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editorial

World Obesity Day was established by the World 

Obesity Federation in 2015 and, since 2020, has been 

celebrated on March 4th as a strategy to raise aware-

ness of the importance of unified actions to tackle 

the obesity epidemic, which is continuously growing 

worldwide, with no signs of reduction (1,2). This in-

crease has been more rapid in low- and middle-income 

countries and, within countries, has been dispropor-

tionately higher among vulnerable populations and 

younger individuals (1,2).

In 2026, the campaign motto is “8 billion reasons 

to act”, referring to the current world population. Why 

is that? The World Obesity Federation (WOF) Atlas 

shows that, at this very moment, half of humanity lives 

with overweight or obesity, including more than one 

billion people with obesity itself (3). However, discuss-

ing and acting on obesity is a matter that concerns 

everyone. Obesity is associated with more than 200 

diseases, increased disability and mortality, and major 

impairment in quality of life (2,4). Its impact extends 

beyond those who live with the disease, affecting so-

ciety as a whole. As an example, the obesity epidemic 

imposes a substantial economic burden through di-

rect healthcare costs and indirect costs such as work 

absenteeism (5), and it also impacts climate change 

and sustainability (6). Furthermore, providing healthy 

environments for people living with chronic diseases 

— especially children — is a human right that should be 

defended collectively.

In Brazil, as expected, the scenario is extremely 

concerning. The 2025 World Obesity Atlas showed 

that, for the first time, more than 30% of the popula-

tion has obesity and 68% has at least overweight (3). 

According to WOF data from 2024, the projected an-

nual growth rate in prevalence is 1.8% (7). Among chil-

dren and adolescents, it is estimated that, in the ab-

sence of effective interventions, half will have excess 

weight by 2050 (7). Even under highly optimistic pre-

vention scenarios, prevalence is expected to continue 

rising in the coming years and decades (8).

What can be done? First and foremost, it is es-

sential to recognize that the obesity crisis requires 

actions in both prevention and treatment, not one in-

stead of the other (2).

Brazil has one of the most internationally recog-

nized and awarded Food-Based Dietary Guidelines, 

with a strong recommendation for “eating real food” 

and reducing the consumption of ultra-processed 

foods (UPFs) (9). For context, the concept of UPFs 

derives from the NOVA classification, developed in 

Brazil and now widely adopted internationally (10). 

High UPFs consumption has been repeatedly associ-

ated with at least 32 adverse health outcomes, far be-

yond obesity alone (10,11). In this issue of Archives of 

Endocrinology and Metabolism, Favaron and cols. pro-

vide cross-sectional evidence that adds to this body 

of literature (12). The authors show that a higher pro-

portion of calories from UPFs is associated with poor-

er diet quality and more disordered eating patterns, 

including bulimia. Individuals in the highest tertile of 
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UPFs intake presented higher scores for binge eating 

and bulimia symptoms, as well as greater emotional, 

external, and uncontrolled eating, and lower intake of 

minimally processed foods and protein. These findings 

suggest that UPFs may not only worsen nutritional 

quality but also be linked to neurobehavioral mecha-

nisms that favor loss of control over eating, reinforc-

ing maladaptive eating behaviors in obesity. Although 

similar associations have been described previously 

(13), a more comprehensive understanding of the 

relationship between UPFs, mental health, and dis-

ordered eating is still lacking. Nevertheless, the avail-

able data support the need for more active public ac-

tions to reduce UPFs consumption in Brazil.

However, implementing dietary guidelines and 

reducing UPFs intake is particularly challenging in 

vulnerable populations, in whom social and economic 

determinants strongly influence food choices (2,14). 

Unprocessed foods are often more expensive, where-

as UPFs are cheap, ubiquitous, heavily marketed in 

traditional and social media, and easy to consume, 

requiring little or no preparation (10,14). As has al-

ready occurred in the United States and the United 

Kingdom, where UPFs account for approximately 60% 

of total dietary intake, the traditional Brazilian diet — 

based on home cooking and time for food prepara-

tion — is gradually being replaced by ultra-processed 

products (14). In Brazil, UPFs already contribute more 

than 20% of total energy intake, and this proportion is 

increasing every year (15).

Therefore, policies for obesity and other non-com-

municable diseases should prioritize structural public 

actions that increase the likelihood of healthy eating, 

rather than relying solely on generic recommenda-

tions for “better choices” without providing realistic 

conditions for change (2).

In 2022, the World Health Organization (WHO) 

launched the Acceleration Plan to Stop Obesity, and 

Brazil was identified as one of the front-runner coun-

tries (16). As with all health interventions, obesity 

prevention strategies should be guided by scientific 

evidence, not by opinion. The WHO highlights sev-

eral policies that should be implemented, including 

taxation of sugar-sweetened beverages (SSBs) (16). 

During the Brazilian tax reform, taxation of UPFs was 

proposed; however, in 2024, an excise tax was ap-

proved only for soft drinks, after intense political de-

bate and strong industry lobbying, not without many 

turnarounds. Considering the broad health impact of 

UPFs and the physiology of human eating behavior, 

which predisposes individuals to overconsume these 

products, fiscal policies should target far more than 

SSBs alone. Importantly, such strategies should not 

only increase taxes on unhealthy products — which 

could disproportionately affect vulnerable groups 

— but also reduce the cost of healthy foods, particu-

larly fruits, vegetables, whole grains, and high-quality 

protein sources (16). The recent revision of the “Cesta 

Básica” (basic food basket — a list of essential foods for 

a minimum diet) introduced tax exemptions or reduc-

tions for some healthier foods; however, not all includ-

ed items can be considered nutritionally adequate. 

Thus, although the tax reform represents a step for-

ward, it remains modest and insufficient to produce a 

substantial population-level health impact (8).

The WHO also recommends additional measures, 

such as restricting the marketing of unhealthy foods, 

especially to children and adolescents; improving 

front-of-package labeling; strengthening school nu-

trition policies; and modifying the built environment 

to reduce physical inactivity (2,16). Several of these 

strategies have been partially implemented in Brazil, 

but their effectiveness has been limited. For example, 

the rapid growth of social media use among younger 

populations has not been accompanied by adequate 

regulation of food marketing on digital platforms, a 

challenge that extends beyond Brazil (17).

An integrated and unified strategy addressing all 

these fronts simultaneously is essential, as isolated 

measures are unlikely to be effective, particularly 

given the food industry’s capacity to rapidly adapt and 

circumvent regulations (14).

The WOF is currently conducting the MAPPS II 

programme, which explores the perceptions and ex-

periences of healthcare professionals, policymak-

ers, and people living with obesity regarding existing 

policies, gaps, and priorities. This initiative aims to 

strengthen obesity prevention and care through im-

proved evidence generation, coalition building, and 

policy engagement.
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Nevertheless, even the most effective prevention 

strategies will not solve the problem for those who 

already live with obesity, just as condom distribution 

alone does not address the needs of people already 

living with HIV (2). Therefore, advocacy for people liv-

ing with obesity (PlwO) is crucial, despite the barriers 

imposed by structural stigma. In Brazil, ABESO has 

advanced this agenda by creating a “Lived Experience” 

Department and promoting the inclusion of PlwO in 

public health discussions and decision-making spaces.

Within the Brazilian Unified Health System (SUS), 

the only available treatment for obesity is bariatric 

surgery. Although highly effective and associated with 

substantial improvements in health and quality of life, 

it is restricted to individuals with severe obesity (class 

III or class II with comorbidities), is not scalable, and is 

offered to fewer than 10,000 patients per year, result-

ing in extremely long waiting lists. Moreover, surgery 

is indicated only after failure of clinical treatment, 

despite the fact that structured clinical care is largely 

unavailable. Postoperative nutritional supplementa-

tion is also not routinely provided, despite the known 

risk of micronutrient deficiencies (18).

Over the years, several proposals to incorporate 

obesity medications into the public system have been 

submitted, many led by ABESO, but all were rejected 

by the National Committee for Health Technology 

Incorporation (CONITEC), even in the presence of 

robust cost-effectiveness data. Non-pharmacological 

standards of care are also scarce, and the situation is 

aggravated by the lack of formal education in obesity 

within health professional training programs. As a re-

sult, most healthcare professionals, including physi-

cians, graduate without adequate training in obesity, 

limiting their ability to provide effective and non-stig-

matizing care.

With the growing evidence of the broad health 

benefits of modern obesity treatments — well be-

yond weight loss — and the publication of the WHO 

Guidelines on glucagon-like peptide-1 (GLP-1) recep-

tor agonists for obesity (19), it is inevitable that phar-

macological therapy will eventually be incorporated 

into SUS, at least for selected populations. This should 

occur sooner rather than later. The obesity crisis is not 

a problem of the future (2,3); it has been a reality for 

decades, and in Brazil alone there are more than 214 

million reasons to act now.

Disclosure: Bruno Halpern has served as a consultant for Novo 
Nordisk, AstraZeneca, Merck, Eli-Lilly, Boehringer Ingelheim 
and Currax and gave paid lectures for Novo Nordisk, Eli-Lilly, 
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ABSTRACT
Objective: This study aims to evaluate ultra-processed food consumption and eating behavior in adults with obesity. Subjects 

and methods: A cross-sectional study with 77 volunteers from São Paulo, Brazil. Food consumption was assessed using three 

24-hour dietary recalls, classified by using the NOVA classification system, and the Diet Quality Index was also evaluated. Eating 

behavior and symptoms of binge eating and bulimia were assessed using the Bulimic Investigatory Test Edinburgh (BITE), the 

Dutch Eating Behaviour Questionnaire (DEBQ), and the Three Factor Eating Questionnaire (TFEQ-21). Results: The average 

BMI of the sample was 39.14 kg/m² ± 5.57, and the median caloric intake was 1661 kcal (756.07–4774.40), with a macronutri-

ent distribution of 48% carbohydrates, 32% fat, and 20% protein. Volunteers were divided into tertiles of calories ingested 

from ultra-processed foods (%): 1st < 24.10% (n = 25); 2nd between 24.10%–35.40% (n = 26); and the 3rd > 35.40% (n = 26). The 

sample showed intermediate diet quality (43.08 ± 10.17), while the 3rd tertile presented a low-quality diet (37 ± 10), differing 

from other groups (p = 0.001; p = 0.003). All groups showed intermediate BITE scores (19,6 ± 9,8), an indicator of unusual eating 

behavior. The third tertile had a higher symptom score than the first tertile (p = 0.008). In the association analysis, the consump-

tion of ultra-processed foods was positively associated with the presence of binge eating and bulimia symptoms (p = 0.018), 

emotional (p = 0.001) and external eating (p = 0.001) as assessed by the DEBQ, and emotional (p = 0.008) and uncontrolled 

eating (p = 0.006) as assessed by the TFEQ-21. In contrast, diet quality was negatively associated with the consumption of ultra-

processed foods (p < 0.001). Conclusion: Our findings suggest that higher consumption of ultra-processed foods by volunteers 

with obesity may be associated with higher scores for unusual eating behavior, symptoms of binge eating, and bulimia, in addi-

tion to augmented emotional, external and uncontrolled eating, and lower diet quality scores.

Keywords: Obesity; ultra-processed foods; feeding and eating disorders; binge eating disorder; bulimia

reduction in infectious diseases and malnutrition cas-

es, and an increase in obesity and non-communicable 

diseases, particularly driven by changes in dietary pat-

terns with an increased consumption of foods rich in 

fats, especially of animal origin, sugar, and processed 

foods (1-3).

Currently, these foods can be defined by their de-

gree of processing using the NOVA classification sys-

tem, which categorizes ultra-processed foods as for-

mulations prepared via various industrial techniques 

and the inclusion of food additives to increasing palat-

ability, such as high-fructose corn syrup and hydroge-

nated oils, contributing to high fat and sugar content 

in these products (4).

INTRODUCTION
Nutritional transition is known to occur primarily in 

developing countries due to social, cultural, demo-

graphic, and economic factors. It is characterized by a 
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High consumption of these foods has been associ-

ated with an increased prevalence of overweight and 

obesity (5-8), cardiovascular and cerebrovascular 

diseases (7,8), type 2 diabetes mellitus (9), metabolic 

syndrome (7,8,10), depression (7,8,11), anxiety (11), 

and a higher risk of all-cause mortality (7,8,12,13). 

Additionally, there is also evidence of these foods hav-

ing the capacity to induce changes in eating behavior, 

triggering compulsive overeating (14). 

Eating disorders can occur in individuals with obe-

sity and is associated with a higher risk of social and 

health implications, in addition to compromising the 

outcome of interventions focused on body weight 

management (15,16). The etiology of eating disorders 

is multifactorial, involving environmental influences, 

such as body dissatisfaction and family stress, along 

with biological factors, such as hormonal changes in 

the neuroendocrine control of food consumption (17).

Recently, the association between the consump-

tion of ultra-processed foods and the risk of symp-

toms related to eating disorders has been investigated 

(18). It is believed that the consumption of ultra-pro-

cessed foods may trigger changes in endocrine and 

neurobiological pathways that regulate eating behav-

ior, compromising conditions related to eating disor-

ders. It is suggested that guidance on the exclusion of 

these foods could contribute to the effectiveness of 

conventional obesity treatment (19,20). To test this 

hypothesis, a cross-sectional study was conducted to 

assess the consumption of ultra-processed foods and 

the presence of eating disorder symptoms in individu-

als with obesity, as well as to improve the understand-

ing of the factors that may worsen obesity and its co-

morbidities, and to support the development of more 

effective interventions that consider food processing 

and diet quality in obesity treatment. 

SUBJECTS AND METHODS	
Population
The volunteers were recruited via social media and 

from a private health service specializing in the clini-

cal and surgical treatment of obesity, located in the 

city of São Paulo, SP, Brazil. For inclusion criteria, we 

considered adults of both sexes, aged 18 to 59, with 

a diagnosis of obesity assessed by Body Mass Index 

(BMI) ≥ 30 kg/m². Exclusion criteria included preg-

nancy; volunteers undergoing pharmacological treat-

ment for body weight loss; use of corticosteroids or 

antiepileptic drugs; history of renal or cardiac dis-

ease; alcohol abuse; smoking; diagnosis of obesity 

secondary to genetic disorders; or the presence of 

eating disorders. 

Data collection occurred between September 

2021 and August 2023. After initial contact and the 

volunteer´s consent, an interview was conducted to 

provide information about the study, assess eligibility, 

and apply the anamnesis questionnaire. Subsequently, 

the volunteers were scheduled for the study protocol 

assessments, which included anthropometric mea-

surements and nutritional evaluation.

Were included 77 individuals with severe obesity 

(BMI: 39.14 kg/m² ± 5.57), of both sexes (77.90% female 

participants and 22.10% male), aged 36 ± 8 years, body 

mass of 106.2 kg (± 18.7), and height of 1.64 m (± 0.08).

This study was conducted according to the princi-

ples of the Declaration of Helsinki and was approved 

by the Research Ethics Committee of UNIFESP (CAAE: 

36548020.0.0000.5505), with the Brazilian clinical tri-

als registration number RBR-103k2gpz/ 2021. All pro-

cedures were explained to the volunteers, and they all 

provided their written consent.

Anthropometric measurements
All subjects’ body mass (kg) and height (m) were mea-

sured in the morning after a 12-hour fast and with 

them wearing minimum clothing, without shoes or ac-

cessories (such as watches or earrings). Body weight 

was assessed using the BOD POD® Body Composition 

System (Life Measurement Instruments, Concord, 

CA), which has a maximum capacity of 250 kg and a 

sensitivity of 10 g. The equipment was calibrated be-

fore each assessment according to the manufacturer’s 

instructions. Height was measured using a Standard 

Sanny® stadiometer (capacity up to 220 cm). 

The body mass index (BMI) was calculated by di-

viding the weight by height squared (kg/m²). For classi-

fication purposes, the cutoff points established by the 

World Health Organization (21) were used, defining 

class 1 obesity as BMI ≥ 30 kg/m², class 2 obesity as 

BMI ≥ 35 kg/m², and class 3 obesity as BMI ≥ 40 kg/m².  
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All assessments were conducted by the same re-

searcher, who had been previously trained.

Nutritional assessment
Dietary consumption assessment
Dietary consumption data were based on the mean 

of three 24-hour dietary recalls on non-consecutive 

days, with one day of the weekend. The 24-hour re-

calls were applied considering the multiple-pass 

method, consisting of: 1. Quick and uninterrupted list-

ing of food and drinks; 2. Review of forgotten foods;  

3. Time and occasion of food consumption; 4. Details 

and description of the quantities consumed; 5. Final re-

view (22). Participants had access to reference photo-

graphs of utensils (such as spoons and cups) to assist in 

estimating portion sizes, with the aim of improving the 

accuracy of dietary data collection. The dietary data 

were analyzed using the Nutrabem® software, which 

uses as its database the Tabela Brasileira de Composição 

de Alimentos (TACO) and the Database of Nutrients 

from the U.S. Department of Agriculture (USDA) (23). 

The classification of foods based on the extent and 

purpose of industrial processing was carried out using 

the NOVA classification system (4). All foods were list-

ed and culinary preparations were evaluated individu-

ally. For homemade or artisanal preparations, the reci-

pes were deconstructed into standardized ingredients 

by the software, and the components were listed. For 

preparations classified as industrial formulations, 

such as ready-to-eat meals, fast food, mass-produced 

packaged breads, and flavored yogurt, the labeling 

was analyzed, and the foods were entered without 

separating their ingredients; subsequently, all foods 

were allocated into groups according to their process-

ing. Foods that did not fit perfectly into any category 

were classified in consensus with other researchers. 

Data collection for the 24-hour dietary recalls and the 

classification process according to the NOVA system 

was conducted by a trained researcher, following es-

tablished guidelines (24).

The diet quality index was also assessed using the 

“Diet Quality Index associated with the Digital Food 

Guide (DQI-DFG)”, developed based on guidelines 

from the Department of Nutrition of the Harvard 

School of Public Health, with adjustments made to 

reflect the dietary habits of the Brazilian population. 

The index classifies foods into two groups: moderation 

components – foods that can be harmful if consumed in 

excess: sugar and sweets, dairy drinks and sweetened 

yogurts, processed meats and bovine and pork meat, 

refined grains and flours, some cereals and potatoes, 

crackers and snacks, and processed fat; and adequacy 

components – foods that are sources of nutrients and 

bioactive compounds: fruits and vegetables, leafy vege-

tables, cereals and whole grains, tubers and roots, poul-

try, fish and eggs, legumes, nuts, oils and fats, and dairy 

products. Each food group receives a score according 

to the portion consumed relative to a reference range. 

The final score ranging from 0 to 100: < 40 points is a 

low-quality diet; between 40 and 70 points, intermedi-

ate quality diet; and > 70 points, good quality diet (25).

Eating behavior assessment 
Eating behavior was assessed using self-administered 

questionnaires, applied online through the Google 

Forms® platform. The internal consistency of each 

questionnaire was evaluated using Cronbach’s α and 

McDonald’s ω coefficients. Values ≥ 0.70 were consid-

ered indicative of good internal consistency (26).

•	 Bulimic Investigatory Test Edinburgh (BITE): 

consisting of 33 items divided into two scales 

that assess symptoms and severity of bulimia or 

binge eating. The symptom scale comprises 30 

questions (“yes”/“no”) designed to investigate 

the presence of bulimic symptoms. For items 1, 

13, 21, 23, and 31, one point is assigned for a “no” 

response, whereas all other items are scored for 

“yes”. A total score ≥ 20 may suggest the presence 

of binge eating and bulimia nervosa, while 

intermediate scores between 10 and 19, suggest 

unusual eating behavior without all the diagnostic 

criteria for bulimia or binge eating, but should be 

investigated considering the risk of early stages of 

eating disorders. The severity scale includes three 

questions that assess the intensity and frequency 

of binge eating and purging behaviors. A score 

> 5 are considered significant, and scores ≥ 10 

indicate high severity (27). The Brazilian version 

was translated by Cordás & Hochgraf (1993) (28). 

Cronbach’s α: 0.79 and McDonald´s ω: 0.82.
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•	 Dutch Eating Behaviour Questionnaire (DEBQ): 

comprising 33 questions divided into three 

subscales that address restrained eating (10 

questions), external eating (10 questions), and 

emotional eating (13 questions), subdivided into 

emotional eating in response to diffuse or clearly 

labeled emotions. The questions are answered on 

a 5-point Likert scale, ranging from never, rarely, 

sometimes, often, to very often. The mean score of 

each subscale is calculated. The subscale with the 

highest score represents the predominant eating 

style. The DEBQ was translated and validated for 

the Brazilian population by Moreira and cols. (2017) 

(29). Cronbach’s α: 0.91 and McDonald´s ω: 0.92.

•	 The Three Factor Eating Questionnaire 

(TFEQ-21): composed of 21 questions that assess 

cognitive restraint (6 questions), emotional 

eating (6 questions), and uncontrolled eating 

(9 questions). The response format varies from 

1 to 4 points. Subsequently, the mean score of 

each evaluated eating behavior dimension was 

calculated and converted to a 0–100 scale. The 

higher score in an analyzed dimension indicates 

the predominance of that eating style. It was 

translated and applied to a Brazilian sample by 

Natacci & Ferreira Júnior (2011) (30). Cronbach’s 

α: 0.80 and McDonald’s ω: 0.82.

Statistical analyses and sample size
For statistical analysis, the STATISTICA program 

(StatSoft — South America; São Paulo — Brazil; ver-

sion 7.0 for Windows) was used. The value consid-

ered for statistically significant change was set at α 
< 0.05. The normality of the data was assessed using 

the Shapiro-Wilk test. Parametric variables were ex-

pressed as mean ± standard deviation (mean ± SD), 

and non-parametric variables were expressed as me-

dian values (minimum and maximum). In group com-

parisons, one-way ANOVA tests were applied to BMI, 

symptom subscale (BITE), external and restrained 

eating subscale (DEBQ), cognitive restraint and un-

controlled eating subscale (TFEQ-21), followed by 

the application of the post hoc Tukey test when as-

sessing parametric variables. Non-parametric vari-

ables, including body weight, severity subscale (BITE), 

emotional eating subscale (DEBQ) and emotional 

eating subscale (TFEQ-21), were analyzed using the 

Kruskal-Wallis and Mann-Whitney tests. Association 

analyses were performed using the Generalized 

Linear Model (GzLM), with the SPSS software version 

21.0 (SPSS Inc., Chicago, Illinois, USA), and applying 

the appropriate distribution (gamma or linear) as de-

termined by the Akaike Information Criterion (AIC). 

The p-values were reported along with β coefficients 

and confidence intervals.

For the sample size calculation, the G*Power 

3.0.10 analysis program was used, adopting the mul-

tiple linear regression test. We considered a signifi-

cance level of 5%, a test power of 95%, and an effect 

size of 0.15. The calculated sample size was 74 vol-

unteers. Additionally, to determine the sample size, a 

previous study published with a similar sample to the 

one proposed in the present investigation was consid-

ered (27).

RESULTS
Seventy-seven volunteers of both sexes were evalu-

ated, with the majority being female (77.9%), with a 

mean age of 36 years (±8.7), body weight of 106.2 kg 

(±18.7), height of 1.64 m (±0.08), and a clinical diag-

nosis of class 2 obesity (BMI: 39.14 kg/m² ±5.57). For 

the investigation of our outcomes, the sample was 

divided into three groups based on the tertile of ul-

tra-processed food calorie intake (%), with the first 

tertile consuming less than 24.10% of total calories 

from ultra-processed foods (n = 25); the second tertile 

consuming between 24.10% and 35.40% (n = 26); and 

the third tertile consuming above 35.40% of calories 

from ultra-processed foods (n = 26). Considering the 

variables of body weight and BMI, no differences were 

observed between the evaluated groups. 

The presence and severity of binge eating and 

bulimia symptoms were assessed using the Bulimic 

Investigatory Test Edinburgh (BITE) questionnaire. 

In the sample, 24.7% of the participants presented 

normal eating behavior scores, 51.9% had a medium 

score, suggesting the presence of unusual eating be-

havior, and 23.4% had high scores, indicating binge 

eating with possible presence of bulimia. Regarding 

the severity subscale, 46.8% showed no severity of 
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symptoms, 40.3% had clinically significant symptoms, 

and 13% exhibited a high degree of severity. 

Although the average of the tertile groups did not 

reach the cutoff point that suggests the presence of an 

eating disorder, all groups had scores consistent with 

unusual eating behavior. In the symptoms subscale, it 

was identified that the third tertile group had a higher 

score value when compared to the first tertile group 

(p=0.008). There was no difference between the 

groups based on the severity subscale (Table 1).

When evaluating eating styles associated with 

restrained, external, and emotional eating using the 

Dutch Eating Behaviour Questionnaire (DEBQ), it was 

observed that 37.8% of the sample had higher scores 

for external eating, 36.5% for emotional eating, and 

25.7% for restrained eating. The third tertile group 

showed higher values for emotional and external eat-

ing variables compared to the first tertile group (p = 

0.005; p = 0.004, respectively) and the second tertile 

group (p = 0.0003; p = 0.007, respectively) (Table 1).

Furthermore, when analyzing factors associated 

with emotional eating, cognitive restraint, and uncon-

trolled eating according to the Three Factor Eating 

Questionnaire (TFEQ-21), it was identified that 52% had 

higher scores on the emotional eating subscale, 29.3% 

for cognitive restraint, and 18.7% for uncontrolled eat-

ing. It was observed that the third tertile group showed 

higher scores for emotional eating (first tertile p = 

0.002; second tertile p=0.0009) and uncontrolled eat-

ing (first tertile p = 0.024; second tertile p = 0.048) when 

compared with the other groups (Table 1). For the other 

variables presented in Table 1, no significant differences 

were found between the groups investigated.

In the evaluation according to the Diet Quality 

Index–DQI-DFG, it was observed that the total sam-

ple presented a score intermediate quality diet (43 ± 

10), as well as the first tertile (46.75 ± 8.72) and sec-

ond tertile groups (45 ± 8). However, the third tertile 

group presented low-quality diet classification (37 

± 10), with a significant difference when compared 

to the first and second tertile groups (p = 0.001; p = 

0.003, respectively) (Table 2).

In the analysis of dietary intake, the median caloric 

consumption was 1661 kcal (756.07–4774.40), and 

the distribution according to the NOVA classification 

of 48% (±14) of unprocessed or minimally processed 

foods, 7% (1–33) of processed culinary ingredients, 

11% (±8) of processed foods, and 32% (±15) of ultra-

processed foods (Table 2).

Analyzing dietary intake, there was a difference in 

total caloric consumption between the second and the 

third tertile groups (p = 0.0002). In the evaluation of 

the NOVA classification, the first tertile group showed 

higher consumption of unprocessed and minimally 

Table 1. Presence of binge eating and bulimia symptoms according to BITE, emotional, external, and restrained eating according to DEQB, and 
cognitive restraint, emotional eating, and uncontrolled eating according to TFEQ-21 in adults with obesity based on the tertile of ultra-
processed food consumption

Variables All (n = 77) 1st tertile (n = 25) 2nd tertile (n = 26) 3rd tertile (n = 26)

Bulimic Investigatory Test Edinburgh

Symptom subscale 14.50 ± 6.13 11.88 ± 5.75 14.62 ± 5.76 16.90 ± 6.01A

Severity subscale* 5 (0–22) 5 (0–14) 5 (0–18) 5.50 (0–22)

Dutch Eating Behaviour Questionnaire

Emotional eating* 3.08 (1–5) 2.77 (1–4.69) 2.69 (1.23–4.62) 3.62 (2.46–5)A,B

External eating 3.28 ± 0.71 3.06 ± 0.69 3.10 ± 0.63 3.67 ± 0.66A,B

Restrained eating 2.78 ± 0.52 2.85 ± 0.52 2.90 ± 0.53 2.60 ± 0.46

The Three Factor Eating Questionnaire

Emotional eating (0–100)* 61 (0–100) 56 (0–94) 44.50 (0–83) 75 (39–100)A,B

Cognitive restraint (0–100) 46.30 ± 14.30 48.60 ± 17.20 48.81 ± 11.39 41.90 ± 13.56

Uncontrolled eating (0–100) 46.60 ± 21.70 40.30 ± 21.80 42.38 ± 19.99 56.30 ± 20.26A,B

BITE: Bulimic Investigatory Test Edinburgh; DEBQ: Dutch Eating Behaviour Questionnaire; TFEQ-21: The Three Factor Eating Questionnaire.
AStatistical significance of the1st tertile; BStatistical significance of the 2nd tertile; *Non-parametric data expressed in median (minimum and maximum values); parametric data expressed in mean 
and standard deviation. 
ANOVA with post hoc Tukey test (parametric data); Kruskal-Wallis test (non-parametric data).
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processed foods compared to the second (p = 0.002) 

and the third tertiles (p = 0.0001). There was also a 

difference between the second and the third tertiles  

(p = 0.0001). Additionally, the first and the second ter-

tile groups had a higher proportion of processed culi-

nary ingredients compared to the third tertile group  

(p = 0.0005 and p = 0.0006, respectively) (Table 2).

In the consumption of ultra-processed foods, it is 

possible to observe that the third tertile group had a 

higher contribution of these foods to caloric intake 

compared to the first (p = 0.0001) and the second ter-

tile groups (p = 0.0001). The second tertile group also 

had a higher intake when compared to the first tertile 

group (p = 0.0001) (Table 2).

Considering the assessment of macronutrient in-

take, the average protein intake in the total sample 

was 20% (±4), lipid intake was 32% (±5), and carbohy-

drate intake was 48% (±7). In the analysis separated 

by tertile, it was observed that the third tertile group 

had a lower total protein intake compared to the first 

(p = 0.0001) and the second tertile groups (p = 0.001). 

There was no difference in the average intake of total 

lipids and carbohydrates between the groups (Table 2).

The association analysis reinforces the previous 

findings. It was observed that the consumption of 

ultra-processed foods was positively associated with 

the symptom subscale of binge eating and bulimia (p = 

0.018, β = 0.008, 1.001 – 1.015 95% IC). Additionally, 

a positive association was found between ultra-pro-

cessed food consumption, emotional eating (p = 0.001, 

β = 0.008, 1.003 – 1.014 95% IC) and external eating 

(p = 0.001, β = 0.005, 1.002 – 1.008 95% IC) accord-

ing to the DEBQ; as well as with emotional eating (p 

= 0.008, β = 0.007, 1.002 – 1.013 95% IC) and uncon-

trolled eating (p = 0.006, β = 0.006, 1.002 – 1.010 95% 

IC), as assessed by the TFEQ-21. We also identified 

that the higher consumption of ultra-processed foods 

was associated with lower Diet Quality Index scores  

(p < 0.001, β = -0.008, 0.988 – 0.995 95% IC) (Table 3).

DISCUSSION
The results of this study suggest positive associa-

tion between higher consumption of ultra-processed 

foods and the presence of binge eating and bulimia 

symptoms, as well as higher scores for emotional eat-

ing, external eating, and uncontrolled eating. We also 

find that the group of volunteers with a higher con-

sumption of ultra-processed foods exhibited higher 

scores for unusual eating behavior. 

The high availability and easy access to ultra-

processed foods may contribute to the worsening of 

obesity, not only due to its caloric content but also its 

potential neurobiological and metabolic effects, ex-

acerbating symptoms of eating disorders and unusual 

eating behavior (19). So far, few studies have investi-

gated the possible association between the consump-

tion of ultra-processed foods and eating disorders in 

adults (18,31). In previous investigations, the analysis 

of data from a cohort of French adults identified that 

an increase in the consumption of ultra-processed 

Table 2. Nutritional profile according to the tertile of ultra-processed food consumption in adults with obesity

Variables All (n = 77) 1st tertile (n = 25) 2nd tertile (n = 26) 3rd tertile (n = 26)

DQI-DFG 43.08 ± 10.17 47 ± 9 46 ± 9 37 ± 10A,B

Total caloric intake (kcal)* 1661 (756–4774) 1667 (756–2623) 1432 (1001–2312) 2114 (1139–4774)B

Unprocessed foods (% kcal) 49 ± 14 60 ± 14 52 ± 8A 37 ± 11A,B

Processed culinary ingredients (% kcal)* 7 (1–33) 8 (3–33) 8 (3–17) 4 (1–13)A,B

Processed foods (% kcal) 11 ± 8 14 ± 9 9 ± 5 9 ± 7

ultra-processed foods (% kcal) 32 ± 15 17 ± 7 30 ± 3A 49 ± 11A,B

Protein (%) 20 ± 4 22 ± 4 21 ± 4 17 ± 3A,B

Fat (%) 32 ± 5 32 ± 5 32 ± 5 23 ± 11

Carbohydrate (%) 48 ± 7 47 ± 7 49 ± 8 49 ± 6

DQI-DFG: Diet Quality Index associated with the Digital Food Guide. Cut-off points: < 40 points: low quality diet; 40-70 points: intermediate quality diet; > 70 points: good quality diet; 
AStatistical significance of the1st tertile; BStatistical significance of the 2nd tertile; *Non-parametric data expressed in median (minimum and maximum values); parametric data expressed in mean 
and standard deviation. 
ANOVA with post hoc Tukey test (parametric data); Kruskal-Wallis test (non-parametric data).
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Table 3. Association between the presence and severity of binge eating and bulimia symptoms according to BITE, eating styles according to 
DEQB and TFEQ-21, Diet Quality Index (DQI-DFG) and consumption of ultra-processed foods (%)

 Dependent variable  β Wald Exp (B) (95% CI) p-value

Bulimic Investigatory Test Edinburgh

Symptom subscale 0.008 5.567 1.008 (1.001–1.015) 0.018

Severity subscale 0.009 2.858 1.009 (0.999–1.020) 0.91

Dutch Eating Behaviour Questionnaire

Emotional eating 0.008 10.355 1.008 (1.003–1.014) 0.001

External eating 0.005 11.997 1.005 (1.002–1.008) 0.001

Restrained eating -0.003 6.789 0.997 (0.994–0.999) 0.09

Three-Factor Eating Questionnaire

Emotional Eating 0.007 7.005 1.007 (1.002–1.013) 0.008

Cognitive Restraint -0.002 3.402 0.998 (0.995–1) 0.065

Uncontrolled Eating 0.006 7.627 1.006 (1.002–1.010) 0.006

Diet Quality Index -0.008 22.435 0.992 (0.988–0.995) 0.000002

BITE: Bulimic Investigatory Test Edinburgh; DEBQ: Dutch Eating Behaviour Questionnaire; TFEQ-21: The Three Factor Eating Questionnaire; DQI-DFG: Diet Quality Index associated with the 
Digital Food Guide.
Generalized Linear Model (GzLM). The consumption of ultra-processed foods (%) was used as the independent variable. Statistical significance p ≤ 0.05.

foods was associated with a 21% higher risk of Binge 

Eating Disorder (BED) and 8% of bulimia nervosa 

(BN) (18). 

To our knowledge, there have been no previous 

studies examining the consumption of ultra-processed 

foods and symptoms of binge eating and bulimia in 

a clinical sample of adults with obesity. Our findings 

support the hypothesis that the consumption of ultra-

processed foods may negatively impact the eating be-

havior of individuals with obesity.

We observed a higher prevalence of women in our 

sample, which is consistent with studies showing that 

women are more likely than men to seek clinical and 

surgical treatment for obesity (32,33).

In the investigated sample, 23.4% of volunteers 

presented scores consistent with binge eating symp-

toms with probable presence of bulimia, and unusual 

eating behavior was observed in 51.9% of the individ-

uals assessed. In a systematic review study that evalu-

ated the presence of eating disorders in the general 

population, the prevalence of BED was found to be 

2.3% for women and 0.3% for men, while the preva-

lence of bulimia was 1.5% for women and 0.1% for 

men (34). In individuals with obesity, the prevalence of 

BED can vary from 9.5% to 40.6% (35), corroborating 

our results. 

Our findings are similar to the study by Erden Aki 

and cols. (2022) (36), who evaluated 465 patients 

with obesity who were candidates for bariatric sur-

gery. In their study, 23.6% of the investigated sample 

achieved scores indicative of binge eating, and 57.8% 

presented unusual eating behavior according to the 

BITE instrument. In the analysis of tertile groups, vol-

unteers with a higher consumption of ultra-processed 

foods had higher scores for unusual eating behavior. 

The consumption of palatable foods can impair eating 

control and produce behaviors similar to dependence 

on these foods, due to the high fat and sugar content, 

which leads to excessive consumption and worsening 

obesity (37). 

Non-homeostatic control of food intake, also 

referred to as “hedonic hunger”, is defined as food 

consumption in the absence of physiological hunger 

signals, driven by pleasure, and is accentuated in indi-

viduals with obesity compared to individuals without 

obesity. This behavior is mediated by environmental 

and cognitive factors, such as learning and memory, 

and is influenced by the action of brain’s reward sys-

tems through dopamine release, being activated by 

the intake of palatable foods with high sugar and fat 

content, such as ultra-processed foods (38-41).

Eating behavior patterns of individuals are known 

as eating styles and can be divided into three dimen-

sions: restrained eating, characterized by intentional 

food restriction aimed at body weight control; ex-

ternal eating, when the presence of food can trigger 
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excessive food intake; and emotional eating, in which 

emotional components such as stress, fear, anxiety, 

and even depression can influence food choices and 

preference for palatable foods, especially those with 

high sugar content (42-44).

In our study, it was observed that individuals with 

a higher consumption of ultra-processed foods had 

higher scores for emotional and external eating. In the 

study conducted by Erden Aki and cols. (2022) (36), a 

similar result was observed, in which participants had 

higher average scores for the emotional and external 

eating subscales. Corroborating, a study with 121 par-

ticipants with obesity, Benzerouk and cols. (2020) (45) 

found that participants with binge eating symptoms 

exhibited elevated emotional and external eating, sug-

gesting that individuals with binge eating tendencies 

may use palatable foods to compensate for negative 

feelings or to cope with distress. In addition, in our 

study, it was found that volunteers in the third tertile 

of ultra-processed food consumption scored higher in 

the emotional eating domains than the others; addi-

tionally, in the food disinhibition subscale, individuals 

in the third tertile scored higher than those in the first 

and second tertiles.

