, 30,60% leve, 27,80% 
moderada e 22,20% grave. Foi encontrada uma associação significativa entre a RI 
e o escore de Epworth (PR 60,50%, OR 1,243, P = 0,0001) e o IAH (PR 65,50%, OR 
4,750, P = 0,014). No entanto, nenhuma associação significativa foi observada entre 
RI e IAH leve. Conclusão: Este estudo demonstra uma associação significativa entre 
a RI e a gravidade da AS, particularmente nos casos de IAH moderado e grave. Esses 
resultados destacam a importância de considerar a RI como um possível fator de 
risco para a AS e sugerem a possibilidade de RI pulmonar in situ.
Descritores: Resistência à insulina, Apneia do sono, Função pulmonar, Índice TyG.

original article artigo original
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INTRODUCTION

Pulmonary insulin resistance (IR) refers to the 
decreased responsiveness of lung tissues to insulin’s 
effects, has emerged as a focal point of respiratory re-
search. While the presence of insulin receptors within 
the lungs underscores the direct influence of insulin 
on pulmonary function, IR compromises these effects, 
leading to impaired lung performance1. The mecha-
nisms underlying pulmonary IR remain an active area 
of investigation, although several factors have been 
implicated in its pathogenesis. Chronic inflammation, a 
hallmark of numerous diseases, has been consistently 
linked to IR in various organs, including the lungs. In-
flammatory mediators, released in response to chronic 
inflammation, can disrupt insulin signaling pathways, 
thereby promoting resistance2. Oxidative stress, an-
other potential contributor to pulmonary IR, arise 
from an imbalance between the production of reactive 
oxygen species and the body’s antioxidant defenses. 
This oxidative stress can interfere with insulin signaling 
and impair lung function. Environmental factors such 
as exposure to pollutants and smoking, both of which 
are known to elevate the risk of respiratory diseases, 
can contribute to oxidative stress and, consequently, 
pulmonary IR3.

The expression of insulin receptors within pulmo-
nary tissue suggests a direct link between insulin sig-
naling and lung health. Impaired IR has been implicat-
ed as an independent risk factor for the development 
of respiratory morbidities4.

Sleep apnea (SA), a sleep-related disorder char-
acterized by recurrent episodes of upper airway ob-
struction leading to intermittent hypoxia, has been 
increasingly recognized as a risk factor for a multitude 
of comorbidities, including cardiovascular disease, 
cerebrovascular disease, dementia, and metabolic 
syndrome. IR has been implicated as a key pathogenic 
mechanism linking SA to its associated comorbidities5. 
Consequently, there has been a concerted effort to 
identify accurate and accessible methods for assess-
ing IR. Among the various indices employed, the tri-
glyceride glucose (TyG) index has emerged as a con-
venient and cost-effective surrogate marker for IR. Its 
diagnostic and prognostic value has been shown to be 
comparable to more established methods such as the 
homeostasis model assessment of IR (HOMA-IR) and 
the hyperinsulinemic-euglycemic clamp, which is con-
sidered the gold standard for IR assessment6.

The systemic nature of IR can manifest in the re-
spiratory system, leading to a heightened susceptibil-
ity to respiratory diseases. Pulmonary IR can exacer-

bate disease severity and may limit the effectiveness 
of usual therapeutic approaches. This study aims to 
explore the relationship between the lung and IR. By 
investigating the correlation between pulmonary IR 
and SA, we seek to elucidate the role of the lung as a 
metabolic organ.

MATERIAL AND METHODS

Study Design and Participants:
This study included a cross-sectional analysis 

of 72 participants with a clinical diagnosis of SA. The 
study protocol was approved by the Ethics Committee.

Clinical and Laboratory Assessments:
Baseline demographic information, including age, 

gender, and body mass index, was collected. Fasting 
blood samples were obtained from each participant 
for comprehensive laboratory evaluation. Serum levels 
of fasting glucose, triglycerides, and glycated hemo-
globin were measured using standardized laboratory 
methods.

Assessment of Insulin Resistance
The IR was evaluated using the TyG index and, rep-

resenting a reliable threshold for predicting the onset 
of diabetes mellitus and aligning with the hyperglyce-
mic-hyperinsulinemic clamp method (gold standard).

The TyG index, calculated as the natural loga-
rithm of the product of fasting triglycerides (mg/dL) 
and fasting glucose (mg/dL) divided by 2:  Ln[fasting 
triglycerides (mg/dL) fasting glucose (mg/dL)/2]. A TyG 
index value of 4.49 serves as a benchmark for identi-
fying IR7.

Overnight Polysomnography Assessment
A multidisciplinary LAMARCK SC810 polysomno-

graph was employed, featuring 24 amplifier channels, 
a 16-bit analog-to-digital converter resolution, and a 
sampling rate of 1024 samples per second per chan-
nel. This device concurrently assessed the following 
parameters: electroencephalography, electrooculogra-
phy, electromyography, electrocardiogram, respiratory 
channels, straps, position sensors, and pulse oximetry.

Spirometry
A Koko PFT System nSpire Health 2010 spirometer 

was utilized, employing disposable nSpire filters. Pa-
tients were instructed to perform a forced vital capaci-
ty (FVC) maneuver. This involves a maximal inspiration 
followed by a maximal forced expiration. The following 
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parameters were assessed: FVC, forced expiratory vol-
ume in one second (FEV1), and the FEV1/FVC ratio, all 
expressed in liters or as a percentage.

After the initial three FVC maneuvers, patients 
were administered 400 micrograms of salbutamol 
via inhaler and allowed to rest for 20 minutes before 
repeating the procedure. This test allows for the de-
tection of obstructive diseases (such as asthma and 
chronic obstructive broncho-pulmonary disease) and 
restrictive diseases (such as interstitial lung diseases, 
chest wall restrictions, or obesity-induced restrictions). 
The bronchodilator challenge reveals bronchorevers-
ibility, a characteristic feature of obstructive diseases, 
particularly asthma.

Statistical Analysis
Descriptive statistics were summarized as mean ± 

standard deviation or median (interquartile range) for 
continuous variables and as percentages for categor-
ical variables. The relationship among IR, pulmonary 
function, and SA severity was evaluated using logistic 
regression analysis, adjusting for potential confound-
ing factors. Statistical significance was considered at a 
P-value threshold of less than 0.05.

Ethical Considerations
This study adhered to the ethical principles out-

lined in the Declaration of Helsinki. The study proto-
col was approved by the National Commission for 
Research Ethics (Opinion number: 2,464,513) in Bra-
zil, and informed consent was obtained from all par-
ticipants prior to their involvement in the study. Strict 
confidentiality of personal information was maintained 
throughout the study, and all data were analyzed and 
reported in an aggregated and anonymized format.

RESULTS

A sample of 72 individuals underwent a compre-
hensive assessment. The group was evenly divided be-
tween females (n=37) and males (n=35), with a mean 
age of 45.31 years. Fasting glucose and triglyceride 
concentrations were measured, revealing mean values 
of 106.90 mg/dL and 124.84 mg/dL, respectively. The 
prevalence of IR, as determined by the TyG index, was 
substantial, affecting 66% of the cohort (Table 1).

The mean absolute Epworth Sleepiness Scale (ESS) 
was 12.89 ± 4.54 (probability of dozing 1-24) (Graph 
1). The apnea-hypopnea index (AHI) revealed 19.40% 
(14/72) normal, 30.60% (22/72) mild, 27.80% (20/72) 
moderate, and 22.20% (16/72) severe AHI (Graph 2).

Table 1. Demographic and biochemical date.

Gender
Females: 37 (51.40%) Males: 

35 (48.60%)

Age (years) 45.31 ± 13.72

Fasting glucose 106.90 ± 23.24

Tryglicerides 124.84 ± 66.63

TyG index 4.64 ± 0.30

Graph 1. Absolute Epworth.

Graph 2. Apnea-hypopnea index. 

A prevalence ratio (PR) of 60.50% (OR 1.243, 95% 
CI: 0.479-3.225) was found between excessive daytime 
sleepiness, EES and IR. This association was statistically 
significant (P = 0.0001).

There was a significant correlation between ab-
solute AHI and IR (P = 0.013). Similarly, a significant 
association was observed between AHI ≥ 5 and IR (P = 
0.014), with a PR of 65.50% (OR 4.750, 95% CI: 1.321-
17.079). Although a PR of 54.50% (OR 0.800, 95% CI: 
0.291-2.201) was found between mild AHI and IR, this 
association was not statistically significant. Moderate 
AHI was significantly associated with IR (P = 0.020), 
with a PR of 70.00% (OR 2.000, 95% CI: 0.665-6.013). 
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A similar significant association was found between se-
vere AHI and IR (P = 0.020), with a PR of 75.00% (OR 
2.600, 95% CI: 0.747-9.052) (Table 2). 

Table 2. Association between AHI and IR.