Aymes and cols. (2022) (46) evaluated 2,237 pa-

tients with obesity and 403 participants without 

obesity. Through the application of the TFEQ-21, it 

was identified that all three scores of eating behavior 

were higher in individuals with obesity compared to 

the control group. Additionally, the authors observed 

that dimensions of food disinhibition and emotional 

eating were associated with obesogenic eating habits, 

such as eating at night or in front of the television or 

stopping eating due to gastric fullness compared to a 

feeling of satiation. Moreover, in the study by Jeffers 

and cols. (2019) (47), the presence of a negative effect, 

such as emotional eating, increased susceptibility to 

hunger, and eating disinhibition, was associated with 

a higher likelihood of consuming foods high in sugar. 

Improvement in emotional eating behavior may con-

tribute to the body weight loss process (48). 

Considering the assessment of dietary intake, the 

average caloric contribution of unprocessed and mini-

mally processed foods in the total sample was 49% ± 

14, and for ultra-processed foods, it was 32% ± 15. 

Although the consumption of unprocessed foods is 

similar to that of the Brazilian population (53.25%), 

the intake of calories from ultra-processed foods ex-

ceeds the population’s consumption (19.69%) (49). 

In an analysis of a community sample from Rio de 

Janeiro, Brazil, the consumption of hyperpalatable 

foods by volunteers with BED was 63%, and for BN, it 

was 44% (50). In individuals with obesity, Lopes Pinto 

and cols. (2019) (51) identified that the consumption 

of ultra-processed foods was 27.2%, while unpro-

cessed and minimally processed foods accounted for 

55.7% of daily calory intake.

The high consumption of ultra-processed foods is 

related with a low-quality diet, characterized by high 

intake of total and saturated fats, low intake of pro-

teins, fibers, and micronutrients such as magnesium, 

potassium, zinc, and vitamins C, D, B12, and niacin (52). 

In an analysis of data from the Inquérito Nacional de 

Alimentação (INA — National Food Survey) 2017–2018 

(53), the recommended fruits and vegetables con-

sumption (≥ 400g/day) was observed in only 12.9% of 

respondents. In accordance with previous studies, our 

research found an association between the consump-

tion of ultra-processed foods and low diet quality. 

In the assessment of dietary macronutrient in-

take considering the NOVA classification system, 

volunteers with a higher consumption of ultra-pro-

cessed foods showed a lower intake of unprocessed 

and minimally processed foods in their diet. They 

also had a lower total protein intake. Corroborating 

our findings, in the study by Martini and cols. (2021) 

(52), the consumption of ultra-processed foods was 

inversely correlated with the total protein intake 

in the highest tertile. For each one point increase 

in the energy contribution from ultra-processed 

foods, a reduction of 0.07% in total protein intake 

was observed. A similar result was identified in the 

study by Bielemann and cols. (2015) (54), in which 

there was a tendency to reduce daily protein intake 

with increasing consumption of ultra-processed 

foods. In a clinical trial in which volunteers were 

subjected to both an ultra-processed and an un-

processed diet, an increase in carbohydrate and 

lipid intake from ultra-processed foods was ob-

served, but not in protein intake. There was a slight 
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decrease in protein intake compared to the unpro-

cessed diet (55).

Reinforcing our findings, data from the Pesquisa de 

Orçamentos Familiares (POF – Consumer Expenditure 

Survey) 2008–2009 (56) indicate an inverse corre-

lation between the acquisition and consumption of 

vegetables and of ultra-processed foods, demonstrat-

ing the ability of ultra-processed foods to replace the 

intake of healthier foods. The consumption of fruits 

and vegetables can reduce the risk of diseases, such as 

cardiovascular disease, coronary heart disease, stroke, 

cancer, and all-cause mortality due to the presence 

of fiber, micronutrients, e.g., vitamins and minerals, 

and bioactive compounds, such as polyphenols (57). 

The consumption of these foods also impacts mental 

health, reducing the risk of psychological distress and 

depression (58). Reinforcing the benefits of consuming 

whole foods for health, the World Health Organization 

(WHO) (59) recommends a daily intake of ≥ 400g or 

five servings of fruits and vegetables per day.

We recognize that this study has certain limita-

tions. Although our findings suggest a possible asso-

ciation between ultra-processed food consumption 

and eating disorder symptoms, reinforcing previous 

research, the cross-sectional design and the use of 

a clinical sample from a single urban center limit the 

extrapolation of the results to the general population. 

Future longitudinal studies involving more diverse 

samples could strengthen these results. 

In the dietary intake analysis, the use of the mean 

of 24-hour dietary recalls, although widely used, may 

be considered a limitation, as it does not completely 

eliminate intra-individual variability and may under-

estimate or overestimate actual food intake, espe-

cially among individuals with obesity. Furthermore, 

the use of self-reported data, both in eating behavior 

questionnaires and the dietary recalls, may not accu-

rately reflect reality due to potential biases such as 

social desirability and volunteers’ memory recall. 

However, the questionnaires demonstrated good 

internal reliability and the application of the instru-

ments was conducted with the aim of minimizing this 

effect. Additionally, the instrument was not validated 

for the NOVA classification system, requiring re-

searcher’s to accurately perform the classification.

In conclusion, based on our findings, more than 

half of the individuals with obesity presented unusual 

eating behavior, with the group of volunteers show-

ing higher consumption of ultra-processed foods also 

displaying higher scores for unusual eating behavior, 

emotional eating, external eating, and uncontrolled 

eating. Regarding dietary intake, these volunteers had 

low-quality diet and lower total protein intake. 

Therefore, we suggest that the treatment of in-

dividuals with obesity should consider diet quality 

along with the eating behavior dimensions that may 

reinforce unhealthy food choices. In this context, it 

is essential to encourage the consumption of unpro-

cessed and minimally processed foods and to reduce 

the intake of ultra-processed foods, in addition to es-

tablishing public policies that promote healthier food 

systems and access to adequate nutrition. These poli-

cies should include incentives for the production and 

distribution of healthy foods, the regulation of ultra-

processed food advertising, and clear nutritional la-

beling, which may support healthier food choices.
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ABSTRACT
Objective: This study aimed to evaluate extracellular vesicles (EVs) in a group of carriers of familial hypercholesterolemia 

(FH)-related genetic variants compared to those in family members without FH. Subjects and methods: Annexin V-positive EVs 

(PS+-EVs), cardiomyocyte-derived EVs (CardioEVs), endothelial cell-derived EVs (EEVs), platelet-derived EVs (PEVs) and tissue 

factor-expressing EVs (TFEVs) were evaluated to compare individuals with FH and genetic variants (n = 16) and non-FH patients 

without genetic variants (n = 16). Results: Increased numbers of PS+-EVs, CardioEVs, EEVs and TFEVs were observed in the group 

c arrying genetic variants. Furthermore, patients with FH who did not use statins had higher counts of these same EVs than non-

FH patients who did not use statins. These EVs were significantly correlated with low-density lipoprotein cholesterol (LDL-c) 

levels. Conclusion: The data suggest that EVs are related to FH and that their cellular origins could be related to cardiovascular 

complications commonly observed in this disease.

Keywords: Familial hypercholesterolemia; genetic variants; extracellular vesicles; cardiovascular disease

INTRODUCTION
Familial hypercholesterolemia (FH) is an autosomal 

dominant disease characterized by the presence of 

variants in genes related to the metabolism of low-

density lipoprotein cholesterol (LDL-c). Chronic eleva-

tion of LDL-c levels predisposes patients to the risk of 

premature cardiovascular disease development (1-3). 

FH can be caused by variants located mainly in the 

genes encoding the low-density lipoprotein recep-

tor (LDLR), apolipoprotein B (APOB) and proprotein 

convertase subtilisin/kexin type 9 (PCSK9), with more 

than 2,900 genetic alterations associated with the dis-

ease (4). FH can present multiple phenotypes because 

of different molecular etiologies and additional genet-

ic factors (5), but the risk of coronary artery disease 

(CAD) is greater among carriers of pathogenic vari-

ants of FH (6).

The pathophysiology of atherosclerosis begins 

with endothelial injury, which is mediated by a cascade 

of intra- and intercellular signaling events that shape 

cellular behavior within vessels and the inflammatory 

response (7). The main complication resulting from 

this process is acute coronary syndrome, which is ob-

served more frequently in patients with FH, including 

young people (8). Thus, identifying plasma markers 

related to the atherosclerotic process, endothelial in-

jury, and cardiac dysfunction that can identify these 

outcomes early in patients with FH is highly desirable.

Extracellular vesicles (EVs) 0.1–1.0 µm in diameter, 

also known as microparticles (MPs), originate from cell 
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membranes in response to cell activation or apoptosis. 

Cells may be activated in response to diverse stress 

stimuli, leading to the initiation of apoptosis or alter-

native cellular pathways. Such activation represents 

a critical step for subsequent functional outcomes, in-

cluding differentiation, proliferation, and programmed 

cell death. Unlike EVs, exosomes have endosomal 

origins and are vesicular bodies with membranes com-

posed of a lipid bilayer (30–150 nm in diameter) and 

are released through the plasma membrane. The initial 

step of EV formation consists of membrane remodel-

ing via bubble formation and an increase in intracellu-

lar calcium levels, resulting in a rearrangement of the 

phospholipid layer and the exposure of phosphatidyl-

serine. Concomitant with the loss of membrane asym-

metry, calcium-sensitive enzymes are activated and 

promote the cleavage of cytoskeletal filaments, leading 

to the formation of membrane blebs and the release of 

EVs (9,10). EVs arise from various cell types and can be 

released under the influence of cytokines, thrombin, 

endotoxins or physical stimuli, as well as shear stress 

or hypoxia (11). Moreover, EVs carry markers on their 

surfaces that enable identification of the cell of origin.

This study aimed to evaluate PS+-EVs and EVs re-

lated to cardiovascular diseases — EVs from cardio-

myocytes, endothelium, platelets and EVs that express 

tissue factor (TF) — in individuals carrying FH-related 

genetic variants and to compare them with those in a 

control group.

SUBJECTS AND METHODS
Study population
In this study, 32 individuals were included — 16 FH 

patients and 16 controls — assisted by the Itinerant 

Hipercol Brazil program of Instituto do Coração 

(InCor), Brazil (12). This program aims to investigate 

the presence of genetic variants in populations with a 

high prevalence of dyslipidemia, according to informa-

tion collected by local medical assistance, with an ac-

tive search for index cases (ICs) based on medical re-

cords and cholesterol tests conducted in laboratories 

for the clinical analysis of local health units.

Individuals in the case group were diagnosed ac-

cording to the clinical criteria of the Dutch Lipid Clinic 

Network (DLCN) (13). Individuals with scores of > 8 

points were diagnosed as definitive FH, those with 

6–8 points were diagnosed as probable FH, and those 

with 3–5 points were diagnosed as possible FH. Those 

with scores < 3 were considered to have no FH (FH-

absent). All ICs presented LDL-c levels ≥ 210 mg/dL 

(adults) or ≥ 190 mg/dL (patient age: < 18 years). First- 

and second-degree relatives without genetic variants 

in the evaluated genes, who did not meet the DLCN 

criteria and whose lifestyle and diet were the same 

as their affected relatives, were included as controls 

(Figure 1). Individuals with hepatic or hematological 

diseases, descompensated diabetes mellitus (HbA1c 

> 7.0%), obesity (BMI > 30 kg/m² for adults and BMI 

Z score > +2 for children), inflammatory and thyroid 

diseases, and triglyceride levels > 400 mg/dL and who 

were HIV carriers were excluded from both groups.

Genetic characterization was performed as de-

scribed in our previous study (14), with the LDLR 

(Gene ID: 3949), APOB (Gene ID: 338), PCSK9 (Gene 

ID: 255738), LDLRAP1 (Gene ID: 26119), LIPA (Gene 

ID: 3988), STAP1 (Gene ID: 26228), APOE (Gene ID: 

348), ABCG5 (Gene ID: 64240) and ABCG8 (Gene ID: 

64241) genes sequenced by performing next-gen-

eration sequencing (NGS) of samples from ICs. The 

samples of individuals for whom no variants were 

observed through NGS analysis were also subjected 

to the multiplex ligation probe amplification (MLPA) 

technique to track copy number variants (CNVs) in 

the LDLR gene. DNA sequencing of family members 

was performed using the Sanger sequencing method 

after the patient’s genetic variant was characterized. 

Thus, those carrying genetic variants in at least one 

of the investigated genes were considered to have FH 

and included in the case group.

Ethical aspects
The present study was approved by the Research 

Ethics Committee of the UFMG (COEP-UFMG) 

(CAAE-76387417.6.0000.5149) and by the 

Ethics Committee of the University of São Paulo 

(CAAPesqprotocolo100594212.0.1001.0068) and 

was conducted in accordance with the ethical guide-

lines of the 1975 Declaration of Helsinki. All par-

ticipants or their legally acceptable representatives 

signed written informed consent forms.
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Sample collection and processing
Blood samples (5.0 mL) were collected through veni-

puncture in sodium citrate (3.2%) tubes in a vacuum 

system with a maximum tourniquet time of 1 min. 

Prior to blood collection, patients fasted for 8–12 h. 

Platelet-poor plasma (PPP) was prepared as follows: 

1) the sample was centrifuged at 3,500 rpm for 15 min; 

2) the upper 2/3 of the supernatant was transferred to 

a new tube, and centrifugation was again carried out 

at 3,500 rpm for 15 min; and 3) only the upper two-

thirds of the supernatant were distributed in 500 μL 

aliquots in polypropylene tubes and stored at -80 °C 

until the EV assays were conducted.

Quantification and characterization of 
extracellular vesicles

EV analysis was performed through flow cytom-

etry as previously described (15). The antibodies and 

fluorochromes used in this panel were anti-caveolin-

3-Alexa Fluor 647 (cardiomyocytes), anti-CD41a-PE-

Cy7 (platelets), and anti-CD142-PE (tissue factor). 

Annexin V-eFluor450 was used to label EVs that ex-

pressed phosphatidylserine (PS) on their surfaces 

(PS+-EVs). The results of the phenotyping panel are 

summarized in Table S1 (Supplementary data).

Prior to the EV quantification assay, an EV-rich sus-

pension was obtained. The PPP was thawed at  

37 °C and centrifuged at 1,300 rpm for 5 min to ob-

tain platelet-free plasma (PFP). Afterward, the su-

pernatant was aspirated and diluted (1:3) in citrate 

phosphate-buffered saline (PBS) containing heparin  

(1 μg/mL). This solution was then centrifuged at 15,000 

rpm for 90 min at 15 °C (at low deceleration). The re-

sultant EV pellet was then resuspended in 100 µL of 

10× annexin V binding buffer® (Thermo Fisher Scientific, 

San Diego, USA) to produce an EV-rich suspension.

Figure 1. Selection of individuals with Familial Hypercholesterolemia (FH). 

From the Itinerant Hipercol Brazil program, three index cases (ICs) were selected based on Dutch criteria and were sequenced in nine genes 
related to FH by NGS or MLPA. After the genetic variant detected in ICs (Asp224Asn and Cys34Arg in LDLR gene, Pro28Leu in APOE gene), 
1st and 2nd degree relatives were included, in a total 29 individuals were sequenced by the Sanger technique to search the variant detected in 
ICs. 13 individuals carrying the genetic variants (12 in LDLR gene Asp224Asn and one in APOE gene Pro28Leu) and three IC formed the case 
group; 16 individuals not carrying the genetic variants formed the control group.
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A “fluorescence minus one” control, which is a 

sample without the labeling of a particular antibody-

fluorochrome, was used before the analysis. The 

labeling and analysis process was designed for mul-

tiparametric analysis in a single tube. Aliquots of 

100 µL of EV-rich suspension were transferred to 

polypropylene bottles. The antibody-fluorochromes 

were subsequently added in the following order:  

2.5 µL of Annexin V-eFluor450, 2.0 µL of anti-caveo-

lin-3-AlexaFluor647, 1.0 µL of CD41a-PE-Cy7, and  

2.0 µL of CD142-PE. A 30-min incubation (at room 

temperature) step was performed after each addition 

of the antibody-fluorochrome, followed by a wash step 

with PBS-saline, and centrifugation (1,500 rpm for 20 

min at 4 °C) was carried out to separate and discard 

the supernatant. The resuspension was performed 

with 10× annexin V binding buffer. These critical steps 

were performed in the dark as much as possible. Three 

aliquots were used as internal controls: an aliquot 

containing only the buffer and lacking antibody-fluo-

rochromes and EVs, a second aliquot containing the 

buffer and Annexin V-eFluor450 and lacking EVs, and 

a third aliquot containing the buffer and EVs and lack-

ing Annexin V-eFluor450.

EVs were detected in a CytoflexS® (Beckman 

Coulter Inc., Brea, USA) and gated on the basis of their 

forward (FSC) and side (SSC) scatter distributions of 

calibration microbeads (Flow Cytometry Submicron 

Particle Size Reference Kit®, Thermo Fisher Scientific), 

which provide six sizes of green-fluorescent beads: 

0.1 μm, 0.2 μm, 0.5 μm, 1.0 μm and 2.0 μm in diameter. 

The sample flow rate was 30 μL/min, and the cytome-

ter was programmed to operate at a high flow rate for 

60 s for each sample (50,000 events). The CytoflexS® 

has a volumetric sample injection system that allows 

absolute particle counting. Analysis was performed 

using FlowJo®  software (Tree Star). The gating strat-

egy applied is shown in Figure 2.	

Figure 2. Representative strategies for the Immunophenotyping of Extracellular vesicles (EVs) by flow cytometry. 

(A) One-dimensional granularity histograms (violet SSC-A) were constructed for the selection of gigamix beads ranging from 100 to 900 nm. 
Merging one-dimensional Gigamix and MP histograms allow the selection of EVs from 100 to 900 nm (R1). (B) Two-dimensional plot of FITC-
Annexin V vs. granularity (SSC-H-Violet) with EVs (100 and 900 nm) selected the positivity region for FITC-Annexin V. (C) Histograms are 
used for the quantification of the percentage of phenotype-specific EVs in the samples.
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LDL-c and lipoprotein(a) (Lp(a)) quantification
The LDL-c values, obtained from medical records, 

were evaluated under individual baseline conditions, 

that is, without treatment. However, in FH patients re-

ceiving lipid-lowering treatment (13 patients from the 

case group), baseline LDL-c was estimated using con-

version factors reported in the literature according to 

Foody and cols. (16) and Ballantyne and cols. (17).

Serum Lp(a) was quantified using the Atellica 

CH® diagnostic kit, which is based on the turbidim-

etry method, and an Atellica Siemens Healthineers® 

analyzer.

Statistical analysis
To calculate the sample size, we considered a type I er-

ror (α) of 0.05 and a type II error (β) of 0.20 (80% power). 

On the basis of a pilot analysis, we adopted a standard-

ized effect magnitude of 0.8, considering the number of 

PS+-EVs as the main variable. On this basis, 15 patients 

were required in each group. Statistical analysis was 

performed using the R Platform version 4.2.2 program. 

Qualitative variables are described as absolute and rel-

ative frequencies of their categories, and quantitative 

variables are described as measures of central tenden-

cy (medians and interquartile ranges (IQRs), or means ± 

standard deviations). The normality test applied was the 

Shapiro–Wilk test. The association between qualitative 

variables was tested using the chi-square test, with p 

values calculated via Monte Carlo simulation when nec-

essary. Comparisons of the central tendency of quanti-

tative variables between groups were performed using 

Student’s t test or the Mann–Whitney test for the two 

groups. Correlation analysis was performed using the 

Spearman test. The significance level adopted was 5%, 

with a statistical power of 95%.

RESULTS
The case group consisted of 14 individuals carrying ge-

netic variants in the LDLR gene (13 with Asp224Asn, a 

pathogenic variant; and one with Cys34Arg, a probable 

pathogenic variant) and two individuals with genetic 

variants in the APOE gene (both carrying Pro28Leu, a 

variant with uncertain significance) (14). The other 16 

relatives were not carriers of these genetic variants 

and were classified into the control group.

Carriers of genetic variants presented with a cor-

neal arch (12%), xanthoma or xanthelasma (23%), 

and these characteristics were not observed in non-

carriers. Age, Lp(a) level, sex, frequency of diabetes 

mellitus, systemic arterial hypertension, history of 

cardiovascular disease and smoking status did not 

significantly differ between the groups (p > 0.05 for 

all). However, body mass index (BMI) was higher in the 

group carrying genetic variants, and LDL-c levels, as 

expected, were also higher in this group, as the LDL-c 

level is a diagnostic criterion for FH (p = 0.025 and  

p < 0.001, respectively). The clinical and demographic 

characteristics of the case and control groups are 

summarized in Table 1.

Patients with FH who carried genetic variants 

had higher counts of PS+-EVs (p = 0.040; Figure 3A), 

CardioEVs (p = 0.010; Figure 3B), EEVs (p = 0.010; 

Figure 3C) and TFEVs (p = 0.010; Figure 3D) than fam-

ily members without FH and noncarriers did, regard-

less of age or sex. No significant difference in the num-

ber of PEVs was detected between the groups (p = 

0.060; Figure 3E).

Table 1. Clinical and demographic characterization of carrier and 
non-carrier groups of genetic variants related to familial 
hypercholesterolemia

Variables Non-carriers
(n = 16)

Carriers
(n = 16) P value

LDL-c (mmol/L) 3.6 ± 0.9 7.6 ± 2.1 <0.001*

Lp(a) (mmol/L) 0.3 (0.2-0.57) 0.5 (0.2-1.24) 0.216

Age (years) 31.9 ± 21.7 43.6 ± 12.2 0.064

Gender (%)
   Male
   Female 

20
80

24
76

0.810

BMI (kg/m²) 21.7 ± 5.5 26.3± 5.2 0.025*

Corneal arch (%) 0 12 –

Xanthomas/Xanthelasma (%)   0 23 –

CVD history (%) 6.7 5.9 0.927

Diabetes mellitus (%) 0 0 1.000

Hypertension (%)      13.3 23.5 0.659

Smoking (%)
   Non-smokers
   Ex-smokers#
   Smokers

100
0
0

88.2
5.9
5.9

0.390

Continuous variables expressed as median (interquartile range – 25th-75th) or mean ± 
standard deviation, categorical variables expressed as frequency. Data not normally 
distributed were compared by Mann–Whitney U test. Data normally distributed were 
compared by Student T-test.
BMI: Body Mass Index; CVD: cardiovascular disease.
*Significant p < 0.05. #Up to 1 year before collection.
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Age was not correlated with EV counts. In contrast, 

BMI was weakly correlated with CardioEV counts  

(p = 0.352, p = 0.048). A significant and positive corre-

lation was observed between LDL-c levels and counts 

of PS+-EVs (p = 0.500; p = 0.004), CardioEVs (p = 0.509; 

p = 0.030), EEVs (p = 0.618; p < 0.001) and TFEVs  

(p = 0.623; p < 0.001) in both groups. No correlation 

was observed between the PEV count and LDL-c level 

(p = -0.326; p = 0.068). Interestingly, the PS+-EV count 

was also significantly correlated with Lp(a) levels  

(p = 0.360; p = 0.043).

Higher counts of total PS+-EVs were observed 

in the group of individuals with FH who did not use 

statins than in individuals without FH and who did not 

use these drugs (p = 0.020) (Figure 4A). Similarly, high-

er CardioEV and TFEV counts were observed in the 

group of individuals with FH than in the group of indi-

viduals without FH, both of whom did not use statins  

(p = 0.020 for both) (Figures 4B and 4C). Individuals with 

FH had higher EEV counts than individuals without FH 

did; neither group used statins (p < 0.001) (Figure 4D). 

Additionally, in the group of variant carriers with FH, 

EVs: extracellular vesicles; PS+-EVs: EVs marked with AnnexinV-eFluor450; CardioEVs: EVs derived from cardiomyocytes; EEVs: EVs derived from endothelial cells; TFEVs: EVs that express tissue 
factor in surface; PEVs: EVs derived from platelets. Data not normally distributed were expressed as median (25th-75th) and compared by Mann–Whitney U test. *Significant p < 0.05.

Figure 3. Comparison of extracellular vesicles count (EVs/µL) between carriers and non-carriers of genetic variants related to Familial 
Hypercholesterolemia. A) PS+-EVs, B) CardioEVs, C) EEVs, D) TFEVs, E) PEVs.
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individuals who were not using statins had higher EEV 

counts than those who were using this drug did (p = 

0.010) (Figure 4D). PEV counts did not significantly dif-

fer between carriers of genetic variants with FH and 

noncarriers because of the use of statins (p > 0.050 for 

all comparisons; data not shown).

DISCUSSION
In this study, 32 individuals were evaluated, 16 of 

whom were carriers of genetic variants related to 

FH, and 16 of whom were 1st- and 2nd-degree fam-

ily members who were not carriers of the variants 

found in family clusters. Higher numbers of PS+-EVs, 

CardioEVs, EEVs and TFEVs were observed in the 

group with FH than in the group without FH. In addi-

tion, higher counts were observed among individuals 

with FH who did not use statins, which suggests that 

these drugs may play a regulatory role in the release 

of EVs, either by directly reducing cell activation or 

injury or by reducing LDL-c levels. In fact, EV counts 

were positively correlated with LDL-c levels. It is also 

important to emphasize the correlation of PS+-EVs 

with Lp(a), a marker that is related to FH (18).

Hypercholesterolemia is related to increased oxi-

dative stress. This oxidative stress predisposes indi-

viduals to increased accumulation of oxidized LDL 

cholesterol (oxLDL-C), which interacts with the CD36 

receptor. Nielsen and cols. (19) reported that elevated 

oxLDL-C levels induce proinflammatory monocytes 

and increase the release of monocyte-derived EVs 

in subjects with heterozygous FH, particularly in the 

presence of Achilles tendon xanthomas (ATX). The 

same group reported that total microvesicles (MVs) 

and monocyte-, endothelial-, erythrocyte-, and tissue 

factor-positive cell-derived MVs were significantly 

greater in FH patients than in controls. In addition, 

counts of CD36+ MVs derived from endothelial cells 

and monocytes were significantly higher in FH patients, 

and oxLDL-C levels predicted all the investigated cell-

specific CD36+ MVs in FH patients with ATX (20).

Chen and cols. (21) analyzed the role of PS+-EVs in 

the atherosclerotic process and suggested that they 

Figure 4. Comparison of extracellular vesicles count (EVs/µL) between carriers and non-carriers of genetic variants according to statin use.  
A) PS+-EVs: EVs marked with AnnexinV-eFluor450; B) CardioEVs: EVs derived from cardiomyocytes; C) TFEVs: EVs that express tissue factor 
in surface; D) EEVs: EVs derived from endothelial cells. *Significant p < 0.05. 
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may induce endothelial dysfunction, vascular inflam-

mation, coagulation, thrombosis, and calcification 

through their protein components and noncoding 

RNAs, which may promote atherosclerosis. EVs may 

represent important pathways of intercellular com-

munication and act as messengers, accelerating the 

atherosclerosis process, and may become diagnostic 

biomarkers in the treatment of atherosclerotic dis-

ease. In fact, a greater number of EVs with reduced ex-

pression of microRNAs, related to protective factors, 

was demonstrated in human coronary artery smooth 

muscle cells from patients with FH than in those from 

control individuals (22).

When EVs were characterized according to cell 

origin, we observed that the number of CardioEVs was 

significantly greater in the FH group than in the non-

FH group. To the best of our knowledge, this is the first 

study to evaluate the relationship between CardioEVs 

and FH. Although cardiomyocytes are not considered 

typical secretory cells, their EVs can be released be-

cause of cellular activation, hypoxia, apoptosis, injury 

and inflammation, conditions that cooccur with coro-

nary artery disease early in individuals with FH (23,24). 

A recent study from our group revealed that the num-

ber of cardiomyocyte-derived EVs was relatively great-

er in patients with breast cancer who developed car-

diotoxicity secondary to doxorubicin chemotherapy. A 

positive correlation with serum NT-proBNP levels was 

also found, which suggests that CardioEVs are involved 

in the pathophysiology of cardiac cell injury (25).

EEV counts were higher in the group of individu-

als with FH than in individuals without FH. In addi-

tion, in individuals with FH, the number of nonusers 

of statins was greater than that in individuals with FH 

and those using statins, corroborating the hypothesis 

that statins reduce endothelial damage and, conse-

quently, the release of EEVs. EVs originating from 

endothelial cells are suggestive of vascular patholo-

gies, as they are cellular responses to an activated, 

compromised and damaged endothelium. Therefore, 

EEVs are a predictive marker of vascular health (26). 

Studies have shown a significant increase in the num-

ber of circulating EEVs in association with coronary 

artery disease, suggesting that this elevation is not 

only related to coronary endothelial dysfunction but 

is also associated with an increased risk of major car-

diovascular events (27,28). Interestingly, EEVs can 

also promote cell survival, exert anti-inflammatory 

effects, counteract coagulation processes, or induce 

endothelial regeneration (29).

The number of EVs carrying cellular markers of 

different circulating cellular origins (platelets, endo-

thelial cells, and leukocytes) was significantly lower in 

hypercholesterolemic patients on statin-based lipid-

lowering therapy than in untreated hypercholesterol-

emic patients, in addition to a reduction in the number 

of platelets, activated inflammatory cells and tissue 

factor (30). Furthermore, the effect of lipid-lowering 

therapy on EV clearance is cumulative over time, and 

patients receiving statin treatment had significantly 

lower numbers of EVs carrying activated cell markers, 

indicating that statins protect against cell activation-

related vascular disorders (30). Another study com-

paring two groups, one in which atorvastatin 10 mg 

was used and the other in which atorvastatin 40 mg 

was used, revealed a reduction in the number of cir-

culating EEVs and an increase in the number of circu-

lating endothelial cell progenitor cells in patients with 

ischemic cardiomyopathy compared with those in the 

group in which atorvastatin 10 mg was used. The ef-

fect was independent of the decrease in lipids, LDLox 

and ultrasensitive C-reactive protein (us-CRP) (31), in-

dicating that the benefit of statin treatment in FH pa-

tients goes beyond its effect on lowering LDL-c levels.

 In the analysis of EVs that express tissue factor 

(TFEVs), higher counts were observed in individuals 

with FH who carry genetic variants. Tissue factor is 

highly expressed in atherosclerotic plaques, and it is 

upregulated by LDLox (32). By analyzing TFEVs in re-

lation to lipid-lowering treatment with statins in an 

animal model, a study was conducted to assess wheth-

er simvastatin can inhibit tissue factor production in 

monocytes from hypercholesterolemic animals, con-

sidering that hypercholesterolemia can produce a 

procoagulant state. Simvastatin treatment reduced 

LDLox levels and, consequently, decreased monocyte 

tissue factor expression and TFEV activity, reducing 

the prothrombotic state (33).

Cardiomyocytes and cardiac fibroblasts consti-

tutively express high levels of TF. Beyond its role in 
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maintaining systemic hemostatic balance, TF is es-

sential for cardiac hemostasis and acts as a protective 

barrier against intracardiac bleeding and hemorrhage. 

Experimental models with reduced TF expression have 

increased mortality, likely because extensive fibrosis 

predisposes patients to malignant arrhythmias and 

sudden death. Furthermore, TF expression and activ-

ity are markedly elevated in the myocardium follow-

ing ischemia–reperfusion injury (34). These findings 

corroborate our results, in which TFEV and CardioEV 

counts were both increased in the FH group, suggest-

ing a physiological relationship.

In the evaluation of PEVs, no significant difference 

was observed between the groups regarding the pres-

ence of FH/genetic variants. Platelets play a central 

role in primary hemostasis because of aggregation 

and secondary hemostasis because of their procoagu-

lant properties (35). The FH patients in our study were 

young (mean age of 43.6 years) and possibly had incip-

ient thrombus in atheromatous plaques, a condition 

observed in patients with more advanced processes.

This study has several limitations, mainly the lim-

ited sample size. In addition, genetic variants in other 

uninvestigated genes related to LDL metabolism may 

be present in family members classified as noncarriers. 

Moreover, characterization using other atheroscle-

rotic biomarkers, such as pulse wave velocity, carotid 

and femoral plaques, and coronary artery calcifica-

tion, is lacking. Considering that BMI was correlated 

with CardioEVs, other studies should investigate the 

mechanism related to these variables. Therefore, only 

1st- and 2nd-degree relatives were included as controls, 

which may lead to the underestimation of differences 

and limit generalizability.

Statin use by FH patients also affects the expres-

sion of molecules on EVs, in addition to their produc-

tion. Mobarrez and cols. (36) reported that atorvas-

tatin reduces thrombin generation and the expression 

of TF, glycoprotein IIIa and P-selectin on PEVs in pa-

tients with peripheral vascular disease. In agreement 

with these findings, Tehrani and cols. (37) reported 

reduced expression of glycoprotein IIIa, P-selectin 

and TF on PEVs in patients with type 1 diabetes mel-

litus and dyslipidemia. Finally, Almquist and cols. (38) 

reported that simvastatin reduced the expression 

of P-selectin, TF and CD40L on PEVs and of TF on 

monocyte-derived EVs in patients with diabetes mel-

litus and chronic kidney disease. Consequently, future 

studies including FH patients before statin treatment 

should be conducted to evaluate the effect of genetic 

variants related to FH on EV count.

In conclusion, EVs have increasingly been recog-

nized as promising candidates for both diagnostic 

and therapeutic applications. Beyond their potential 

utility as biomarkers of pathological processes and as 

vehicles for targeted interventions, EVs may further 

contribute to elucidating the impact of diverse con-

founding variables on disease mechanisms and clinical 

outcomes in FH patients. Our findings suggest that EVs 

are related to FH, since the counts of PS+-EVs, cardio-

EVs, EEVs, and TFEVs, which are involved in the ath-

erosclerosis process, were greater in individuals with 

FH and may be related to cardiovascular outcomes in 

these patients. However, considering the limitations 

of our study, we consider that these preliminary re-

sults should be validated in a large population with 

different lifestyles and genetic characteristics.
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ABSTRACT
Objective: This study aims to evaluate the correlation between parathyroid hormone measured by a second-generation assay 

(PTHG2) and by a third-generation assay (PTHG3), and their association with mineral and bone disorder (MBD) biochemical pa-

rameters and radiographic vascular calcification score in kidney transplant recipients (KTRs). Materials and methods: We evalu-

ated 87 KTRs and measured PTHG2, PTHG3, biochemical profile, urinary fractional excretion of calcium (FE Ca) and phosphate, 

25(OH)D
3
, and Kauppila score for vascular calcification. Statistical analysis: Non-parametric tests and logistic regression analy-

sis were performed. The significance level was set to 5%. Results: In our population, the mean age was 54 years, the mean time 

after transplantation was 9.4 years (± 7.6), and the mean estimated glomerular filtration rate (GFR, calculated using the Chronic 

Kidney Disease Epidemiology Collaboration equation — CKD-EPI) was 59.1 mL/min/1.73 m2. The correlation between PTHG2 

and PTHG3 was almost perfect (r = 0.99; 95% CI = 0.98-0.99) and there was no significant difference between the PTHG2/

PTHG3 ratio from different KTR-CKD stages. Investigating the association among PTH and the MBD biochemical profile, there 

was only correlation between PTH and FE Ca (p-value 0.01). Conclusion: We concluded that there is no advantage in PTHG3 

dosage over PTHG2 measurement in this population.

Keywords: Kidney transplantation; parathyroid hormone; vascular calcification; chronic kidney disease-mineral and bone disorder

INTRODUCTION
Chronic kidney disease (CKD) is a condition of high 

morbidity and mortality. Its prevalence reached 

about 9.1% of the world population and more than 2.5 

million people were on renal replacement therapy in 

2017 (1). In this context, mineral and bone disorders 

(MBD) stand out among the factors that increase CKD 

morbidity (2).

Kidney transplant is the best choice for treatment 

of end-stage CKD, as it promotes higher quality and 

life expectancy (3). However, mineral and bone disease 

may remain after renal transplantation, either due to 

persistent hyperparathyroidism, chronic use of corti-

costeroids, or progressive renal graft dysfunction (4).

From the earliest stages of CKD, there is a reduc-

tion in urinary phosphorus excretion. As compensa-

tion, there is an increase in phosphaturic mechanisms, 

represented by FGF-23 and parathyroid hormone 
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(PTH). PTH 1-84 is an 84 amino acid polypeptide se-

creted by parathyroid principal cells under hypocal-

cemia stimulus – the initial sequence of amino acids 

being the amino-terminal fragment and the last se-

quence, the carboxy-terminal fragment (5).

The first 34 amino acids of the amino-terminal por-

tion are involved in the activation of the PTH1R re-

ceptor. Therefore, PTH 1-34 corresponds to the bio-

logically active fragment, responsible for its hormonal 

action in bones and kidneys (5).

Under hypercalcemia, PTH is cleaved into several 

parts in the parathyroid (before its secretion) and in 

the liver (in peripheral metabolism): the amino-termi-

nal fragments are rapidly degraded and the carboxy-

terminal fragments remain in the bloodstream, from 

where it is slowly filtered by the kidneys (6). These 

carboxy-terminal fragments usually accumulate in 

renal failure. Furthermore, the inflammatory state 

of CKD increases oxidative stress and, consequently, 

post-translational modifications of the PTH molecule, 

such as the oxidation of methionine residues at posi-

tions 8 and 18 (7). Thus, one may conclude that PTH 

measurement can be extremely challenging.