Association
Prevalence 

ratio (%)
Estimated risk 

(OR)

IAH ≥ 5  / IR 65.50
4.750 

(1.321-17.070)

IAH Leve / IR 54.50
0.800 

(0.291-2.201)

IAH Moderada / IR 70.00
2.000 

(0.665-6.013)

IAH Severa / IR 75.00
2.600 

(0.747-9.052)

Oxygen Desaturation Index (ODI) showed that ox-
ygen desaturation ≤ 90% was significantly associated 
with IR (P = 0.001).

A logistic regression analysis was conducted to 
investigate whether IR was a risk factor for AHI. After 
adjusting for gender and age, the TyG index was signifi-
cantly associated with AHI (OR 5.75, 95% CI 2.9-15.00, 
P = 0.021).

DISCUSSION

This study provides evidence supporting the as-
sociation between IR and SA severity. Our results high-
light the potential for pulmonary IR to play a important 
role in the development and progression of SA. The 
pulmonary IR has garnered significant attention in re-
spiratory research due to its impact on lung function. 
The presence of insulin receptors in the lungs high-
lights the direct influence of insulin, but IR hampers 
this response, leading to compromised pulmonary 
performance. This study establishes a link between IR 
and the severity of SA, especially in cases of moderate 
and severe AHI. Thus, these results emphasize the im-
portance of recognizing IR as a potential contributing 
factor to SA risk and suggest the plausibility of local-
ized pulmonary IR.

TyG index can serve as a practical alternative of 
IR measurement, and previous studies showed that a 
higher TyG index showed a higher risk of obstructive 
SA8. Chronic intermittent hypoxia, a hallmark patho-
physiological consequence of SA, is a primary mecha-
nism underlying the development of IR9. Additionally, 
sleep fragmentation and deprivation may also contrib-

ute to the pathogenesis of IR in this context10. More-
over, genetic and epigenetic factors play a significant 
role in modulating the relationship between the TyG 
index and SA11. Our study evaluated the correlation be-
tween IR, using the TyG index, and SA. We employed 
logistic regression analysis to investigate whether IR 
was a risk factor for SA, adjusted for age and gender. 
Our findings revealed a significant association be-
tween the TyG index and SA.

The ESS, a self-reported questionnaire designed 
to gauge the propensity for napping during routine ac-
tivities, has become the gold standard for quantifying 
daytime sleepiness in clinical and research settings12. 
The ESS is a concise, self-administered questionnaire 
comprising eight items, designed to quantify daytime 
somnolence across various levels of arousal. With a to-
tal score ranging from 0 to 24, a score of 10 or greater 
is indicative of excessive daytime sleepiness, a clinical 
hallmark of numerous sleep disorders.(13) Our study 
demonstrated a significant association between the 
ESS and IR, independent of gender and age. The ESS 
has been widely employed to assess subjective day-
time sleepiness in other studies14.

The AHI, calculated as the sum of hypopneas 
and apneas per hour of sleep, is the gold standard for 
quantifying the severity of SA. AHI values categorize SA 
into mild (5-14 events/h), moderate (15-29 events/h), 
and severe (>30 events/h) categories15. Hypertriglycer-
idemia is strongly linked to IR and can mask the under-
lying impact of AHI on insulin sensitivity. The lipolytic 
action of insulin, coupled with increased sympathetic 
tone induced by arousals and intermittent hypoxia as-
sociated with SA, contributes to the development of 
dyslipidemia and further exacerbates IR16. Our findings 
align with a growing body of literature that under-
scores the strong association between SA, as quanti-
fied by the AHI and IR. Consistent with previous stud-
ies17,18, we observed a correlation between increasing 
AHI severity and the frequency of IR. The significant 
positive association between moderate and severe AHI 
and IR, in particular, highlights the potential clinical im-
plications of this relationship.

The ODI is calculated as the number of oxygen 
desaturations of ≥3% (over the last 120 seconds) that 
lasts for at least 10 seconds per hour of sleep, is a 
commonly used metric in sleep medicine. However, 
the ODI has several limitations, including its reliance 
on an arbitrary desaturation threshold and its inability 
to accurately reflect the severity or frequency of hy-
poxic events. Furthermore, the ODI may be influenced 
by factors such as arousal thresholds and the presence 
of underlying medical conditions19. Our study demon-
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strated a clinically significant link between an ODI of 10 
or more events per hour and IR.

Thus, our study underscores the relationship be-
tween IR and SA, reinforcing the notion that pulmo-
nary IR may play a pivotal role in the development and 
progression of this disorder. The presence of insulin 
receptors within the lung tissue highlights the organ’s 
direct susceptibility to insulin’s influence. However, 
impaired insulin sensitivity within the lungs can lead 
to compromised pulmonary function, ultimately con-
tributing to the severity of SA. The significant associ-
ation observed between IR, as assessed by the TyG 
index, and SA severity, particularly in cases of moder-
ate and severe AHI, further supports this hypothesis. 
These results emphasize the importance of consider-
ing IR as a potential risk factor for SA and suggest the 
need for a more comprehensive approach to manag-
ing this condition, encompassing both respiratory and 
metabolic aspects.

CONCLUSION

This study demonstrates a significant association 
between IR and the severity of SA, particularly moder-
ate and severe AHI. These results emphasize the im-
portance of considering IR as a potential risk factor for 
SA and underscore the need for a more comprehen-
sive approach to managing this condition, encompass-
ing both respiratory and metabolic aspects. Thus, our 
results highlight the importance of considering IR as a 
potential risk factor for SA and suggest the possibility 
of pulmonary IR in situ.
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dietary flexibility as a strategy for better 
treatment adherence in patients with type 1 

diabetes mellitus
a flexibilidade na dieta como estratégia para melhor 

adesão ao tratamento em pacientes com diabetes 
mellitus tipo 1

Leticia Fuganti Campos1; Katiuci Zorzi Moronte2

Current evidence on nutrition in diabetes management highlights the importance 
of considering dietary flexibility, which takes into account patient preference and 
may aid adherence on the treatment, what helps achieving glycemic control. In this 
real-world opinion paper we discuss our experience encouraging flexibility on day-
to-day self-management in a type 1 diabetes mellitus service. 
Keywords: Nutrition in diabetes, dietary flexibility, adherence to diabetes treat-
ment, carbohydrate counting.

As evidências atuais em nutrição no gerenciamento do diabetes destacam a im-
portância de considerar a flexibilidade na dieta, o que considera a preferência do 
paciente e pode auxiliar na adesão ao tratamento, ajudando a atingir o controle 
glicêmico. Neste artigo de opinião do mundo real, discutimos nossa experiência em 
encorajar a flexibilidade no autogerenciamento diário em um serviço de Diabetes 
Mellitus tipo 1.
Palavras-chave: Nutrição no diabetes, flexibilidade na dieta, adesão no tratamento 
do diabetes, contagem de carboidratos. 

Diabetes mellitus (DM) is a prevalent chronic disease, and nutrition is 
a corner stone of diabetes management to prevent/delay complications. 
Besides the 21st century modern technology, insulin remains the only 
treatment for type 1 DM (T1DM). An intensive regimen with multiple daily 
insulin injections guided by self-monitoring of blood glucose and adequate 
diet has positive effects on postprandial hyperglycemia, which improves 
glycated haemoglobin (HbA1c)1,2. 

The current advice for nutrition in diabetes management should fo-
cus on maintaining appropriate body weight, ingesting right amounts of 
macro and micronutrients, benefits with different dietary patterns and 
also the lifestyle context. More recent evidence on topics indicates that 
flexibility can be recommended, which enables patient preference and 
may aid adherence2. 

Day-to-day self-management is fundamental in T1DM to achieve gly-
cemic control and prevent acute and chronic complications, but active 
self-management is still suboptimal. Glucose control and diabetes out-
comes are still dependent on food choices. Achieving knowledge and the 
ability for empowering people to actively participate in decision making 
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regarding their self-care is the best option for optimal 
self-management3.

Projeto Doce is a outpatient clinic of the Facul-
dade Evangélica Mackenzie do Paraná (FEMPAR, Curi-
tiba, Brazil) that provides clinical treatment for T1DM 
patients since 2005. The project offers multidisci-
plinary care, with a diabetologist, residents in endocri-
nology, a dietitian and a psychologist, and is based on 
the DAFNE study principles, always seeking for a great-
er flexibility in the diet of patients with T1DM4.

The DAFNE study4, which included 169 adults 
with T1DM and moderate or poor glycaemic control, 
showed that after 6 months of a course providing the 
skills to enable patients to replace insulin matching it 
to desired carbohydrate intake on a meal-by-meal ba-
sis resulted in significantly better HbA1c in participants 
attending training immediately (immediate DAFNE 
patients, mean 8.4%), than in those acting as waiting 
list controls (delayed DAFNE patients, 9.4%) (t=6.1, 
P < 0.0001). The impact of diabetes on dietary free-
dom was significantly improved in immediate DAFNE 
patients compared with delayed DAFNE patients (t= − 
5.4, p<0.0001), as well as the impact of diabetes on 
overall quality of life (t=2.9, p< 0.01).