Non-bioactive presentations often mentioned in 

previous studies are the PTH 7-84 fragment and the 

oxidized PTH (7,8), which curiously were not detect-

ed by high-resolution mass spectrometry. This fact, 

apart from possible methodological disparities, raises 

doubts about the real role of these presentations in 

vivo (6).

Over the past few decades, increasingly sensitive 

tests have been developed to measure PTH levels. The 

most commercially available is the second-generation 

test (PTHG2), which has the inconvenience of also 

measuring non-bioactive fragments of PTH. Newer 

third-generation methods (PTHG3) have emerged to 

address these technical problems, with final values ap-

proximately reduced to half of the PTHG2 measure-

ments (9).

Despite the variety of studies about PTH mea-

surement methods in patients with CKD, few stud-

ies have been conducted to evaluate these different 

methodologies in kidney transplant recipients (KTRs). 

Our study aims to evaluate the correlation between 

PTHG2 and PTHG3 to clarify whether there would 

be an advantage in PTHG3 dosing in this popula-

tion. Furthermore, we intend to investigate whether 

PTHG2 and PTHG3 have a stronger association with 

vascular calcification (Kauppila score) and some BMD 

parameters after kidney transplantation. We hypoth-

esized that intact and bioactive PTH values are also 

correlated in KTRs.

MATERIALS AND METHODS
Study population
This is a cross-sectional, convenience sampling, single 

center study. We included adults who had received 

at least 90 days previously, a single renal transplant 

between November 2016 and October 2018. We ex-

cluded patients with inadequate biological samples or 

with clinical complications at the time of recruitment, 

such as rejection, infectious diseases, and neoplasms. 

All patients were classified into 5 stages of CKD, ac-

cording to KDIGO guidelines (3). The clinical data 

were collected from medical records and interviews.

All patients gave written informed consent. This 

study was approved by the Research Ethics Committee 

of the Clinical Hospital of Ribeirão Preto, University 

of São Paulo in Ribeirão Preto, Brazil (Hospital das 

Clínicas da Faculdade de Medicina da USP de Ribeirão 

Preto – HCFMRP-USP), No. 1.746.953, in 2016.

Laboratory parameters
Fasting blood samples were collected for measure-

ment of total calcium, albumin, phosphorus, and al-

kaline phosphatase. In urine samples, we measured 

creatinine, calcium, and phosphorus. The tests were 

performed using the enzymatic method (WIENER®), 

according to standard laboratory protocols. The uri-

nary fractional excretion of calcium (FE Ca) and phos-

phate were calculated with the usual equations.

The 25-hydroxyvitamin D [25(OH)D
3
] was evaluated 

by chemiluminescence using the LIAISON® test. PTHG2 

measurements were performed with the LIAISON® 

N-TACT® kit (reference value range: 14.5-87.1 pg/mL), 

while PTHG3 was evaluated by the LIAISON® 1-84 PTH 

assay (reference value range: 6.7-38.8 pg/mL), both 

from DiaSorin (Saluggia, Italy). Samples for PTHG2 and 

PTHG3 determinations were centrifugated and subse-

quently frozen at -70 °C for later duplicate analysis.
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Radiographic parameters
The assessment of vascular calcification was per-

formed using the Kauppila score. This score indicates 

a greater cardiovascular risk (a positive index) in the 

presence of seven or more points of calcification in the 

abdominal aorta parallel to the L1-L4 vertebrae on a 

lateral abdominal x-ray, on a scale that ranges from 0 

to 24 (10).

Two experienced radiologists classified the radio-

graphs according to the Kauppila score. Agreement 

between evaluators regarding the presence of vascu-

lar calcification was analyzed, with a Kappa coefficient 

of 0.91.

Statistical analysis
Epidemiological and clinical data are presented as 

mean (standard deviation), median (minimal – maximal 

values), or percentage. We used LibreOffice Writer 

version 7.1.6.2, LibreOffice Calc version 7.1.6.2, and R 

for Windows version 4.0.2. The significance level was 

set to 5%.

To investigate whether there is PTHG2 retention 

with CKD progression, the Kruskal-Wallis test was 

performed to analyze the PTHG2/PTHG3 ratio for 

each CKD stage. Correlation studies were performed 

using Spearman’s rank correlation coefficient.

Finally, a logistic regression model was adjusted 

for the Kauppila calcification score and each PTH 

method.

RESULTS
Patient characteristics
A total of 87 patients were evaluated. Demographic, 

clinical, and laboratory data are presented in Tables 

1 and 2. The mean time after transplantation was 9.4 

years (± 7.6). Induction of immunosuppression was 

performed with thymoglobulin and basiliximab in 

49.43% and 48.28% of cases, respectively. Current 

immunosuppression consisted mainly of prednisone, 

tacrolimus, and mycophenolate sodium. Regarding 

specific medications for CKD-MBD, 21.84% used 

cholecalciferol or ergocalciferol, 12.6% used cina-

calcet, and 3.45% used calcitriol. Finally, Table 3 de-

scribes PTHG2 and PTHG3 values according to CKD 

stage.

Primary endpoints
In all CKD stages, PTHG2 values were higher than 

PTHG3 values. PTHG2 was approximately 2.6 times 

greater than PTHG3 (Table 3). At the 5% significance 

level, there is no evidence that the PTHG2/PTHG3 ra-

tio changes between CKD stages (Kruskal-Wallis test 

p-value 0.37). These data are best visualized in the box 

plot of Figure 1.

Table 3 presents the Spearman correlation coeffi-

cients between PTHG2 and PTHG3 for the complete 

sample and for each CKD stage. As seen in this table 

and in the scatterplots shown in Figure 2, these two 

variables are highly correlated. The minimum value 

was 0.93 for CKD stage 1, 0.94 for stage 3B, and 0.96 

for stage 4, which means that the correlation remains 

high even at the most severe levels of the renal disease.

Secondary endpoints
Considering the interference of drugs and parathy-

roidectomy in bone metabolism, we excluded patients 

who were using calcitriol, cholecalciferol, ergocalcif-

erol, and cinacalcet from the analysis of the second-

ary endpoints, as well as patients who had undergone 

parathyroidectomy. Thus, 58 patients were studied.

Table 1. Demographic and clinical data

Variables All patients

Age (years), mean (standard deviation) 54 (13.0)

Male, No. (%) 53 (60.92)

Parathyroidectomy, No. (%) 4 (4.5)

Modality of Dialysis

     Haemodialysis, No. (%) 69 (79.3)

     Peritoneal dialysis, No. (%) 3 (3.4)

     Both, no. (%) 14 (16.1)

     None, no. (%) 1 (1.2)

Chronic kidney disease aetiology

     Hypertension, No. (%) 22 (25.29)

     Diabetes mellitus, No. (%) 14 (16.09)

     Polycystic kidney disease, No. (%) 3 (3.45)

     Glomerulopathy, No. (%) 21 (24.14)

     Urinary obstruction, No. (%) 3 (3.45)

     Unknown aetiology, No. (%) 24 (27.7)

Donor

     Living, No. (%) 19 (21.84)

     Deceased, No. (%) 68 (78.2)

Retransplant, No. (%) 4 (4.6)
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Table 2. Laboratory data

Variable No. Minimum Median Maximum

CKD-EPI (mL/min/1,73 m2) 87 14.0 59.0 125.0

PTHG2 (pg/mL) 87 10.6 119.0 739.0

PTHG3 (pg/mL) 87 5.9 46.2 246.0

25(OH)D3 (ng/mL) 85 5.0 23.8 61.0

ALP (U/L) 87 84.5 175.0 554.6

Phosphorus (mg/dL) 87 1.8 3.4 6.1

Total Calcium (mg/dL) 87 7.3 9.8 12.6

Albumin (g/dL) 87 3.6 4.3 4.8

FE Ca (%) 87 0.0 0.6 7.8

FE P (%) 85 2.0 17.7 41.8

ALP: alkaline phosphatase; FE Ca: fractional excretion of calcium; FE P: fractional excretion of phosphate; CV: coefficient of variation.

Table 3. Descriptive data of PTHG2 and PTHG3 according to CKD stage. Correlation between PTHG2 and PTHG3 for the total sample and 
for each CKD stage

CKD n PTH Median Minimum-
Maximum p-Value* Spearman 

(rho)# 95% CI

Total 87 G2 119.0 10.6-739 <0.001 0.99 0.98-0.99

 G3 46.2 5.9-246

1 9 G2 119 38.3-252 0.004 0.93

G3 46.2 14-82

2 34 G2 102.6 10.6-739 <0.001 0.99

G3 40.6 5.9-246

3A 19 G2 143.0 36.3-493 <0.001 0.99

G3 52.3 16.1-161

3B 15 G2 78.9 41.3-168 <0.001 0.94

G3 30.9 16.6-65

4 10 G2 192.5 123-694 0.002 0.96

G3 70.4 51.1-229

CV: coefficient of variation; CI: confidence interval.
*Wilcoxon test p-Values to verify the difference between PTHG2 and PTHG3 for the total sample and for each CKD stage.
#Spearman correlation coefficient (rho) between PTHG2 and PTHG3 for total sample and for each CKD stage.
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Figure 1. PTHG2/PTHG3 ratio according to CKD stage box plot.

Table 4 shows Spearman correlation coefficient 

values between some laboratory variables and 

PTHG2 and PTHG3, as well as the corresponding p-

values. At the 5% significance level, there is evidence 

of a negative association between PTH (regardless of 

the method) and glomerular filtration rate (GFR) and 

a positive association between PTH (regardless of the 

method) and FE Ca. There was no correlation between 

PTH values (regardless of the method).

To verify whether there is an effect of PTHG2 and 

PTHG3 on the Kauppila calcification score (Table A.1), 

a logistic regression model was adjusted for each PTH 

method. Table 5 shows that at 5% significance level, all 
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Figure 2. Dispersion diagram. Spearman correlation (rho) between PTHG2 and PTHG3 according to stage of kidney disease.

Table 4. Spearman correlation coefficients (rho) between some laboratory variables and PTHG2 and PTHG3 – 58 patients

PTHG2 PTHG3

Variable rho p-Value rho p-Value

CKD-EPI -0.27 0.037    -0.30 0.024

25(OH)D3 -0.15 0.275 -0.15 0.263

ALP 0.02 0.888 0.03 0.834

Phosphorus -0.02 0.913 -0.02 0.912

Total Calcium 0.06 0.633 0.05 0.703

FE Ca 0.33 0.011 0.33 0.011

FE P 0.15 0.282 0.18 0.176

ALP: alkaline phosphatase; FE Ca: fractional excretion of calcium; FE P: fractional excretion of phosphate.
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Table 5. Estimates and p-values related to the logistic regression and the Hosmer and Lemeshow test (HL)

Calcification 
Score

PTHG2 PTHG3

Estimate p-value p-value
HL test Estimate p-value p-value

HL test 

Kauppila 0.0006 0.818 0.567 0.0033 0.677 0.764

models are well adjusted (p-values for the Hosmer and 

Lemeshow test ≥ 0.57) and that there is no evidence of 

an effect of PTHG2 and PTHG3 on calcification scores 

(p-values ≥ 0.68).

DISCUSSION
The determination of PTH by both PTHG2 and PTHG3 

includes the use of two antibodies in “sandwich”: the 

first antibody captures the carboxy-terminal fragment 

of PTH (usually amino acids 39-84), while the second 

antibody selects and quantifies, among the captured 

molecules, those with the amino-terminal fragment – 

being an intermediate amino acid sequence in PTHG2 

tests (e.g., 12-24, 26-32, 12-18, 13-34, etc.) and an ini-

tial sequence in PTHG3 tests (e.g., 1-4) (6,8,11).

As expected, PTHG2 does not identify the begin-

ning of the amino-terminal sequence and may quan-

tify undesirable PTH fragments which lost the first 

amino acids. As stated previously, PTH 1-34 is the bio-

logically active fragment (5).

In contrast, PTHG3 detects the first and the last 

amino acids of the molecule, identifying the “whole” 

PTH. However, PTHG3 cross-reacts with forms of PTH 

1-84 that have undergone post-translational changes, 

such as such as the oxidation of methionine residues 

at positions 8 and 18 and the phosphorylation of ser-

ine 17. The latter represents a molecule hyper-secret-

ed in parathyroid neoplasms, corresponding to 15% of 

the final PTHG3 measurement in patients with CKD 

(6,7,12,13).

As a primary endpoint, our study evaluated the 

correlation between PTHG2 (intact PTH) and PTHG3 

(bioactive PTH) levels in KTRs. A very strong correla-

tion (r = 0.99; 95% CI = 0.98 – 0.99) was found between 

PTHG2 and PTHG3 levels, with the value of PTHG2 

being about 2.6 times the PTHG3 measurement, a 

higher ratio than found in previous studies (9,13).

Our study agrees with data previously found in 

chronic renal volunteers. Einbinder and cols., in a 

study that evaluated 98 patients with non-dialytic 

CKD in stages 3, 4, and 5, found a strong correlation  

(r = 0.963, p-value < 0.01) between PTHG2 and 

PTHG3 values (14). O’Flaherty and cols., in a study 

comprising 140 pre-dialysis volunteers, found a cor-

relation in patients with end-stage CKD (r = 0.98, p-

value < 0.01) and in patients with better CKD stages  

(r = 0.96, p-value < 0.01) (15). Gannagé-Yared and 

cols., in a study comprising 92 patients on hemodialy-

sis, found a significant correlation between PTHG2 

and PTHG3 (r = 0.923, p-value < 0.01) (13). Melamed 

and cols., in a study that evaluated 515 patients on he-

modialysis and peritoneal dialysis, found a very strong 

correlation between PTHG2 and PTHG3 (r = 0.99, 

p-value < 0.01) (9).

The PTHG2/PTHG3 ratio did not vary significantly 

between CKD stages (p-value 0.37). These data sug-

gest that, despite the retention of unwanted PTH 

fragments, a proportional increase in PTHG2 relative 

to PTHG3 was not found as the GFR was reduced. 

Different results were found by O’Flaherty and cols., 

who observed 18% lower PTHG3 values in stages 1-4 

and 40% lower PTHG3 values in stage 5 when com-

pared to PTHG2 (15).

In the present study, the negative correlation be-

tween PTH and GFR was expected since this variable 

determines the severity of the renal disease. Except 

for the FE Ca, there were no correlations between 

PTHG2 or PTHG3 levels and other MBD parameters 

and Kauppila calcification score. Probably the serum 

calcium levels remained stable because of a greater 

urinary calcium excretion as PTH increases. It is note-

worthy that, although significant, the correlation be-

tween PTH and FE Ca can be considered weak in both 

cases (the highest absolute value was 0.33).

In the pre-dialysis population, Einbinder and cols. 

found significant correlations between both PTH 

measurement methods and calcium, phosphorus, and 

25(OH)D3 values, while O’Flaherty and cols. found 
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only correlation between PTHG3 (bioactive PTH; 

1-84) and calcium and phosphorus levels (14,15).

In the dialysis population, Gannagé-Yared and cols. 

found a correlation only between PTH (regardless 

of the method) and alkaline phosphatase and type I 

collagen degradation products (13). In contrast, the 

CHOICE study found a negative correlation with cal-

cium and a positive correlation with phosphorus be-

tween PTHG3 (bioactive PTH; 1-84) and unwanted 

PTH fragments (represented by the PTHG2-PTHG3 

difference). In the latter study, mortality was associ-

ated only with PTHG3 (9).

To our knowledge, the only study that evaluated 

the correlation between PTHG2 and PTHG3 in trans-

planted patients was carried out by Tan and cols. 

These authors evaluated 83 patients: 44 pre-dialysis, 

15 on hemodialysis, 15 on peritoneal dialysis, and 9 

after renal transplantation. PTHG2 and PTHG3 had 

a good correlation, and PTHG3 (PTH 1–84) showed 

a positive association with phosphate and alkaline 

phosphatase (16). However, unlike our study, all KTRs 

included were already in end-stage CKD.

Our study has several limitations, such as the small 

number of patients, the single-center and convenience 

sampling, the cross-sectional design, and the absence 

of multivariate analyses. These limitations must be ac-

knowledged, as they may restrict the generalizability 

of the findings.

In summary, based on our data, it is possible to 

establish a very strong correlation between levels 

of PTHG2 and PTHG3 in KTRs. Therefore, our study 

suggests that there is no advantage in PTHG3 dosage 

over PTHG2 measurement. However, apart from the 

FE Ca, no correlations have been established between 

PTH, several MBD parameters, and Kauppila calcifica-

tion score. Further longitudinal studies are needed.
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APPENDICE

Table A.1. Descriptive measures of PTHG2 and PTHG3 by Kauppila Score – 58 patients

Index n PTH Mean Standard 
deviation Minimum Median Maximum

Negative 35 G2 143.1 134.8 10.6 85.1 739

G3 53.1 45.3 5.9 35.7 246

Positive 11 G2 153.2 95.2 36.3 123.0 360

G3 59.2 32.3 16.1 50.5 114

NA 12 G2 148.3 86.9 34.1 154.0 283

G3 56.7 30.4 15.0 56.5 93
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ABSTRACT
Objective: Screening and diagnosing gestational diabetes mellitus (GDM) usually requires a 2-hour, 75 g oral glucose tolerance 

test (OGTT), which can be challenging for both patients and healthcare systems. Alternative clinical risk factor-based models 

have been suggested but have not been extensively tested, particularly in low-resource countries. This study aimed to evalu-

ate the accuracy of these risk factor-based models as screening tools. Subject and methods: This prospective cohort study in-

volved 400 consenting pregnant women receiving antenatal care in Lagos, Nigeria. Participants were evaluated for GDM risk 

using three clinical models and underwent universal screening and diagnosis at 24 to 28 weeks with a single-step, 2-hour 75g 

OGTT, using IADPSG/WHO criteria. The Receiver Operating Characteristic (ROC) curve was used to assess the accuracy of 

the risk factor-based models. Results: The mean age of the subjects was 31.0 ± 5.3 years. The prevalence of GDM, according to 

the IADPSG/WHO 2013 criteria, was 19.0%. Using the clinical risk score models developed by Naylor and cols., Caliskan and 

cols., and Phaloprakarn and cols., positive risk scores for GDM were found in 85%, 67.3%, and 93.8% of subjects, respectively. 

The sensitivity, specificity, and accuracy of these models ranged from 71.1% to 96.1%, 6.7% to 33.6%, and 23.8% to 40.8%, 

respectively. However, the negative predictive values were relatively high, ranging from 83.2% to 88%. Conclusion: The clinical 

risk factor-based prediction models evaluated in this study may effectively identify women at low risk for GDM who can be 

exempted from the 2-hour OGTT. 

Keywords: Accuracy; gestational diabetes mellitus; clinical risk factor-based models; screening; low resource setting

INTRODUCTION
Globally, the prevalence of gestational diabetes mellitus 

(GDM) ranges from 1% to 28%, depending on the loca-

tion, characteristics of the studied population, and the 

diagnostic criteria used (1). More than 80% of the bur-

den of GDM is found in low- and middle-income coun-

tries, and it is speculated to contribute significantly to 

the high maternal and infant mortality rates in these 

countries (2). In the United States (3), recent estimates 

show that GDM complicates up to 9% of all pregnan-

cies, while the mean prevalence of GDM for countries in 

Europe is 5.4% (4). In Africa, a systematic review of stud-

ies on GDM reported a pooled prevalence of about 14%, 

contributing significantly to the total global burden of 

gestational diabetes (5). In Nigeria, the prevalence of 

GDM ranges between 0.3% and 35.9% (6,7). It is re-

ported that Nigeria has the highest prevalence in Africa, 

and GDM is one of the five most common medical condi-

tions complicating pregnancy in women attending ma-

ternal and child health care facilities in Nigeria (7-9).  

Every pregnant woman needs to be screened for 

gestational diabetes mellitus (GDM) because preg-

nancy provides a crucial opportunity to identify and 

treat this condition, ensuring favorable pregnancy 

outcomes and preventing the progression to type 2 

diabetes mellitus and other serious complications. 
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Currently, the oral glucose tolerance test (OGTT) 

is considered the gold standard for confirming GDM 

diagnosis. (10). While this method enables healthcare 

providers to identify nearly all pregnant women with 

GDM, it has some limitations, such as poor reproduc-

ibility, long waiting times, and patient discomfort, 

including nausea and vomiting in some cases (11). 

Additionally, this method may be impractical in low- 

and middle-income countries due to cost constraints, 

resulting in lower acceptance of the test (2,11,12). 

As a result, several professional organizations have 

suggested using alternative tests, including clini-

cally based risk factors, as screening tools for GDM 

(2,11,13). However, it is important to note that while 

screening based on risk factors has been proposed by 

several professional organizations, many other inter-

national organizations, such as the American Diabetes 

Association (14) and the Brazilian Society of Diabetes 

(15), advocate for universal biochemical screening for 

all pregnant women. This is because using only risk-

factor-based approaches tends to miss a significant 

number of cases.

In sub-Saharan African countries, many health fa-

cilities relied on a checklist of GDM-associated risk 

factors to select pregnant women who should un-

dergo the diagnostic test using the OGTT (8,16,17). 

However, GDM in this high-risk population remained 

underdiagnosed (8,17). The use of risk factors as a 

screening test and the diagnostic accuracy of the risk 

factors are unclear either when used separately or 

collectively as a checklist. It is also unknown whether 

the use of the risk factor assessment is preferable to 

plasma glucose measurement as a general screening 

strategy for GDM at the first contact. There are es-

tablished clinical risk factor-based models that have 

been developed and advocated for use in some coun-

tries, such as Naylor and cols. in Canada (18), Caliskan 

in Turkey (19), and Phaloprakarn in Bangladesh (20). 

The widespread applicability of these models has not 

been tested, especially in low- and middle-income 

countries.

The aim of this study was to determine the preva-

lence of GDM and to evaluate the diagnostic accuracy 

of these established clinical risk factor-based models 

for the detection of GDM in Lagos, Nigeria. 

SUBJECTS AND METHODS
Study setting
The study was conducted at the antenatal clinic of 

the Institute of Maternal and Child Health, Ayinke 

House, Lagos State University Teaching Hospital 

(LASUTH), Ikeja, Lagos State, Southwestern Nigeria. 

LASUTH is one of two teaching hospitals in Lagos 

State. It is located in Ikeja Local Government Area 

and is owned by the Lagos State Government. The 

hospital functions as a training center for resident 

doctors and provides healthcare for residents of 

Lagos State and surrounding areas. The Institute 

of Maternal and Child Health, Ayinke House, is 

managed by the Department of Obstetrics and 

Gynecology. The obstetrics services are provided 

through the antenatal clinic (ANC) and the emer-

gency room. These services care for both booked 

and unbooked pregnant women. The ANC accepts 

and cares for all pregnant women who choose to 

register at LASUTH. The ANC operates every day 

except weekends, serving an average of 30 patients 

daily. It is staffed by approximately four Consultant 

Obstetricians and Gynecologists, five resident doc-

tors, and four nurses.  

Study design
This study was a prospective, hospital-based, cohort 

study of all consecutive consenting pregnant women 

at the gestational age of 24 weeks to 28 weeks.

Ethical approval and consent to participate
The study was conducted in full accordance with cur-

rent relevant laws and international agreements. 

Approval to carry out this research was granted by 

the Health Research and Ethics Committee of Lagos 

State University Teaching Hospital, Ikeja, Lagos State, 

with approval number LREC/06/10/1403. Written 

informed consent was obtained from all participants 

who agreed to take part in the study.

Inclusion criteria
These are pregnant women who booked for antenatal 

care and had their booking weight and height mea-

sured and recorded at gestational age less than or 

equal to 24 weeks and with singleton pregnancy.
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Exclusion criteria
Pregnant women with a history of pre-gestational 

diabetes mellitus, on drugs that can affect glycaemic 

profile, such as steroids and beta-agonists, multiple 

pregnancies, and unwilling to participate in the study 

were excluded from the study.

Sample size
The minimum number of subjects’ ‘n’ required for the 

study was estimated from the formula:

n = z2p (1-p) ÷ d2

Where ‘n’ is the desired sample size, 

 ‘z’ is the critical value and in a two-tailed test, it is 

equal to 1.96.

 ‘p’ is the prevalence of gestational diabetes from pre-

vious studies in Nigeria. Previous studies in Nigeria 

gave the prevalence of gestational diabetes within 

ranges of 0.5% - 35.9%. For this study, a prevalence of 

35.9% by Onyenekwe and cols. was used (7). 

‘d’ is the absolute sampling error that can be tolerated. 

In this study, it was fixed at 5 percent

Therefore, the minimum sample size ‘n’ = 1.962 x 0.359 

x (1 – 0.359) ÷ 0.052 =  353.8 which is approximately 

354. Taking into consideration a possible attrition rate 

of 10% among pregnant women, the minimum sample 

size for this study was 389.4. This sample size was 

rounded up to 400. 

Selection of study participants and test 
procedures
Prior to the commencement of the study, the research-

er informed the doctors and nurses in the Department 

of Obstetrics and Gynaecology about the research and 

the recruitment protocol. The researcher also trained 

three research assistants on the use of the study pro-

forma and the different measurements to be taken with 

hands-on demonstration to ensure standardization. 

Data were obtained from all consented pregnant 

women using a purposely designed interviewer-

administered questionnaire and from the informa-

tion in Naylor and cols. (18), Caliskan and cols. (19), 

and Phaloprakarn and cols. risk scoring models (20). 

Information collected includes socio-demographic 

characteristics, obstetric history (such as parity, pre-

vious miscarriage, history of GDM, and history of 

perinatal death), and family history of diabetes melli-

tus. The families were assigned a socio-economic class 

using the method recommended by Ogunlesi and cols. 

(21). Those with mean scores of 1 and 2 were further 

classified as upper class, those with mean scores of 3 

as middle class, and those with mean scores of 4 and 

5 as falling into the lower social class. Dating of the 

pregnancy and gestational age estimation was based 

on the first day of the last menstrual period in women 

with a 28-day menstrual cycle, compared with the 

woman’s fundal height. The researcher used the earli-

est ultrasound (i.e., a scan done at less than or equal to 

20 weeks of gestation) if the woman was unsure of her 

date. The weight and height of all subjects measured 

at gestational ages less than or equal to 24 weeks 

were recorded. Random blood glucose measurements 

were performed in all selected subjects at their first 

contact. Afterward, all participants were requested to 

return to the antenatal clinic fasting after a week for 

an Oral Glucose Tolerance Test (OGTT) to confirm the 

presence of GDM. The test was conducted between 

the 24th and 28th week of gestation.

A venous blood sample was taken from the partici-

pants to perform random blood glucose tests using an 

analyzer based on the enzymatic oxidase-peroxidase 

method of glucose measurement. After ensuring asep-

tic technique, about three milliliters of venous blood 

were drawn from a vein in the antecubital fossa with 

a 21G needle butterfly device equipped with a safety 

system. The blood was collected into a vacutainer 

tube containing sodium fluoride, a glycolytic inhibi-

tor, and kept on ice from the time of phlebotomy until 

it was delivered to the laboratory. Each blood sample 

was centrifuged within two to four hours of collection 

to obtain plasma. The plasma samples were stored at 

-20°C and pooled together to determine plasma glu-

cose concentration. The resulting value was recorded 

in the participant’s study proforma.

All study participants were required to arrive early 

in the morning for an oral glucose tolerance test af-

ter fasting for approximately 8 to 12 hours overnight. 

Each patient was called the day before the test to re-

mind her to fast. A 75-gram glucose load was prepared 

by dissolving 75 grams of anhydrous glucose in 250 

to 300 ml of clean water. Participants were advised 
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to drink the liquid as quickly as comfortable and to 

remain relaxed, avoiding vigorous activity during the 

test. Venous blood for glucose measurement was col-

lected as described above, and samples were analyzed 

using the enzymatic reaction of the oxidase-peroxi-

dase method for glucose estimation.   

The first sample collected prior to the glucose load 

is the fasting plasma glucose, while the second and 

third blood samples shall be taken at 1 hour and 2 

hours, respectively, after the glucose load. 

Diagnostic cut-offs
Gestational diabetes mellitus in the participants was 

diagnosed using the criteria from clinical risk factor-

based models and plasma glucose levels according 

to the International Association of Diabetes and 

Pregnancy Study Groups/World Health Organization 

(IADPSG/WHO 2013) guidelines (10,12). GDM prev-

alence as determined by the IADPSG/WHO 2013 cri-

teria was used as the reference standard. 

Naylor and cols. clinical risk score (18)
The screening score is based on clinical variables such 

as age, body mass index (BMI), and ethnicity. Using 

these variables, women were assigned a clinical risk 

score, with a maximum possible score of 10 points. 

Women with scores of 0-1 were categorized as low 

risk, while those with scores of 2-3 and scores higher 

than 3 were categorized as intermediate and high risk, 

respectively. For this study, women with a score of 0-1 

were considered negative for GDM, while those with 

scores of 2-10 were considered positive for GDM.

Caliskan and cols. clinical risk score (19)
The screening score was based on clinical variables 

such as age, BMI, family history of diabetes mellitus, 

a prior pregnancy with a baby weighing more than 

4000g, and previous adverse pregnancy outcomes 

(defined as any of the following: recurrent sponta-

neous abortions, fetal anomalies despite a normal 

karyotype, or prior unexplained in utero fetal death at 

a gestational age over 20 weeks). A score of one was 

assigned for each of these five variables, with a maxi-

mum possible score of five. A risk score greater than 2 

is considered sufficient to diagnose GDM. 

Phaloprakarn and cols. clinical risk score (20)
This risk factor-based model relies on clinical risk vari-

ables such as age over 35 years, BMI above 27 kg/m², a 

first-degree relative with type 2 diabetes mellitus or a 

personal history of GDM, prior delivery of a macroso-

mic infant, or previous adverse pregnancy outcomes 

(more than 2 miscarriages, congenital malformations, 

or stillbirth). The risk score is calculated using the 

equation: 6 times the woman’s age plus 11 times her 

BMI plus 109 if there is a family history of diabetes 

in a first-degree relative, plus 42 if she previously de-

livered a baby weighing more than 4000 g, plus 49 if 

there has been an adverse pregnancy outcome such as 

two or more abortions, congenital malformations, or 

stillbirth. A score greater than 380 indicates a positive 

screen for GDM.

Data analysis
Data entry and analysis were conducted using SPSS 

version 24 software. Descriptive statistics such as 

frequency, percentages, means, standard deviations, 

and the corresponding 95% CI were used to summa-

rize the variables. The sensitivity, specificity, positive 

predictive value, and negative predictive value of the 

clinical risk factor-based models were calculated by 

identifying the total number of women with true posi-

tive, true negative, false positive, and false negative 

results relative to the gold standard 2-hour 75g OGTT. 

A receiver-operating characteristic (ROC) curve was 

plotted, and the area under the curve (AUC) was calcu-

lated to assess the overall performance of the clinical 

risk factor-based models. A p-value of less than 0.05 

was considered statistically significant for all tests.

RESULTS
Socio-demographic characteristics of the study 
participants
The socio-demographic characteristics of the par-

ticipants are shown in Table 1. Their age ranges from 

18-51 years with a mean age of 31.0 ± 5.3 years. Most 

(93.8%) of the participants were in the age group 21-

40 years. They are predominantly of the Yoruba tribe 

(70%) and the modal parity was nullipara (53%). Three 

hundred and forty-five (86.3%) participants belonged 

to the high socio-economic class (social class 1). 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

5

Accuracy of risk factor models for screening GDM

Arch Endocrinol Metab, 2026, v.70(2), 1-11, e260020.

Obstetric characteristics of the study 
participants
Table 2 shows the obstetric history of the study 

participants. Thirty (7.5%) participants gave a his-

tory of previous delivery of a macrosomic baby, 22 

Table 1. Socio-demographic and anthropometric characteristics of 
the study population

Parameters Frequency Percentages

Age (years)
≤ 20
21-30
31-40
> 40

5
196
179
20

1.2
49.0
44.8
5.0

Tribe
Yoruba
Hausa
Ibo
Others

280
1

61
58

70.0
0.2

15.3
14.5

Parity
0
1
2-4
≥ 5

212
98
81
9

53.0
24.5
20.3
2.2

Occupation
Professional/technical/managerial
Clerical, sales and services, skilled manual
Unskilled manual, farmer, and other 

145
232
23

36.2
58.0
5.8

Highest level of education 
No formal education
Primary
Secondary
Tertiary

0
6

57
337

0.0
1.5

14.2
84.3

Husband’s Occupation
Professional/technical/managerial
Clerical, sales and services, skilled manual
Unskilled manual, farmer, and other

258
136

6

64.5
34.0
1.5

Husband’s highest level of education
No formal education
Primary
Secondary
Tertiary

1
4

49
346

0.2
1.0

12.3
86.5

Social class
1
2
3

345
 50
 5

86.25
12.5
1.25

*Weight (kg)
*Height (Meter)

72.9 ± 16.1
1.62 ± 0.065

Body mass index
<18.5
18.5 -24.9
25-29.9
≥ 30

 
10

137
126
127

2.5
34.3
31.5
31.8

*Values are means (SD).

Table 2. Obstetric characteristics of the study population

Parameters Frequency Percentages

Previous macrosomic infant ≥ 4000g
No
Yes

370
30

92.5
7.5

Previous unexplained stillbirth
No
Yes

378
22

94.5
5.5

Previous abortion or miscarriage
No
Yes

338
58

84.5
14.5

Previous history of GDM
No
Yes

377
23

94.3
5.7

Index pregnancy by artificial reproductive 
technology

No
Yes

 

385
15

 

96.2
3.8

Fetal gender of index pregnancy
Male
Female
Don’t know

89
51

260

22.3
12.8
65.0

Previous history of congenital anomaly
No
Yes

390
10

97.5
2.5

Unexplained polyhydramnios
No
Yes

399
1

99.25
0.25

(5.5%) had a previous history of stillbirth, 58 (14.5%) 

had a previous history of miscarriage, 23 (5.8%) had 

a previous history of GDM, 10 (2.5%) had a previ-

ous history of congenital anomaly and only one 

(0.25%) had a previous history of polyhydramnios. 

Fifteen (3.8%) of the participants had the concep-

tion of the index pregnancy by artificial reproduc-

tive technology.  

Prevalence of GDM using the various 
diagnostic criteria
Table 3 shows the prevalence of GDM based on vari-

ous diagnostic and screening criteria. According to 

the IADPSG/WHO 2013 guideline, the prevalence 

of GDM based on the “gold standard” 2-hour OGTT 

was 19.0%. The prevalence based on FPG was 10.5%, 

whereas none of the participants met the criteria for 

GDM based on 1-hour OGTT. A total of 76 partici-

pants met the criteria of either 2-hour OGTT and or 

FPG giving a prevalence of 19.0%.
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According to the clinical risk score by Naylor and 

cols., 340 (85%) participants had a risk score that was 

significant enough to consider diagnostic screening 

for GDM while the risk score by Caliskan and cols. 

shows that 269 (67.3%) participants can be consid-

ered to have GDM. However, the clinical risk score by 

Phaloprakarn and cols. shows that 375 (93.8%) par-

ticipants can be considered to have GDM.

Accuracy of selected published clinical risk-
based scores and fasting plasma glucose for the 
diagnosis of GDM 
Table 4 shows the diagnostic accuracy of selected 

published clinical risk scores for diagnosing GDM, us-

ing the IADPSG/WHO 2013 diagnostic criteria as the 

gold standard. All tested clinical risk scores exhibited 

low specificity, ranging from 6.7% to 33.6%, and a posi-

tive predictive value (PPV) between 19.5% and 20.1%. 

However, the sensitivity and negative predictive value 

(NPV) were comparatively higher, with sensitivity 

ranging from 71.1% to 96.1% and NPV from 83.2% 

to 88%. The highest accuracy was observed with 

the Caliskan clinical risk score screening test, which 

achieved an accuracy of 40.8%. In contrast, the fasting 

plasma glucose (FPG) test demonstrated low sensitiv-

ity (53.9%) but exhibited high specificity (98.8%), PPV 

(91.1%), NPV (90.1%, and accuracy (90.3%). 

Figures 1-3 illustrate the ROC curves for the clini-

cal risk factor-based models in our population, which 

had an AUC ranging from 51.6% to 52.9%, indicat-

ing unsatisfactory discriminatory capacity. The ROC 

curve for FPG showed an AUC of 84.1%, reflecting a 

good performance for screening of GDM (Figure 4).

DISCUSSION
The prevalence of gestational diabetes mellitus 

(GDM) among women in Lagos, based on the IADPSG/

WHO 2013 criteria, was found to be 19%. This fig-

ure is significantly higher than the range of 1.5% to 

11.5% reported in earlier studies conducted in Lagos 

Table 3. Prevalence of GDM using various diagnostic criteria

Test and reference cut-off values Mean (SD) 95% CI No (%)

IADPSG/WHO 2013 guideline
Fasting plasma glucose > 92 mg/dL (5.1 mmol/L)
1-hour OGTT > 180 mg/dL (10 mmol/L)
2-hour OGTT > 153 mg/dL (8.5 mmol/L)
FBS and or 2-hour OGTT

79.1 (10.7)
112.6 (14.5)
110.4 (31.6)

-

78.1-80.2
111.2-114.1
107.3-113.5

-

42 (10.5)
0 (0.0)

52 (13.0)
76 (19.0)

Naylor and cols. clinical risk score
0-1 (Low risk)
2-3 (Intermediate risk)
>3 (High risk)

-
-
-

-
-
-

60 (15.0)
182 (45.5)
158 (39.5)

Caliskan and cols. clinical risk score
0-1 (Negative screen)
≥ 2 (Positive screen)

-
-

-
-

131 (32.8)
269 (67.2)

Phaloprakarn clinical risk score
< 380 (Negative screen)
≥ 380 (Positive screen)

-
-

-
-

25 (6.2)
375 (93.8)

Table 4. Accuracy of selected published clinical risk scores and fasting plasma glucose in the diagnosis of GDM using IADPG/WHO 2013 
diagnostic criteria as reference standard

Parameter TP FN FP TN Sensitivity  
(95% CI)

Specificity  
(95% CI)

PPV  
(95% CI)

NPV  
(95% CI)

Accuracy  
(95% CI)

Naylor and cols. 67 9 273 51  88.2 (80.9-95.5) 15.7 (11.7-19.7) 19.7 (15.5-23.9) 85.0 (76.0-94.0) 29.5 (25.0-34.0)

Caliskan and cols. 54 22 215 109 71.1 (60.9-81.3) 33.6 (28.5-38.7) 20.1 (15.3-24.9) 83.2 (76.8-89.6) 40.8 (36.0-46.0)

Phaloprakarn and cols. 73 3 302 22 96.1 (91.8-100.0) 6.7 (4.1-9.5) 19.5 (15.5-23.5) 88.0 (75.3-100.0) 23.8 (19.6-28.0)

FPG (> 5.1 mmol/L) 41 35 4 320 53.9 42.3-65.2 98.9 96.5-99.6 91.9 78.6-96.8 90.1 86.4-93.0 90.3 86.7-93.0
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Figure 1. Receiver operating characteristic curves showing 
performance of Naylor and cols. clinical risk score in predicting 
GDM.

Figure 1 shows the ROC curves for the Naylor and cols. clinical risk 
score indicating the performance of the test with reference to 
IADPSG diagnostic criteria. The Area Under the Curve (AUC) was 
0.526 (95% CI 0.453-0.598) suggesting that the clinical risk score is 
non-discriminatory. 

ROC Curve

1 - Specificity

Se
ns

iti
vi

ty

Diagonal segments are produced by ties.

Source of the Curve
Naylor and cols.
Reference line

1.0

1.0

0.8

0.8

0.6

0.6

0.4

0.4

0.2

0.2
0.0

0.0

Figure 2. Receiver operating characteristic curves showing 
performance of Caliskan and cols. clinical risk score in predicting 
GDM.

Figure 2 shows the ROC curves for the Caliskan and cols. clinical 
risk score indicating the performance of the test with reference to 
IADPSG diagnostic criteria. The Area Under the Curve (AUC) was 
0.516 (95% CI 0.446-0.586), suggesting that the clinical risk score is 
non-discriminatory. 
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Figure 3. Receiver operating characteristic curves showing 
performance of Phaloprakarn and cols. clinical risk score in 
predicting GDM.

Figure 3 shows the ROC curves for the Phaloprakarn and cols. 
clinical risk score indicating the performance of the test with 
reference to IADPSG diagnostic criteria. The Area Under the Curve 
(AUC) was 0.529 (95% CI 0.455-0.603), suggesting that the clinical 
risk score is non-discriminatory.
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Figure 4. Receiver operating characteristic curves showing the 
performance of FPG in predicting GDM.

Figure 4 shows the ROC curves for FPG, indicating the test’s 
performance relative to IADPSG diagnostic criteria. The Area 
Under the Curve (AUC) was 0.841 (95% CI 0.786-0.897), suggesting 
that the test has a good performance for screening of GDM. 
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between 1987 and 2004 (22-24). These earlier stud-

ies employed different diagnostic criteria, which may 

account for the observed different prevalence rates. 

This finding is in keeping with the study by Goyal and 

cols., which reveals a marked variation in the preva-

lence of GDM, accompanied by a significant degree of 

disagreement among different diagnostic criteria (25). 

Additionally, the prevalence of GDM in this study 

surpasses the 4.9% reported in Ibadan by Fawole 

and cols. about 10 years ago, despite their study only 

including women at high risk for GDM (17). The ob-

served increase in GDM rates may be attributed to the 

global rise in obesity and overweight conditions over 

the years. 
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Interestingly, the prevalence of GDM in this study 

aligns closely with the 24% found in a recent study at 

the Lagos University Teaching Hospital, although the 

methods used for glucose assays in that study were 

not specified (26). Conversely, a study by Onyenekwe 

and cols. (7), conducted in southeastern Nigeria, re-

ported a GDM prevalence of 35.9%. This may have 

been an overestimation due to the reliance on glucom-

eters, which could compromise the accuracy of plasma 

glucose measurements, as well as the fact that the oral 

glucose tolerance test (OGTT) was only conducted on 

those with risk factors for GDM (7). 

While there is a substantial body of literature on 

GDM prevalence in Nigeria, the varying results can 

largely be attributed to different diagnostic crite-

ria and glucose assay methods used by researchers. 

When compared to studies outside Nigeria that uti-

lized the IADPSG diagnostic criteria, the prevalence 

of GDM in Lagos was notably higher than figures from 

the United States (7.6%), Ireland (7.2%), and Turkey 

(14.5%), yet lower than the 34.9% reported in Punjab, 

India, and 38.6% in Kuala Lumpur, Malaysia (27-31). 

This aligns with previous findings that indicate low-

er GDM prevalence rates in North America and Europe 

compared to those in sub-Saharan African countries. In 

contrast, countries in the Middle East, North Africa, and 

Southeast Asia demonstrate the highest global preva-

lence of GDM. Notably, the prevalence in this study 

was similar to the 18.3% reported in the Marrakech and 

Safi districts of Morocco (32). This trend may signify a 

growing burden of GDM in Nigeria. It is crucial, there-

fore, to ensure that all pregnant women are screened 

for GDM and receive timely diagnoses to facilitate ap-

propriate treatment for those affected.

There are indications that combining clinical risk 

factors to develop a clinical prediction model may be 

more effective in accurately detecting women with 

GDM than using each risk factor individually for 

screening (33). In this study, all the evaluated models 

based on clinical risk factors showed high sensitivity, 

low specificity, and poor overall accuracy in identify-

ing GDM. This suggests that while these models are 

good at detecting many cases of GDM, they could also 

be useful for screening to identify women who are un-

likely to have GDM.

Instructively, the methodology for the risk factor-

based scoring models used a two-step GDM screen-

ing strategy, which differs from the IADPSG/WHO 

guidelines and the practice in the index study. The goal 

of each model is not to replace challenge-based glu-

cose tolerance testing but to exclude low-risk women 

from further testing. If our study participants had 

been selectively screened based on Naylor, Caliskan, 

and Phaloprakarn risk scores, 15%, 32.8%, and 6.3%, 

respectively, would not have undergone diagnostic 

testing. Of this total, 85%, 83.2%, and 88%, respec-

tively, would be negative if universal screening with a 

diagnostic test was performed. The high negative pre-

dictive values highlight that risk factor-based models 

could be useful tools for excluding GDM and reduc-

ing the need for OGTT screening. However, due to 

low PPV, any woman testing positive on these models 

should undergo a formal 75 g 2-hour OGTT to confirm 

the diagnosis. This approach can lower costs for pa-

tients and improve healthcare system efficiency, espe-

cially in low-resource settings.

The models demonstrated high sensitivity but low 

specificity and poor accuracy, which is consistent with 

the study by Adam and Reeder (34). They evaluated 

eight clinical prediction models in the South African 

population, including the three models analyzed in 

this study, and found all eight models performed 

poorly in detecting GDM. The area under the ROC 

curve for the three models tested in this study ranged 

from 51.6% to 52.9%, similar to the 51.8% to 59.4% 

range found in South Africa. These findings suggest 

that these models are ineffective in differentiating 

between individuals with GDM and those without it, 

which makes them non-discriminatory. This limita-

tion is significant, particularly in a country like Nigeria, 

where resources may be scarce and accurate screen-

ing for GDM is essential. With this limitation, there is 

clear evidence that these specific models are not suit-

able for the Nigerian population without significant 

modification. A recent study from Southern India that 

assessed the utility of clinical parameters as a screen-

ing tool for GDM reported a high sensitivity of 90.4% 

and a specificity of 32.1% (35). This model incorporat-

ed several clinical parameters along with biochemical 

factors such as triglycerides, which may help explain 
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the slightly higher sensitivity and specificity observed. 

However, the area under the ROC curve was only 

68%, indicating marginal discriminative power. These 

findings indicate that clinical risk factor-based predic-

tion models serve primarily as effective rule-out tests 

for screening women for GDM.

The diagnostic accuracy of the models tested in 

this study is lower than the 73.3% to 83.2% report-

ed for the derivation populations of these models. 

Among the three clinical prediction models evaluated, 

the Caliskan model demonstrated the highest accu-

racy. The Caliskan risk score successfully identified 

or predicted approximately 41% of cases with GDM, 

while the Naylor and cols. and Phaloprakarn and cols. 

risk scores identified about 30% and 24%, respec-

tively. The low discriminatory power of these tests 

may be attributed to their derivation from a different 

population, as well as the use of a selective screening 

approach and diagnostic criteria that differ from the 

IADPSG guidelines in developing these scoring sys-

tems. Beyond the influence of ethnicity and the use 

of different diagnostic criteria in the derivation of the 

models, the risk factors for GDM and their respec-

tive weights can vary significantly across Caucasian, 

Asian, and African populations. The models that were 

tested were not specifically developed or validated for 

a West African population, which may explain their 

low accuracy in this context. Additionally, the current 

study used early-pregnancy BMI instead of pre-preg-

nancy BMI. Early pregnancy weight is often slightly 

higher than pre-pregnancy weight, which would sys-

tematically raise the BMI. This may inflate the models’ 

sensitivity while further reducing their specificity, es-

pecially for those that depend heavily on this metric.

In Nigeria, the guidelines for the management 

of GDM were developed by a team of endocrinolo-

gists only (36). The recommendations include risk 

assessment at booking, a one-step (75-g OGTT), or 

a two-step method (50-g GCT with 100-g OGTT) us-

ing Carpenter and Coustan criteria for diagnosis. The 

Carpenter and Coustan criteria define specific fasting 

and postprandial plasma glucose levels after a 100-

gram oral glucose tolerance test, which, if exceeded, 

indicate GDM (37). Despite the availability of this 

guideline on GDM, the practice varies across obstetric 

units in Nigeria. This may be because the guideline is 

not precise in its documentation and appears imprac-

tical. It is suggested that the risk models may be con-

sidered by obstetricians to screen out patients going 

for the diagnostic test. However, aside from saving 

cost and time, we must bear in mind the false nega-

tive cases and the known benefits of treatment. It is 

important to highlight that the review of guidelines 

for managing GDM in Nigeria, based on established, 

practical, and accepted international standards, is 

long overdue. Moreover, with the findings in this study 

showing that the FPG test has good performance for 

screening of GDM. In Brazil, the Society of Diabetes 

2025 guideline, explicitly recommend an alternative 

diagnostic pathway starting with an FPG at the first 

prenatal visit, followed by a repeat FPG between 24-

28 weeks if the initial test is normal (17). Therefore, 

further research into the accuracy of biochemical 

screening parameters, such as the FPG test or the 50g 

glucose challenge, as second-line screening tests to 

identify false-negative cases detected by risk models, 

warrants further consideration.

This study has some limitations. First, the study 

used weight and height measured in early pregnancy 

for the calculation of body mass index, unlike the risk 

factor-based models assessed in this study which used 

pregravid BMI of participants for computing their risk 

score. This may have affected the sensitivity and spec-

ificity of these clinical risk-based scoring models. In 

low- and middle-income countries, it is difficult to get a 

record of pre-pregnancy weight as most women do not 

go for preconception consultations in health facilities. 

Nonetheless, the influence of pregnancy on weight 

status at the early stage is considered minimal, and 

as such, measurement of weight and height and their 

association to compute BMI remains a valuable tool 

for the assessment of nutritional status in pregnancy. 

Second, most of the study subjects were of the high so-

cio-economic class, and this may have an influence on 

the prevalence of GDM. Lastly, this study was carried 

out in a tertiary health facility that receives high-risk 

referrals. Therefore, the reported GDM prevalence 

of 19.0% and the performance of the screening mod-

els may not be generalizable to primary care or rural 

settings, where such a screening tool is most needed. 
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In conclusion, the burden of GDM is high in Lagos, 

Nigeria. This is similar to other resource-poor na-

tions where available health facilities are grossly 

inadequate to take care of the existing problem of 

infectious diseases and the rising epidemics of non-

communicable diseases. The clinical risk factor-based 

predictive models examined in this study could be uti-

lized to identify a low-risk population of women who 

should be exempted from the cumbersome OGTT. 

Furthermore, efforts should focus on developing a 

cost-effective screening tool with an optimal cut-off 

value that is both highly sensitive and more specific for 

detecting GDM, particularly in low-resource settings.
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ABSTRACT
Objective: This study aimed to evaluate the expression of miR-29a-3p and miR-192-5p in patients with type 1 diabetes mellitus 

(T1DM) with diabetic kidney disease (DKD) compared to those without DKD. Subjects and methods: This study included 29 

patients with T1DM, comprising 13 without DKD (non-DKD group) and 16 with DKD, who were further subdivided into nine 

patients with moderate DKD and seven with severe DKD. MiR-29a-3p and miR-192-5p expression levels were measured in 

urine samples using qPCR and are presented as medians (25–75th percentiles). Results: miR-29a-3p levels were higher in pa-

tients with DKD compared to the non-DKD group [1.24 (0.97–1.74) versus 0.83 (0.72–0.99); P = 0.008]. Its expression showed a 

negative correlation with estimated glomerular filtration rate (eGFR) (P = 0.007) and a positive correlation with creatinine levels 

(P = 0.004). MiR-192-5p levels were higher in patients with moderate DKD compared to the non-DKD group [2.15 (1.45–4.21) 

versus vs. 1.42 (0.98–2.45); P = 0.015], showing a negative correlation with eGFR (P = 0.003) and a positive correlation with 

creatinine (P = 0.006). Conclusion: The differential expression of miR-29a-3p and miR-192-5p in DKD highlights their potential 

as promising biomarkers for this complication.

Keywords: Diabetic kidney disease; microRNAs; miR-192-5p; miR-29a-3p

INTRODUCTION
Diabetic kidney disease (DKD) is a major chronic 

complication of diabetes mellitus (DM), affecting ap-

proximately 40% of individuals with DM and often 

progressing to end-stage renal disease (1). Key patho-

logical features of DKD include glomerular mesangial 

expansion (hypertrophy), tubulointerstitial fibrosis, 

thickening of the glomerular basement membrane 

due to extracellular matrix (ECM) protein accumula-

tion, and podocyte dysfunction, all of which collective-

ly contribute to the development of proteinuria (1).

Early DKD detection is essential to prevent its 

progression to renal failure. Emerging research high-

lights the potential of novel biomarkers to identify the 

onset and progression of renal disease. Among these, 

microRNAs (miRNAs) stand out as a promising class 

of biomarkers. MiRNAs are small non-coding RNAs 

that regulate gene expression and are detectable in 

various human body fluids, including blood, saliva, 

and urine (2). They are critical in maintaining tissue 

homeostasis and driving disease processes, impact-

ing nearly all fundamental cellular functions (3). Their 

stability in fluids and tissues is enhanced by protection 

from endogenous RNase activity, making them highly 

reliable for diagnostic purposes (2). Consequently, 

circulating miRNAs are increasingly recognized as 
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valuable biomarkers for monitoring pathophysiologi-

cal changes and predicting disease outcomes (2).

In this context, several studies have proposed dif-

ferent miRNAs as potential biomarkers for DKD (4,5). 

A systematic review by Assmann and cols. (6) high-

lighted that miR-21-5p, miR-29a-3p, miR-126-3p,  

miR-192-5p, miR-214-3p, and miR-342-3p are dys-

regulated in patients with DKD compared to the 

non-DKD group. Additionally, Lv and cols. (7) identi-

fied multiple miRNAs in plasma, urine, and exosomes 

as potential biomarkers for DKD. Among these, miR-

29a-3p and miR-192-5p have garnered particular at-

tention due to their involvement in DKD pathogene-

sis. Both miRNAs have been reported as dysregulated 

in DKD patients compared to controls; however, find-

ings regarding their expression levels are inconsistent, 

with some studies reporting upregulation and others 

reporting downregulation [reviewed in (8)]. For in-

stance, Liu and cols. (9) reported an upregulation of 

miR-29a-3p in the serum of patients with type 2 DM 

(T2DM) compared to healthy controls. Interestingly, 

increased miR-29a-3p expression was associated 

with both the onset and progression of DKD (9). 

Conversely, miR-192-5p has been linked to a protec-

tive role in DKD, as its overexpression was shown to 

attenuate high-glucose-induced apoptosis and cell 

hypertrophy while improving the viability of proximal 

tubular cells (10).

Given the inconclusive findings on the roles of miR-

29a-3p and miR-192-5p in DKD, this study aimed to 

investigate their expression levels in urine samples 

from patients with type 1 DM (T1DM) with and with-

out DKD.

SUBJECTS AND METHODS
Study design and population
This study was conducted in accordance with the 

Strengthening the Reporting of Observational Studies 

in Epidemiology (STROBE) guidelines for association 

studies (11). It included an independent cohort of pa-

tients with T1DM stratified by estimated glomerular 

filtration rate (eGFR) values. All patients were recruit-

ed from outpatient clinics of Instituto da Criança com 

Diabetes – Grupo Hospitalar Conceição (Rio Grande 

do Sul State, Brazil), between November 2019 and 

December 2022. T1DM diagnosis was based on the 

American Diabetes Association criteria (12).

Patients were categorized into two groups 

based on their eGFR values: the normal eGFR group  

(≥ 90 mL/min/1.73 m2; non-DKD group) and the al-

tered eGFR group (< 60 mL/min/1.73 m2; DKD group), 

in accordance with the Kidney Disease Improving 

Global Outcomes (KDIGO) guidelines (13). The DKD 

group was further subdivided according to the degree 

of kidney function loss: moderate DKD (moderate 

to severe loss, eGFR 30–60 mL/min/1.73 m2) and se-

vere DKD (severe loss leading to kidney failure, eGFR  

< 30 mL/min/1.73 m2). The eGFR was calculated  

using serum creatinine levels and the Chronic Kidney 

Disease Epidemiology Collaboration (CKD-EPI) cre-

atinine equation (13).

Exclusion criteria included any febrile illness with-

in the previous three months, chronic inflammatory 

or rheumatic diseases, hepatitis, HIV positivity, glu-

cocorticoid treatment, liver or cardiac failure, kidney 

transplantation, hereditary dyslipidemia, and inborn 

or acquired metabolic disorders, except for DM. This 

extensive list was carefully selected to minimize po-

tential biases, as these conditions can affect miRNA 

expression. Moreover, all samples were collected in 

the morning to control for diurnal variations, which 

may also influence miRNA expression.

The study protocol was approved by the Research 

Ethics Committees of Hospital de Clínicas de Porto 

Alegre and Grupo Hospitalar Conceição/Instituto da 

Criança com Diabetes (HCPA No. 2019-0336, CAAE 

No. 13955019.0.0000.5327). All participants provid-

ed written informed consent prior to inclusion in the 

study.

Clinical and biochemical parameters
A standardized questionnaire was used to collect in-

formation on age, age at diagnosis, T1DM duration, 

medication use, and ethnicity, which was determined 

by self-classification. All patients underwent physical 

and laboratory evaluations, as previously described 

(14). Serum creatinine was measured using the Jaffé 

reaction (15). The eGFR was calculated using the 

Chronic Kidney Disease Epidemiology Collaboration 

(CKD-EPI) equation: eGFR = 141 x min (SCR/k, 1)α 
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x max (SCR/k, 1)-1,209 x 0,993age x 1,018 [if female] x 

1,159 [if Black] (16).

MiRNA extraction and quantification by qPCR
Midstream 20 mL voided urine samples were col-

lected from all patients. Immediately after collection, 

samples were centrifuged at 3,500 x g for 5 min at 4 °C, 

and the supernatants were stored at -80 °C until miR-

NA expression analysis. Total RNA was extracted from 

200 µL of urine using the miRNeasy Serum/Plasma 

kit (Qiagen; Hilden, Germany) following the manufac-

turer’s protocol. Quality control was performed using 

synthetic spike-in RNAs (RNA Spike-In Kit, Qiagen) 

to ensure the robustness of RNA isolation and the 

quality of extracted miRNAs. RNA isolation controls 

(UniSp2, UniSp4, and UniSp5; Qiagen) were included 

in thawed plasma samples before isolation to monitor 

extraction efficiency. Purity and concentration of RNA 

samples were assessed using the NanoDrop ND-1000 

Spectrophotometer (Thermo Fisher Scientific, DE, 

USA).

After RNA isolation, 4 μL of total RNA was reverse 

transcribed into cDNA using the miRCURY LNA RT 

Kit (Qiagen), following the manufacturer’s instruc-

tions. The cDNA synthesis controls (UniSp6, Qiagen) 

and cel-miR-39-3p, provided in the RNA Spike-In Kit 

(Qiagen), were included in the reverse transcription 

reaction to assess the efficiency of the process.

Quantitative PCR (qPCR) was performed using a 

ViiATM 7 Fast Real-Time PCR System (Thermo Fisher 

Scientific) under the following cycling conditions:  

95 °C for 2 min, followed by 40 cycles at 95 °C for 10 s 

and 56 °C for 1 min. Each sample was analyzed in trip-

licate, with a negative control included in every ex-

periment. Relative quantification of hsa-miR-29a-3p 

(GeneGlobe assay ID: YP00204698) and hsa-miR-

192-5p (GeneGlobe assay ID: YP00204099) was per-

formed using the 2-ΔΔCq method, with results expressed 

as fold change (FC) relative to a calibrator sample (17). 

MiR-93-5p (GeneGlobe assay ID: YP00204715) was 

used as the reference gene.

Statistical analyses
The normality of variable distribution was assessed 

using the Kolmogorov–Smirnov and Shapiro–Wilk 

tests. Variables with a normal distribution are pre-

sented as mean ± standard deviation (SD), while those 

with a skewed distribution were log-transformed 

prior to analysis and are reported as median (25–75th 

percentiles). Categorical data are expressed as per-

centages. Clinical and laboratory characteristics were 

compared between groups using one-way ANOVA for 

continuous variables or χ2 tests for categorical vari-

ables. Relative miRNA expression (qPCR data) was 

compared between groups using one-way ANOVA 

followed by post-hoc analysis. Correlations between 

quantitative variables were analyzed using Spearman’s 

correlation test. To investigate the discriminatory 

power of miRNAs in distinguishing DKD patients from 

T1DM controls, receiver-operating characteristic 

(ROC) curves were generated, and areas under the 

curves (AUCs) were calculated. All statistical analyses 

were conducted using SPSS software (version 18.0, 

SPSS Inc., Chicago, IL, USA), and P-values < 0.05 were 

considered statistically significant.

Using the OpenEpi web tool (https://www.ope-

nepi.com), we calculated that at least nine patients 

per group were required to achieve adequate statisti-

cal power (β = 80% and α = 0.05) to detect two fold 

change (± 1.5 SD) differences in miRNA expressions 

between groups. This sample size is consistent with 

previous studies analyzing miRNA expression (18-22).

RESULTS
Clinical and laboratory characteristics 
of individuals included in the study
Table 1 summarizes clinical and laboratory character-

istics of patients in the non-DKD and DKD groups. 

No significant differences were observed between 

groups regarding mean age, BMI, HbA1c, triglycer-

ides, or cholesterol levels. Similarly, proportions of 

male and white participants did not differ significantly 

between patients with and without DKD (P > 0.500). 

As expected, the DKD group exhibited a higher preva-

lence of hypertension, elevated creatinine levels, and 

lower eGFR values compared to the non-DKD group 

(P < 0.050). Moreover, the prevalence of diabetic 

retinopathy (DR) was significantly higher among par-

ticipants with DKD than in those without DKD (72.2% 

versus 16.7%; P = 0.003).

https://www.openepi.com/
https://www.openepi.com/
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Expressions of hsa-miR-29a-3p and hsa-miR-
192-5p in the urine of T1DM patients with and 
without DKD
Expression levels of miR-29a-3p and miR-192-5p 

were evaluated in urine samples from T1DM patients, 

categorized according to the presence of DKD. As 

shown in Figure 1A, miR-29a-3p expression was sig-

nificantly upregulated in patients with DKD compared 

to those in the non-DKD group [1.24 (0.97–1.74) ver-

sus 0.83 (0.72–0.99); P = 0.008]. When the DKD group 

was further stratified by the degree of kidney function 

loss, the highest miR-29a-3p levels were observed 

in patients with severe DKD compared to non-DKD 

patients [severe DKD: 1.42 (1.25–1.84); moderate 

DKD: 1.00 (0.78–1.59); non-DKD: 0.83 (0.72–0.99); 

P = 0.014; Figure 1B]. Similarly, miR-192-5p expres-

sion tended to be higher in DKD patients compared to 

the non-DKD group, although this difference did not 

reach statistical significance [2.14 (1.45–4.20) versus 

1.42 (0.97–2.45); P = 0.084; Figure 1C]. Notably, this 

upregulation was more pronounced among patients 

with moderate DKD compared to non-DKD group 

[severe DKD: 1.77 (0.83–2.45); moderate DKD: 3.72 

(1.66–4.61); non-DKD group: 1.42 (0.97–2.45); P = 

0.043]; Figure 1D).

Next, we performed a correlation analysis between 

urinary mir-29a-3p and miR-192-5p expression levels 

and eGFR and creatinine values in all T1DM patients. 

Table 1. Clinical and laboratory characteristics of patients included in this study

Characteristic Non-DKD group 
 (n = 13)

DKD group 
(n = 16) P

Age (years) 32.3 ± 5.6 32.8 ± 5.2 0.784

Gender (% male) 50.0 44.4 1.000

BMI (kg/m²) 27.5 ± 4.2 26.4 ± 4.8 0.464

HbA1c (%) 7.8 ± 1.0 8.9 ± 2.4 0.110

Ethnicity (% of white) 83.3 72.2 0.688

Hypertension (%) 0.0 94.4 <0.001

Duration of T1DM (years) 21.7 ± 8.3 23.1 ± 7.3 0.598

Triglycerides (mg/dL) 85.0 (70.0 – 92.0) 109.0 (83.0 – 292.0) 0.121

Total cholesterol (mg/dL) 169.5 (141.0 – 182.3) 186.0 (157.0 – 203.0) 0.764

HDL cholesterol (mg/dL) 52.0 (47.0 – 71.7) 49.5 (36.2 – 61.7) 0.337

Creatinine (ug/dL) 0.8 (0.7 – 0.9) 2.4 (1.8 – 3.7) <0.001

eGFR (mL/min per 1.73 m2) 114.3 ± 12.8 31.0 ± 13.6 <0.001

Diabetic retinopathy 16.7 72.2 0.003

Variables are shown as mean ± SD, median (25th-75th percentiles) or %. BMI: body mass index; HbA1c: glycated hemoglobin; T1DM: type 1 diabetes mellitus.

Mir-29a-3p expression showed a negative correlation 

with eGFR (r = -0.490, P = 0.007) and a positive cor-

relation with creatinine levels (r = -0.524, P = 0.004). 

In contrast, miR-192-5p expression did not show any 

significant correlation with DKD-related parameters 

(P > 0.050).

Moreover, we calculated the sensitivity and speci-

ficity of both miRNAs for detecting DKD using ROC 

curve analyses. For miR-29a-3p, the AUC was 0.945, 

with a sensitivity of 1.00 and a specificity of 0.923 in 

patients with severe DKD. The cut-off value for this 

miRNA was 1.144 to distinguish severe DKD patients 

from T1DM controls. Regarding miR-192-5p, the AUC 

was 0.812, with a sensitivity of 0.667 and a specificity 

of 0.846. The cut-off value was 2.955 to differentiate 

moderate DKD patients from T1DM controls.

DISCUSSION
The identification of novel biomarkers for DKD is es-

sential for detecting DM patients at risk of progress-

ing to DKD or end-stage renal disease (ESRD). Among 

emerging candidates, miRNAs have been widely pro-

posed as potential biomarkers for several diseases, 

including DKD. In this study, two miRNAs were high-

lighted as potential biomarkers for DKD: miR-29a-3p, 

which was associated with severe kidney function 

loss, and miR-192-5p, which demonstrated a signifi-

cant association with moderate kidney function loss.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

5

Urinary miRNAs and DKD

Arch Endocrinol Metab, 2026, v.70(2), 1-8, e260019.

Here, miR-29a-3p expression was significantly up-

regulated in urine samples from T1DM patients with 

severe DKD compared to those without this compli-

cation. This finding aligns with Peng and cols. (23), 

who reported elevated urinary miR-29a-3p levels in 

patients with T2DM with albuminuria compared to 

those with normal urinary albumin excretion (UAE) 

levels. Additionally, miR-29a-3p levels were also posi-

tively correlated with UAE. Chien and cols. (24) simi-

larly observed increased miR-29a-3p expression in 

plasma samples from patients with more advanced 

DKD compared to T2DM patients with normal UAE 

levels. Notably, higher plasma miR-29a-3p levels were 

associated with a rapid rise in creatinine, suggesting 

its potential as a prognostic marker for renal func-

tion decline in T2DM patients (24). A cross-sectional 

study performed by Liu and cols. (9) further demon-

strated upregulation of miR-29a-3p in T2DM patients 

with DKD compared to controls. Consistent with our 

findings, miR-29a-3p expression was higher in the 

clinical proteinuria group (severe DKD) compared 

to the microalbuminuria group (moderate DKD) (9).  

The authors proposed serum miR-29a-3p as a po-

tential diagnostic biomarker for DKD (9). Supporting 

these observations, miR-29a-3p was found to be up-

regulated in glomerular tissue from patients with 

DKD compared to those without this complication 

(25). Moreover, in patients with acute kidney injury 

(AKI), serum miR-29a-3p expression was significantly 

elevated compared to healthy controls, suggesting a 

potential association with AKI severity (26).

In contrast to our findings, Assmann and cols. (27) 

reported a downregulation of miR-29a-3p in plasma 

samples from T1DM patients with severe DKD com-

pared to those with moderate DKD or without this 

complication. Similarly, Pezzolesi and cols. (28) found 

that miR-29a-3p was downregulated in the plasma of 

fast progressors to ESRD compared to non-progres-

sors. These discrepancies may be explained by differ-

ences in sample types and methodological approaches. 

Our study analyzed urine samples, whereas Assmann 

and cols. (27) and Pezzolesi and cols. (28) focused on 

plasma samples. Additionally, DKD classification cri-

teria varied across studies. In our analysis, DKD was 

Figure 1. Mir-29a-3p and miR-192-5p expression levels in urine from T1DM patients with and without DKD. (A) Mir-29a-3p expression in the 
non-DKD and DKD groups. (B) Mir-29a-3p expression in patients classified as non-DKD, moderate DKD, and severe DKD groups. (C) MiR-
192-5p expression in the non-DKD and DKD groups. (D)  miR-192-5p expression in patients classified as non-DKD, moderate DKD, and 
severe DKD groups. Relative expression was quantified by qPCR. Data are shown as fold changes relative to the calibrator (ΔΔCq method) 
and are presented as median (25-75th percentiles). P-values were obtained using ANOVA or Student’s t-tests, as applicable. *P < 0.050.
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defined solely on eGFR values, while Assmann and 

cols. (27) used a combination of eGFR and UAE levels, 

and Pezzolesi and cols. (28) used the urinary albumin-

to-creatinine ratio along with eGFR.

The present study found that miR-192-5p expres-

sion was significantly upregulated in T1DM patients 

with moderate DKD compared to both those with se-

vere DKD and the non-DKD group. Consistent with 

our findings, Jia and cols. (29) reported higher levels 

of miR-192-5p in urinary extracellular vesicles from 

T2DM patients with microalbuminuria compared 

to normoalbuminuric patients and healthy controls. 

They also observed a downregulation of miR-192-5p 

in patients with macroalbuminuria compared to those 

with microalbuminuria. Thus, their results also indi-

cate that miR-192-5p is particularly elevated in pa-

tients with microalbuminuria. Additionally, Assmann 

and cols. (27) demonstrated an upregulation of miR-

192-5p in plasma samples from T1DM patients with 

moderate DKD compared to both patients without 

DKD and those with severe DKD, further supporting 

its role as a biomarker for early renal impairment.

In contrast with these results, Akpinar and cols. 

(30) reported a downregulation of miR-192-5p in pa-

tients with DKD compared to controls. Their study 

included 50 healthy controls and 100 patients with 

T2DM, who were categorized into three subgroups 

based on UAE levels: normal to mildly increased (A1,  

n = 51), moderately increased (A2, n = 25), and severely 

increased (A3, n = 24) (30). Notably, the downregula-

tion of miR-192-5p was most pronounced in patients 

in the A3 group. Similarly, Ma and cols. (31) observed 

significantly lower serum levels of miR-192-5p in 

T2DM patients with microalbuminuria compared to 

normoalbuminuric patients, with an additional de-

crease observed in those with macroalbuminuria rela-

tive to those with microalbuminuria.

In addition to their established roles in kidney in-

jury, miR-29a and miR-192 are involved in systemic 

processes such as inflammation, oxidative stress, and 

extracellular matrix remodeling, contributing to cardi-

ac fibrosis. These processes are key drivers of athero-

sclerosis development and progression, as well as left 

ventricular diastolic dysfunction, which are frequent 

comorbidities in patients with DKD (32). Additionally, 

other microRNAs, such as miR-423-5p, have been as-

sociated with glucose metabolism dysregulation and 

plaque progression in atherosclerosis (33). Given that 

many cases of chronic kidney disease result from dia-

betic nephropathy, these findings highlight multidirec-

tional systemic consequences of altered microRNA 

expression. Future research could explore integrated 

biomarker panels that include miR-29a, miR-192, and 

other cardiovascular-related miRNAs to improve pre-

diction of the interplay between renal and cardiovas-

cular outcomes in diabetes.

Although most studies on DKD have been con-

ducted in patients with T2DM, our analysis focused 

on individuals with T1DM, providing novel insights 

into the epigenetic mechanisms of DKD in this popu-

lation. Since DKD development differs between dia-

betes types (34) — despite sharing some pathways 

— and factors such as obesity and dyslipidemia, more 

frequent in T2DM, can influence epigenetic profiles, 

studies targeting T1DM are particularly relevant. 

Another strength of this study is the use of urinary 

samples, which may better reflect kidney-specific pro-

cesses compared to serum or plasma. A limitation of 

this study is the relatively small sample size; however, 

it is comparable to that used in most similar studies 

(20,21,35-40) and provided sufficient statistical pow-

er. Future studies with larger and longitudinal cohorts 

are warranted to validate and expand these findings.

The identification of novel biomarkers for DKD is 

essential for facilitating early detection and improving 

the management of patients at risk of disease progres-

sion. Our study demonstrates that miR-29a-3p and 

miR-192-5p are differentially expressed in patients 

with DKD, underscoring their potential as biomarkers 

for distinct stages of the disease. Their differential ex-

pression may serve as a valuable indicator of disease 

severity and progression, providing critical insights 

into the underlying pathophysiological mechanisms 

of DKD. These findings not only enhance our under-

standing of molecular pathways associated with DKD 

but also suggest promising avenues for incorporat-

ing these biomarkers into diagnostic and therapeutic 

strategies. However, further studies are required to 

validate these findings and explore their clinical appli-

cability in larger and more diverse cohorts.
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ABSTRACT
Objective: Familial non-medullary thyroid cancer (FNMTC) is defined as non-medullary thyroid cancer occurring in two or more 

first-degree relatives, without features of known hereditary syndromes. Although familial predisposition is well established, 

its clinical behavior remains debated. This study aimed at characterizing familial cases compared to sporadic non-medullary 

thyroid cancer (SNMTC). Subjects and methods: FNMTC and SNMTC patients were recruited from the Endocrine Division 

(SEMPR) of the Federal University of Paraná, Brazil, and private endocrine clinics in Curitiba, Paraná, Brazil (2000-2019). 

Baseline, histopathological, and clinical data were analyzed using SPSS Statistics 26.0. Statistical comparisons employed chi-

square, Student’s t test, and Mann-Whitney U test, as appropriate. Post hoc power analysis was performed using G*Power 

3.1.9.7, and R 2025.05.0. Results: We analyzed 39 FNMTC and 119 SNMTC patients. Papillary thyroid carcinoma was the 

predominant histological type in both groups. FNMTC patients were diagnosed at a younger age (38.5 ± 14.2 vs. 46.6 ± 13.8 

years, p = 0.003) and more frequently presented with lymph node metastases at diagnosis (46.2% vs. 21.8%, p = 0.007), with a 

4.57-fold increased risk. Despite these differences, long-term outcomes did not differ significantly between groups. An earlier 

disease onset in subsequent generation suggests a possible anticipation phenomenon. Conclusion: These findings suggest 

that FNMTC patients may present with earlier onset and higher rates of lymph node involvement, underscoring the need for 

thorough preoperative lateral neck evaluation. In view of a possible anticipation phenomenon, cervical ultrasound screening 

might be considered starting in adolescence.

Keywords: Thyroid neoplasms; thyroid cancer, papillary; genetic predisposition to disease; neoplastic syndromes, hereditary

INTRODUCTION
The occurrence of thyroid cancer in twins was first 

reported in 1953 by Firminger and Skelton (1). Soon 

afterwards, in 1955, Robinson and Orr also reported 

24-year-old monozygotic twins affected by isolated 

papillary thyroid cancer (2). However, the concept 

of Familial Non-Medullary Thyroid Carcinoma 

(FNMTC) has only been firmly established in the last 

decades (3). FNMTC is defined by two or more first-

degree relatives affected by non-medullary thyroid 

carcinoma (papillary, follicular, oncocytic, anaplastic) 

without syndromic signs (Cowden syndrome, Gardner 

syndrome/Familial Adenomatous Polyposis, Carney 

complex, Werner syndrome) (4,5).