In clinical practice we can verify what the studies 
prove: allowing more flexibility results in more confi-
dence and improves the patient-healthcare relation-
ship. From the moment the patient understands that 
he/she can do something, the chance of listening the 
following information increases. And when the pa-
tient understands that has this flexibility, he/she feel 
comfortable to tell that a mistake happened, to try to 
improve in future situations. If there is no flexibility, 
there is a higher risk that the patient will not reveal 
the error. 

Today’s patients seek information about DM on 
a daily basis, and find it in many places, what results 
in patient’s empowerment. Detailing explanations of 
the reason for each conduct and let the patient par-
ticipates in these decisions are fundamental. In our 
service, we try to involve the patients to dietary treat-
ments to seek better results.

There is an array of individual factors, such as 
motivation, self-efficacy, coping skills, locus of control, 
sense of coherence, psychological characteristics, but 
also environmental factors, such as social support, and 
factors related to provider of care, that influence the 
management and outcomes of T1DM3. 

Carbohydrate counting is considered the ideal 
way to calculate meal-related insulin doses as it allows 
greater flexibility in the diet, as it is a major determi-
nant of postprandial blood glucose5-8. Carbohydrate 

counting is a planning strategy that may also reduce 
the burden of the disease 1,4,9,10. 

All guidelines also emphasizes the importance of 
the individualized nutrition therapy, and to achieve 
this individualization it is essential to analysis eating 
habits, to evaluate history of weight management 
and to consider physical activity, medications in use 
(doses and times), occurrence and times of hypo and 
hyperglycemia, as well as to understand patient pref-
erences, access to food and the ability and availabili-
ty to promote behavioral changes7,11.  All people with 
diabetes should be advised to participate in develop-
mentally and culturally appropriate diabetes self-man-
agement education and support to facilitate informed 
decision-making, self-care behaviors, problem-solving, 
and active collaboration with the health care team11. 
Projeto Doce is well compromised with this ideal, to 
promote education on diabetes, but always based on 
individual’s needs. 

Another important topic is that the incentive for 
a healthy diet for those with DM is also appropriate to 
be also recommend for their families and the gener-
al population2. This is also an important conduct that 
we adopt in our service, which increases adherence to 
treatment, and flexibility facilitates the adoption of a 
single diet for the whole family. 

To conclude, the presence of a multidisciplinary 
team is essential for the successful treatment of pa-
tients with T1DM, and the dietitian has a fundamen-
tal role in ensuring adherence to treatment to achieve 
glycemic control. All health care professionals should 
refer people with diabetes for individualized nutrition 
therapy provided by a dietitian who is experienced and 
skilled in providing diabetes-specific, at diagnosis and 
as needed throughout the life span11. The dietitian that 
works with T1DM should contemplate nutrition thera-
py with diet flexibly and the individualization in every 
treatment conduct. 
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what is observed in patients with type i diabetes 
mellitus in a multidisciplinary team

o que se observa em pacientes com diabetes mellitus 
tipo i em uma equipe multidisciplinar

Katiuci Zorzi Moronte, LMHC1; Letícia Fuganti Campos, RD, PhD1

This article aims to describe, based on the experience of listening to patients with 
Type 1 Diabetes Mellitus, by a psychology professional, the possible profile of these 
patients regarding diagnosis and treatment, and the importance of a multidisci-
plinary team in monitoring these patients and their families.
Keywords: Diagnosis; Type 1 Diabetes Mellitus; Psychology

Este artigo tem como objetivo descrever, a partir da experiência de escuta nos aten-
dimentos a pacientes com Diabetes Mellitus tipo 1, pelo profissional de psicologia, 
o possível perfil destes pacientes frente ao diagnóstico e tratamento, e a importân-
cia de uma equipe multidisciplinar no acompanhamento destes pacientes e seus 
familiares.
Palavras-chave: Diagnóstico; Diabetes Mellitus tipo 1; Psicologia

We know Type I Diabetes Mellitus T1DM as a condition that affects the 
pancreas, where it no longer produces the insulin necessary for the body 
or produces it in small quantities1,2. Thus turns this individual dependent 
on external insulin, that is, insulin-dependent, so that it meets the body’s 
need for insulin, helping the individual to avoid being affected by the pos-
sible complications of T1DM 2.

As a psychologist working for almost two years [still in progress] in a 
multidisciplinary team, within the DOCE Extension Project, registered at 
the medical specialties outpatient clinic of the Mackenzie Evangelical Col-
lege of Paraná [FEMPAR], coordinated by Professor Dr. Mirnaluci Paulino 
Ribeiro Gama, it has been possible to receive different profiles of patients 
who were diagnosed with T1DM. Some patients have been diagnosed for a 
few years, while others for a few months.

This multidisciplinary team is made up of an endocrinologist who co-
ordinates the service, six endocrinology residents, a dietitian and a psy-
chologist, who carries out their practice from a psychoanalytic perspective.

The psychologist, as part of the multidisciplinary team, can help to 
welcome patients diagnosed with T1DM, listen to their suffering, their 
doubts regarding the diagnosis and treatment, and sometimes listen to 
their family members, especially when the patient is a minor.

The psychologist, can help to bring greater results to the treatment 
of patients by being able to treat the individuality of each case, promoting 
this action through active listening3. The work of the psychologist also aims 
to open a space so that the patient who is suffering has someone to direct 
their suffering4.
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During the monitoring of patients treated at this 
outpatient clinic, it has been possible to notice the 
different patient profiles, that is, the different ways of 
dealing with the diagnosis. Patients diagnosed more 
recently sometimes present better acceptance and 
less difficulty with treatment, while other patients 
diagnosed more recently sometimes present denial, 
non-acceptance and difficulty with the treatment of 
T1DM. 

We can think about this difficulty considering that 
the diagnosis is often experienced by the patient as a 
trauma [in addition to possibly having arisen after a 
traumatic event]. Trauma can be understood as some-
thing that is outside of the programming, which is not 
symbolized by the patient5 .

It is also possible to notice that some parents/
guardians have difficulty accepting the diagnosis and 
managing their child’s treatment, which implies some 
difficulties in the child himself/herself, an insecurity, 
which is sometimes accompanied by the feeling of 
“pity” of the parents/guardians, due to the need to 
measure the child’s blood glucose several times a day 
and the daily and repeated use of insulin, for example.

The lives of patients with T1DM, whether chil-
dren and their parents/guardians, or adolescents and 
adults, change from the moment of diagnosis. Import-
ant changes occur that must be worked out by both 
parties, which include changes in diet, insulin routine, 
among others.

It is difficult for parents when the child deviates 
from the imaginary ideal; the diagnosis makes this 
child no longer perfect for the parents, and the child 
may feel this way, feeling unwanted, thinking that he 
or she no longer corresponds to what his or her par-
ents expect6. This can also lead to feelings of guilt in 
the patient, for not having corresponded to the ex-

pectations of the parents/guardians [when the child 
has T1DM]7.

Despite the quality of treatment provided by the 
multidisciplinary team, there is never a guarantee that 
patients with T1DM will not suffer from the possible 
discomfort caused by hyper or hypoglycemia. T1DM 
has a very heavy burden, a burden that can appear as 
a secondary traumatic aspect for the patient and those 
around them8, so it is important that these patients 
have a space so that their suffering is heard.
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american thyroid association (ata) 2024 
highlights: can we expect an improvement 

on clinical manegement for thyroid nodule 
diagnosis in adults in 2025?

destaques da american thyroid association (ata) 2024: 
podemos esperar um aprimoramento no manejo clínico no 

diagnóstico do nódulo de tireoide em adultos em 2025?

Ricardo Ribeiro Gama

Introduction: The most recent update from the American Thyroid Association (ATA) 
regarding the clinical management of thyroid nodules in adults was published in 
2016. Since then, clinicians and surgeons worldwide have been anticipating the re-
lease of new ATA guidelines aimed at improving the clinical management of patients 
with thyroid nodules. This mini-review addresses key topics including the estimated 
risk of malignancy based on ultrasound characteristics, fine-needle aspiration (FNA) 
recommendations, the management of non-biopsied nodules, follow-up strategies 
for nodules with benign cytology, and preliminary insights into the forthcoming rec-
ommendations for indeterminate cytology and molecular testing. Objective: The 
objective of this mini-review is to present selected highlights from the plenary ses-
sion of the 2024 ATA Congress held in Chicago, with the aim of providing readers 
with an early overview of anticipated updates in the forthcoming ATA guidelines for 
the clinical management of thyroid nodules in adults. Conclusion: The upcoming 
2025 ATA guidelines are expected to offer a comprehensive framework for strati-
fying all thyroid nodules detected on ultrasound into a malignancy risk scale, with 
FNA indications based on both risk category and nodule size, while incorporating 
clinical factors and patient preferences. The updated malignancy risk categories 
reflect the inclusion of previously unclassified nodules from the 2015 guidelines, 
aligning more closely with current evidence in the literature.
Key-words: Thyroid Nodule; Clinical Diagnosis; Adult.  