Patients with FNMTC account for 1.5%-10% of 

thyroid cancer cases (6-12), and many controversies 

still surround this entity. Multicentricity and lymph 

node metastases were observed more commonly in 

FNMTC by some (10,11,13,14) but not all authors 

(7,8,15). Similarly, some but not all have reported 

original
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a higher incidence of recurrences, as well as a 

compromised disease-specific survival in FNMTC 

compared to sporadic non-medullary thyroid cancer 

(SNMTC) (16).

Syndromic forms of FNMTC have well-

documented genetic etiologies. Mutations in PTEN, 

APC, WRN, and PRKAR1A are associated with 

Cowden syndrome, Gardner syndrome/Familial 

Adenomatous Polyposis, Werner syndrome, and 

Carney complex, respectively. In contrast, non-

syndromic FNMTC has no single well-defined genetic 

predisposition, although an autosomal dominant 

inheritance pattern with incomplete penetrance is 

likely (17). Although multiple loci and variants have 

been described in FNMTC, most of these alterations 

appear to be restricted to a limited number of 

families or are private to specific kindreds. FNMTC 

has been linked to several loci, including TCO, 

NMTC1, PRN1, 4q32, 6q22, 8p23.1-22, and 8q24, as 

well as variants in NKX2-1, FOXE-1/PTCSC2, SRGAP1, 

SRRM2, NOP53, HAPB2, and PDPR. Additionally, 

genes associated with the shelterin complex, 

such as TINF2, POT1, and ACD are thought to be 

implicated in its pathogenesis (18,19). Moreover, 

multigenic mechanisms have also been postulated 

as a mechanism to confer PTC predisposition (20). 

However, the extent of their contribution to FNMTC 

susceptibility remains mostly uncertain and requires 

additional investigation.

Given the ongoing controversies concerning the 

clinical behavior of FNTMC, the absence of high 

penetrance mutations outside of the syndromic forms, 

and the observed heterogeneity in FNMTC families in 

terms of age-dependent penetrance and expressivity, 

it remains of interest and importance to thoroughly 

characterize such families. This may ultimately provide 

novel insights into mechanisms of carcinogenesis, 

impact clinical management, and permit to establish 

structured recommendations for screening, and, in 

some cases, refine treatment strategies. 

With the goal of contributing to a better 

understanding of FNMTC as a clinical entity, this study 

aimed at characterizing the clinical presentation at 

diagnosis and treatment response of familial cases, in 

comparison to sporadic thyroid cancer.

SUBJECTS AND METHODS
Patients with FNMTC and SNMTC diagnosed be-

tween 2000 and 2019 were included in this study. 

FNMTC was defined as the presence of non-medul-

lary thyroid cancer (papillary, follicular, oncocytic, 

or anaplastic) in two or more first-degree relatives. 

Furthermore, patients with signs indicative or sugges-

tive of syndromes associated with thyroid cancer such 

as Cowden syndrome, Gardner syndrome/Familial 

Adenomatous Polyposis, Carney complex, Werner 

syndrome, or ataxia-telangiectasia were excluded. A 

specific questionnaire and clinical examination were 

performed to exclude syndromes associated with thy-

roid carcinomas in the Endocrine Division (SEMPR), 

Department of Internal Medicine, Federal University 

of Parana. SNMTC was defined as the absence of a his-

tory of thyroid cancer in the family and cases were se-

lected from our institutional database.

FNMTC patients were identified through the 

SEMPR’s dedicated database and were also recruited 

from private endocrine clinics in Curitiba between 

2015 and 2019. The thyroid cancer database of 

SEMPR has been established in 2007 and has formal 

approval by the Hospital’s Ethics Committee (CAAE: 

48391715.8.0000.0096). In 2007, all information 

was collected retrospectively and, since then, 

prospectively. Some affected relatives of the index 

cases of these FNMTC kindreds have received 

treatment outside of Curitiba (Rio de Janeiro (Brazil), 

Londrina (Brazil), Bogota (Colombia)). In these 

instances, the medical records were obtained from 

the treating physicians and/or clinical institutions for 

chart review.

The control cohort comprising SNMTC is formed 

by patients followed at the Federal University of 

Parana, Curitiba, a tertiary hospital, and consists of 

patients that have been diagnosed and followed exclu-

sively at this institution. Patients referred because of 

advanced metastatic disease were excluded from the 

control cohort to avoid potential bias. No children or 

adolescents under the age of 14 were included in this 

study.

Data about the type of surgery, patient 

characteristics (sex, age at diagnosis), histological 

characteristics (type, size, presence/absence of 
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capsule, capsular invasion, angio-lymphatic invasion, 

perineural invasion, gross extrathyroidal extension, 

presence of lymph node involvement, extra nodal 

extension, and distant metastases) were collected. 

These data were compiled, and each case was 

classified according to the American Joint Committee 

on Cancer (AJCC) TNM classification, 8th edition (21), 

and the 2009 American Thyroid Association (ATA) 

risk stratification system (22), rather than the version 

from 2015 (23), because detailed data on lymph node 

size and/or the number of lymphovascular invasions 

was missing.

An expert thyroid pathologist revised all cases 

with unclear pathology reports and excluded 

one case of non-invasive follicular neoplasm 

with papillary-like features (NIFTP). Response to 

therapy was determined with parameters including 

biochemical markers (thyroglobulin (Tg) and 

antithyroglobulin antibodies), as well as imaging 

studies (ultrasound, scintigraphy, computerized 

tomography), and classified according to the 2015 

ATA guidelines (excellent response, biochemical 

incomplete response, structural incomplete 

response, and indeterminate response) (23). 

To study the possibility of an anticipation phenom-

enon – an earlier onset of disease manifestations in 

subsequent generations – we only included FNMTC 

kindreds with documented DTC in a parent and some 

of their offspring.

The statistical analyses were performed using 

SPSS Statistics for Windows (Version 26.0, IBM 

Corporation, Armonk, New York). For qualitative 

variables, we used the Chi-square/Fisher’s test; and 

for quantitative analyses, the T-student test or the 

Mann-Whitney U test as indicated. Post hoc power 

analyses were performed using G*Power 3.1.9.7 and 

R 2025.05.0.

This project was approved by the Ethics Committee 

of the Clinical Hospital at the Federal University of 

Parana (CAAE: 40511015.5.0000.0096).

RESULTS
In total, we recruited 42 familial cases, of which three 

were excluded. Because the focus of this study was 

on FNMTC without any tumors in other organs, one 

kindred with two cases was excluded due to concur-

rent breast cancer and heterozygosity for a patho-

genic ATM variant (ATM c.3848T>C; p.L1283P) (24). 

Another family was excluded due to a strong familial 

history of lung cancer. 

For SNMTC cases, we evaluated 249 patients for 

enrollment. However, 130 had insufficient data leaving 

a final SNMTC cohort of 119 subjects (Figure 1). 

SNMTC: sporadic non-medullary thyroid cancer; FNMTC: familial non-medullary thyroid cancer. 

Figure 1. Flow diagram of patient exclusion criteria for SNMTC and 
FNMTC groups.

249 DTC

119 patients included
in analysis

42 selected patients

3 patients excluded because of the 
association with other cancers

39 patients included in 
analysis

130 excluded because
of incomplete data

SNMTC

FNMTC

Baseline characteristics
There were no sex differences between the FNMTC 

and SNMTC groups, with the majority being female 

(79.5% vs. 88.2%, p = 0.187). Management strategies 

were also similar: all FNMTC patients (100%) and most 

SNMTC patients (96.6%) underwent total thyroidec-

tomy. Central neck dissection was only performed in 

patients with clinical evidence of lymph node metas-

tases but not in a prophylactic manner. 

FNMTC patients were diagnosed at a younger age 

than SNMTC patients (38.5 ± 14.2 vs. 46.6 ± 13.8, 

p = 0.003). Furthermore, when analyzing the age of 

diagnosis between the first and second generations 

of FNMTC, a significant difference was found, with 

diagnosis at a younger age in the second generation 

(49.7 ± 11.6 vs. 32.5 ± 13.1 years, p = 0.002). The 

third generation was not included in this analysis, as it 

comprised only a single patient.

The mean available follow-up period was shorter 

for FNMTC patients compared to SNMTC subjects 

(7.0 ± 3.6 vs. 10.4 ± 5.3 years, p < 0.001). In addition, 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

4

Familial non-medullary thyroid cancer: cllinical presentation

Arch Endocrinol Metab, 2026, v.70(2), 1-7, e260018.

all SNMTC patients were treated within the Public 

Health System. However, as patients with oncologic 

conditions receive treatment priority, this did not 

appear to affect the timing of surgery or subsequent 

treatments.

A summary of patient characteristics is provided in 

Table 1. 

Histopathological characteristics
In both groups, papillary thyroid cancer was the 

predominant histological type: (104/119, 87.4% 

in SNMTC vs. 38/39, 97.4% in FNMTC, p = 0.178). 

Interestingly, the mean tumor size was smaller in the 

FNMTC group (18.28 ± 13.56 mm vs. 25.27 ± 20.39 

mm, p = 0.084), although not statistically significant. 

For other histopathological characteristics (capsular 

invasion, angiolymphatic invasion, extrathyroidal ex-

tension, multicentricity), there were no statistically 

significant differences between the two groups.

Lymph node and distant metastatic disease
Despite similar primary tumor characteristics, FNMTC 

patients had a significantly higher rate of lymph node 

metastasis at initial surgery compared to SNMTC pa-

tients (46.2% versus 21.8%, p = 0.007). Univariate and 

multivariate analyses were performed to assess for 

potential confounding factors. Univariate analysis 

showed that the main factors for lymph node involve-

ment were family history, age at diagnosis, angiolym-

phatic invasion and minimal extrathyroidal extension. 

Multivariate analysis revealed that FNMTC patients 

had a 4.57-fold higher risk of lymph node metastasis 

(Table 2). Additionally, younger age was associated 

with a higher risk of lymph node involvement (p =  

< 0.001; OR = 0.94). Minimal extrathyroidal extension 

was also correlated with an increased risk of lymph 

node metastasis.

The prevalence of distant metastatic disease at 

initial diagnosis did not differ between the SNMTC 

and FNMTC groups (9.2% versus 0%, p = 0.067).

The TNM stages of both groups (FNMTC 

and SNMTC) is shown in Table 3 (American Joint 

Committee on Cancer Staging System 8th edition) (21).

Radioiodine therapy
The frequency of radioiodine therapy was comparable 

between the FNMTC and SNMTC groups (p = 0.799). 

The administered activities were lower on average in 

the FNMTC group (3.49 ± 3.06 GBq vs. 5.5 ± 6.03), al-

though the difference did not reach statistical signifi-

cance (p = 0.054). The administered activities ranged 

from zero to 38.48 GBq in the SNMTC group, and from 

zero to 14.8 GBq in FMNTC patients.

Response to therapy and recurrences
There were no significant differences in response to 

therapy between the two groups (p = 0.230), nor in the 

incidence of recurrences (p = 0.187).

DISCUSSION
Although it has been known for decades that thyroid 

cancer can be highly heritable (25,26), leading to the 

concept of FNMTC, its clinical behavior and outcomes 

compared to SNMTC remain a subject of debate. 

While some studies suggest that FNMTC exhibits a 

more aggressive presentation, others report no sig-

nificant differences in disease manifestation and pro-

gression (10,15,27,28).

The findings presented here suggest that FNMTC 

is associated with a higher prevalence of lymph node 

Table 1. Baseline characteristics of patients with SNMTC versus FNMTC

SNMTC FNMTC p-value

Age (years old) 46.65 ± 13.77 38.74 ± 14.48 0.003 (power 93.8%)

Sex (female) 105 (88.2%) 31 (79.5%) 0.187 (power 24.8%)

Follow-up (years) 10.40 ± 5.32 7.05 ± 3.58 <0.001

Public Health System patients 119 (100%) 9 (23.1%) <0.001 (power 100%)

Total thyroidectomy 115 (96.6%) 39 (100%) 0.573 (power 0.1%)

Student’s t-test for independent samples (age), Fisher’s exact test for categorical variables; p < 0.05.
SNMTC: sporadic non-medullary thyroid cancer; FNMTC: familial non-medullary thyroid cancer.
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metastasis at initial diagnosis (46.2% vs. 21.8%, p = 

0.007). Similar results have been reported in several 

studies (9,10,12); although others did not make this 

observation (8,11,13,15,29,30). One might argue 

that the surgeons involved were more inclined to 

perform central lymph node dissection, potentially 

influencing the results, as lymph node micrometas-

tases are highly prevalent in PTC. Yet, as outlined 

above and consistent with current guidelines (23,31), 

prophylactic central lymph node dissection was not 

performed in this cohort. Nonetheless, the involve-

ment of multiple surgeons makes it impossible to rule 

out performance bias.

Although the follow-up period is relatively short, 

we observed a higher recurrence rate in the FNMTC 

group compared to SNMTC patients (20.5% vs. 11.8%). 

However, this difference did not reach statistical 

significance (p = 0.187). This finding is consistent 

with previous reports, which suggested that while 

FNMTC may exhibit more lymph node metastasis. 

Table 3. Characteristics of SNMTC versus FNMTC

SNMTC FNMTC p-value

Histological characteristics

Size (mm) 25.27 ± 20.39 (1.6-95) 18.28 ± 13.56 (5-60) 0.084 (power: 68.4%)

Histology Papillary
Follicular
Oncocytic

104 (87.4%)
9 (7.6%)
6 (5%)

38 (97.4%)
1 (2.6%)

-

0.178
(power: 36.1%)

Multicentric disease 39/112 (34.8%) 18/39 (46.2%) 0.251 (power: 20.2%)

No capsular invasion 21/108 (19.4%) 6/37 (16.2%) 0.365 (power: 22.4%)

Angiolymphatic invasion 50/102 (49%) 18/36 (50%) 1.000 (power: 3.6%)

Minimal extrathyroidal extension 22/113 (19.5%) 5/37 (13.5%) 0.471 (power: 8.2%)

Gross extrathyroidal extension 7/113 (6.2%) 0/39 (0%) 0.191 (power: 4.5%)

Initial clinical presentation

Cervical lymph node involvement 26 (21.8%) 18 (46.2%) 0.007 (power: 79.3%)

Distant metastases 11 (9.2%) 0 (0%) 0.067 (power: 41.6%)

AJCC/TNM according to 8th edition

I 101 (84.9%) 39 (100%)

II 13 (10.9%) 0 (0%)

IVa 1 (0.8%) 0 (0%)

IVb 4 (3.4%) 0 (0%)

SNMTC: sporadic non-medullary thyroid cancer; FNMTC: familial non-medullary thyroid cancer; AJCC/TNM: American Joint Committee on Cancer/Tumor, Node, Metastasis system.

Table 2. Multivariate analysis for risk of lymph node metastasis

Predictora Classification Total

N

Pb OR (IC95%)bNo 
Mean ± dp  

or n (%)

Yes 
Mean ± dp  

or n (%)

Age Mean ± dp 158 47.2 ± 13.3 38.2 ± 14.9 <0.001 0.94 (0.91-0.98)

Familiarity SNMTC 93 (78.2%) 26 (21.8%)

FNMTC 21 (53.8%) 18 (46.2%) 0.003 4.57 (1.67-12.5)

Angiolymphatic invasion 0 (ref) 70 55 (78.6%) 15 (21.4%)

1 68 43 (63.2%) 25 (36.8%) 0.091 2.23 (0.88-5.68)

Extrathyroidal invasion 0 (ref) 123 99 (80.5%) 24 (19.5%)

1 27 11 (40.7%) 16 (59.3%) <0.001 10.15 (3.33-30.93)

a Predictors were selected according to the statistical significance in the univariate analysis. Perineural invasion was excluded due to the small number of cases exhibiting this feature (only 7).
b Multivariate Logistic Regression Model and Wald Test, p < 0.05.
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But the long-term oncologic outcomes do not differ 

significantly from those of SNMTC patients (7,12).

In the cohort presented here, the mean age at 

diagnosis was significantly lower in the FNMTC 

group than in the SNMTC group (38.5 ± 14.2 vs. 46.6 

± 13.8, p = 0.003). Previous studies have consistently 

reported younger age at diagnosis in FNMTC patients 

(3,6,10,13,15,27,29), though this trend was not 

observed in families with only two affected members 

(32). One potential confounder in our analysis might 

be ascertainment bias. Many of the FNMTC patients 

had better access to healthcare, facilitating earlier 

detection and diagnosis of thyroid abnormalities. 

Furthermore, the diagnosis of thyroid cancer in one 

individual may prompt screening of family members, 

leading to earlier detection, even for small carcinomas. 

The possibility of anticipation, in which disease 

onset occurs earlier in successive generations, has 

been suggested for FNMTC (30). To explore this, we 

analyzed the age difference between generations 

within FNMTC families and observed a significant 

trend toward earlier diagnosis in subsequent 

generations (p = 0.002), with some cases diagnosed 

more than a decade earlier. Although intriguing, 

this finding should be interpreted with caution and 

requires further confirmation. As discussed, early 

case identification and screening in families with 

known thyroid cancer may contribute to detection 

and ascertainment bias. This, in turn, increases the risk 

of a Type I error in assessing age-of-onset anticipation, 

and no statistical analysis can eliminate this potential 

limitation (33). 

Several factors may explain the discrepancies in the 

literature regarding initial presentation and clinical 

course of FNMTC. One major challenge is the classifi-

cation of familial cases. Charkes postulated that using 

a criterion of only two affected individuals per family 

poses a high risk (62%-69%) of misclassifying sporadic 

cases as familial due to the high incidence of DTC (34). 

However, other studies have suggested that even fam-

ilies with only two affected members may exhibit more 

aggressive disease (32). The inclusion of both two-

member and larger families in most studies, including 

ours, further complicates comparisons. In our cohort, 

56% of FNMTC cases originated from families with 

at least three affected members. Comparing patients 

from families with at least three affected members to 

those from families with only two affected individuals, 

we found no significant differences in sex, age, or his-

tological characteristics (data not shown).

FNMTC studies encompass families from diverse 

genetic backgrounds. In the absence of a known high 

penetrance gene, it is likely that FNMTC exhibits 

genetic heterogeneity, with multiple low-penetrance 

genetic variants at multiple loci contributing to 

disease susceptibility (18,32). Environmental factors 

may also play a role in disease manifestation and 

progression, further complicating efforts to delineate 

the underlying mechanisms of FNTMC. 

Regarding treatment outcomes, no significant 

differences were observed between the SNMTC 

and FNMTC groups in terms of the ATA response-

to-therapy reclassification. This suggests that the 

therapeutic interventions were equally effective in 

both groups. However, we acknowledge the limitations 

of our study, including a relatively short follow-up 

period (mean: 7.1 ± 3.6 years) and a limited sample 

size. Nevertheless, our findings align with previous 

studies reporting comparable treatment responses 

between FNMTC and SNMTC patients (7,12).

In conclusion, according to the data obtained 

from this cohort, FNMTC appears to be associated 

with a higher prevalence of lymph node metastases 

compared to SNMTC. Therefore, a thorough 

preoperative evaluation of the lateral neck remains 

essential.

Furthermore, our findings suggest that there may 

be an anticipation phenomenon in FNMTC, although 

detection and ascertainment bias remain a possible 

alternative explanation. Yet, based on these findings, 

structured ultrasound evaluation beginning at 

approximately 15 years of age may be recommended 

for individuals in subsequent generations. 
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ABSTRACT
Objective: Accurate assessment of metastatic status is crucial for determining radioactive iodine (RAI) dosing in postoperative 

papillary thyroid carcinoma (PTC) patients. This study aimed to identify unbiased biomarkers in metastatic PTC patients after 

surgery by applying a metabolomics workflow in saliva samples. Materials and methods: Saliva samples from 70 postoperative 

PTC patients (35 metastatic PTC patients in metastasis group and 35 non-metastatic PTC patients in control group) were 

analyzed using liquid chromatography – mass spectrometry. Orthogonal partial least-squares-discriminant analysis was applied 

to identify differential metabolites and significant pathways were examined within these metabolites. Receiver operating 

characteristic curve (ROC) analysis was utilized to further evaluate the diagnostic performance of candidate metabolites. 

Results: A total of 119 differential metabolites were identified, with 108 upregulated and 11 downregulated. Pathway analysis 

revealed 13 significantly dysregulated metabolic pathways in metastatic PTC,  including necroptosis, choline metabolism 

in cancer, sphingolipid signaling, valine, leucine and isoleucine biosynthesis, linoleic acid metabolism and pantothenate and 

CoA biosynthesis. ROC analysis demonstrated six discriminating biomarkers (5 lipids, 1 amine) that effectively distinguished 

metastatic from non-metastatic PTC, with all area under the curve values exceeding 0.8. Notably, these metabolites maintained 

diagnostic performance even in the thyroglobulin antibody-positive subgroup (≥ 4.11 IU/mL) for metastatic screening. 

Conclusion: This study demonstrates the potential of salivary biomarkers as a non-invasive diagnostic approach for metastatic 

PTC to aid the appropriate dosing for RAI therapy. It also offers new insights into the mechanisms of PTC metastasis and 

potential targets for adjuvant therapy.

Keywords: Metabolomics; metabolite; saliva; metastasis; papillary thyroid carcinoma 

INTRODUCTION
Thyroid cancer (TC) is the most common endocrine 

malignancy, with its incidence rising steadily annually 

(1,2). Among the various types of TC, papillary thyroid 

carcinoma (PTC) is the most predominant subtype, 

accounting for approximately 85%-90% of all cases 

(3). At the time of diagnosis, around 20%-50% of 

PTC patients present with lymph node metastases, 

while 5% have distant metastases (4-6). Additionally, 
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approximately 10%-30% of patients with PTC develop 

recurrence or disease progression after initial 

treatment (6). Evidently, metastatic PTC patients face 

substantially elevated risks of disease recurrence and 

poor clinical outcomes.

The standard treatment for PTC begins with 

surgical resection, followed by radioactive iodine 

(RAI) therapy and thyroid-stimulating hormone 

(TSH) suppression. Patients with persistent lymph 

node metastasis after initial surgery are typically 

administered 131I at doses of 100-150 mCi, whereas 

those with distant metastases receive 150-200 mCi 

(6). A precise pre-RAI assessment of metastatic status 

is crucial for determining a patient-specific 131I dose, 

which significantly influences treatment outcomes. 

Ultrasonography (US), which is the standard 

imaging modality for evaluating lymph node 

metastasis in TC (7), has been reported to have a 

diagnostic accuracy of only 72% (8). Moreover, the 

computed tomography (CT) manifestations of lung 

metastases are highly variable, posing significant 

challenges in distinguishing metastatic nodules from 

benign lesions (9). These limitations highlight the 

insufficiency of relying solely on imaging features for 

definitive metastasis detection, underscoring the need 

for integrated diagnostic approaches. Thyroglobulin 

(Tg) is a widely used biomarker for monitoring 

PTC, but the prevalence of thyroglobulin antibody 

(TgAb) can significantly interfere with its accurate 

measurement (10). Therefore, there is an urgent 

need to identify novel biomarkers that can accurately 

assess metastatic status after radical thyroidectomy.

Metabolomics, a high-throughput technique, 

quantifies small-molecule metabolites using various 

specimens like blood, urine, saliva, faeces, tissue, and 

cell cultures. Cararo Lopes and cols. profiled normal 

and tumour thyroid tissues from differentiated 

thyroid carcinoma (DTC) patients, revealing metabolic 

alterations implicated in energy maintenance and 

anabolic metabolism in DTC. Furthermore, they 

identified a panel of six key metabolites – adenosine, 

ascorbic acid, betaine, guanidoacetic acid, phenylacetic 

acid, and pyruvate – significantly associated with 

metastatic PTC (11). Multiple plasma-based or serum-

based metabolomic studies have also revealed distinct 

metabolite profiles linked to PTC development 

(12-14) or metastasis (15,16). Recently, the use of 

saliva has attracted much attention in the field of 

biomedical research because of its advantages of non-

invasiveness, ease of collection and storage, and  a 

lack of need for professional operation. Accumulating 

evidence supports the use of saliva as a promising 

non-invasive medium for tumour biomarker discovery, 

with clinical validation in breast cancer (17,18), oral 

squamous cell carcinoma (19), and other malignancies. 

To date, only one saliva-based metabolomics study 

has demonstrated that a panel consisting of alanine, 

valine, proline, and phenylalanine improves the 

accuracy of early PTC diagnosis (20). However, existing 

studies have focused predominantly on preoperative 

PTC patients, and there remains a lack of research 

on postoperative patients prior to RAI therapy – 

particularly regarding the use of salivary metabolic 

biomarkers to guide RAI dose. 

Therefore, to characterize salivary metabolic 

alterations in postoperative PTC patients scheduled 

for RAI treatment, we conducted a comprehensive 

untargeted metabolomic analysis using liquid 

chromatography-mass spectrometry (LC-MS) to 

identify potential salivary biomarkers.

MATERIALS AND METHODS
Patients 
Following total thyroidectomy, patients with PTC 

were referred to our department for RAI therapy. 

Approximately  1-2 days before radioiodine admin-

istration, we measured  serum thyroid hormone, 

thyroid-stimulating hormone (TSH), stimulated thy-

roglobulin (s-Tg), and anti-thyroglobulin antibody 

(TgAb) levels,  and  conducted  neck ultrasonography, 

chest computed tomography (CT), and whole-body 

bone scans. The empirical treatment doses of 131I were 

administered under the condition of a serum TSH 

level of at least 30 mIU/L. Four days after treatment, 

post-therapeutic ¹³¹I SPECT/CT was performed for all 

patients and independently reviewed by  two experi-

enced nuclear medicine physicians. 

A case-control study  was conducted using 

age-, sex-, and serum TgAb level-matched cohorts. 

Only  patients aged ≥ 18 years with histologically 
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confirmed PTC  were included. Postoperative PTC 

patients presenting with lymph node or distant 

metastasis were assigned to the metastasis group. 

Metastatic status was confirmed if at least one 

of the following criteria was met: (1) Pathological 

confirmation of metastasis via surgical specimens or 

fine-needle aspiration biopsy; (2) Imaging evidence 

(ultrasonography, chest CT scan, whole-body bone 

scintigraphy, or PET/CT) along with elevated serum Tg 

and/or TgAb levels; (3) Metastatic lesions identified on 

post-therapeutic radioiodine whole-body scan after 

exclusion of physiological uptake. The non-metastasis 

group included postoperative PTC patients who met 

all of the following criteria: (1) No evidence of lymph 

node/distant metastases before and after initial RAI 

therapy; (2) No biochemical recurrence (defined 

as suppressed Tg < 0.2 ng/mL or stimulated Tg  

< 1 ng/mL) or structural disease progression during 

at least 12 months of follow-up after ablation. All 

radiographic findings were independently evaluated 

by two board-certified radiologists with ≥ 10 years 

of thyroid imaging experience. The study protocol 

was reviewed and approved by the ethics committee 

of Nanjing First Hospital (No. KY20240924-10). 

Informed consent was obtained from all subjects 

involved in the study.

Saliva sample collection
All unstimulated saliva samples were collected within 

a fixed time window (8:30-10:30 a.m.) prior to RAI 

therapy. Participants were required to avoid  eating, 

drinking, smoking, and oral hygiene procedures for 

at least 1 hour prior to collection.  Additionally, they 

rinsed their mouths thoroughly with water at least 

10 minutes beforehand. During the collection proce-

dure, participants were directed to accumulate saliva 

in their oral cavities for a minimum of one minute and 

then expectorate directly into a sterile tube, avoiding 

inclusion of coughed-up mucus. If the initial attempt 

did not yield enough saliva, the process was repeated 

until a minimum volume of 1 mL was obtained. The 

saliva samples were then centrifuged at 3000 revolu-

tions per minute (rpm) for 10 min at 4 °C. The super-

natants were aliquoted and stored at -80 °C until sub-

sequent analysis.

Untargeted metabolomics analysis of saliva 
samples
The saliva samples were thawed at 4 °C and 100 μL 

aliquots were mixed with 400 μL of cold methanol/ace-

tonitrile (1:1, v/v) to remove the protein. The mixture 

was centrifuged for 20 min (14000 g, 4 °C). The super-

natant was dried under vacuum centrifuge. For liquid 

chromatograph-mass spectrometer (LC-MS) analysis, 

the samples were reconstituted in 100 μL acetonitrile/

water (1:1, v/v) and centrifuged at 14,000 g at 4 °C for 

15 min, then the supernatant was injected. Equal vol-

umes of each study sample were combined to create a 

pooled quality control (QC) sample. All samples were 

analyzed in the same batch by technicians to avoid 

batch effects. Continuous sample analysis was con-

ducted in random order, with QC samples inserted into 

the queue to monitor and evaluate system stability.

Analysis was performed using an UHPLC (Vanquish 

UHPLC, Thermo) coupled to a Orbitrap Exploris™ 480 

in Shanghai Applied Protein Technology Co., Ltd. For 

Hydrophilic Interaction Liquid Chromatography (HILIC) 

separation, samples were analyzed using a 2.1 mm × 100 

mm ACQUIY UPLC BEH Amide 1.7 μm column (waters, 

Ireland). In both electrospray ionization (ESI) positive and 

negative modes, the mobile phase contained A = 25 mM 

ammonium acetate and 25 mM ammonium hydroxide 

in water and B = acetonitrile. The gradient was 95% B 

for 0.5 min and was linearly reduced to 65% in 6.5 min, 

then reduced to 40% in 1 min and kept for 1min, then 

increased to 95% in 0.1 min and kept for 2.9 min.

The ESI source conditions were set as follows: Ion 

Source Gas1 (Gas1) as 50, Ion Source Gas2 (Gas2) as 2, 

source temperature: 350 ℃, IonSpray Voltage Floating 

(ISVF): +3,500 V/-2,800V. In MS only acquisition, the 

instrument was set to acquire over the m/z range 70-

1200 Da, the resolution was set at 60,000 and the 

accumulation time was set at 100 ms. In auto MS/MS 

acquisition, the instrument was set to acquire over 

the m/z range 70-1,200 Da, the resolution was set at 

60,000 and the accumulation time was set at 100 ms, 

exclude time within 4 s.

Data processing
The raw MS data were converted to MzXML files us-

ing ProteoWizard MSConvert before importing into 
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freely available XCMS software. For peak picking, the 

following parameters were used: centWave m/z = 10 

ppm, peakwidth = c (10, 60), prefilter = c (10, 100). 

For peak grouping, bw = 5, mzwid = 0.025, minfrac = 

0.5 were used. CAMERA (Collection of Algorithms of 

MEtabolite pRofile Annotation) was used for annota-

tion of isotopes and adducts. In the extracted ion fea-

tures, only the variables having more than 50% of the 

nonzero measurement values in at least one group 

were kept. Compound identification of metabolites 

was performed by comparing of accuracy m/z value 

(<10 ppm), and MS/MS spectra with an in-house 

database established with available authentic stan-

dards. Putative metabolite identification was also 

required to meet level 2 or higher criteria as speci-

fied in the Metabolomics Standards Initiative (MSI) 

guidelines (21).

Statistical analysis
For clinical data analysis, continuous variables 

were compared between two groups using either 

Student’s t-test (for normally distributed data) or the 

Wilcoxon rank-sum test (for non-normal distribu-

tions). Categorical variables were analyzed using the 

chi-square test. Statistical significance was defined as  

P < 0.05. All statistical analyses were conducted using 

R software (version 4.4.0).

In the metabolomic analysis, internal standards 

were not used for normalization due to the 

non-targeted nature of the metabolic profiling. 

Nevertheless, the detected peak areas were 

log2 normal transformed and then subjected to 

multivariate analysis using the R package ropls. 

Multivariate analysis included unit variance-scaled 

principal component analysis (PCA) and orthogonal 

partial least-squares discriminant analysis (OPLS-DA). 

Model robustness was evaluated  via 7-fold cross-

validation and response permutation testing. The 

contribution of each variable to the classification 

was assessed based on its variable importance 

in the projection (VIP) value from the OPLS-DA 

model. Student’s t test was applied to determine 

the significance of differences between two groups 

of independent samples. VIP > 1 and P < 0.05 were 

used to screen significant changed metabolites. 

KEGG pathway enrichment analysis was performed 

based on differentially expressed metabolites. The 

diagnostic performance of metabolites and serum Tg 

in distinguishing metastatic status in PTC patients 

was evaluated using receiver operating characteristic 

(ROC) curve analysis. Correlations between variables 

were assessed using Pearson correlation analysis.

RESULTS
Demographic and clinical data
A total of 70 PTC patients were enrolled and stratified 

into two groups based on their metastatic status: the 

metastasis group (35 patients; mean age 41.54 ± 14.39 

years, sixteen males and nineteen females) and the 

non-metastasis group (35 patients; mean age 43.71 

± 13.26 years, sixteen males and nineteen females). 

No significant differences were observed in age or 

sex between these two groups (P = 0.51 and 1.000, 

respectively). Serum  TgAb levels were comparable 

between the groups (P = 0.87), whereas s-Tg levels 

were significantly  elevated in the metastasis group 

(P < 0.001). Further subgroup analysis based on TgAb 

status demonstrated comparable age, sex, and meta-

static site distributions between the TgAb-negative 

subgroup and the TgAb-positive subgroup. However, 

the TgAb-positive subgroup had significantly higher 

TgAb levels and significantly lower Tg levels compared 

to the TgAb-negative subgroup. More details of these 

subjects were shown in Table 1.

Results of sample quality control (QC)
As shown in Figures 1A and 1B, the chromatograms 

exhibit strong overlap in both positive and negative 

ion modes. Minimal fluctuations were observed in 

both retention time and peak response intensity, re-

flecting that the instrument maintained optimal per-

formance  throughout the entire detection process, 

thereby ensuring stable and reliable signal acquisition. 

In the PCA of QC samples, the samples were clustered 

closely together (Figures 1C and 1D, green circles). 

As indicated in Figure 1E and 1F, over 80% of the QC 

samples exhibited a relative peak area with a relative 

standard deviation (RSD) ≤ 30%. Overall,  the QC re-

sults confirmed the high reproducibility and stability 

of the data in this study.
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Figure 1. Information of sample quality control. (A) Base peak ion chromatograms of samples from each group in positive ion mode. (B) Base 
peak ion chromatograms of samples from each group in negative ion mode. (C) PCA analysis of all samples in positive ion mode. metastasis 
group (A1, blue circles); non-metastasis group (A0, red circle); QC samples (green circles). (D) PCA analysis of all samples in negative ion mode. 
metastasis group (A1, blue circles); non-metastasis group (A0, red circle); QC samples (green circles). (E) and distribution of the relative peak 
area RSD in the QC samples in positive ion mode. (F) and distribution of the relative peak area RSD in the QC samples in negative ion mode.

A

C

E F

B

D

Table 1. Characteristics of participants in this study

Variables Metastasis group
 (n=35)

Non-metastasis 
group (n=35) P TgAb-negative 

group (n=42)
TgAb-positive 
group  (n=28) P

Age (years) 41.54±14.39 43.71±13.26 0.514 44.29±12.64 40.14±15.23 0.239

Sex

Male 16 (45.71%) 16 (45.71%) 18 (42.86%) 14 (50.00%)

Female 19 (54.29%) 19 (54.29%) 1.000 24 (57.14%) 14 (50.00%) 0.732

Tg (ug/l) 84.26 (23.19-292.00) 3.90 (0.36-9.60) <0.001 34.97 (7.09-190.5) 0.85 (0.09-14.48) <0.001

TgAb (IU/ml) 1.94 (0.95-28.05) 2.63 (0.99-8.04) 0.874 1.12 (0.79-1.64) 44.58 (7.51-243.5) <0.001

Metastatic site

Only cervical lymph node metastasis 22 (62.86%) / / 12 (28.57%) 10 (35.71%) 0.713

Distant metastasis 13 (37.14%) / / 10 (23.81%) 3 (10.71%) 0.286

Tg: thyroglobulin; TgAb: anti-thyroglobulin antibody.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

6

Salivary metabolomic biomarkers for metastatic PTC

Arch Endocrinol Metab, 2026, v.70(2), 1-14, e260017.

Results of metabolites identification and 
classification
After data processing, saliva metabolomic analysis de-

tected 8,810 metabolic features in positive ion mode 

and 5,371 in negative ion mode across all study sam-

ples. Among these, 432 (positive mode) and 250 (neg-

ative mode) met level 2 or higher identification criteria 

according to MSI guidelines. In total, 682 metabolites 

were definitively identified, with 513 (75.2%) catego-

rized into four major classes: lipids and lipid-like mol-

ecules (n = 192, 28.15%), organic acids and derivatives 

(n = 160, 23.46%), organoheterocyclic compounds (n = 

98, 14.37%) and benzenoids (n = 63, 9.24%) (Figure 2).

Identification of differential metabolites
To identify differential metabolites between the me-

tastasis and non-metastasis group (fold-change ≥ 1.5 

or ≤ 0.67 and P < 0.05), univariate statistical analy-

sis was performed on all 8810 metabolic features. In 

positive ion mode, 1109 differential features were 

identified (1,040 up-regulated, 69 down-regulated); in 

negative ion mode, 786 were identified (719 up-regu-

lated, 67 down-regulated) (Figure 3). 

Multivariate statistical analysis was subsequently 

conducted to obtain a deeper and more comprehensive 

understanding of the data. PCA was used to obtain an 

overview of the salivary metabolomic data. As shown 

Figure 2. Pie chart of metabolite classification.

Figure 3. Volcano plot of differential metabolites between the metastasis and non-metastasis group in positive (A) and negative (B) ion modes. 
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in Figure 1C and 1D, the PCA score plot displays a 

partial but not very obvious separation among the 

metastasis and non-metastasis groups. We then 

applied OPLS-DA to examine the metabolomic 

differences, and the score plot demonstrated a 

definite separation of samples between the two 

groups with no overlap (Figure 4A, 4B). Moreover, 

200 permutation tests were carried out to verify 

whether the OPLS-DA model is overfitting, where 

R2 > 0 and Q2 < 0 indicate a reliable and non-overfit 

model. The resulting models were considered robust 

and reliable, with R² and Q² intercepts of 0.935 and 

-0.339 in positive ion mode, and 0.684 and -0.314 

in negative ion mode,  confirming the absence of 

overfitting  (Figures 4C and 4D). These results also 

indicated that the OPLS-DA models exhibit high 

separating capacity, effectively distinguishing 

metastatic from non-metastatic PTC patients.

Differential metabolites between the metastatic 

group and the metastasis-free group were identified 

based on the following conditions: 1) VIP ≥ 1 in the 

OPLS-DA model; 2) P < 0.05. A comprehensive analysis 

revealed a total of 119 differential metabolites, 

segregated into two ion modes. In positive ion mode, 

64 metabolites were upregulated and 9 metabolites 

were downregulated. In negative ion mode, 44 

metabolites were upregulated and 2 metabolites were 

downregulated (Figure 5).

Figure 4. OPLS-DA score plots between the metastasis and non-metastasis group in positive (A) and negative (B) ion modes. The two rightmost 
points in the figure are the actual R2Y and Q2 values of the OPLS-DA model, and the remaining points are the R2Y and Q2 values obtained 
by randomly arranging the samples used (positive (C) and negative (D) ion modes.

A
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B

D
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Metabolic pathway enrichment analysis of 
differential metabolites
Enrichment analysis of metabolic pathways was per-

formed using the KEGG database. Pathways with a 

significance threshold of P < 0.05 were considered 

significantly enriched in differential metabolites. In 

the  current  study, metabolic pathway enrichment 

analysis (depicted in Figure 6) was conducted on all 

119 differential metabolites, and 13 metabolic path-

ways that exhibited significant differences between 

the two groups were identified. These pathways in-

cluded:  necroptosis; choline metabolism in cancer; 

sphingolipid signaling pathway; sphingolipid metab-

olism; aldosterone synthesis and secretion; valine, 

leucine and isoleucine biosynthesis; linoleic acid me-

tabolism; pantothenate and CoA biosynthesis; lipoic 

acid metabolism; arachidonic acid metabolism; ret-

rograde endocannabinoid signaling; glycerophos-

pholipid metabolism and ovarian steroidogenesis.

Analysis of the discriminating ability of 
candidate metabolites
Among the 119 differentially expressed metabo-

lites identified through comprehensive metabolomic 

profiling, we conducted ROC curve analysis to screen 

for salivary biomarkers with the potential to discrimi-

nate metastatic status in PTC. As shown in Tables 2-3, 

six metabolites, N-lauroyl-d-erythro-sphinganine, 

N-myristoylsphinganine, heptadecasphinganine, 

chenodeoxycholate (CDCA), 1-palmitoyl-sn-glycero-

3-phosphocholine (PGPC) and 1-palmitoyl-2-hydroxy-

sn-glycero-3-phosphoethanolamine (PHGPE) had ar-

eas under the curve (AUCs) exceeding 0.8. Quantitative 

analysis revealed a significantly lower level of CDCA in 

the metastatic group, in contrast to higher levels of the 

other five metabolites (Figure 7). Furthermore, correla-

tion matrix plots revealed correlations among the six 

discovered metabolites (Figure 8). Of particular inter-

est, CDCA exhibited significant negative correlations 

with several other metabolites in the network. 

Serum Tg is the primary clinical tumour biomarker 

for TC, but its measurement can be interfered by 

the presence of TgAb. We evaluated the diagnostic 

performance of serum Tg for metastasis prediction. 

ROC analysis yielded AUC values of 0.827 across 

all patients, 0.932 in TgAb-negative samples (TgAb 

< 4.11 IU/mL), and 0.697 in TgAb-positive samples 

(TgAb ≥ 4.11 IU/mL) (Tables 3-4). We then performed 

Figure 5. Differential metabolites identified in the positive and negative ion modes in the metastatic group compared to the non-metastatic group.
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Figure 6. Results of metabolic pathway enrichment analysis of differential metabolites. The color of the dot represents the rich factor and the 
dot size represents the number of differential metabolites annotated to this pathway. 

Table 2. Details of differentially metabolites with AUC > 0.8 in saliva

Name SuperClass Level VIP Fold change P AUCa AUCb AUCc

N-lauroyl-d-erythro-sphinganine Lipids and lipid-like molecules 2 1.07 1.25 <0.001 0.869 0.873 0.851 

N-myristoylsphinganine Lipids and lipid-like molecules 2 2.61 1.27 <0.001 0.862 0.834 0.913 

Heptadecasphinganine Organic nitrogen compounds 2 2.04 2.91 0.001 0.859 0.823 0.908 

Chenodeoxycholate Lipids and lipid-like molecules 1 5.17 0.69 <0.001 0.834 0.802 0.892 

1-palmitoyl-sn-glycero-3-phosphocholine Lipids and lipid-like molecules 1 3.72 5.47 <0.001 0.812 0.782 0.862 

1-palmitoyl-2-hydroxy-sn-glycero-3-phosphoethanolamine Lipids and lipid-like molecules 1 1.45 5.23 <0.001 0.802 0.805 0.836 

VIP: the variable importance in the projection, obtained from OPLS-DA with a threshold of 1.0; AUC: Area under the curve; a: AUC calculated in total samples; b: AUC calculated in samples with 
negtive TgAb; c: AUC calculated in samples with postive TgAb. 
Level: the confidence level of the identified biomarkers according to the Metabolomics Standards Initiative (MSI) guidelines.
P: P-value calculated by t-test.
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Figure 7. Expression of six discovered metabolites in both groups. Metastasis group (A1, blue); non-metastasis group (A0, red).

A

D

B

E

C
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Table 3. Quantitative indexes of Tg and six identified biomarkers in all samples

Variables Class Cut-off AUC Sensitivity Specificity PPV NPV

Tg (ug/l) 21.39 0.827 0.771 0.857 0.844 0.790

N-lauroyl-d-erythro-sphinganine Sphingolipids 24.85 0.869 0.771 0.829 0.818 0.784

N-myristoylsphinganine Sphingolipids 27.29 0.862 0.686 0.914 0.889 0.744

Heptadecasphinganine Amines 23.28 0.859 0.943 0.686 0.750 0.923

Chenodeoxycholate Steroids and steroid derivatives 26.96 0.834 0.686 0.971 0.960 0.756

1-palmitoyl-sn-glycero-3-phosphocholine Glycerophospholipids 22.97 0.812 0.886 0.657 0.721 0.852

1-palmitoyl-2-hydroxy-sn-glycero-3-phosphoethanolamine Glycerophospholipids 22.64 0.802 0.600 0.943 0.913 0.702

AUC: Area under the curve; PPV: Positive Predictive Value; NPV: Negative Predictive Value; Tg: Thyroglobulin.
The cut-off values for the six identified metabolites were determined based on their log2-transformed peak areas.

a stratified subgroup analysis based on TgAb levels to 

systematically evaluate the diagnostic performance 

of the six candidate metabolites according to TgAb 

status. Our findings demonstrated that in the TgAb-

negative subgroup, all six metabolites maintained 

robust discriminatory capacity for detecting 

metastasis. Though these metabolites alone were 

slightly inferior to Tg, combining Tg with any 

metabolite improved AUC (notably, the combination 

of Tg and N-lauroyl-d-erythro-sphinganine achieved 

an AUC of 0.994). Importantly, in the TgAb-positive 

subgroup, these metabolites also retained their 

diagnostic utility for metastatic screening and 

surpassed serum Tg in performance (Tables 3-5).

DISCUSSION
Radioactive iodine (RAI) therapy is a cornerstone 

treatment for patients with DTC following total thy-

roidectomy and is critical for ablating residual thyroid 

tissue as well as for treating metastatic disease (6). 

Administering an appropriate ¹³¹I dose optimizes ther-

apeutic efficacy, reduces recurrence, and improves 

prognosis. Patients with metastatic PTC often require 

escalated ¹³¹I activities (150-200 mCi) to achieve ef-

fective treatment. Conventional diagnostics (ultraso-

nography, Tg, CT) may fail to detect occult metastases 

because of: (1) anatomically complex locations, (2) 

TgAb interference compromising Tg interpretation, 

or (3) limited spatial resolution in detecting small 
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Figure 8. Correlation matrix plots displaying the spearman’s correlation among the six discovered metabolites.

Table 4. Quantitative indexes of Tg and six identified biomarkers across different TgAb status

Variables
TgAb-negtative subgroup TgAb-positive subgroup

Cut-off AUC Sensitivity Specificity PPV NPV Cut-off AUC Sensitivity Specificity PPV NPV

Tg (ug/l) 50.50 0.932 0.773 1.000 1.000 0.800 10.70 0.697 0.539 0.933 0.875 0.700

N-lauroyl-d-erythro-sphinganine 24.85 0.873 0.773 0.950 0.944 0.792 24.92 0.851 0.615 1.000 1.000 0.750

N-myristoylsphinganine 27.32 0.834 0.591 0.950 0.929 0.679 27.23 0.913 0.923 0.867 0.857 0.929

Heptadecasphinganine 23.28 0.823 0.909 0.650 0.741 0.867 23.28 0.908 1.000 0.733 0.765 1.000

Chenodeoxycholate 26.97 0.802 0.636 0.950 0.933 0.704 26.96 0.892 0.769 1.000 1.000 0.833

1-palmitoyl-sn-glycero-3-phosphocholine 23.62 0.782 0.773 0.750 0.773 0.750 22.99 0.862 0.923 0.733 0.750 0.917

1-palmitoyl-2-hydroxy-sn-glycero-3-
phosphoethanolamine

20.34 0.805 0.864 0.650 0.731 0.813 23.01 0.836 0.769 0.933 0.909 0.824

AUC: Area under the curve; PPV: Positive Predictive Value; NPV: Negative Predictive Value; Tg: Thyroglobulin.
The cut-off values for the six identified metabolites were determined based on their log2-transformed peak areas.

Table 5. The diagnostic efficacy of Tg combined with other identified biomarkers in TgAb-negative subgroup

Combined variables AUC Sensitivity Specificity PPV NPV

Tg + N-lauroyl-d-erythro-sphinganine 0.994 1.000 0.950 0.957 1.000 

Tg + N-myristoylsphinganine 0.949 0.909 0.950 0.952 0.905 

Tg + Heptadecasphinganine 0.960 0.773 1.000 1.000 0.800 

Tg + Chenodeoxycholate 0.972 0.955 0.950 0.955 0.950 

Tg + 1-palmitoyl-sn-glycero-3-phosphocholine 0.972 0.773 1.000 1.000 0.800 

Tg + 1-palmitoyl-2-hydroxy-sn-glycero-3-phosphoethanolamine 0.960 0.773 1.000 1.000 0.800 

AUC: Area under the curve; PPV: Positive Predictive Value; NPV: Negative Predictive Value; Tg: Thyroglobulin.
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pulmonary metastatic lesions. These limitations po-

tentially lead to suboptimal dosing of ¹³¹I. Therefore, 

this study employs non-invasive saliva metabolomic 

profiling in postoperative PTC patients to identify nov-

el predictive biomarkers, thereby enabling personal-

ized ¹³¹I dosing based on metastatic risk stratification.

Using ROC curve analysis, we identified six sali-

vary biomarkers that demonstrated high diagnostic 

accuracy in discriminating metastatic from non-meta-

static PTC. Among these novel candidates, N-lauroyl-

D-erythro-sphinganine, N-myristoylsphinganine, and 

heptadecasphinganine are sphinganine derivatives 

that function as components of sphingolipids, which 

play crucial roles in cell signaling and membrane struc-

ture (22). Notably, bioactive sphingolipids are known 

to mediate oncogenic processes such as proliferation, 

migration, and invasion (23,24), directly supporting 

their association with metastasis. Similarly, PGPC 

and PHGPE belong to the phospholipid class, which 

constitutes fundamental components of cellular 

membranes and mediate critical biological processes 

including chemical-energy storage, cellular signaling, 

and cell-cell interactions. All these processes are per-

tinent to cellular transformation, cancer progression, 

and metastasis (25). In addition to the five identified 

upregulated lipids in the metastatic group, we also ob-

served significantly downregulated levels of CDCA, a 

primary bile acid implicated in lipid metabolism. CDCA 

functions as a high-affinity endogenous ligand for the 

farnesoid X receptor (FXR) and plays critical regula-

tory roles through FXR activation to modulate key 

metabolic pathways (26). Specifically, CDCA has been 

shown to suppress gluconeogenesis and de novo li-

pogenesis, attenuates inflammatory responses, while 

concomitantly enhancing fatty acid β-oxidation in he-

patic and adipose tissues (27). The regulatory effect 

of CDCA on lipid metabolism is consistent with the 

inverse correlation we observed between the CDCA 

levels and the levels of the five lipids, suggesting that 

downregulation of CDCA may promote pathogenic 

lipid accumulation to facilitate metastatic progres-

sion. Recent studies have highlighted that CDCA plays 

a complex role in cancer development and progres-

sion, exerting both oncogenic and tumour suppressive 

effects (28-31). Our data suggest that perturbations 

in bile acid-related metabolism occur in metastatic 

disease. Whether these changes are tumour-suppres-

sive or actionable cannot be inferred from these ob-

servational analyses and will require mechanistic and 

interventional studies.

TgAb compromises the utility of Tg in PTC 

surveillance by interfering with its assay accuracy. 

Our TgAb-based subgroup analysis confirmed that Tg 

effectively predicts metastasis in TgAb-negative PTC 

patients but has limited predictive value in the TgAb-

positive cohort. Notably, the six identified salivary 

metabolites demonstrated persistent diagnostic 

robustness for post-operative metastatic surveillance 

in TgAb-positive PTC patients. This  finding may 

address a critical unmet need in TgAb-interfered 

clinical monitoring scenarios. Furthermore, the 

identified novel biomarkers could complement serum 

Tg levels to enhance the  accuracy  of  metastasis 

detection in TgAb-negative PTC patients.

Our metabolomic profiling revealed significant 

disruptions in 13 key metabolic pathways. Necroptosis, 

a programmed form of necrosis, was identified as the 

most significantly enriched pathway in our analysis. 

This pathway has been widely implicated in tumour 

progression and metastasis across multiple cancer 

types (32,33). Equally noteworthy is the aberrant 

activation of choline metabolism, which is a well-

characterized metabolic hallmark of carcinogenesis 

(34). This observation is consistent with our previous 

finding of decreased plasma choline levels in PTC 

patients compared with both healthy individuals and 

those with benign nodules (35). Furthermore, lipid 

metabolism (36) and amino acid metabolism (37) play 

vital roles in cancer progression and metastasis. In line 

with these established mechanisms, our results also 

identified an association between PTC metastasis and 

alterations in both lipid and amino acid metabolism. 

Collectively, these findings are biologically plausible 

and offer novel insights into the molecular mechanisms 

underlying PTC metastasis.

We also compared our results with those of 

Cararo Lopes and cols. (11). Comprehensive analysis 

revealed that the vast majority of metabolites were 

upregulated both in DTC versus normal tissue (as 

reported by Cararo Lopes and cols.) and in metastatic 
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versus non-metastatic samples in saliva (as identified 

in our study). Notably, metabolites such as choline, 

pyruvate, and several amino acids, which were 

reported by Cararo Lopes and cols. to be elevated 

in DTC tissue, were also consistently upregulated in 

metastatic PTC in our cohort. Additionally, our results 

support the importance of anabolic metabolism in PTC 

progression, corroborating and extending the prior 

observations of Cararo Lopes and cols. in DTC versus 

normal tissue. Therefore, our findings suggest that 

there may be a continuum of metabolic modifications 

extending from normal thyroid tissue to primary PTC 

and, further, to metastatic disease.

This study represents the first application of sali-

vary metabolomics in the surveillance of PTC me-

tastasis. Nevertheless, several limitations must be 

acknowledged. As a single-centre preliminary inves-

tigation, this study was limited by a relatively small 

sample size, the lack of an independent validation co-

hort, and insufficient mechanistic exploration. Moving 

forwards, additional work is needed to substantiate 

the mechanistic insights, such as employing isotope 

tracing and flux analyses to characterize metabolic re-

wiring, performing genetic or pharmacological pertur-

bation of candidate metabolic enzymes, and obtaining 

orthogonal validation in independent clinical cohorts. 

Future directions should primarily emphasize the ap-

plication of these metabolite markers in prospective, 

multi-centre studies to evaluate their clinical utility 

for monitoring PTC metastasis. 

In conclusion, this research provides new insights 

into the metabolic alterations associated with  post-

operative PTC metastasis. Six potential salivary 

biomarkers for the detection of PTC metastasis 

were successfully identified. This metabolomics 

investigation further revealed 13 pathways (primarily 

involved in necroptosis, choline, sphingolipid, and 

valine, leucine and isoleucine biosynthesis pathways) 

that are involved in the metastatic progression of PTC, 

potentially revealing new therapeutic opportunities. 

These biomarkers and metabolic pathways elucidated 

in this study open up promising directions for the 

development of innovative diagnostic methods and 

therapeutic strategies for PTC patients.
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ABSTRACT
Objective: To evaluate the diagnostic performance and determine the optimal cutoff values of the triglyceride-to-high-density 

lipoprotein cholesterol ratio and lipid accumulation product index as predictors of metabolic syndrome among adults with 

obesity in Indonesia. Materials and methods: This cross-sectional study analyzed secondary data from the 2023 Indonesia Health 

Survey, which included 3,988 samples (2,958 women). Descriptive statistics were used to characterize the sample. Receiver 

Operating Characteristic curve analysis and the Youden index were employed to assess diagnostic performance and determine 

the optimal cutoff values of the triglyceride-to-high-density lipoprotein cholesterol ratio and lipid accumulation product index. 

The associations between both predictors and the presence of metabolic syndrome were examined using multivariable logistic 

regression. Results: The lipid accumulation product index exhibited greater predictive accuracy than the triglyceride-to-high-

density lipoprotein cholesterol ratio, particularly among men. This result indicated the superior utility of the lipid accumulation 

product index as a clinical screening tool for metabolic syndrome, with area under the curve values of 0.842 (95% CI 0.817-

0.866) for men and 0.737 (95% CI 0.720-0.755) for women, compared to that of the triglyceride-to-high-density lipoprotein 

cholesterol ratio, with area under the curve values of 0.810 (95% CI 0.784–0.837) for men and 0.728 (95% CI 0.710-0.746) 

for women. The optimal cutoff values of the triglyceride-to-high-density lipoprotein cholesterol ratio and lipid accumulation 

product index were 4.456 (sensitivity 64.8%, specificity 81.4%) and 45.752 (sensitivity 75.5%, specificity 81.2%) for men 

and 2.792 (sensitivity 59.2%, specificity 76.8%) and 41.285 (sensitivity 58.6%, specificity 75.8%) for women, respectively. 

Conclusion: The lipid accumulation product index demonstrated superior accuracy in predicting metabolic syndrome among 

adults with obesity, particularly among men. Sex-specific cutoff values enhance its reliability and practicality for early screening 

and intervention to prevent metabolic complications.

Keywords: Metabolic syndrome; obesity; predictor

INTRODUCTION
Metabolic syndrome (MetS) is a complex condition 

characterized by a cluster of metabolic disorders, 

including central obesity, dyslipidemia, hypertension, 

and insulin resistance (IR) (1,2). Metabolic syndrome 

is associated with increased risks of cardiovascular 

disease (CVD), stroke, and type 2 diabetes mellitus 

(T2DM) and contributes significantly to global 

morbidity and mortality (3,4). The global prevalence 
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of MetS is increasing, particularly in developing 

countries, primarily because of increasing obesity 

rates among adults (5). In the Asia-Pacific region, 

nearly one-fifth or more of the adult population 

in many countries has been diagnosed with MetS, 

exhibiting an increasing trend (6).

In Indonesia, the prevalence of MetS is estimated at 

21.66%, with a disproportionately higher rate among 

women (46%), which is nearly twice that among men 

(28%) (7). This high prevalence is accompanied by an 

8.6% increase in obesity over the past decade (8-10). 

Obesity, a major public health concern, is a key con-

tributor to MetS through mechanisms such as ectopic 

fat accumulation and systemic inflammation, which 

promote IR, a central pathway in the development of 

metabolic and physiological disturbances associated 

with MetS (11,12). As a result, this condition signifi-

cantly increases the risk of cardiometabolic complica-

tions and contributes to national morbidity and mor-

tality (13).

Although several international organizations have 

proposed diagnostic criteria for MetS (14-17), inclu

ding the widely recognized Harmonizing the Metabolic 

Syndrome: A Joint Interim Statement 2009 (18), their 

implementation in large-scale population screenings 

remains challenging in Indonesia. These challenges 

are particularly evident in primary health care set-

tings, where limited resources and uneven health care 

infrastructure pose significant barriers. In addition, 

comprehensive and up-to-date data on the prevalence 

of MetS at national, regional, and population-specific 

levels remain scarce (19). Therefore, there is a need 

for simpler and more accessible screening tools to 

support the early detection and prevention of MetS.

Given that fat mass and its distribution are 

significant metabolic factors, various cost-effective 

and simple alternative biomarkers have been 

explored to improve the accuracy of MetS diagnosis. 

Among them are the triglyceride-to-high-density 

lipoprotein cholesterol ratio (TG/HDL-c) and the 

lipid accumulation product (LAP) index (20-22).  

TG/HDL-c, which integrates key lipid components, 

has shown potential as a surrogate marker for MetS, 

IR, and atherosclerosis severity (23,24). Similarly, the 

LAP index combines waist circumference (WC) and 

triglyceride (TG) levels, providing a practical measure 

of visceral fat accumulation (25).

The LAP index and TG/HDL-c, which incorporate 

WC and lipid parameters, not only reflect underlying 

metabolic dysfunction but also offer more accurate as-

sessment of visceral adiposity and metabolic risk. In this 

study, both markers demonstrated superior diagnostic 

performance for MetS, as indicated by their higher AUC 

values. In contrast, conventional anthropometric indica-

tors such as body mass index (BMI), WC, waist-to-hip ra-

tio (WHR), and waist-to-height ratio (WHtR), while easy 

to measure, present notable limitations. Body mass in-

dex is widely used to assess general obesity, but it does 

not differentiate between muscle mass and body fat. 

Similarly, waist-based indicators such as WC, WHR, and 

WHtR can reflect central obesity but are unable to dis-

tinguish between visceral and subcutaneous fat (22,26).

Although useful, the diagnostic performance and 

optimal cutoff values of the TG/HDL-c and LAP index 

are influenced by several factors, including population 

characteristics, ethnicity, sex, geographic region, and 

lifestyle habits such as diet, physical activity, and 

medication use (27). These variations underscore the 

importance of context-specific validation, particularly 

in diverse populations such as those inhabiting 

Indonesia. Nonetheless, their accessibility and ease 

of use make these markers appealing for early MetS 

screening and risk stratification (28).

To date, no study has systematically compared 

the diagnostic performance and determined the 

optimal cutoff values of the TG/HDL-c ratio and LAP 

index among adults with obesity in the Indonesian 

population. Therefore, this study aims to evaluate 

and compare the effectiveness of the TG/HDL-c ratio 

and LAP index as predictors of MetS and to determine 

their optimal cutoff values for this specific population.

MATERIALS AND METHODS
This study received ethical approval from Pusat Data 

dan Teknologi Informasi (PUSDATIN) Kementerian 

Kesehatan Republik Indonesia (Approval Number: 

FRM/SMKI-PUSDATIN/70/0226/2024) and the 

Ethics Committee of Diponegoro University Faculty 

of Medicine (Approval Number: No. 469/EC/KEPK/

FK-UNDIP/IX/2024).
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Study population
This study employed a cross-sectional design using 

secondary data from the 2023 Indonesian Health 

Survey (IHS), which encompassed 345,000 house-

holds across 34,500 census blocks in 514 districts or 

cities from 38 provinces in Indonesia. To ensure data 

quality, the IHS incorporated interagency coopera-

tion, pilot studies, enumerator training, technical su-

pervision, external validation, quality control, and 

tool calibration. Stratification was performed both 

explicitly at the census block level (based on area clas-

sification and access to health care) and implicitly at 

the household level (based on the education of the 

head of household). Census blocks were selected us-

ing the probability proportional to size (PPS) method 

to ensure proportional regional representation, and 

households were selected systematically. National 

biomedical estimates were derived from 2,500 census 

blocks with individual selection to ensure population 

representativeness (10).

From this subsample, subjects were selected via 

total sampling, including those who met the inclusion 

criteria: age 19 to 64 years; having obesity, defined as a 

BMI of ≥ 25 kg/m²; and complete data on demographic 

characteristics, lifestyle (i.e., smoking and physical 

activity), lipid profile, fasting blood glucose (FBG), 

BMI, blood pressure, and WC are available. Subjects 

with incomplete (missing) data were excluded using 

the listwise deletion method. Individuals with extreme 

values were also excluded based on predefined 

criteria. Extreme data were defined as those with 

skewness or kurtosis values outside the range of -1 to 

+1 and identified as outliers on the basis of stem-and-

leaf plots (29). The final sample size analyzed in this 

study was 3,988 individuals.

Basic characteristics
All the data in this study were secondary data previ-

ously collected by the IHS Team in 2023. The demo-

graphic and lifestyle characteristics included age, sex, 

place of residence, education, physical activity, and 

smoking behavior. This data was gathered through 

interviews by using a validated, structured question-

naire. The physical activity and smoking question-

naires were tested and validated by the IHS Team to 

ensure the accuracy of question flow, content, and 

implementation in the Indonesian population.

Physical activity levels were assessed using the 

Global Physical Activity Questionnaire (GPAQ), which 

is part of the WHO STEPwise approach to NCD 

risk factor surveillance (STEPS) program. Research 

conducted in nine countries, including Indonesia, has 

highlighted the good reliability and validity of the 

GPAQ, confirming its suitability for monitoring physical 

activity in the Indonesian population (10,30,31).

Physical activity behaviors were categorized 

into two groups: sufficient (≥ 150 minutes per week 

of combined vigorous and moderate activity) and 

insufficient (< 150 minutes per week of combined 

activity). Smoking status was classified as follows: 

ever smokers (those who smoked daily or occasionally 

in the past month or those with a history of smoking) 

and nonsmokers (those who had never smoked up 

to the time of data collection). Education level was 

categorized into two groups: high (≥ high school) and 

low (< high school) (10,30).

Anthropometric measurements
The anthropometric data collected in this study in-

cluded weight, height, and WC. All measurements 

were conducted by trained health care personnel fol-

lowing standardized procedures. Instruments were 

calibrated to ensure accuracy and consistency. Weight 

was measured using a digital scale (0.1 kg accuracy), 

while height was measured using a stadiometer  

(1 mm accuracy). Body mass index was calculated us-

ing the formula weight (kg)/height (m²), and a BMI of 

≥ 25 kg/m² was classified as obesity. Waist circumfer-

ence was measured at the midpoint between the low-

est rib and the top of the pelvic bone, with the tape 

wrapped around the body passing through the umbili-

cus. This measurement was used to assess central obe-

sity. Blood pressure was measured twice on the left 

upper arm using a digital sphygmomanometer (10).

Biochemical data
The biochemical data analyzed in this study included 

FBG, TG, and high-density lipoprotein (HDL) levels. 

Blood samples were collected by trained medical per-

sonnel who had undergone standardized training. 
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Samples were collected after the subjects had fasted 

for 8 to 12 hours. Fasting blood glucose was measured 

using capillary blood samples analyzed with the Accu-

Chek Performa device. TG and HDL levels were mea-

sured using venous blood samples analyzed by a chemi-

cal autoanalyzer with enzymatic methods (10).

A 7 mL-venous blood sample was drawn and 

placed in a yellow tube for biochemical analysis. 

After centrifugation at 3,000 rpm for 10 minutes, 

the serum was transferred to 5 mL microtubes and 

stored at -20 °C. The samples were transported to 

the National Health Laboratory within 48 hours 

using standardized packaging and shipping protocols. 

Potential confounders, such as chronic illnesses, 

bleeding disorders, anticoagulant use, and other 

physician-identified conditions, were considered 

during collection (10).

Definition of metabolic syndrome 
Metabolic syndrome was the dependent variable in this 

study and was diagnosed using the Harmonizing the 

Metabolic Syndrome: A Joint Interim Statement 2009 

criteria, which had previously been applied in preva-

lence studies of MetS across various provinces and eth-

nic groups in Indonesia. The WC cutoff was adjusted ex-

plicitly for the Indonesian population (32). Subjects were 

classified as having MetS if they exhibited at least three 

of the following five risk factors: (1) central obesity: WC 

> 80 cm in women and > 90 cm in men; (2) high TG: ≥ 150 

mg/dL (1.7 mmol/L); (3) low HDL: HDL < 40 mg/dL (1.03 

mmol/L) in men or < 50 mg/dL (1.29 mmol/L) in women; 

(4) high blood pressure: systolic blood pressure ≥ 130 

mmHg or diastolic ≥ 85 mmHg; and (5) high FBG: blood 

glucose ≥ 100 mg/dL (5.6 mmol/L) (18).

Triglyceride/HDL-c and lipid accumulation 
product index 
The TG/HDL-c and LAP index were calculated using 

the following formulas:

TG/HDL-c formula: TG (mg/dL)/HDL (mg/dL) (4)

LAP index formula:

Men	= WC (cm) – 65 x TG (mmol/L) (33)

Women = WC (cm) – 58 x TG (mmol/L) (33)

Since the original LAP index formula utilizes TG 

values in mmol/L, TG concentrations initially recorded 

in mg/dL were converted to mmol/L by dividing by 

88.57 prior to calculation.

Statistical analysis
Data was analyzed using Statistical Package for the 

Social Sciences (SPSS) version 26.0 for Windows and 

Microsoft Excel and MedCalc, with statistical signifi-

cance set at p < 0.05. Numerical variables are presented 

as the means and standard deviations, whereas categor-

ical variables are presented as counts and percentages.

Data normality, skewness, and kurtosis values 

were evaluated using stem-and-leaf plots. Data were 

considered normally distributed if the skewness and 

kurtosis values fell within the range of -1 to +1 and if 

no extreme outliers were identified (29).

Independent t tests were used to compare 

numerical variables, whereas Chi-squared tests were 

used to compare categorical variables between men 

and women. Diagnostic accuracy was assessed using 

the area under the curve (AUC) analysis of the Receiver 

Operating Characteristic (ROC) curve, stratified by sex. 

The indicator with the highest AUC was considered the 

best predictor, with values closer to 1 indicating better 

accuracy. The AUC values were classified as follows: 

very weak (0.5 to 0.6), weak (0.6 to 0.7), moderate (0.7 

to 0.8), good (0.8 to 0.9), and excellent (> 0.9) (34).

To statistically compare the AUCs of the  

TG/HDL-c ratio and the LAP index, DeLong’s test 

for two correlated ROC curves was employed. 

This method allowed assessment of whether the 

discriminative ability of one marker was significantly 

superior to that of the other, with analyses performed 

separately for men and women.

The optimal cutoff values of the TG/HDL-c and 

LAP index were determined using the following 

Youden index equation: Youden index = sensitivity + 

specificity -1 (35).

Finally, a logistic regression model using the 

full model approach was employed to assess the 

associations between the TG/HDL-c, the LAP index, 

and the presence of MetS. The analysis adjusted 

for potential confounders, including age, sex, BMI, 

education level, place of residence, smoking status, 

and physical activity, to ensure more accurate and 

reliable results.
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Figure 1. Prevalence of metabolic syndrome across adult age groups.

53.9%
46.1% 45%

55%

35.9%

64.1%
70

60

50

40

30

20

10

0
Young adults 
(19-29) years

Non-metabolic syndrome Metabolic syndrome

Middle-aged adults 
(30-49) years

Older adults 
(50-64) years

Table 1. Characteristics of participants stratified by sex

Variables
Men

(1,030)
N%

Women
(2,958)

N%

Total
(3,988)

N%
p-value

Prevalence of metabolic syndrome

Non-metabolic syndrome 447 (43.4) 1,309 (44.3) 1,756 (44) 0.634

Metabolic syndrome 583 (56.6) 1,649 (55.7) 2,232 (56)

Age, years 43.49 ± 11.35 40.90 ± 10.25 41.57 ± 10.61 < 0.001*

Body mass index, kg/m2 27.74 ± 2.42 28.85 ± 3.25 28.56 ± 3.09 < 0.001*

Education level

Low 431 (41.8) 1,695 (42.7) 2126 (53.3) < 0.001*

High 599 (58.2) 1,263 (57.3) 1,862 (46.7)

Place of residence

Rural 351 (34.1) 1,134 (38.3) 1,485 (37.2) 0.015*

Urban 679 (65.9) 1,824 (61.7) 2,503 (62.8)

Smoking status

Nonsmoker 422 (41.0) 2,909 (98.3) 3,331 (83.5) < 0.001*

Ever smoker 608 (59.0) 49 (1.7) 657 (16.5)

Physical activity

Low 365 (35.4) 682 (23.1) 1,047 (26.3) < 0.001*

Moderate 665 (64.6) 2,274 (76.9) 2,939 (73.7)

Components of metabolic syndrome

Waist circumference, cm 91.60 ± 7.83 89.35 ± 8.06 89.93 ± 8.06 < 0.001*

Triglyceride level, mg/dL 168.42 ± 66.94 116.09 ± 39.79 129.61 ± 53.44 < 0.001*

HDL level, mg/dL 37.49 ± 6.65 43.85 ± 8.14 42.1 ± 8.27 < 0.001*

Systolic blood pressure, mmHg 128.95 ± 13.32 125.67 ± 15.79 126.52 ± 15.26 < 0.001*

Diastolic blood pressure, mmHg 84.24 ± 8.63 84.71 ± 8.81 84.59 ± 8.76 0.144

Fasting blood glucose level, mg/dL 98.18 ± 8.71 94.96 ± 7.79 95.79 ± 8.16 < 0.001*

Predictors of metabolic syndrome

TG/HDL-c 4.70 ± 2.16 2.76 ± 1.11 3.26 ± 1.68 < 0.001*

LAP index 51.00 ± 25.59 41.41 ± 18.39 43.89 ± 20.91 < 0.001*

Results expressed as n (%) or mean ± standard deviation.
The p-values were calculated using the Chi-squared test for categorical variables and the independent t test for numerical variables.
*Statistical significance was set at p < 0.05.
HDL: high-density lipoprotein; TG/HDL-c: triglyceride-to-high-density lipoprotein cholesterol ratio; LAP: lipid accumulation product.

RESULTS
This study analyzed 3,988 samples, comprising 1,030 

men and 2,958 women aged 19 to 64. The prevalence 

of MetS significantly increased with age, as illustrated 

in Figure 1. The overall prevalence of MetS in this study 

population was 56%, with a slightly higher prevalence 

observed in men (56.6%) than in women (55.7%), al-

though this difference was not statistically significant 

(p > 0.05) (Table 1).

The characteristics of the participants stratified 

by sex are presented in Table 1. Significant differences 

were observed between men and women in terms of 
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age, BMI, educational level, place of residence, smok-

ing status, physical activity, WC, triglyceride levels, 

HDL levels, systolic blood pressure, fasting blood glu-

cose levels, the TG/HDL-c, and the LAP index (p < 0.05). 

However, no significant difference in diastolic blood 

pressure was detected (p > 0.05). Additionally, the av-

erage age of men (43.49 ± 11.35) was slightly greater 

than that of women (40.90 ± 10.25).

Table 2 displays the baseline characteristics of 

participants with and without MetS, stratified by 

sex. For men, significant differences (p < 0.05) were 

found in all the variables except for education, place 

of residence, smoking status, and physical activity. 

In women, almost all the variables were significantly 

different, except place of residence, smoking status, 

and physical activity (p > 0.05). As expected, most 

components of MetS, including WC, TG, blood 

pressure, FBG, the TG/HDL-c, and the LAP index, 

exhibited worse values in the MetS group, while HDL 

levels were lower.

Table 3 and Figure 2 present the ROC analysis 

results for the TG/HDL-c and LAP index as predictors 

of MetS stratified by sex. Both indicators showed good 

predictive ability for MetS in men (AUC = 0.8-0.9; p < 

0.001), with the LAP index demonstrating superior 

performance (AUC = 0.842;  95% CI 0.817-0.866) 

compared to the TG/HDL-c (AUC = 0.810;  95% CI 

0.784-0.837), and this difference was statistically 

significant, as determined by DeLong’s test (p < 0.05).