Introdução: A última atualização da American Thyroid Association (ATA) em relação 
ao manejo clínico dos nódulos de tireoide em adultos, foi publicada em 2016. Des-
de então, clínicos e cirurgiões de todo o mundo aguardam a publicação pela ATA 
de novos guidelines que possam aprimorar o manejo clínico de pacientes com nód-
ulos de tireoide. O que será discorrido ao longo desta minireview abrange o risco 
estimado de malignidade dos nódulos baseado em características ultrassonográ-
ficas, as recomendações de citopunção, conduta  com nódulos não puncionados, 
seguimento dos nódulos com citologia benigna e parte do que será publicado sobre 
conduta com citologia indeterminada e testes moleculares.  Objetivo: O objetivo 
desta mini review é apresentar parte do que foi mostrado e debatido na plenária do 
congresso da ATA em Chicago em 2024, com o objetivo de antecipar aos leitores, 
o que está por vir nas novas diretrizes de manejo clínico do nódulo de tireoide em 
adultos. Conclusão: A nova versão da ATA 2025  procurará abranger todos os nód-
ulos de tireoide ao ultrassom em uma escala de risco de malignidade e a indicação 
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de citopunção dos mesmos baseada nesta escala e no tamanho do nódulo, em con-
junto com fatores clínicos e preferência do paciente. Os novos riscos de malignidade 
categorizados ao ultrassom, refletem a inclusão de nódulos não previamente classi-
ficados na ATA 2015, o que vem de encontro com a literatura. 
Descritores: Nódulo da Glândula Tireoide; Diagnóstico Clínico; Adulto.

INTRODUCTION

The most recent American Thyroid Association 
(ATA) meeting was held in Chicago, USA, during october 
and november 2024, bringing together thousands of 
attendees from various medical specialties and allied 
health fields to discuss updates across multiple areas 
of thyroidology. One of the most anticipated sessions 
was the plenary presentation outlining the preliminary 
version of the forthcoming 2025 ATA guidelines for 
the clinical management of thyroid nodules in adults, 
presented by the doctors Susan J. Mandel and Lisa A. 
Orloff, members of the ATA Thyroid Nodule Task Force.

It was evident that the task force had worked tire-
lessly to complete the guidelines in time for the event, 
though final publication was not yet possible. The in-
tention, as emphasized by the presenters, is to release 
the updated guidelines in 2025, following an extensive 
review and synthesis of the current literature across 
the various topics to be addressed. It was explicitly 
stated that the content presented during the session 
represented a draft version and remains subject to fur-
ther revisions before its official publication.

The purpose of this mini-review is to share key 
elements presented and discussed during the plenary 
session in Chicago, offering readers an early overview 
of the expected updates to the ATA guidelines for the 
clinical management of thyroid nodules in adults. The 
figures presented herein reflect those shown during 
the session, with minimal adaptations that preserve 
the integrity of the original content. All visual mate-
rials and information were derived directly from the 
presentation, and not produced by the author, thus 
adhering to ethical standards regarding authorship 
and intellectual contribution.

Throughout the presentation, it was noted 
that most recommendations are accompanied by a 
strength of recommendation (strong or conditional) 
and a corresponding level of evidence (high, mod-
erate, low, or very low). All proposed recommenda-
tions are based on a comprehensive literature review 
conducted up to october 2023, with the exception of 
molecular testing data, which was updated through 
july 2024. The majority of the evidence stems from 
systematic reviews and meta-analyses published in 

high-impact, peer-reviewed journals, retrieved from 
multiple scientific databases.

The following sections of this review summa-
rize key aspects regarding the estimated malignancy 
risk of thyroid nodules based on ultrasound features, 
fine-needle aspiration (FNA) recommendations, man-
agement of non-biopsied nodules, follow-up strategies 
for nodules with benign cytology, and preliminary in-
sights into the proposed approach to indeterminate 
cytology and molecular testing.

ATA 2025 objectives and ultrasound-based 
risk of malignancy (ROM)

The most recent ATA guideline update on the 
clinical management of adult thyroid nodules was 
published in 20161. Since then, clinicians and surgeons 
worldwide have been awaiting the release of new 
guidelines aimed at optimizing patient care.

The 2016 ATA guidelines introduced a risk of ma-
lignancy (ROM) stratification system for thyroid nod-
ules identified on ultrasound, based on sonographic 
features. This system classified nodules into five cate-
gories according to their estimated risk of malignancy: 
high suspicion (ROM 70–90%), intermediate suspicion 
(ROM 10–20%), low suspicion (ROM 5–10%), very low 
suspicion (ROM <3%), and benign (ROM <1%). The in-
dication for FNA was determined by the nodule size in 
relation to its risk category: for high and intermediate 
suspicion nodules, FNA was recommended for nodules 
≥1 cm; for low suspicion nodules, ≥1.5 cm; for very low 
suspicion nodules, ≥2 cm or observation; and for be-
nign-appearing nodules, FNA was not indicated. The 
final decision regarding FNA was guided not only by 
the ultrasound-based suspicion category, but also by 
clinical judgment, the presence of suspicious cervical 
lymph nodes (on clinical examination or ultrasound), 
and patient preferences. Figure 1 illustrates this ultra-
sound-based risk stratification model as published in 
the 2016 ATA guidelines, modified to include nodule 
size thresholds corresponding to each malignancy risk 
category for FNA indication. 

The ATA 2025 aims to enhance the ultrasound 
classification system for thyroid nodules by incorporat-
ing all relevant sonographic features and possible com-
binations, ensuring that every nodule can be accurate-
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ly categorized. Additionally, the ATA intends to provide 
an updated estimated risk of malignancy (ROM) based 
on the current literature, expand the photographic at-
las, and introduce an intuitive and accessible algorithm 
that supports stratified ROM assessment through an 
online application (app).

This algorithm is structured according to a step-
wise evaluation based on nodule composition, echo-
genicity, and the presence or absence of suspicious 
sonographic features (SSFs). According to ATA 2025, 
the following are defined as SSFs in solid nodules: ir-
regular margins or halo (spiculated, lobulated, or jag-
ged), a taller-than-wide shape (round configuration), 
presence of punctate echogenic foci (microcalcifica-
tions), or macrocalcifications. Notably, findings such as 
abnormal cervical lymph nodes or overt extrathyroidal 
extension will always be classified as high suspicion 
and are now excluded from the algorithm used for cal-
culating the ROM of thyroid nodules.

Kwon et al.2 reported in a systematic review and 
meta-analysis that approximately 7.8% of thyroid nod-
ules could not be classified into any risk category us-
ing the 2015 ATA ultrasound criteria. The pooled risk 
of malignancy for these unclassifiable nodules was 
20.3%. Among all unclassifiable nodules, 44% were 
mixed solid-cystic nodules with suspicious ultrasound 

features, 29% had undefined composition or echoge-
nicity, and 27% were hyperechoic or isoechoic nodules 
with suspicious sonographic features.

With the incorporation of previously unclassifi-
able nodules into the new framework, the ROM dis-
tribution has become more continuous and propor-
tionally spread across the 1–100% scale (Figure 2). For 
example, in the 2015 ATA guidelines, nodules with in-
termediate suspicion were assigned a ROM of 10–20%, 
while the next higher category, high suspicion, jumped 
to a ROM of 70–90%, leaving a wide gap without repre-
sentation in the 21–70% range. In the upcoming 2025 
ATA guidelines, this classification is expected to be re-
vised, with intermediate suspicion nodules assigned a 
ROM of 20–50%, and high suspicion nodules defined 
as having a ROM greater than 50%.

Diagnostic assessment of solid thyroid 
nodules on ultrasound

Solid thyroid nodules on ultrasound can be classi-
fied as isoechoic, hyperechoic, hypoechoic, or marked-
ly hypoechoic. Hypoechoic and markedly hypoechoic 
nodules are associated with a higher likelihood of ma-
lignancy. Some nodules may exhibit mixed echogenici-
ty, in which case the dominant echogenicity should be 
used for classification.

Figure 1. American Thyroid Association sonographic patterns and risk of malignancy associated with indication of 
fine-needle aspiration (FNA) based on the largest dimension (cm) of the nodule.