In women, both indicators showed moderate pre-

dictive ability (AUC = 0.7–0.8; p < 0.001). Although 

the LAP index had a slightly greater AUC (0.737;  

95% CI 0.720–0.755) than the TG/HDL-c did (AUC = 

0.728;  95% CI 0.710-0.746), the difference was not 

Table 2. Baseline characteristics of study participants with and without metabolic syndrome, stratified by sex

Variables
N%

Men
p-value

Women
p-valueWithout MetS

N%
With MetS

N%
Without MetS 

N%
With MetS

N%

Age, years 42.40 ± 11.35 44.32 ± 11.29 0.007* 39.07 ± 10.13 42.35 ± 10.12 < 0.001*

Body mass index, kg/m2 27.04 ± 2.00 28.27 ± 2.58 < 0.001* 28.28 ± 3.16 29.30 ± 3.24 < 0.001*

Education level

Low 181 (40.5) 250 (42.9) 0.441 698 (53.3) 997 (39.5) < 0.001*

High 266 (59.5) 333 (57.1) 611 (46.7) 652 (60.5)

Place of residence

Rural 157 (35.1) 194 (33.3) 0.535 484 (37.0) 650 (39.4) 0.175

Urban 290 (64.9) 389 (66.7) 825 (63.0) 999 (60.6)

Smoking status

Nonsmoker 182 (40.7) 240 (41.2) 0.884 1287 (98.3) 1622 (98.4) 0.927

Ever smoker 265 (59.3) 343 (58.8) 22 (1.7) 27 (1.6)

Physical activity

Low 149 (33.3) 216 (37.0) 0.217 306 (23.4) 376 (22.8) 0.695

Moderate 298 (66.7) 367 (63.0) 1001 (76.6) 1273 (77.2)

Components of metabolic syndrome

Waist circumference, cm 88.03 ± 7.30 94.33 ± 7.08 < 0.001* 86.86 ± 8.41 91.34 ± 7.18 < 0.001*

Triglyceride level, mg/dL 135.05 ± 56.44 194.02 ± 63.02 < 0.001* 100.85 ± 30.78 128.19 ± 41.93 < 0.001*

HDL level, mg/dL 40.38 ± 6.89 35.27 ± 5.51 < 0.001* 46.40 ± 8.69 41.84 ± 7.06 < 0.001*

Systolic blood pressure (mmHg) 124.60 ± 11.79 132.29 ± 13.47 < 0.001* 118.62 ± 13.41 131.26 ± 15.29 < 0.001*

Diastolic blood pressure (mmHg) 81.23 ± 8.00 86.56 ± 8.38 < 0.001* 80.37 ± 7.62 88.15 ± 8.14 < 0.001*

Fasting blood glucose level, mg/dL 94.87 ± 7.35 100.73 ± 8.82 < 0.001* 92.06 ± 6.27 97.26 ± 8.10 < 0.001*

Predictors of metabolic syndrome

TG/HDL-c 3.46 ± 1.62 5.6 ± 2.05 < 0.001* 2.27 ± 0.85 3.15 ± 1.13 < 0.001*

LAP index 34.69 ± 17.20 63.50 ± 23.87 < 0.001* 32.96 ± 14.23 48.12 ± 18.55 < 0.001*

Results expressed as mean ± standard deviation or n (%).
The p-values were calculated using the Chi-squared test for categorical variables and the independent t test for numerical variables.
*Statistical significance was set at p < 0.05.
MetS: matabolic syndrome; HDL: high-density lipoprotein; TG/HDL-c: triglyceride-to-high-density lipoprotein cholesterol ratio; LAP: lipid accumulation product. 
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models (p < 0.001), including the fully adjusted Model 

6, which controlled for age, sex, BMI, education level, 

place of residence, smoking status, and physical 

activity.

In the male subgroup, the LAP index demonstrated 

a significantly greater AUC than the TG/HDL-c did  

(p < 0.05). In contrast, among women, the LAP 

index had a slightly greater AUC than the TG/HDL-c 

did; however, the difference was not statistically 

significant (p > 0.05) (Supplementary Table 2).

Consistent with the primary findings, external 

validation using data from the 2018 Indonesian Basic 

Health Survey (IHS) in a population of adults with 

obesity (age: 19 to 50 years; BMI ≥ 25 kg/m²; n = 4,727, 

comprising 999 men and 3,728 women) confirmed 

moderate to good discriminative ability of both the 

TG/HDL-c and LAP index in predicting MetS. The LAP 

Table 3. Outcomes of the Receiver Operating Characteristic curve for men and women

Predictors of 
metabolic 
syndrome

AUC  95% CI Standard 
error p-value Sensitivity 

(%)
Specificity 

(%)
Youden 
index

Optimal 
cutoff LR+ LR-

Men

TG/HDL-c 0.810 0.784-0.837 0.14 < 0.001* 64.8 81.4 0.499 4.456 3.686 0.388

LAP 0.842 0.817-0.866 0.12 < 0.001* 75.5 81.2 0.567 45.752 4.016 0.302

Women

TG/HDL-c 0.728 0.710-0.746 0.009 < 0.001* 59.2 76.8 0.360 2.793 2.549 0.532

LAP 0.737 0.720-0.755 0.009 < 0.001* 58.6 75.8 0.344 41.285 2.419 0.547

* Statistically significant (p-value < 0.05).
AUC: area under the curve; 95% CI 95% of confidence interval; LR+: likelihood ratio +; LR-: likelihood ratio-; TG/HDL-c: triglyceride-to-high-density lipoprotein cholesterol ratio; LAP: lipid 
accumulation product. 

ROC: Receiver Operating Characteristic; TG/HDL-c: triglyceride-to-high-density lipoprotein cholesterol ratio; LAP: lipid accumulation product.

Figure 2. Receiver Operating Characteristic curves of each indicator in the prediction of metabolic syndrome risk based on sex.
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statistically significant (p > 0.05). Detailed results of 

the AUC comparisons using DeLong’s test are pre-

sented in Supplementary Table 1.

Furthermore, in this study, the optimal cutoff 

values were determined using the Youden index. For 

men, the TG/HDL-c had a Youden index of 0.499, 

with an optimal cutoff value of 4.456 (Sn = 64.8%, Sp 

= 81.4%), while the LAP index had a Youden index of 

0.567, with an optimal cutoff value of 45.752 (Sn = 

75.5%, Sp = 81.2%). In women, the TG/HDL-c had a 

Youden index of 0.360, with an optimal cutoff value 

of 2.793 (Sn = 59.2%, Sp = 76.8%), whereas the LAP 

index had a Youden index of 0.344, with an optimal 

cutoff value of 41.285 (Sn = 58.6%, Sp = 75.8%).

As shown in Table 4, both the TG/HDL-c and the 

LAP index were independently and significantly 

associated with the incidence of MetS across all the 
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index consistently demonstrated better performance 

than the TG/HDL-c in men, although the difference 

was not statistically significant.

DISCUSSION
In this study, both the TG/HDL-c and LAP index were 

found to be useful for predicting MetS, with the LAP 

index showing better performance, especially in adult 

men with obesity. The analysis employed an obesity 

cutoff of BMI ≥ 25 kg/m², which is more appropriate 

for Asian populations, including the Indonesian popu-

lation, and aligns with current recommendations to 

enhance the clinical evaluation and prevention of met-

abolic complications (36). The LAP index is a key obe-

sity indicator that reflects visceral fat accumulation 

on the basis of the WC component and atherogenic 

dyslipidemia on the basis of triglyceride levels (12,22). 

Visceral fat has higher metabolic and proinflamma-

tory activity than subcutaneous fat does (37). This fat 

produces free fatty acids (FFA) and proinflammatory 

cytokines and decreases adiponectin, which triggers 

IR, dyslipidemia, renin-angiotensin-aldosterone sys-

tem (RAAS) activation, and hyperglycemia (25,38,39). 

Moreover, atherogenic dyslipidemia occurs when the 

liver increases the production of very low-density li-

poprotein (VLDL) in response to excessive lipolysis of 

FFAs due to IR. This lipid accumulation exacerbates 

IR through lipotoxicity, resulting in the formation of a 

negative feedback loop. Therefore, the LAP index pro-

vides a comprehensive overview of cardiometabolic 

risk in MetS (40).

A study from China evaluating obesity-related 

parameters and lipids to predict MetS revealed that 

the LAP index was superior to other measures, such as 

the Visceral Adiposity Index (VAI), TG/HDL-c, WHtR, 

and BMI. In line with our research, the LAP index 

performed better than the TG/HDL-c (41).

In this study, the LAP index demonstrated a strong 

ability to predict MetS, particularly in men with 

adequate Sn values and high Sp-values. In women, 

the performance of this index was moderately 

effective, but still clinically relevant. These findings 

are consistent with those of previous cohort studies 

in China that evaluated 13 indices related to obesity 

and lipids and revealed that the LAP index has 

excellent predictive ability in men (AUC = 0.912;  95% 

CI 0.903-0.921), with a cutoff of 27.895 (Sn = 83.5%, 

Sp = 83.6%), whereas in women, the LAP index has a 

slightly lower AUC of 0.876 ( 95% CI 0.867–0.885), 

with a cutoff of 35.867 (Sn = 73.2%, Sp = 83.4%) (42).

The high consistency of the AUC values of the LAP 

index in various international studies supports its reli-

ability as a tool for identifying MetS risk (43,44). The 

superior performance of the LAP index in men in this 

study was also assessed, with a Sp-value above 80%, 

supporting its use in early screening to minimize over-

diagnosis and improve targeted interventions (45).

Moreover, the TG/HDL-c may better reflect 

atherogenic dyslipidemia, but this ratio does not give 

sufficient importance to body fat distribution, which 

makes it less specific for assessing MetS risk, especially 

in populations with obesity. This ratio component, 

Table 4. Associations of the triglyceride-to-high-density lipoprotein cholesterol ratio and lipid accumulation product index with metabolic 
syndrome: analysis with adjustment for confounding variables

Model unadjusted Model adjusted for age and sex Mode adjusted body mass index

OR  95% CI p-value OR  95% CI p-value OR  95% CI p-value

TG/HDL-c 1.207 1.129-1.290 < 0.001* 1.479 1.365-1.603 < 0.001* 1.270 1.184-1.364 < 0.001*

LAP 1.049 1.043-1.055 < 0.001* 1.040 1.034-1.046 < 0.001* 1.043 1.037-1.050 < 0.001*

Model adjusted for education level and 
place of residence

Model adjusted for smoking status and 
physical activity

Model adjusted for age, sex,  
body mass index, education level, 

place of residence, smoking status,  
and physical activity

OR  95% CI p-value OR  95% CI p-value OR  95% CI p-value

TG/HDL-c 1.211 1.133-1.296 < 0.001* 1.332 1.237-1.435 < 0.001* 1.574 1.445-1.714 < 0.001*

LAP 1.049 1.043-1.055 < 0.001* 1.045 1.040-1.051 < 0.001* 1.033 1.027-1.040 < 0.001*

*Significant, p < 0.05.
OR: odds ratio; 95% CI 95% of confidence interval; TG/HDL-c: triglyceride-to-high-density lipoprotein cholesterol ratio; LAP: lipid accumulation product.
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especially the HDL, is influenced by external factors 

and fluctuates. HDL-c dysfunction can also cause high 

HDL levels despite increased metabolic risk, thereby 

reducing Sn levels and the AUC (46). Therefore, 

the TG/HDL-c is more appropriately considered a 

systemic biomarker (47).

However, the TG/HDL-c also has good predictive 

ability, although slightly less than the LAP index, 

particularly in women. As further support, a study in 

Iran revealed that the TG/HDL-c is a potential indicator 

of MetS (AUC = 0.85 in both men and women), which is 

consistent with our findings, although the AUC values 

in that study were slightly greater (48). Similarly, a 

study of elderly individuals in China revealed that 

the TG/HDL-c demonstrated good predictive ability 

(AUC = 0.813;  95% CI 0.784-0.842), with slightly 

lower cutoff values: 1.437 for men (Sn = 74.8% and Sp 

= 78.4%) and 1.196 for women (Sn = 86.4% and Sp = 

67.4%) (49).

Notably, the differences in the AUC and cutoff 

values between our study and others may be 

attributed to variations in genetic background, 

lifestyle factors, body composition, dietary habits, and 

the use of different MetS criteria across populations.

This study also highlights significant differences in 

LAP index values and TG/HDL-c between sexes, with 

men having higher average values. These findings are 

consistent with the characteristics of the components 

of both indicators, such as WC and lipid levels. Men have 

higher WC and TG levels and lower HDL levels, whereas 

women generally have normal TG levels and higher HDL 

levels. This combination results in higher final values for 

both predictors, indicating a higher risk for men.

These observations are closely related to body 

fat distribution, which is influenced by hormonal and 

physiological factors. Men tend to store fat in the vis-

ceral area, leading to a higher WC, even though the 

BMI was higher in women in this study. This visceral 

fat distribution is influenced by testosterone. Women 

store more fat in the subcutaneous area, particularly 

in the thighs and hips, because of the influence of 

estrogen. Subcutaneous fat does not significantly in-

crease WC, despite having a higher total fat mass (50).

Visceral fat increases the release of FFA and TG 

synthesis in the liver, whereas estrogen increases 

lipoprotein lipase (LPL) activity, which accelerates TG 

metabolism (51). These findings indicate that men are 

more likely to experience metabolic disorders (52). 

Moreover, lower HDL levels in men are also associated 

with higher liver lipase activity (53).

In addition, men tend to have higher systolic blood 

pressure and FBG levels because of the influence 

of testosterone, which increases RAAS activity. 

Conversely, estrogen in women protects blood vessels 

by lowering RAAS, acting as an anti-inflammatory 

agent, and maintaining HDL levels. (54). Moreover, 

there were no significant differences in diastolic blood 

pressure, possibly because vascular compensation 

maintains its stability (55).

The aforementioned explanation elucidates the 

rationale behind the superior predictive ability of the 

LAP index compared to the TG/HDL-c in men, with 

both indices demonstrating greater predictive power 

than those in the female cohort. This disparity is likely 

attributable to the influence of testosterone, a more 

pronounced accumulation of visceral fat, and more sig-

nificant dyslipidemia in men. Conversely, in women, the 

predominance of subcutaneous fat distribution, more 

stable triglyceride levels, and elevated HDL levels may 

contribute to the lower predictive performance values 

relative to men. The corresponding predictive abilities 

of the LAP index and the TG/HDL-c were comparable, 

with no significant differences observed between the 

two. Furthermore, the larger sample size of women, 

coupled with narrower variability in lipid and anthro-

pometric profiles, may also account for the absence of 

statistically significant differences identified.

Moreover, lifestyle factors such as smoking and a 

lack of physical activity also play a role. Our results 

revealed that compared with women, men ever 

smoked more and were less active, which increased 

the risk of MetS. Physical activity increases insulin 

sensitivity and reduces inflammation, whereas 

smoking exacerbates metabolic disorders (56,57). 

In addition, the older average age of the men in this 

study was also associated with increased risk of MetS 

components (58).

In line with findings that men have more MetS 

components and riskier lifestyles, the prevalence of 

MetS in this study was slightly higher in men (56.6%) 
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than in women (55.7%), differing from previous 

findings that showed a higher prevalence in women 

(59). This difference may also be influenced by the 

larger number of women (n = 2,958) than men (n = 

1,030). Although MetS is generally more common 

in women, men tend to have more severe metabolic 

disorders (60).

The prevalence of MetS was 56% higher in this 

study than in previous studies in Indonesia (32). This 

increase, along with high obesity rates, highlights the 

importance of deploying more effective screening 

tools for diverse populations so that interventions such 

as diet management, pharmacological therapy, and 

lifestyle modifications can be targeted appropriately 

to prevent MetS complications.

In conclusion, the findings of this study suggest 

that both the lipid accumulation product index and 

triglycerides/HDL-c serve as sex-specific predictors of 

metabolic syndrome in adults with obesity, each with 

distinct optimal cutoff values. The lipid accumulation 

product index exhibited superior performance in 

men and is recommended as a practical screening 

tool in primary health care and public health contexts 

in Indonesia, particularly where resources are 

constrained. In women, both indices demonstrated 

comparable predictive capabilities; however, the lipid 

accumulation product index is preferable because 

of its ease of calculation, practicality, and cost-

effectiveness, rendering it more suitable for screening 

within the general population.

This study contributes to the national literature 

by using 2023 Indonesian Basic Health Survey data, 

which are representative of the broader population, 

and involved trained enumerators to minimize bias. 

However, this study has several limitations, including 

its cross-sectional design, which precludes causal 

inferences. Additionally, the potential for residual 

confounding remains due to unmeasured variables 

such as dietary intake, medication use, comorbidities, 

psychological stress, and genetic predispositions, all 

of which may influence metabolic outcomes and their 

interaction with the two predictors, as well as the 

overall prevalence of metabolic syndrome.

Further research is needed, including longitudinal 

studies controlling for these factors and more 

comprehensive clinical and genetic profiles, both in 

Indonesia and globally. Direct measurement of body 

fat or visceral fat would also strengthen the findings 

and provide a more accurate understanding of the role 

of obesity in metabolic syndrome.
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Supplementary Table 1. Area under the curve comparison between the lipid accumulation product  index and the triglyceride-to-high-density 
lipoprotein cholesterol ratio  using DeLong’s test stratified by sex

Group AUC LAP
(95% CI)

AUC TG/HDL-c
(95% CI)

AUC
Difference

 95% CI
of Difference

p-value
(DeLong)

Men 0.842 (0.818-0.863) 0.810 (0.785-0.834) 0.0313 0.00987-0.0527 0.0042*

Women 0.737 (0.721-0.753) 0.728 (0.711-0.744) 0.0095 -0.00531-0.0242 0.2092

* Statistically significant (p-value < 0.05).
AUC: area under the curve; LAP: lipid accumulation product; 95% CI 95% of confidence interval; TG/HDL-c: triglycerides to high-density lipoprotein cholesterol ratio. 

Supplementary Table 2. External validation of the predictive accuracy of the triglycerides to high-density lipoprotein cholesterol ratio and 
lipid accumulation product index for MetS in adults with obesity (Indonesian Basic Health Survey 2018 Data)

Predictors 
of metabolic 
syndrome

AUC  95% CI Standard 
error p-value Sensitivity 

(%)
Specificity 

(%)
Youden 
index

Optimal 
cutoff LR+ LR-

p-value
DeLong 

Test

Men (n: 999)

TG/HDL-c 0.825 0.799-0.851 0.13 < 0.001* 81.5 71.5 0.530 3.225 2.862 0.258 0.176

LAP 0.838 0.814-0.863 0.12 < 0.001* 77.6 76.1 0.537 42.150 3.247 0.295

Women (n: 3728)

TG/HDL-c 0.766 0.751-0.782 0.008 < 0.001* 59.2 81.0 0.402 2.374 3.119 0.504 0.168

LAP 0.759 0.744-0.774 0.008 < 0.001* 66.2 73.1 0.070 33.737 2.460 0.463

*Statistically significant (p-value < 0.05),
AUC: area under the curve; 95% CI 95% of confidence interval; LR+: likelihood ratio +; LR-: likelihood ratio -; TG/HDL-c: triglycerides to high-density lipoprotein cholesterol ratiol; LAP: lipid 
accumulation product.
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ABSTRACT
Objective: To determine the frequency and types of breast calcif ication, the distribution of breast imaging-reporting and data 

system (BI-RADS) scores, and the association between calcif ication and biochemical/clinical findings in patients with primary 

hyperparathyroidism (PHPT). Subjects and methods: We recruited ≥ 40-year-old female patients with PHPT (n = 104) and age-

matched healthy women (n = 107) as controls. Mammography was performed on all participants. Calcif ication, calcif ication type, 

and BI-RADS scores were recorded, and patients were divided into two groups based on PHPT duration and presence/absence 

of calcification. Results: BI-RADS score distribution was indifferent between groups. The frequency of calcification and distri-

bution of calcification types showed no difference between groups. Likewise, mammography findings were consistent among 

PHPT patients regardless of disease duration. There was no cutoff for disease duration that could predict the presence of cal-

cification. Breast calcification was negatively correlated with parathyroid hormone (r = -0.220, p = 0.025) and 24-hour urine 

calcium levels (r = -0.195, p = 0.048), and positively correlated with age (r = 0.219, p = 0.025) in PHPT patients. Of the six patients 

who underwent cytological examination, one was found to be malignant (PHPT group). Conclusion: Female patients with PHPT 

do not have an increased incidence of breast calcification or higher BI-RADS scores compared to healthy women, and the calcifi-

cation rates were unaffected by the duration of the disease. The presence of calcification does not appear to be associated with 

an increased risk of breast cancer in PHPT patients. Nonetheless, given the frequency of breast cancer and that the only patient 

with breast cancer was part of the PHPT group, it would be appropriate to screen these patients for breast cancer carefully.

Keywords: Primary hyperparathyroidism; hypercalcemia; breast calcification; BI-RADS; breast cancer

INTRODUCTION
Primary hyperparathyroidism (PHPT) is a disease 

characterized by the autonomous secretion of para-

thyroid hormone (PTH) from the parathyroid glands 

due to adenoma, hyperplasia, or carcinoma, despite 

normal or elevated serum calcium levels. The clini-

cal manifestations of this disease primarily include 

nephrolithiasis-nephrocalcinosis, and osteoporosis. 

Additionally, disrupted calcium metabolism in PHPT 

(1) can lead to ectopic calcification in several organs, 

such as the skin (2), gallbladder (3), sclerochoroid 

(4-7), eyes (8), heart valves (9,10), myocardium (11), 

abdominal aorta (12), brain (13-15), cerebral gyrus 

(16), joint (11,17), lungs (18-20), pancreas (21), and 

stomach (22). The precise mechanism of this type of 

calcification is not fully understood; however, poten-

tial causes include increased levels of the calcium-

phosphate product and the local secretion of free 
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hydrogen ions, which result in an alkaline environ-

ment (18,22). 

Breast calcif ication, commonly observed in mam-

mography, can be present in both breast cancer and 

benign lesions. The morphology and distribution of 

calcifications are instrumental in evaluating whether 

breast lesions are benign or suspicious. Although stud-

ies (23-26), case series (27), and case reports (28-31) 

 have documented breast calcification in patients with 

secondary hyperparathyroidism (SHPT), to our knowl-

edge, there is no study examining its prevalence and 

characteristics in patients with PHPT. The incidence 

of breast cancer has been reported to be higher in pa-

tients with PHPT compared to those without PHPT. 

Hypothetically, this finding could be attributed to in-

creased calcium deposition in the breasts and more 

frequent breast examinations in these patients (32). 

Given the above, we aimed to determine the fre-

quency and characteristics of breast calcification, 

analyze the distribution of Breast Imaging-Reporting 

and Data System (BI-RADS) scores, and explore the 

relationship between calcification and biochemical or 

clinical features in patients with PHPT.

SUBJECTS AND METHODS
Female patients aged ≥ 40 years old with PHPT and age- 

and body mass index (BMI)-matched healthy women 

were recruited. The healthy participants were selected 

from women referred to the radiology clinic for routine 

mammographic screening by physicians in family medi-

cine, general surgery, and obstetrics and gynecology. 

These participants were matched for age, BMI, smok-

ing status, menopausal status, and breast disease his-

tory. According to the American Cancer Society’s 2015 

guideline update, women aged ≥ 40 years are recom-

mended to undergo mammography (33). 

PHPT was diagnosed based on either the pres-

ence of hypercalcemia along with elevated or inap-

propriately normal serum PTH levels, indicating overt 

PHPT, or normal serum calcium and 25-hydroxyvita-

min (OH) D levels with elevated serum PTH and in-

creased 24-hour urinary calcium/fractional excretion 

of calcium levels, indicating normocalcemic PHPT (9). 

Exclusion criteria included a PHPT duration of < 6 

months, chronic kidney or liver disease, malignancy, 

pregnancy, lactation, history of breast surgery, history 

of chest radiotherapy, and use of medications affect-

ing blood calcium levels (e.g., calcium supplements, 

thiazide diuretics, lithium, vitamin A, teriparatide, 

bisphosphonates, corticosteroids, rifampin, pheno-

barbital, phenytoin, calcitonin, chloroquine, plicamy-

cin, etc.). Smoking habits, alcohol consumption, breast 

disease history, and family history of breast cancer 

were also recorded. Weight (kilograms) was divided 

by the square of height (meters) to determine the BMI.

Serum levels of calcium (normal: 8.5–10.4 mg/dL), 

albumin (normal: 3.2–4.8 g/dL), phosphate (normal: 

2.4–5.1 mg/dL), magnesium (normal: 1.3–2.7 mg/dL), 

intact PTH (normal: 18.4–80.4 ng/L), 25 (OH) D (nor-

mal: 30–150 ng/mL), and alkaline phosphatase (nor-

mal: 42–98 U/L) were measured in the morning after an 

8-hour fast and recorded. The 24-hour urinary calcium 

and fractional excretion of calcium were similarly docu-

mented. Corrected serum calcium was calculated using 

the formula: Corrected calcium (mg/dL) = [0.8 × (4 - se-

rum albumin (g/dL))] + measured calcium (mg/dL). The 

highest recorded calcium and PTH levels were noted 

from the Ankara Bilkent City Hospital database or the 

national patient health database. Calcium × phosphate 

product levels and the highest such levels in the data-

bases were also recorded. Hypercalcemia was classi-

fied as mild (10.5–11.9 mg/dL), moderate (12–13.9 mg/

dL), or severe (≥ 14 mg/dL). PHPT duration was defined 

as the time between the first diagnosis and the date of 

mammography. The earliest available high serum cal-

cium value in the hospital or national database was re-

corded as the time of initial diagnosis.

All participants underwent mammography using 

the Senographe Pristina Mammography system (GE 

Healthcare, Fairfield, Buc, France). Mammographic 

features were analyzed and reported according to 

the American College of Radiology’s BI-RADS by our 

radiologist (A.O.), who was blinded to the patients’ 

diagnoses. Calcification morphology was classified 

as benign or suspicious. Benign calcifications includ-

ed skin, vascular, popcorn-like, large rod-like, round, 

rim, dystrophic, milk-of-calcium, and suture calcifi-

cations. Suspicious calcifications were described as 

amorphous, coarse heterogeneous, fine pleomor-

phic, or fine linear/linear branching. Additionally, the 
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distribution of calcifications was classified as benign 

if diffuse, and as suspicious if linear or segmental (34). 

Calcifications were recorded as unilateral or bi-

lateral, indicating presence in one breast or both, 

respectively. Breast density was classified as A, B, C, 

or D, reflecting breast composition from almost en-

tirely fatty to extremely dense, according to BI-RADS. 

Scores ranged from 0 to 6, where 0 required further 

imaging, 1 was negative, 2 was benign, 3 was prob-

ably benign, 4 was suspicious (with subcategories 4A, 

4B, and 4C for low, intermediate, and high suspicion 

of malignancy, respectively), 5 was highly suggestive 

of malignancy, and 6 was a biopsy-proven malignancy 

(34). Participants were asked to return for further di-

agnostic evaluation when findings such as suspicious 

breast calcifications, asymmetric densities, or a mass 

were identified. If malignancy was suspected, a biopsy 

followed by surgery, if necessary, was suggested.

Dual energy X-ray absorptiometry was used to 

measure bone mineral density (BMD) in the femur, ra-

dius, and lumbar spine (L1–L4) with an anterior-poste-

rior projection in both the patient and control groups 

(Lunar iDXA, GE Healthcare, USA). Postmenopausal 

subjects with a BMD T score of ≤ -2.5 were classified as 

having osteoporosis, those with a T score between -2.5 

and -1 were classified as having osteopenia, and those 

with a T score ≥ -1 were categorized as normal. In pre-

menopausal women, a BMD Z score of ≤ -2 indicated 

a bone density below the expected range for age, and 

> -2 was within the expected range. Premenopausal 

subjects with scores below the expected range were 

included in the osteoporosis group, whereas those 

within the expected range were considered to have 

normal BMD. Nephrolithiasis was defined as either a 

history of the condition or diagnosis by imaging mo-

dalities. If any, histopathological findings of parathy-

roidectomy with/without thyroidectomy as well as 

breast cytopathology were noted. 

Patients and controls were compared with regard 

to demographic and laboratory data, as well as mam-

mographic results, including calcification presence 

and types and BI-RADS scores, were compared be-

tween patients and controls. PHPT patients were fur-

ther divided into groups based on disease duration of 

less than or more than 48 months and analyzed with 

respect to the same parameters. Additionally, patients 

with and without breast calcifications were compared. 

This study was approved by the institution’s 

ethical committee (Date: January 18, 2021, no: 

26379996/21, Chairman: Kara H.), in compliance with 

the Declaration of Helsinki. Informed consent was ob-

tained from all patients and controls.

SPSS 24 package (IBM Corp., Armonk, NY, USA) 

was used for the statistical analysis. Descriptive sta-

tistics were given as mean ± standard deviation when 

normally distributed, and median (interquartile range 

25%-75%) when not normally distributed. Nominal 

variables were given as percentage and number of 

cases. Chi-squared or Fisher exact test was used when 

categorical variables were compared. Student t test 

was used for parametric variables and Kruskal-Wallis 

test was used for nonparametric variables. Spearman’s 

or Pearson’s tests were used to assess correlation of 

breast calcification and laboratory or clinical vari-

ables. A p value < 0.05 was considered significant. 

The sample size was determined for a compari-

son between two independent groups with PHPT 

and healthy controls. The calculation assumed a sig-

nificance level (α) of 0.05, a statistical power (1–β) of 

0.80, and an expected effect size (Cohen’s d) of 0.35, 

defined as the smallest clinically meaningful differ-

ence anticipated in the study. Under the assumptions 

of equal group sizes, approximate normal distribution, 

and homogeneous variances, the required sample size 

was 102 participants per group (204 in total). The 

Student’s t-test will be used for the primary compari-

son, while the Mann–Whitney U test will be applied 

if distributional assumptions are not met. All calcula-

tions were performed using G*Power version 3.1.

RESULTS
Overall, 104 patients and 107 controls were included. 

Demographic and clinical findings, laboratory results, 

and imaging results are summarized in Tables 1–3. 

Age distribution and BMI were similar between both 

groups (p = 0.920 and p = 0.391, respectively). The 

median duration of PHPT was 48 months (min-max: 

6–180 months). The frequency of current smoking 

was comparable between the patient and control 

groups. Regular alcohol consumption was observed 
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in 3 patients and 1 control. The rates of previous benign 

breast disease and family breast cancer history were sim-

ilar in both groups (p = 0.416 and p = 0.367, respectively). 

Menopausal status was also comparable (p = 0.066).

Serum levels of calcium, corrected calcium, high-

est calcium, magnesium, alkaline phosphatase, and 

PTH were higher, while phosphate, albumin, calcium 

x phosphate, and highest calcium x phosphate levels 

were lower in the PHPT group than the control group 

(p < 0.001 for all). Similarly, the 25 (OH) vitamin D level 

was lower in the patient group (p = 0.001). The major-

ity of PHPT patients (63.5%) had mild hypercalcemia, 

9.6% had moderate hypercalcemia, and the remaining 

26.9% had normocalcemic PHPT. The rates of neph-

rolithiasis and osteoporosis were higher in the PHPT 

group than in the control group (p < 0.001 for both).

The BI-RADS score did not differ, with BI-RADS 

0 being the most prevalent score in both groups. 

Calcifications were observed in 63 (60.6%) patients 

with PHPT and 72 (67.3%) individuals in the control 

group. In the PHPT group, 1 patient had suspicious 

calcifications, 1 patient had both benign and suspi-

cious calcifications (Figure 1), and the rest had benign 

calcifications on mammography. All breast calcifica-

tions were benign in the control group. Calcifications 

were mostly bilateral in both groups (p = 0.392).

Parathyroidectomy was performed on 63 patients 

(60.6%). Except for one patient with atypical para-

thyroid adenoma, all patients had histopathologically 

confirmed parathyroid adenoma. Concomitant thy-

roidectomy was performed on 19 (18.3%) patients, 

revealing papillary thyroid carcinoma in 12 patients, 

noninvasive follicular thyroid neoplasm with papillary-

like nuclear features (NIFT-P) in 1 patient, concurrent 

papillary thyroid carcinoma and NIFT-P in 2 patients, 

and benign findings in 4 patients.

PHPT patients were categorized based on the 

presence (n = 63, 60.6%) or absence (n = 41, 39.4%) 

of breast calcification. PTH and urinary calcium lev-

els were lower, and age was higher in PHPT patients 

with breast calcification than those without calcifica-

tion (p = 0.026, p = 0.048, and p = 0.026, respectively). 

Other clinical and laboratory variables were similar in 

both groups. A weak correlation was found between 

breast calcification and age (r = 0.219, p = 0.025), PTH 

(r = -0.220, p = 0.025), and 24-hour urinary calcium 

levels (r = -0.195, p = 0.048) in PHPT patients. There 

was no cut-off for disease duration that could predict 

the presence of calcification. The area under the ROC 

curve was 0.534 (95% CI: 0.456–0.612, p = 0.400), in-

dicating no significance.

PHPT patients were divided based on a disease 

duration of less than or greater than 48 months, the 

median duration. Both groups were similar regard-

ing the frequency and localization of calcification,  

BI-RADS score, breast density, history of benign 

breast disease, and family breast cancer history  

(p > 0.05 for all). Similarly, age, BMI, current smoking 

status, menopausal status, and BMD,=, along with 

laboratory parameters except for the highest calci-

um level, were comparable between the two groups  

(p > 0.05 for all). The highest calcium level and neph-

rolithiasis frequency were more prominent in the 

longer duration group than the shorter duration one  

(p < 0.001 and p = 0.008, respectively). All patients with 

calcium levels of > 12 mg/dL were in the longer dura-

tion group. One patient with suspicious calcification 

was in the shorter duration group, and one with both 

suspicious and benign calcification was in the longer 

duration group; others had benign calcifications. 

A B

Figure 1. Mammographic findings in two patients with primary 
hyperparathyroidism showing suspicious breast calcifications. (A) 
Punctate calcifications are clustered in the upper outer quadrant of 
the right breast, identified as suspicious (at the tip of the localization 
wire’s hook). The punctate calcification indicated by the black arrow 
is benign. (B) Pleomorphic microcalcifications formed in clusters in 
the central section of the outer quadrant of the left breast are 
indicated as suspicious (white arrow).
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Biopsy referral rates were 1.9% (2/104) in PHPT 

patients and 3.7% (4/107) in the control group. Two 

PHPT patients with suspicious calcifications under-

went excisional breast biopsy, resulting in one invasive 

breast cancer and one atypical ductal hyperplasia di-

agnosis. Three controls underwent tru-cut biopsy, and 

one underwent excisional biopsy, with all 4 controls 

having benign cytology. 

DISCUSSION
The rate and type of breast calcification, as well as the 

distribution of BI-RADS scores, were similar in female 

patients with and without PHPT. Patients with disease 

durations both shorter and longer than 48 months 

also exhibited similar mammographic findings. These 

results may suggest that the presence of calcification 

is not associated with an increased incidence of breast 

cancer in PHPT patients. In the patient group, breast 

calcification was positively correlated with age and 

negatively correlated with PTH and 24-hour urine cal-

cium levels. 

Several studies have explored the relationship 

between PHPT and breast cancer. Both conditions 

exhibit similar sex and age associations (35) and have 

shown a steadily increased incidence over the past 40 

years (32). Breast cancer is the most frequent cancer 

in women and is more common in women than in men, 

similarly to PHPT (36,37). The frequency of the asso-

ciation between breast cancer and PHPT was found 

to be similar to that of the general population in one 

study (38). Conversely, in a large-scale cohort study 

comparing the incidence of subsequent malignancy in 

patients who underwent surgery for PHPT with those 

who did not, PHPT was associated with an increased 

risk of developing cancer (e.g., kidney, colon, and squa-

mous cell skin cancer), particularly breast cancer. This 

risk remains consistent over time and does not dimin-

ish even 15 years post-operation. Therefore, the in-

creased risk of malignancy is not due to the biochemi-

cal changes in PHPT, but likely results from shared 

genetic and environmental etiological factors (39). 

These common factors are considered to be ionizing 

radiation and hypercalcemia. Another reported risk 

factor associated with a higher incidence of both dis-

eases is being overweight (40). 

Although there is no literature examining hyper-

calcemia-specific breast tissue, it is hypothesized that 

calcium accumulation in the breast may be more pro-

nounced in PHPT, leading to an increased diagnosis of 

breast cancer due to more frequent breast-focused 

examinations (32). To determine whether calcium 

accumulation in breast tissue increases in PHPT, we 

designed this study. We observed similar frequencies 

and morphologies of breast calcification, as well as BI-

RADS scores in PHPT patients and controls. Therefore, 

we conclude that the higher prevalence of breast can-

cer among PHPT patients, as suggested in the litera-

ture, may not be attributed to calcification presence. 

On the other hand, we identified one malignant and 

one atypical ductal hyperplasia case, both in the PHPT 

group, while all four cases in the control group were 

benign. Although there is no statistically significant 

difference between patient and control groups, we be-

lieve that PHPT patients should be carefully examined 

for breast cancer as both malignant and atypical cyto-

logical findings were present in this group.

Examining the inverse relationship, the frequency of 

PHPT in breast cancer patients was higher than its inci-

dence in the healthy female population (35,41). In non-

aggressive breast cancer patients without evidence of 

PHPT, significantly higher calcium and PTH levels were 

noted, regardless of clinical stage and antitumor treat-

ment, compared to the healthy controls (41). The prog-

nosis of breast cancer patients, irrespective of previous 

PHPT operations, was found to be similar (40). 

Although no study exists in the literature examining 

breast tissue calcification in PHPT patients, there are 

three studies concerning patients with SHPT due to 

chronic kidney disease or end-stage renal disease (23-

25). An increase of up to 94% in breast calcification 

rates has been noted in patients with SHPT associated 

with chronic renal failure, specifically among those on 

long-term hemodialysis (25). The increased calcifica-

tion in SHPT compared to the general population is 

thought to relate to decreased phosphate excretion 

and rising levels of serum calcium-phosphate product, 

though it likely results from multiple factors, including 

the duration of renal failure, dialysate calcium concen-

tration, tissue pH, calcium, magnesium and fluoride lev-

els, metabolic acidosis, hyperoxalemia, hyperlipidemia, 
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and corticosteroid treatment. Calcifications occurred 

in both breasts in 98% of SHPT patients (23).