ATA: American Thyroid Association, FNA: fine-needle aspiration. This figure was extracted from ATA 2015 publica-
tion (1), with minimal modification by the authors.
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A key distinction between the 2015 and 2025 ATA 
guidelines regarding echogenicity-based classification 
lies in the integration of echogenicity with the pres-
ence or absence of suspicious sonographic features 
(SSFs). For example, under the 2015 ATA guidelines, a 
hypoechoic nodule without any SSFs was classified as 
having an intermediate risk of malignancy (ROM 10–
20%). However, under the 2025 ATA framework, this 
same nodule must exhibit at least one SSF to be con-
sidered intermediate risk, otherwise, it is reclassified 
as low risk, with an adjusted ROM range of 3–20%. To 
classify a hypoechoic nodule as high suspicion in the 
2025 ATA model, it must present two or more SSFs, 
corresponding to a ROM >50%.      

Hyperechoic and isoechoic nodules, which were 
previously considered low risk (ROM 5–10%) under the 
2015 guidelines, remain in the low-risk category but 
with a revised ROM of 3–20%. Importantly, in the 2025 
ATA guidelines, these nodules may now be reclassified 
as intermediate risk if they are associated with one or 
more SSFs, resulting in a ROM of 20–50%, a classifica-
tion not previously defined in the 2015 guidelines.

Markedly hypoechoic nodules with one or more 
SSFs will be classified as high suspicion (ROM >50%), 
while those without any SSFs will remain classified 
as intermediate suspicion, but with an updated ROM 
range from 10–20% (ATA 2015) to 20–50% (ATA 2025). 

Mixed echogenicity nodules without SSFs, previ-
ously unclassified, will now be categorized as low sus-
picion with a ROM of 3–20% (Figure 3).

  
Diagnostic assessment of cystic thyroid 
nodules on ultrasound

Cystic thyroid nodules can be categorized as com-
pletely cystic (which are benign, with a ROM <1%), 
spongiform, or partially cystic (Figure 3).

Spongiform or microcystic nodules are defined by 
the presence of interspersed solid components within 

microcystic areas. When more than 50% of the nodule 
volume is composed of microcystic spaces, the nod-
ule is classified as spongiform. If less than 50% is mi-
crocystic and the remainder is cystic, it is considered 
microcystic. Although this classification may appear 
somewhat ambiguous, it reflects the criteria present-
ed at the 2024 ATA conference and may be subject to 
revision in the final guideline version.

In the 2015 ATA guidelines, spongiform and mi-
crocystic nodules were considered very low suspi-
cion, with a ROM <3%, a classification supported by 
high-level scientific evidence. In the 2025 ATA revision, 
these nodules will remain in this category unless they 
exhibit one or more of the following features: irregu-
lar margins or halo, or the presence of macrocalcifi-
cations3. In such cases, they will be reclassified as low 
suspicion with an adjusted ROM of 3–20%. However, 
this proposed change, aimed at including previously 
unclassified nodules, is supported by low-level scien-
tific evidence.

Partially cystic (non-spongiform) nodules are con-
sidered high suspicion (ROM >50%) when they exhibit 
strong predictors of malignancy, such as irregularity at 
the solid–cystic interface (e.g., acute-angled, or jag-
ged soft tissue protrusions or spiculated projections 
into the cystic component) and presence of echogenic 
foci, and/or macrocalcifications within the solid com-
ponent. These findings are particularly suggestive of 
cystic papillary thyroid carcinoma and were not previ-
ously classified in the 2015 guidelines.

Importantly, typical SSFs used for solid nodules 
(such as margin irregularity or a taller-than-wide 
shape) should not be applied to partially cystic nod-
ules when estimating ROM. Other partially cystic nod-
ules, regardless of the presence of features such as 
macrocalcification or irregular external margins with 
lobulated interface with the cystic portion, or isolated 
angulated solid components, or lobulated solid part 

Figure 2. Thyroid nodule risk of malignancy (ROM) according to ATA 2015 and ATA 2025.

ATA: American Thyroid Association. Adapted from ATA 2024 presentation.
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with echogenic foci, are still classified as low or very 
low suspicion. However, their ROM has been adjusted 
from 5–10% (ATA 2015) to 3–20% (ATA 2025), since 
many of these nodules were previously unclassifiable. 
Despite this revision, the level of evidence supporting 
the new ROM estimates in this context remains low 
to very low.

Diagnostic assessment of nodules with 
unassessable composition due to dense 
peripheral calcifications

Nodules in which composition cannot be assessed 
due to dense peripheral calcifications will be classified 
as low suspicion (ROM 3–20%) if the calcification rim is 
thin, regular, and without soft tissue protrusions. When 
peripheral calcifications are irregular but still without 
soft tissue protrusion, the nodule will be categorized as 
intermediate suspicion with a ROM of 20–50%. Finally, 
nodules with peripheral calcifications that exhibit pro-
trusion into the adjacent soft tissue will be classified as 
high suspicion, with a ROM >50% (Figure 3).

Fine-needle aspiration (FNA) 
recommendations for thyroid nodules in the 
ATA 2025 guidelines

Figure 4 outlines the ATA 2025 recommendations 
for fine-needle aspiration (FNA) of thyroid nodules, 
based on the estimated ultrasound suspicion category 
and the corresponding risk of malignancy (ROM). The 
figure presents the size thresholds for FNA indication 

and the recommended range of nodule diameter at 
which FNA may be considered, accompanied by the 
strength of recommendation and the level of scientific 
evidence.

The decision to perform FNA at the lower or up-
per end of the suggested size range should be individ-
ualized according to patient-specific clinical features 
and patient preferences, as detailed in Figure 5.

For instance, high-suspicion nodules, defined by 
the ATA 2025 guidelines as having a ROM >50%, are 
generally recommended for FNA when they measure 
≥1.5 cm in maximum diameter. This recommendation 
is considered strong and supported by moderate-qual-
ity evidence. However, FNA may be considered for 
nodules as small as 1.0 cm in the presence of specific 
clinical factors; these include: young age, associated 
risk factors for thyroid cancer, absence of comorbidi-
ties, high-risk sonographic features, incidental detec-
tion on FDG-PET, presence of symptoms, posterior 
or isthmic location, or patient preference to proceed 
with early diagnostic evaluation rather than prolonged 
surveillance due to anxiety regarding the possibility of 
nodule growth.      

Follow-up interval and management of  
non-aspirated nodules smaller than the 
cutoff value for Fine-Needle Aspiration (FNA)

Figure 6 illustrates the nodules that, due to their 
suspicion risk on ultrasound, did not reach the rec-
ommended size for fine-needle aspiration (FNA). The 

Figure 3. Thyroid nodules risk of malignancy (ROM) stratification according to ultrasound nodule composition.

SSF: Solid nodule Suspicious Features; PTC: papillary thyroid carcinoma; PCN: partially cystic nodule, ATA: American 
Thyroid Association. Adapted from ATA 2024 presentation. 
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Figure 4. Recommendation of fine-needle aspiration of thyroid nodules based on their size in the largest dimen-
sion or size ranges and strenght of recommendation and quality of evidence.

FNA: fine-needle aspiration, ATA: American Thyroid Association. Adapted from ATA 2024 presentation.

Figure 5. Factors influencing decision making for nodule fine-needle aspiration within the recommended nodule 
size ranges.

ROM: risk of malignancy, FDG: fluorodeoxyglucose. Adapted from ATA 2024 presentation. 

figure details the ultrasound follow-up intervals and 
the actions to be taken based on observed variations 
during this follow-up, along with the strength of the 
recommendation and the level of scientific evidence. 
It is evident that many of these actions are based on 
performing FNA in response to nodule growth. It is im-
portant to note that nodule growth is defined as an 
increase of ≥3 mm in one dimension for nodules with 
high suspicion on ultrasound, and a 50% increase in 
nodule volume or a 20% increase in at least two di-
mensions for nodules with intermediate or low suspi-
cion on ultrasound.

For non-sampled nodules with intermediate or 
low suspicion on ultrasound that are smaller than the 
upper cutoff limit for FNA and remain stable in size and 
ultrasound patterns after 5 years, ultrasound follow-up 
may be discontinued in the absence of individual high-
risk criteria. This ATA recommendation is considered 
conditional, with very low-quality scientific evidence. 

Non-sampled nodules that are classified as high 
risk on ultrasound should follow active surveillance 
recommendations for papillary microcarcinoma. This 
ATA recommendation is considered strong, with mod-
erate-quality scientific evidence.
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Follow-up of Nodules with Benign Cytology
In cases of nodules with benign cytology, manage-

ment should be guided by the ultrasound appearance 
within the follow-up interval. Nodules that exhibit high 
suspicion of malignancy on ultrasound should have 
fine-needle aspiration (FNA) always repeated. Con-
versely, nodules with intermediate or low suspicion 
should only be aspirated if there is a change in nodule 
characteristics toward a more suspicious appearance.

Nodule growth alone should not be used as an 
indication for repeat FNA4. The literature lacks robust 
evidence to establish a clear link between the growth 
of nodules with benign cytology and the risk of malig-
nancy. Figure 7 illustrates the aforementioned points.

Management of indeterminate nodules on 
Fine-Needle Aspiration (FNA): Bethesda III 
and IV

Patients whose FNA results are compatible with 
atypia of undetermined significance (AUS), classified 
as Bethesda III5, present a range of management op-
tions. These options vary from clinical observation in 
nodules with a very low suspicion ultrasound pattern 
to surgery in nodules with high suspicion on ultra-
sound, nodule growth, or the presence of local com-
pressive symptoms. Decisions regarding management 
should always be done in collaboration with the pa-
tient, ensuring they are informed about the possible 
approaches, along with their respective advantages 

Figure 6. Surveillance intervals and management of unsampled nodules smaller than the fine-needle aspiration 
size cut-off and strenght of recommendation and quality of evidence.

US: ultrasound, FNA: fine-needle aspiration, ATA: American Thyroid Association. Adapted from ATA 2024 presentation. 

Figure 7. Follow-up period for benign cytology nodules and action based on their ultrasound risk of malignancy 
linked to strenght of recommendation and quality of evidence.

ATA: American Thyroid Association, US: ultrasound, FNA: fine-needle aspiration. Adapted from ATA 2024 presentation. 
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and disadvantages. It is important to note that the 
risk of malignancy for a Bethesda III nodule is appro
ximately 22% (ranging from 13% to 30%)5, depending 
on clinical variables, ultrasound features, cytological 
architectural and cellular aspects, molecular findings, 
and the experience of the cytopathologist.

For patients with nodules classified as Bethesda 
IV (follicular neoplasm) on FNA, management involves 
either molecular testing or surgery. This recommenda-
tion stems from the fact that the malignancy risk for 
these lesions is more consistent, reaching up to 30% 
(ranging from 23% to 34%)5. Thus, diagnostic clari-
fication is recommended through molecular testing 
(typically employed to exclude malignancy in nodules 
with low ultrasound or clinical suspicion) or surgery 
in cases with higher ultrasound or clinical suspicion. 
Surgery is also advised when appropriate molecular 
testing is unavailable, regardless of ultrasound or clini
cal findings. It is essential to emphasize that the se-
lection of a molecular test in a clinical setting should 
consider the results and quality of validation studies, 
as well as publications demonstrating the test’s perfor-
mance in a real-world practice setting that aligns with 
the specific clinical environment. Figure 8 details the 
possible management strategies for Bethesda III and 
IV nodules, along with the corresponding strength of 
recommendations and level of evidence.

The preferred surgical approach for Bethesda III 
or IV nodules (with or without molecular testing) is 
diagnostic lobectomy for nodules with a high-suspi-
cion ultrasound pattern, any nodule growth pattern, 
presence of symptoms, or patient preference. Patients 

should be informed about the possibility of conver-
sion to total thyroidectomy or the subsequent need 
for completion thyroidectomy if high-risk factors are 
identified intraoperatively or postoperatively (condi-
tional recommendation / moderate-quality evidence). 
Potential modifiers for diagnostic lobectomy include 
substantial contralateral nodular disease, nodule size, 
coexisting Graves’ disease, history of childhood irradi-
ation, family history of thyroid cancer, patient prefe
rence, and, if performed, a high-risk molecular test 
result. It is important to note that total thyroidectomy 
is indicated when there is evidence of extrathyroidal 
extension on imaging or intraoperatively, or in the 
presence of suspicious cervical lymph nodes.

CONCLUSION

It is anticipated that the final version of the ATA 
guidelines, to be published in the coming months, 
regarding the clinical management of adult thyroid 
nodules, will aim to classify all thyroid nodules on 
ultrasound within a malignancy risk scale. The up- 
dated malignancy risk categories reflect the inclusion 
of previously unclassified nodules from the 2015 ATA 
guidelines, aligning with current literature. The pho-
tographic atlas will be maintained with the addition 
of a malignancy risk algorithm and the incorpora-
tion of FNA indications based on larger nodule size 
thresholds, as well as range variations on nodule size, 
considering clinical criteria and patient preference. 
The new version will also include follow-up intervals 

Figure 8. Option strategies for Bethesda III and IV cytology nodules and their respective strenght of recommen-
dation and quality of evidence.

US: ultrasound. Adapted from ATA 204 presentation.
FNA: fine-needle aspiration.
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and management strategies, along with guidance 
for discontinuing follow-up for nodules with benign 
cytology and for non-aspirated nodules of low or in-
termediate suspicion that have not reached the size 
threshold for FNA.

The ATA aims to integrate, in the future, a man-
agement strategy in synergy with the American College 
of Radiology (ACR) and the TIRADS (Thyroid Imaging 
Reporting and Data System classification)6. At present, 
this integration is not yet feasible, as ATA members 
believe that the TIRADS classification considers only 
the ultrasound appearance of the nodule, whereas the 
ATA’s malignancy risk assessment incorporates both ul-
trasound features and patient clinical and risk factors. 
Consequently, the members of ATA believe their guide-
lines have greater potential for practical application 
when deciding on FNA indication for a given nodule in 
collaboration with the patient.

In its 2024 presentation, the ATA did not address 
the following topics: initial evaluation of patients 
with nodules (including discussions on thyroid nodule 
screening), FNA techniques and specimen prepara-
tion, management of nondiagnostic nodules on FNA, 
follow-up of benign nodules in molecular tests, and 
the management of thyroid nodules in specific popula-
tions such as older adults, pregnant women, children, 
and others.
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a gesture of affection and its deleterious 
outcome: adult-child contamination by sex 

steroids – a case report?
um gesto de carinho e seu desfecho deletério: 

contaminação adulto-criança por esteróides sexuais

Lucianna Ribeiro Thá1; Caio Yutaka Hayashi2; Mirnaluci Paulino Ribeiro Gama3

Incidental contamination with sex steroids, particularly testosterone gel, is a rare 
but significant cause of precocious puberty. This case report details a 7-year-old 
girl presenting with premature pubarche, initially without other signs of virilization. 
Despite normal initial exams, persistent pubic hair prompted further investigation. 
Subsequent evaluations revealed elevated testosterone and dehydroepiandroste-
rone sulfate (DHEAS), leading to concerns for adrenal tumors. However, imaging 
and hormonal tests ruled out these pathologies. The source of exposure was ulti-
mately identified as topical testosterone used by the grandmother. Following cessa-
tion of exposure, the patient’s hormone levels normalized, and breast development 
regressed. This case highlights the importance of considering exogenous sex steroid 
exposure in children with isolated premature pubarche, even when initial parental 
denial is encountered. 
Keywords: Premature Pubarche, Sex Steroid Contamination, Testosterone Gel, 
Childhood Virilization

A contaminação incidental por esteroides sexuais, particularmente gel de testos-
terona, é uma causa rara, mas significativa, de puberdade precoce. Este relato de 
caso detalha uma menina de 7 anos apresentando pubarca precoce, inicialmente 
sem outros sinais de virilização. Apesar dos exames iniciais normais, a persistência 
de pelos pubianos motivou uma investigação mais aprofundada. Avaliações sub-
sequentes revelaram testosterona e sulfato de deidroepiandrosterona (SDHEA) 
elevados, levantando preocupações sobre tumores adrenais. No entanto, exames 
de imagem e hormonais descartaram essas patologias. A fonte de exposição foi 
finalmente identificada como testosterona tópica usada pela avó. Após a cessação 
da exposição, os níveis hormonais da paciente normalizaram e o desenvolvimen-
to mamário regrediu. Este caso destaca a importância de considerar a exposição 
a esteroides sexuais exógenos em crianças com pubarca precoce isolada, mesmo 
quando ocorre negação inicial por parte dos pais.
Descritores: Pubarca Precoce, Contaminação por Esteroides Sexuais, Gel de Testos-
terona, Virilização na Infância

INTRODUCTION

Incidental contamination by sex steroids is rare, but an important 
cause of iso or heterosexual precocious puberty. This diagnosis should be 
considered in a child with premature pubarche without other features of 
virilization or isosexual puberty. In the vast majority of cases, especially the 
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child’s parents are not warned and have no idea what 
may happen with the topical use of sex steroids1.

Testosterone gel is the most commonly used 
steroid by both men and women. Its use may be in-
appropriate or not, and it is often obtained without 
a prescription. In Brazil, ANVISA (Agência Nacional 
de Vigilância Sanitária) – the National Health Sur-
veillance Agency, requires, in the package insert, an 
alert about passive skin-to-skin adult-child contami-
nation. This demonstrates the need for a thorough 
medical history and insistence by the physician in 
questioning and explaining the danger of contamina-
tion. This would avoid subjecting the child to unnec-
essary tests with their preparation requirements , 
like hormonal assays, ultrasounds and radiation from 
other imaging exams2.

From 2012 to 2019, 19 articles were reported, to-
taling 28 cases of contamination through family mem-
bers2,3,4,5,6. Childhood exposure to endogenous sex ste-
roids is associated with the development of precocious 
puberty and the following pathologies:

•	 Congenital adrenal hyperplasia 
•	 Adrenal tumors 
•	 McCune-Albright syndrome 
•	 Virilizing ovarian tumors 

And much rarer, in males, pathogenic variations 
of the LHCGR gene leading to familial gonadotropin-in-
dependent precocious puberty2,7.

The most common signs and symptoms are pre-
mature pubarche, accelerated growth, advanced bone 
age, clitoral enlargement (heterosexual) and penile en-
largement (isosexual)2,3. 

Testosterone levels, especially in girls, are vari-
able, reaching pubertal levels in most cases in both 
sexes4. However, upon withdrawal of the steroid, lab-
oratory levels fall rapidly. Unfortunately, there may 
be irreversible changes, such as advanced bone age, 
which can lead to a decrease in final height2,3,4,5,6.

CASE DESCRIPTION

Female patient, GDBW, currently 8 years and 3 
months old. At 7 years and 7 months old, she started 
with adrenarche. There was no thelarche or axillary 
odor. Parents denied the use of testosterone or estro-
gen gel in the anamnesis of the first consultation. The 
child is previously healthy. She was born at term, ap-
propriate for gestational age, without complications.

On physical examination, she presented a normal 
segmental examination. Blood pressure was normal, 

without acne, without signs of Cushing, and pubertal 
staging M1P2. Her height was 128.5cm (50th percen-
tile) and weight 27.3kg (50th percentile).

Some complementary exams were requested: 
complete blood count, fasting glucose, glycated he-
moglobin, creatinine, liver function, thyroid function, 
lipid profile, and vitamin D within normal limits. Ad-
renal evaluation: DHEAS = 146 μg/dL, 17-OHP 76 ng/
dL, basal cortisol = 10.6 μg/dL, total testosterone = 7.3 
ng/dL, and androstenedione = 0.3 ng/mL. Bone age 8 
years and 6 months.

After 4 months, the child returned for a new 
evaluation. The mother reported increased pilosity, 
without other associated complaints. The physical ex-
amination showed pubertal progression to M2 P3. Ad-
renal exams were repeated, and a significant increase 
in DHEAS and total testosterone levels was observed. 
The DHEAS result was greater than 1000 μg/dL, and 
the testosterone was 12 ng/dL. The DHEAS exam was 
repeated in another laboratory and was 790 μg/dL 
after several progressive dilutions. Basal LH was mea-
sured and found to be 0.2 mUI/mL, FSH 4.3 mUI/mL, 
and estradiol 14 ng/dL.

Subsequently, a suppression test with 1 g of 
dexamethasone was performed, which was normal, 
and a total abdominal CT scan with emphasis on the 
adrenals, which was also normal. Pelvic ultrasound 
showed a uterus of 3.5 cm³, right ovary with 1.4 cm³, 
and left ovary with 1.4 cm³, both of them without a 
stimulated follicle. There was no advancement of bone 
age in this period.

After further questioning about the use of hor-
mone gels, the parents reported that the grandmother 
was using a compounded gel cream containing 2 mg 
of testosterone, 1 mg of estradiol, and 100 mg of pro-
gesterone. She applied the cream upon waking, and 
the child stayed at the grandmother’s house every day 
in the morning. We hypothesized contamination from 
the gel cream used by the grandmother. The grand-
mother stopped using the gel cream immediately.

 Two months after stopping use, we repeated 
the DHEAS, which was 169.7 μg/dL. After another 2 
months, there was no increase in the child’s pilosity, 
and the breast regressed. The DHEAS resulted in 144.7 
μg/dL (reference value = 108 μg/dL), and the child’s 
bone age at this time is 8 years and 10 months.

DISCUSSION

Our patient’s history begins at 7 years and 7 
months, prolonging for 1 year until the definitive di-
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agnosis. It is known that adrenarche can begin 2 years 
before puberty, however, the case was investigated at 
the insistence of the patient’s mother. In the first con-
tact with the specialist, she brought exams that were 
normal. There was nothing important in the history, 
but the mother insisted on very thick pubic hair. On 
physical examination, the patient was healthy, bone 
age compatible with chronological age, and without 
any signs or symptoms of virilization. Pubertal staging 
M1 P2.

A return was requested with repetition of the 
simplest exams. She returned 4 months later with pu-
bertal staging M2 P3, LH normal for age, as well as FSH 
at the elevated limit of normal for age. Dehydroepi-
androsterone sulfate was very elevated, as was testos-
terone. The increase in DHEAS made us think of an ad-
renal tumor, however, the clinical picture was normal, 
without virilization or Cushingoid habitus.

The gold standard test dexametazone suppres-
sion, for hypercortisolism, was negative. Adrenal to-
mography was normal, pelvic ultrasound showed un-
stimulated and prepubertal ovaries and the uterus vol-
ume was borderline for pubertal age, remaining within 
normal limits (<3cm³).

After we insisted again and the parents vehe-
mently denied the use of testosterone by them once 
more, they subsequently discovered its use by the 
child’s grandmother. And after the withdrawal of the 
steroid, the laboratory values of testosterone and 
DHEAS quickly returned to normal. The breast involut-
ed to M1 and there was no increase in bone age.

In this patient, the only complaint was pubarche; 
the slight stimulation of the hypothalamic-pituitary 
axis is due to a priming effect by the steroid on the 
hypothalamus, so much so that withdrawal triggered 
breast involution2,3,4,5,6,7. Breast growth may also have 
been caused by the estrogen contained in the formu-
lation used by the grandmother. It is also questioned 
whether estrogen was the protective factor against vi-
rilization by testosterone.

On rare occasions, it has been reported that con-
tamination with testosterone can mask the diagnosis 
of adrenal tumors8. Our patient will be observed an-
nually given the very high values of DHEAS and tes-
tosterone.

CONCLUSION

A child presenting with premature pubarche, 
even in the absence of other clinical signs of viriliza-
tion, warrants thorough investigation for potential ex-
posure to exogenous sex steroids. Early identification 
and cessation of exposure are crucial to prevent irre-
versible consequences such as accelerated bone mat-
uration and compromised final height.  

Increased awareness of the potential for inad-
vertent sex steroid exposure in children is crucial for 
early detection and intervention. Healthcare providers 
should maintain a high index of suspicion for this etiol-
ogy in cases of premature pubarche, even when initial 
parental denial is encountered. 
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sglt2 inhibitor and type 2 diabetes:  
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inibidor sglt2 e diabetes tipo 2:  
quando a dupla torna-se um problema
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Caio Yutaka Hayashi4, Heloisa Lima5, Isadora Bulati6, Mirnaluci P. Ribeiro Gama7

Euglycemic ketoacidosis is a potentially serious condition that can occur in patients 
with or without diabetes. It is characterized by ketonemia and metabolic acidosis, 
but with normal or only slightly elevated blood glucose levels. Its early diagnosis is 
a challenge, not only because it is an uncommon condition, but also because the 
absence of significant hyperglycemia can delay its identification and, consequently, 
appropriate management. Considering its relevance, especially in an intra-hospital 
setting, this report aims to reduce the threshold of clinical suspicion in the medical 
field for this potentially fatal condition, review its possible etiologies and highlight 
the potential risk of the duo: type 2 diabetes + sodium-glucose cotransporter 2 
inhibitors (SGLT2i) precipitating such an event.

A cetoacidose euglicêmica é uma condição potencialmente grave que pode ocor-
rer em pacientes com ou sem diabetes. É caracterizada por cetonemia e acidose 
metabólica, porém com níveis normais ou apenas ligeiramente elevados de glicose 
no sangue. Seu diagnóstico precoce é um desafio, não só por ser condição pou-
co comum, mas também porque a ausência de hiperglicemia significativa, pode 
atrasar sua identificação, e por consequência, o manejo adequado. Considerando 
sua relevância, em especial em contexto intra hospitalar, este relato tem como 
objetivo reduzir o limiar de suspeição clínica na área médica para essa condição 
potencialmente fatal, revisar sobre suas possíveis etiologias e destacar o risco po-
tencial da dupla: diabetes tipo 2 + inibidores do cotransportador de sódio-glicose 
tipo 2 (iSGLT-2) precipitar tal evento. 
Keywords: Euglycemic diabetic ketoacidosis (eDKA); Sodium-glucose cotransporter 
2 inhibitors (SGLT2i); Type 2 diabetes
Descritores: Cetoacidose diabética euglicêmica; Inibidores do co-transporte só-
dio-glicose; Diabetes tipo 2

INTRODUCTION

Initially described in 1973 in a case series in people with type 1 dia-
betes1, euglycemic ketoacidosis (EKA) is defined as a medical emergency 
characterized by ketoacidosis with normal or only slightly elevated blood 
glucose levels, usually below 200 mg/dL (11.1 mmol/L)2.

This phenomenon can be associated with the use of sodium-glucose 
cotransporter type 2 inhibitors (SGLT2i), medications approved world-
wide for the treatment of type 2 diabetes and, in some cases, for heart 
failure3. 
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The patient developed an episode of psychomo-
tor slowing and reduced food intake. Given the clinical 
suspicion, ketonemia was collected: High (Figure 1), 
and there was: dextrose 120 mg/dL, blood gas analysis 
with pH = 7.26, bicarbonate (BIC) = 10.6 mEq/L, anion 
gap = 15 mmol/L, potassium = 2.9 mEq/L and sodium 
= 136 mEq/L.

Figura 1. Cetonemia HIGH da paciente VSB.

A diagnosis of euglycemic ketoacidosis was made 
and management was initiated with prompt suspension 
of SGLT2i; intravenous (IV) hydration, IV insulin infu-
sion, IV glucose infusion and hydroelectrolytic control. 

The patient was subsequently transferred to ICU 
care and developed ketoacidosis resolution criteria.

DISCUSSION

This report describes the clinical case of an elder-
ly aged female patient with diabetes, using insulin and 
dapagliflozin; with a history of low food intake; weight 
loss/low body mass index (BMI); renal injury and in 
metabolic stress: all documented risk factors for eug-
lycemic ketoacidosis. Other risk factors, although not 
present in this case, described are: reductions in insu-
lin dose, increased insulin demand, and latent autoim-
mune diabetes (LADA) of adulthood9.

Although this is an uncommon condition, due to 
its potential for morbidity and mortality, clinical suspi-
cion at the hospital level should be high7.

Regarding the etiology, the causes of euglycemic 
ketoacidosis are varied and include:
1.	 Sodium-glucose cotransporter type 2 inhibitors 

(SGLT-2i): a well-documented cause, SGLT-2i are 
characterized by being selective, highly potent 
and agents that bind reversibly to their receptor10. 

According to the medical literature, the preva-
lence of EKA among patients hospitalized with diabetic 
ketoacidosis (DKA) was 10.8% in a retrospective study 
conducted in the Catholic Health Initiatives-Oma-
ha healthcare system between 2018 and 20234, and 
this increased prevalence is associated with the use 
of sodium-glucose cotransporter type 2 inhibitors 
(SGLT2i), which are known to increase the risk of DKA 
and EKA, especially, but not only, in patients with type 
1 diabetes3.

In addition, in patients undergoing pancreati-
coduodenectomy, the prevalence of EKA was 11.1% 
in a study investigating this metabolic condition after 
surgery5. In pregnant and postpartum women with se-
vere COVID-19, the prevalence of EKA was reported as 
5.94% in an observational study6.

Furthermore, recent evidence also suggests that 
the occurrence of EKA in individuals with type 2 diabe-
tes is rare when treated with SGLT2i7,8.

This prevalence indicates that EKA is a relevant 
condition in certain groups of patients, especially in 
hospitalized patients, and this report highlights those 
using SGLT2i, describing the case of a female patient 
with in-hospital EKA after use of dapagliflozin and re-
viewing the multiple mechanisms involved in the in-
duction of ketoacidosis by SGLT2 inhibitors. 

CASE REPORT

A 78-year-old white female patient from Curitiba 
was admitted to the Mackenzie University Hospital 
in Curitiba-PR-Brazil due to abdominal pain that had 
started approximately 10 days ago, in the upper ab-
domen, with cramping pain, worsening after meals, 
associated with vomiting and diarrhea. 

At the time, she also reported unquantified 
weight loss during the period and polyuria. She had a 
previous history of hypertension, dyslipidemia, valvu-
lar heart disease, hypothyroidism and diabetes melli-
tus, and was taking dapagliflozin and insulin therapy. 

On physical examination upon admission, she 
was in regular general condition, dehydrated, orient-
ed, thin (estimated weight of 45 kilograms and height 
of 160 centimeters), with a painful abdomen without 
peritonism. 

Complementary tests showed a complete blood 
count with leukocytes of 4,660/mm3 (VR: 3,500-11,000), 
urea = 58 mg/dL, creatinine = 1.79 mg/dL. The partial 
urine test showed glycosuria +++ and ketonuria +.

A tomography of the abdomen and pelvis was 
performed without significant changes. 
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Considering the relevance of the kidney in glucose 
homeostasis, through gluconeogenesis and reabsorp-
tion of filtered glucose, and the fact that 90% of glu-
cose reabsorption in the renal proximal tubules occurs 
mediated by sodium-glucose cotransporter 2 (SGLT2), 
through a transmembrane sodium gradient, blocking 
SGLT2 has become a potent therapeutic target11. 

Approximately 160 to 180 grams of glucose are 
filtered by the kidneys each day and it is well known 
that in patients with type 2 diabetes the release of re-
nal glucose is increased in both the postabsorptive and 
postprandial states11. 

These medications, in the kidney, promote the 
excretion of glucose in the urine, reduction in lipolysis 
and a subsequent increase in ketone reabsorption (es-
pecially of acetoacetate by increasing the sodium con-
centration, mediated by an electrochemical gradient, 
in the renal tubular fluid). This drug can limit hypergly-
cemia, but, also, in the pancreas, induce the produc-
tion of ketone bodies due to reduced insulin and in-
creased glucagon (generating a decreased insulin-glu-
cagon ratio), through a direct action on pancreatic α 
cells, where SGLT2 is expressed8,11, leading, finally, to 
a state of hepatic lipolysis (increase the production of 
free fatty acids, which are converted to ketone bodies 
by beta-oxidation in the liver) and ketosis even with 
normal blood glucose levels. 

It is known that the use of SGLT-2 inhibitors in pa-
tients with type 1 diabetes is also associated with an 
increased risk1,12.
2.	 Fasting or Reduced Caloric Intake: In states of 

prolonged fasting or insufficient caloric intake, 
there is a decrease in hepatic glucose production 
and this can precipitate this condition, especially 
in patients who are already in a state of mild ke-
tosis due to other conditions, such as the use of 
SGLT-2 inhibitors3,10,13. 

3.	 Pregnancy: a condition that may predispose, pos-
sibly due to hormonal and metabolic changes that 
occur during this period: increased glucose utili-
zation by the placenta and fetus; relative insulin 
deficiency and increased production of free fatty 
acids, which are converted to ketone bodies in 
the liver2,14. 

4.	 Excessive Alcohol Consumption: Alcohol abuse 
can lead to alcoholic ketosis, which, in combination 
with other factors, can result in this condition15. 

5.	 Pancreatitis and Chronic Liver Disease: Condi-
tions such as pancreatitis and chronic liver dis-
ease can alter carbohydrate and fat metabolism, 
contributing to the development of euglycemic 
ketoacidosis15.

6.	 Infections and Physiological Stress: Infections 
and other physiological stress conditions can 
increase the production of counter-regulatory 
hormones, such as glucagon, that promote ke-
togenesis13.

It is noteworthy that, in some literature, half of the 
cases did not identify a precipitating factor for DKA11. 

Its diagnosis is made by clinical and laboratory 
evaluation. Clinically: early signs and symptoms of di-
abetic ketoacidosis include polyuria, breathing difficul-
ties, nausea, vomiting and anorexia, excessive thirst, 
abdominal pain, confusion, unusual asthenia, and sleep-
iness. More severe symptoms are dehydration, diffi-
culty breathing, confusion, and coma4,10,13. Laboratory 
tests involve the presence of metabolic acidosis (pH < 
7.3 or BIC < 15-18 mEq/L) with increased anion gap (> 
10-12 mmol/L), presence of ketosis (ketonemia - > 1.6 
mmol/L - or ketonuria) and normal glucose levels12. The 
patient described above presented all the criteria and 
the measurement of ketonemia was especially import-
ant in this case because the patient was using SGLT2 
inhibitors: a situation in which there may be a reduction 
in ketonuria due to increased tubular reabsorption of 
acetoacetate, despite the increase in ketonemia. 

Treatment involves the administration of intra-
venous fluids, insulin and, often, glucose to interrupt 
ketogenesis and correct the electrolyte imbalance. 

It is crucial to identify and treat the underlying 
cause of ketoacidosis to avoid complications12; in this 
case, the conduct of suspending the drug was a priori-
ty, with resolution of the condition afterwards.

CONCLUSION

Awareness of EKA is essential, especially in pa-
tients taking SGLT-2 inhibitors, to ensure early diagno-
sis and appropriate treatment.

Due to its unique biochemical profile and the po-
tential for delayed diagnosis, it is important that clini-
cians are alert to this condition and aware of potential 
etiological triggers in susceptible individuals, actively 
ruling out other differentials, thus minimizing the time 
required for diagnosis of EKA.
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