Correlation between calcification and either serum 

PTH levels or the calcium-phosphate product SHPT 

has been inconsistent across studies. Breast calcifica-

tions associated with SHPT are benign, not linked with 

breast masses, and should not be confused with suspi-

cious calcifications indicative of breast cancer, accord-

ing to earlier studies (23,25). These studies, however, 

did not include data on BI-RADS, callback rates for ad-

ditional diagnostic workups, biopsy recommendation 

rates, clinical outcomes related to increasing calcifica-

tions, or the incidence of suspicious calcifications. A 

more recent study by Castellanos and cols. (24) found 

that while increased breast calcification is generally 

benign, the incidence of malignancy-associated calci-

fications is slightly higher in SHPT patients compared 

to a control group. Consequently, these patients have 

a higher likelihood of being referred for a biopsy if re-

called for further diagnostic evaluation (24). None of 

the three studies reported breast cytology results, 

leaving a gap in the literature on whether women with 

SHPT have a higher incidence of breast cancer. 

Contrary to these findings in SHPT patients, our 

study did not detect an increased rate of breast calci-

fication in PHPT patients. Similar to findings in SHPT 

studies, most calcifications in PHPT were benign and 

bilateral. Only two participants, both with PHPT, had 

suspicious calcifications. One potential explanation 

for the differing calcification rates between PHPT and 

SHPT could be the comparatively lower phosphate 

and calcium-phosphate product levels in PHPT pa-

tients, as opposed to SHPT patients. Despite a reduc-

tion in phosphate levels, the calcium-phosphate prod-

uct may still be high in PHPT due to elevated calcium 

levels from increased bone resorption, particularly in 

severe hypercalcemia. The role of the calcium-phos-

phate product in PHPT remains unclear, despite its 

widespread application in chronic renal disease man-

agement. Few studies have explored its level in PHPT 

patients, with some linking it to renal dysfunction but 

not to aortic valve calcification (9,42). Lower prod-

uct level may be related to the reduced phosphate 

levels and the modestly elevated or even normal cal-

cium levels observed in most of our patients. Another 

possibility regarding the differences in PHPT and 

SHPT calcification rates is that the microenvironment 

of breast tissue in PHPT patients differs from system-

ic levels in a manner that promotes calcification.

In our study, we found a negative correlation be-

tween calcification in PHPT patients and PTH lev-

els, in contrast to the study of Sommer and cols. (23) 

involving patients with renal hyperparathyroidism, 

which showed a positive correlation. We additionally 

observed positive correlations of breast calcification 

with age and a negative correlation with urinary cal-

cium levels. The frequency of breast calcification is 

known to increase with age, and microcalcification 

is more common in older patients (43). However, our 

evaluation of PHPT patients concerning breast calci-

fication and its related factors is the first in the litera-

ture. Further research is needed to elucidate whether 

renal dysfunction, more severe hypercalcemia/hy-

pophosphatemia, higher PTH levels, or other factors 

might affect calcification rates in PHPT patients. 

Several studies have compared laboratory and de-

mographic characteristics in PHPT patients with and 

without calcifications in various tissues or organs. 

The severity of abdominal aortic calcification in PHPT 

and breast calcification frequencies in SHPT corre-

late with PTH levels (12,23). Patients with mild PHPT 

have shown increased calcification area in the aortic 

valve, positively and independently associated with 

PTH levels (9). Pepe and cols. (12) reported that older 

age, years since menopause, and time since diagnosis 

as distinguishing factors between PHPT patients with 

and without abdominal aortic calcification. In another 

study, age was the sole predictor of gallstone devel-

opment in PHPT patients (3). Normocalcemic PHPT 

patients with renal calcifications had increased serum 

PTH, 1.25(OH)
2
 vitamin D, and urinary calcium com-

pared to those without calcifications (44). Contrary 

to this study, Perez and cols. (45) reported that PHPT 

patients with nephrolithiasis had similar serum cal-

cium and PTH levels compared to patients without 

nephrolithiasis, although urinary calcium levels were 

increased. Ejlsmark-Svensson (46) found that renal 

calcification correlated with the severity of PHPT as 

measured by PTH levels, 24-hour urine calcium, and 

the degree of hypercalcemia (46).
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It is suggested that increased serum calcium levels 

due to the oversecretion of PTH may lead to calcium 

deposits in breast ducts (47). In our study, we did not 

find an increased rate of calcification in PHPT patients 

compared to the control group. Nevertheless, PHPT 

patients with breast calcification had lower PTH and 

urinary calcium levels but were older compared to 

those without calcification. Additionally, as noted ear-

lier, calcification in PHPT patients correlated positive-

ly with age and negatively with PTH levels and 24-hour 

urinary calcium levels. Differences in the physiological 

characteristics of various tissues, the variable effects 

of PTH on these organs or tissues, the selection of dif-

ferent patient groups (e.g., normocalcemic PHPT, mild 

PHPT, asymptomatic PHPT), and diagnostic criteria 

(e.g., imaging methods, serum calcium range) may ex-

plain the diversity of results in the literature (35). 

The duration of PHPT can affect the course of 

some clinical and laboratory parameters. PHPT pa-

tients managed nonoperatively showed an increased 

annual rate of renal stone events in the year before 

and after diagnosis, with the rate decreasing after five 

years (48). Some studies have shown that a proportion 

of patients with normocalcemic PHPT progressed to 

hypercalcemia over time, while other studies did not 

find this progression (49). In our study, nephrolithia-

sis was more frequent, and the highest calcium levels 

were more prominent in the group with longer disease 

duration compared to the group with shorter duration. 

Despite our promising findings, this study has 

some limitations. Due to the increasing access to 

laboratory and imaging modalities, patients are diag-

nosed at earlier stages in recent years. Consequently, 

most of the patients in the study had mild hypercal-

cemia. This may have contributed to possibly lower 

rates of calcium-phosphate product levels and, there-

fore, a lower rate of breast calcification. Additionally, 

the cross-sectional design might have resulted in a 

low number of breast cancer patients. Given the of-

ten asymptomatic or subclinical nature of PHPT, un-

derestimation of the disease duration is possible in 

the current study. Consequently, the disease duration 

may be inaccurately short in some cases, possibly be-

cause the disease started earlier than the first record 

available in the hospital database. This may affect 

some analyses performed based on disease duration, 

particularly its effect on the frequency of breast calci-

fication. The lack of data on ionized calcium measure-

ments, calcification subtypes, and the physical exami-

nation findings of the breast were other limitations of 

the study. 

In conclusion, it can be inferred from this study 

that breast calcification may not be considered a tar-

get organ involvement, and the presence of calcifica-

tion is not related to an increased incidence of breast 

cancer in PHPT patients. Although not statistically 

significant, the fact that all patients with non-benign 

cytology results were in the PHPT group may suggest 

that PHPT patients should be carefully screened for 

breast cancer. Nonetheless, these results should be 

confirmed in patients with different levels of hyper-

calcemia, in different age groups, and among patients 

with longer follow-up periods and a larger cohort.

Acknowledgments: none.

Disclosure: no potential conflict of interest relevant to this ar-
ticle was reported.

Data availability: datasets related to this article will be avail-
able upon request to the corresponding author.

REFERENCES
1.	 Walker MD, Silverberg SJ. Primary hyperparathyroidism. Nat Rev 

Endocrinol. 2018;14(2):115-125. doi: 10.1038/nrendo.2017.104. 

2.	 Sepriano AR,  Pereira Pombo de Araújo FC,  Mourão de Almeida 
Lourenço Dias PM,  da Cunha Branco, J. Normocalcemic primary 
hyperparathyroidism presenting as calcinosis cutis. J Clin Rheumatol. 
2014;20(6):330-331. doi: 10.1097/RHU.0000000000000142.

3.	 Bhadada SK, Bhansali A, Shah VN, Behera A, Ravikiran M, Santosh R. 
High prevalence of cholelithiasis in primary hyperparathyroidism: 
a retrospective analysis of 120 cases. Indian J. Gastroenterol. 
2011;30(2):100-101. doi: 10.1007/s12664-011-0101-0.

4.	 Atas F, Saatci A. Bilateral sclerochoroidal calcification in a case 
with asymptomatic primary hyperparathyroidism. Europ Eye Res. 
2022;2(2),84-87. doi: 10.14744/eer.2022.35744.

5.	 Suzuki J, Takeda M, Sekine N, Kanno M, Kii T, Kofune M, et al. 
Bilateral metastatic sclerochoroidal calcification in a patient with 
hyperparathyroidism. Ophthalmologica. 1992;205(1):10-14. doi: 
10.1159/000310304. 

6.	 Sood S, Friedman S. Sclerochoroidal calcification wıth optic nerve 
calcification in a patient with primary hyperparathyroidism and severe 
vision loss. Retin Cases Brief Rep. 2024;18(4):499-502. doi: 10.1097/
ICB.0000000000001418. 

7.	 Abouzaid M, Al-Sharefi A, Artham S, Masri I, Kotagiri A, Joshi A. A rare 
ophthalmic condition associated with primary hyperparathyroidism 
(PHPT): sclerochoroidal calcification (SC). Endocrinol Diab Metab Case 
Rep. 2019;2019(1):19-0003. doi: 10.1530/EDM-19-0003. 

8.	 Lee DK, Eiferman RA. Ocular calcifications in primary 
hyperparathyroidism. Arch Ophthalmol. 2006;124(1):136-137. doi: 
10.1001/archopht.124.1.136.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Sepriano AR%5BAuthor%5D&cauthor=true&cauthor_uid=25160019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pereira Pombo de Ara%C3%BAjo FC%5BAuthor%5D&cauthor=true&cauthor_uid=25160019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mour%C3%A3o de Almeida Louren%C3%A7o Dias PM%5BAuthor%5D&cauthor=true&cauthor_uid=25160019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mour%C3%A3o de Almeida Louren%C3%A7o Dias PM%5BAuthor%5D&cauthor=true&cauthor_uid=25160019
https://www.ncbi.nlm.nih.gov/pubmed/?term=da Cunha Branco J%5BAuthor%5D&cauthor=true&cauthor_uid=25160019
https://www.ncbi.nlm.nih.gov/pubmed/?term=25160019
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhadada SK%5BAuthor%5D&cauthor=true&cauthor_uid=21626228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhansali A%5BAuthor%5D&cauthor=true&cauthor_uid=21626228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shah VN%5BAuthor%5D&cauthor=true&cauthor_uid=21626228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Behera A%5BAuthor%5D&cauthor=true&cauthor_uid=21626228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ravikiran M%5BAuthor%5D&cauthor=true&cauthor_uid=21626228
https://www.ncbi.nlm.nih.gov/pubmed/?term=Santosh R%5BAuthor%5D&cauthor=true&cauthor_uid=21626228
https://www.ncbi.nlm.nih.gov/pubmed/?term=21626228
https://dx.doi.org/10.14744/eer.2022.35744


Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

11

BI-RADS and calcification patterns in women with primary hyperparathyroidism

Arch Endocrinol Metab, 2026, v.70(2), 1-12, e260015.

9.	 Iwata S, Walker MD, Di Tullio MR, Hyodo E, Jin Z, Liu R, et al. Aortic valve 
calcification in mild primary hyperparathyroidism. J Clin Endocrinol 
Metab. 2012;97(1):132-137. doi: 10.1210/jc.2011-2107. 

10.	 Carrai P, Camarri S, Pondrelli CR, Gonnelli S, Caffarelli C. Calcification 
of cardiac valves in metabolic bone disease: an updated review of 
clinical studies. Clin Interv Aging. 2020;15:1085-1095. doi: 10.2147/
CIA.S244063. 

11.	 Takahashi H, Aoki T, Fukumoto Y, Sugimura K, Nochioka K, Miura Y, et al. 
“Porcelain heart” a case of acute heart failure with massive myocardial 
calcification complicated with primary hyperparathyroidism. J Cardiol 
Cases. 2013;8(6):183-186. doi: 10.1016/j.jccase.2013.08.006. 

12.	 Pepe J,  Diacinti D,  Fratini E,  Nofroni I,  D’Angelo A,  Pilotto R,  et al. 
High prevalence of abdominal aortic calcification in patients with 
primary hyperparathyroidism as evaluated by Kauppila score. Eur J 
Endocrinol. 2016;175(2):95-100. doi: 10.1530/EJE-15-1152. 

13.	 Panchangam RB, Mahalaxmi V, Mayilvaganan S. Rare association 
of basal ganglia calcification and primary hyperparathyroidism: an 
interesting case report with review of literature. World J Surg Surgical 
Res. 2021;4:1276. doi: 10.25107/2637-4625.1276.

14.	 Xu H, Qin H, Zhong S, He Q, Chen S, Guan M. Hyperparathyroidism and 
cerebral calcifications: A case report. Neurocase. 2022;8(2):226-230. 
doi: 10.1080/13554794.2022.2071627. 

15.	 Hyusein RR, Atsev S, Boyukliev A, Petrov PP, Velchev V, Penchev P. 
Cerebral calcifications as a result of primary hyperparathyroidism: 
A Report of a Rare Case. Cureus. 2024;16(4):e57826. doi: 10.7759/
cureus.57826. 

16.	 Landais A, Mallet G, Bourgeois-Beauvais Q, Parisi J, Mecharles S, 
Lannuzel A. Gyriform calcifications after ischemic stroke in a patient 
with primary hyperparathyroidism. Presse Med. 2018;47(7-8 Pt 
1):690-692. doi: 10.1016/j.lpm.2018.04.005. 

17.	 Sturdee SW, Bollen SR. Intra-articular calcification in primary 
hyperparathyroidism. Knee. 2004;11(4):323-325. doi: 10.1016/j.
knee.2003.09.002.

18.	 Sun HM, Chen F, Yin HL, Xu XY, Liu HB, Zhao BL. Rapid development of 
metastatic pulmonary calcifications in primary hyperparathyroidism: 
a case report and literature review. Diagn Pathol. 2017;12(1):38. doi: 
10.1186/s13000-017-0628-1. 

19.	 Jia Y, Wang L, Yang G, Mao G, Cheng Y, Cao Y. Primary 
hyperparathyroidism characterized by diffuse homogeneous 
metastatic pulmonary calcification: A case report. Medicine (Baltimore). 
2018;97(44):e13107. doi: 10.1097/MD.0000000000013107.

20.	 Xu W, Hu T, Lv S, Dong M, Yang J. Metastatic microcalcification 
in the lungs and stomach due to hyperparathyroidism: A case 
report. J Int Med Res. 2021;49(2):300060521994420. doi: 
10.1177/0300060521994420.

21.	 Pradhan R, Gupta SK, Neyaz Z, Agarwal A. Pancreatic calcification in 
primary hyperparathyroidism. World J Endoc Surg. 2013;5(3):89. doi: 
10.5005/jp-journals-10002-1137.

22.	 Khurram R, Khamar R, Mandumula S. Computed tomography 
findings of diffuse intracranial calcifications in a patient with primary 
hypoparathyroidism. J Radiol Clin Imag. 2020;3(1):033-037. doi: 
10.26502/jrci.2809021.

23.	 Sommer G, Kopsa H, Zazgornik J, Salomonowitz E. Breast calcifications 
in renal hyperparathyroidism. AJR Am J Roentgenol. 1987;148(5):855-
857. doi: 10.2214/ajr.148.5.855. 

24.	 Castellanos M, Varma S, Ahern K, Grosso SJ, Buchbinder S, D’Angelo 
D, et al. Increased breast calcifications in women with ESRD on 
dialysis: implications for breast cancer screening. Am J Kidney Dis. 
2006;48(2):301-306. doi: 10.1053/j.ajkd.2006.05.001. 

25.	 Evans AJ, Cohen ME, Cohen GF. Patterns of breast calcification in 
patients on renal dialysis. Clin Radiol. 1992;45(5):343-344. doi: 
10.1016/s0009-9260(05)80090-x.

26.	 Van Berkel B, Van Ongeval C, Van Craenenbroeck AH, Pottel H, De 
Vusser K, Evenepoel P. Prevalence, progression and implications of 

breast artery calcification in patients with chronic kidney disease. Clin 
Kidney J. 2021;15(2):295-302. doi: 10.1093/ckj/sfab178. 

27.	 Sivakumar V, Rani ChS, Lakshmi AY, Lakshmi BV. Breast calcifications 
in women with end-stage renal disease on maintenance hemodialysis. 
Saudi J Kidney Dis Transpl. 2011;22(1):142-145. PMID: 21196633.

28.	 McDougal BA, Lukert BP. Resolution of breast pain and calcification 
with renal transplantation. Arch Intern Med. 1977:137(3):375-377. 
PMID: 320952.

29.	 Lee KM, Lee JE, Cha ES, Chung J, Kim JH, Moon BI. Dystrophic 
calcifications in the breast from secondary hyperparathyroidism. 
Breast Care (Basel). 2018;13(1):44-46. doi: 10.1159/000484198. 

30.	 Cowlam TE, Bucknall TE. Cutaneous ectopic breast calcification in 
a haemodialysis patient. Breast. 2003;12(5):342-344. doi: 10.1016/
s0960-9776(03)00104-8.

31.	 Resnikoff LB, Mendelson EB, Tobin CE. Hendrix TM. Breast imaging 
case of the day. Metastatic calcification in the breast from secondary 
hyperparathyroidism induced by chronic renal failure. Radiographics. 
1996;16(6):1512-1513. doi: 10.1148/radiographics.16.6.8946553. 

32.	 Michels KB, Xue F, Brandt L, Ekbom A. Hyperparathyroidism and 
subsequent incidence of breast cancer. Int J Cancer. 2004;110(3):449-
451. doi: 10.1002/ijc.20155. 

33.	 Oeffinger KC, Fontham ET, Etzioni R, Herzig A, Michaelson JS, Shih 
YC, et al. American Cancer Society: Breast cancer screening for 
women at average risk: 2015 guideline update From the American 
Cancer Society. JAMA. 2015;314(15):1599-1614. doi: 10.1001/
jama.2015.12783. Erratum in: JAMA. 2016 Apr 5;315(13):1406. doi: 
10.1001/jama.2016.3404. 

34.	 D’Orsi CJ, Sickles EA, Mendelson EB, Morris EA, et al. ACR BI-RADS® 
Atlas: Breast Imaging Reporting and Data System. Reston (VA): 
American College of Radiology; 2013.

35.	 Tanaka Y. Primary hyperparathyroidism with breast carcinoma. Breast 
Cancer. 2010;17(4):265-268. doi: 10.1007/s12282-009-0158-0. 

36.	 Minisola S, Pepe J, Piemonte S, Cipriani C. The diagnosis and 
management of hypercalcaemia. BMJ. 2015;350:h2723. doi: 10.1136/
bmj.h2723.

37.	 Valentini V, Bucalo A, Conti G, Celli L, Porzio V, Capalbo C, et al. 
Gender-Specific Genetic Predisposition to Breast Cancer: BRCA 
Genes and Beyond. Cancers (Basel). 2024;16(3):579. doi: 10.3390/
cancers16030579.

38.	 Axelrod DM, Bockman RS, Wong GY, Osborne MP, Kinne DW, 
Brennan MF. Distinguishing features of primary hyperparathy-
roidism in patients with breast cancer. Cancer. 1987;60:1624-
1630. doi: 10.1002/1097-0142(19871001)60:7<1620::aid-
cncr2820600733>3.0.co;2-3.

39.	 Nilsson IL, Zedenius J, Yin L, Ekbom A. The association between 
primary hyperparathyroidism and malignancy: nationwide cohort 
analysis on cancer incidence after parathyroidectomy. Endocr Relat 
Cancer. 2007;14(1):135-140. doi: 10.1677/erc.1.01261. 

40.	 Norenstedt S, Granath F, Ekbom A, Bergh J, Lambe M, Adolfsson J, et al. 
Breast cancer associated with primary hyperparathyroidism: a nested 
case control study. Clin Epidemiol. 2011;3:103-106. doi: 10.2147/
CLEP.S17298. 

41.	 Fierabracci P, Pinchera A, Miccoli P, Conte PF, Vignali E, Zaccagnini M, 
et al. Increased prevalence of primary hyperparathyroidism in treated 
breast cancer. J Endocrinol Invest. 2001;24(5):315-320. doi: 10.1007/
BF03343867. 

42.	 Banerjee M, Kar A, Ahamed J, Bhattacharjee R, Maitra D, Maisnam I, 
et al. Renal Dysfunction in Primary Hyperparathyroidism is associated 
with nephrolithiasis, elevated serum calcium-phosphate product and 
parathormone levels. Endocrine. 2024;83(3):757-762.  doi: 10.1007/
s12020-023-03631-0. 

43.	 Azam S, Eriksson M, Sjölander A, Gabrielson M, Hellgren R, Czene K, 
et al. Mammographic microcalcifications and risk of breast cancer. Br 
J Cancer. 2021;125(5):759-765. doi: 10.1038/s41416-021-01459-x.

https://www.ncbi.nlm.nih.gov/pubmed/?term=Iwata S%5BAuthor%5D&cauthor=true&cauthor_uid=22031523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Walker MD%5BAuthor%5D&cauthor=true&cauthor_uid=22031523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Di Tullio MR%5BAuthor%5D&cauthor=true&cauthor_uid=22031523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hyodo E%5BAuthor%5D&cauthor=true&cauthor_uid=22031523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jin Z%5BAuthor%5D&cauthor=true&cauthor_uid=22031523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Liu R%5BAuthor%5D&cauthor=true&cauthor_uid=22031523
https://www.ncbi.nlm.nih.gov/pubmed/?term=22031523
https://www.ncbi.nlm.nih.gov/pubmed/?term=22031523
https://www.ncbi.nlm.nih.gov/pubmed/?term=Takahashi H%5BAuthor%5D&cauthor=true&cauthor_uid=30534287
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aoki T%5BAuthor%5D&cauthor=true&cauthor_uid=30534287
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fukumoto Y%5BAuthor%5D&cauthor=true&cauthor_uid=30534287
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sugimura K%5BAuthor%5D&cauthor=true&cauthor_uid=30534287
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nochioka K%5BAuthor%5D&cauthor=true&cauthor_uid=30534287
https://www.ncbi.nlm.nih.gov/pubmed/?term=Miura Y%5BAuthor%5D&cauthor=true&cauthor_uid=30534287
https://www.ncbi.nlm.nih.gov/pubmed/?term=30534287
https://www.ncbi.nlm.nih.gov/pubmed/?term=30534287
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pepe J%5BAuthor%5D&cauthor=true&cauthor_uid=27165861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Diacinti D%5BAuthor%5D&cauthor=true&cauthor_uid=27165861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fratini E%5BAuthor%5D&cauthor=true&cauthor_uid=27165861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nofroni I%5BAuthor%5D&cauthor=true&cauthor_uid=27165861
https://www.ncbi.nlm.nih.gov/pubmed/?term=D'Angelo A%5BAuthor%5D&cauthor=true&cauthor_uid=27165861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pilotto R%5BAuthor%5D&cauthor=true&cauthor_uid=27165861
https://www.ncbi.nlm.nih.gov/pubmed/?term=27165861
https://www.ncbi.nlm.nih.gov/pubmed/?term=27165861
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sommer G%5BAuthor%5D&cauthor=true&cauthor_uid=3554917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kopsa H%5BAuthor%5D&cauthor=true&cauthor_uid=3554917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zazgornik J%5BAuthor%5D&cauthor=true&cauthor_uid=3554917
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salomonowitz E%5BAuthor%5D&cauthor=true&cauthor_uid=3554917
https://www.ncbi.nlm.nih.gov/pubmed/?term=3554917


Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

12

BI-RADS and calcification patterns in women with primary hyperparathyroidism

Arch Endocrinol Metab, 2026, v.70(2), 1-12, e260015.

44.	 Victor F, Pereira Lemos AL, de Holanda Ribas AM, Bandeira L, 
Pimentel JH, de Andrade Damázio LO, et al. Occult renal calcifications 
in patients with normocalcemic primary hyperparathyroidism and 
their association with the parathyroid hormone-vitamin D axis. Int J 
Endocrinol. 2022;2022:4558236. doi: 10.1155/2022/4558236. 

45.	 Perez AA, Schneider DF, Long KL, Pitt SC, Sippel RS. Timely evaluation 
and management of primary hyperparathyroidism in patients 
with kidney stones. J Surg Res. 2018;232:564-569. doi: 10.1016/j.
jss.2018.07.028. 

46.	 Ejlsmark-Svensson H, Bislev LS, Rolighed L, Sikjaer T Rejnmark 
L. Predictors of renal function and calcifications in primary 
hyperparathyroidism: A nested case-control study. J Clin Endocrinol 
Metab. 2018;103(9):3574-3583. doi: 10.1210/jc.2018-00923. 

47.	 Matsunaga T, Nakamura Y, Umezu K, Fujii M, Kusama M, Koyanagi 
Y. Computerized image analysis of clustered microcalcifications on 
mammography: morphometric comparison between mammography 
and pathology. Breast Cancer. 1996;3:181-190. doi: 10.1007/
BF02966982.

48.	 Seib CD, Ganesan C, Arnow KD, Pao AC, Leppert JT, Barreto NB, et 
al. Kidney stone events following parathyroidectomy vs nonoperative 
management for primary hyperparathyroidism. J Clin Endocrinol 
Metab. 2022;107(7):e2801-e2811. doi: 10.1210/clinem/dgac193.

49.	 Bilezikian JP, Khan AA, Silverberg SJ, Fuleihan GE, Marcocci C, Minisola 
S, et al. International Workshop on Primary Hyperparathyroidism.: 
Evaluation and management of primary hyperparathyroidism: Summary 
statement and guidelines from the Fifth International Workshop. J Bone 
Miner Res. 2022;37(11):2293-2314. doi: 10.1002/jbmr.4677. 



Correspondence to:
Merve Çatak
Tokat Gazıosmanpasa University,
Faculty of Medicine,
Department of Endocrinology and Metabolism
Gaziosmanpaşa Üniversite Hastanesi,
Kaleardi, 60030, Merkez Tokat, Turkey 
merve.catak@gop.edu.tr

This is an open-access article 
distributed under the terms of the 
Creative Commons Attribution License

Received on July/20/2025
Accepted on Dec/11/2025

DOI: 10.20945/2359-4292-2026-0014

ISSN 2359-4292

Associated editor:
Rosália do Prado Padovani

 https://orcid.org/0000-0002-5497-6813

Evaluation of three inflammation-associated blood 
indices for predicting malignancy in thyroid nodules
Merve Çatak1

 https://orcid.org/0000-0003-2654-3911

Bülent Koca2

 https://orcid.org/0000-0001-7614-122X

Zeynep Çetin3

 https://orcid.org/0000-0001-7824-4644

Özden Özdemir BAŞER4

 https://orcid.org/0000-0001-8368-3182

1 Tokat Gaziosmanpasa University, Faculty of Medicine, Department of Endocrinology and Metabolism, Tokat, Türkiye 
2 Tokat Gaziosmanpasa University, Faculty of Medicine, Department of General Surgery, Tokat, Türkiye
3 �Amasya Sabuncuoğlu Şerefeddin Training and Research Hospital, Amasya Şerefettin Sabuncuoğlu, Faculty of Medicine, Department of Endocrinology and 

Metabolism, Amasya, Türkiye 
4 Dokuz Eylul University, Faculty of Medicine, Department of Endocrinology and Metabolism, Izmir, Türkiye

ABSTRACT
Objective: Differentiated thyroid carcinoma (DTC) is the most common endocrine malignancy and usually has a favorable prog-

nosis. However, both diagnostic and prognostic evaluations currently rely mainly on postoperative histopathological results. 

Systemic inflammation-based indices — such as the Systemic Immune-Inflammation Index (SII), Systemic Inflammation Re-

sponse Index (SIRI), and Pan-Immune Inflammation Value (PIV) — have recently emerged as potential biomarkers in various can-

cers. This study aimed to evaluate the diagnostic and prognostic utility of these indices in patients undergoing thyroid surgery. 

Subjects and methods: This retrospective study included 554 patients who underwent total thyroidectomy between 2014 and 

2021. Tumors were categorized as benign or malignant according to final histopathology. SII, SIRI, and PIV were calculated from 

preoperative complete blood counts. Multivariate logistic regression was performed and included age, sex, thyroid-stimulating 

hormone (TSH) level, glycated hemoglobin (HbA1c) level, and diabetes status. Receiver operating characteristic (ROC) analysis 

was used to determine diagnostic performance. Results: Among 554 patients, 366 had benign and 188 had malignant tumors. 

Among the systemic inflammatory markers, only the SII differed significantly between groups (p = 0.002) and remained an inde-

pendent predictor of malignancy in multivariate analysis (OR = 0.85 per 100-unit increase, p = 0.007). ROC analysis revealed an 

AUC of 0.597, with 65.8% sensitivity and 58.2% specificity. None of the indices demonstrated prognostic value in the subgroup 

analyses. Conclusion: The SII demonstrated independent but clinically limited diagnostic value in differentiating malignant from 

benign thyroid lesions. Although its accuracy was poor (AUC <0.6), the SII may serve as a low-cost adjunct within multivariable 

preoperative models, particularly in indeterminate cytology cases.

Keywords: Differentiated thyroid carcinoma; systemic immune-inflammation index; systemic inflammation response index; 

pan-immune inflammation value; inflammation-based biomarkers; preoperative diagnosis; thyroid nodules

original

INTRODUCTION
Thyroid cancer is the most common endocrine malig-

nancy worldwide, and its incidence has been steadily 

increasing in recent decades (1). The majority of 

cases are classified as differentiated thyroid carcino-

ma (DTC), which includes papillary thyroid carcinoma 

(PTC) and follicular thyroid carcinoma (FTC), both of 

which are generally associated with a favorable prog-

nosis (2). While fine-needle aspiration biopsy (FNAB) 

is the gold standard for the preoperative evaluation of 

thyroid nodules, prognostic classification typically re-

lies on postoperative histopathological features (3,4). 

However, both diagnostic and prognostic assessments 

in clinical practice currently depend heavily on inva-

sive or postoperative procedures. There is a pressing 

need for accessible, noninvasive biomarkers that can 

assist in differentiating benign from malignant disease 

and support early risk prediction.
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Inflammation is recognized as a key player in tu-

mor initiation, progression, and metastasis (5). In the 

context of cancer, tumor-associated inflammation 

involves not only local immune cell infiltration but 

also systemic immune responses that can be cap-

tured via hematologic indices derived from routine 

blood tests (5,6). Among these, the Systemic Immune-

Inflammation Index (SII) — calculated using neutrophil, 

lymphocyte, and platelet counts — has demonstrated 

diagnostic utility and prognostic relevance in several 

malignancies, including hepatocellular carcinoma and 

gastrointestinal cancers (7,8). Similarly, the Systemic 

Inflammation Response Index (SIRI), which incorpo-

rates the levels of neutrophils, monocytes, and lym-

phocytes, has emerged as an alternative composite 

marker reflecting systemic immune balance (9).

More recently, the Pan-Immune Inflammation 

Value (PIV) has been introduced as a comprehensive 

biomarker that integrates four key circulating immune 

components: neutrophils, lymphocytes, platelets, and 

monocytes (10). Unlike traditional markers such as the 

neutrophil-to-lymphocyte ratio (NLR), these multipa-

rameter indices aim to provide a broader and more 

robust representation of the host’s inflammatory and 

immune status (10). These indices represent simple, 

reproducible, and cost-effective markers that can be 

readily derived from routine blood tests, which en-

hances their potential clinical applicability. In addition 

to being associated with cancer, the SII, SIRI, and PIV 

have been shown to be associated with disease activ-

ity in autoimmune, cardiovascular, and other chronic 

inflammatory conditions, highlighting their potential 

clinical versatility (11-13).

Although systemic inflammation indices have been 

investigated in patients with thyroid malignancies, 

most studies have focused primarily on the SII, where-

as direct head-to-head comparisons of the SII, SIRI, 

and PIV in the same cohort remain scarce. Therefore, 

the incremental value of simultaneously evaluating 

these three indices under uniform clinical conditions 

has not been fully established (14).

Given the established link between chronic in-

flammation and tumorigenesis, metabolic conditions 

such as diabetes mellitus deserve particular attention. 

Diabetes mellitus is a chronic low-grade inflammatory 

condition that can alter systemic immune and meta-

bolic pathways. Recent studies have shown that el-

evated inflammatory indices are associated with 

increased mortality in patients with type 2 diabetes, 

reflecting a sustained proinflammatory state (15). 

Moreover, diabetes itself has been identified as a po-

tential risk factor for thyroid cancer, possibly through 

mechanisms involving insulin resistance, hyperinsu-

linemia, and chronic inflammation (16). Therefore, 

glucose and HbA1c levels were also assessed in our 

study to account for the potential metabolic and in-

flammatory effects of diabetes on systemic inflamma-

tion indices.

Although several studies have explored the prog-

nostic utility of these indices in thyroid cancer, their 

diagnostic value — particularly in distinguishing be-

nign from malignant nodules in the preoperative set-

ting — is unclear. Therefore, this study was designed 

to assess both the diagnostic utility and potential 

prognostic significance of the SII, SIRI, and PIV in pa-

tients undergoing thyroid surgery.

SUBJECTS AND METHODS
This retrospective study was conducted at Tokat 

Gaziosmanpasa University Faculty of Medicine and 

included patients who underwent total thyroidec-

tomy between January 2014 and December 2021. 

This study was approved by the Tokat Gaziosmanpasa 

University Clinical Research Ethics Committee (ap-

proval number: 21-KAEK-135) and was conducted in 

accordance with the principles of the Declaration of 

Helsinki. All patient data were anonymized to ensure 

confidentiality.

Patient selection
Patients aged 18 years or older with available pre-

operative laboratory results and postoperative his-

topathological diagnoses were considered eligible 

for inclusion. Indications for thyroidectomy included 

Bethesda IV–VI cytology results, Bethesda III nod-

ules with suspicious ultrasound features or repeated 

Bethesda III results, nodules larger than 4 cm, nod-

ules causing compressive symptoms, and hyperfunc-

tioning nodules (toxic multinodular goiter or toxic 

adenoma).
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The exclusion criteria included a history of autoim-

mune thyroid diseases (such as Graves’ disease and 

Hashimoto’s thyroiditis or histopathological evidence 

of thyroiditis in the nontumoral thyroid parenchyma), 

pregnancy, rheumatologic or hematologic disorders, 

corticosteroid or immunosuppressive therapy, active 

infection, chronic liver or kidney disease, the presence 

of nonthyroidal malignancy, and incomplete labora-

tory data. Additionally, patients who were diagnosed 

with medullary or anaplastic thyroid carcinoma, nonin-

vasive follicular thyroid neoplasms with papillary-like 

nuclear features (NIFTPs), tumors of uncertain malig-

nant potential, or toxic nodular disease were excluded.

A flowchart showing the patient selection process 

is presented in Figure 1.

Surgical and histopathological evaluation
Total thyroidectomy was performed as the standard 

surgical approach for all patients. In cases where pre-

operative cervical ultrasonography revealed patho-

logical lymphadenopathy, either central or lateral 

neck lymph node dissection was performed accord-

ing to clinical guidelines. In the DTC group, detailed 

histopathological features, including tumor size, his-

tological subtype, capsular and vascular invasion, ex-

trathyroidal extension, perineural invasion, and the 

presence of lymph node or distant metastases, were 

recorded. Tumor staging was conducted according to 

the 8th edition of the American Joint Committee on 

Cancer (AJCC) staging system (17).

Laboratory analysis
All laboratory data were obtained from fasting blood 

samples collected within one week before surgery. 

Since all patients were scheduled for elective opera-

tions, none had acute illness at the time of sampling. 

CBC parameters — including neutrophil, lymphocyte, 

monocyte, and platelet counts — were measured us-

ing a Sysmex XN-Series hematology analyzer (Sysmex 

Corp., Kobe, Japan). Fasting blood glucose levels were 

measured using the hexokinase enzymatic method, 

and HbA1c levels were assessed by high-performance 

liquid chromatography (HPLC). All analyses were per-

formed in institutional biochemistry and hematology 

laboratories using standardized protocols.

Inflammatory index calculations
The following systemic inflammatory indices were cal-

culated from the preoperative CBC parameters:

•	 Systemic Immune-Inflammation Index (SII): 

(neutrophil count × platelet count)/lymphocyte count.

•	 Systemic Inflammation Response Index (SIRI): 

(neutrophil count × monocyte count)/lymphocyte 

count.

•	 Pan-Immune Inflammation Value (PIV): (neutrophil 

count × monocyte count × platelet count)/lymphocyte 

count.

Statistical analyses
All the statistical analyses were performed using IBM 

SPSS Statistics for Windows, version 25.0 (IBM Corp., 

Patients who underwent thyroidectomy (n = 985)

Excluded (n = 431):
• Graves’ disease (n = 97)
• Pregnancy (n = 2)
• Rheumatologic disease (n = 30)
• Use of corticosteroids (n = 6)
• Hematologic disease (n = 6)
• Primary hyperparathyroidism (n = 19)
• Active infection (n = 27)
• Chronic kidney disease (n = 9)
• Cancer (n=62)
• Chronic liver disease (n = 11)
• Missing data (n = 6)
• Medullary thyroid carcinoma (n = 3)
• Anaplastic thyroid carcinoma (n = 2)
• NIFTP (n = 22)
• Uncertain malignant potential (n = 8)
• Toxic adenoma or toxic multinodular goiter (n = 121)

Included in final analysis (n = 554):
• Malignant group (n = 188)
• Benign group (n = 366)

Figure 1. Patient selection flowchart.

Demographic and clinical data
Demographic information, including age and sex, was 

recorded for all included patients. On the basis of 

histopathological examination of the thyroidectomy 

specimens, patients were categorized into two groups: 

the benign group, consisting of individuals with non-

neoplastic thyroid lesions, and the DTC group, consist-

ing of patients diagnosed with papillary or follicular 

thyroid carcinoma.
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Armonk, NY, USA). Continuous variables are present-

ed as the mean ± standard deviation (SD) for normally 

distributed data or as the median (minimum–maxi-

mum) for nonnormally distributed data, while cat-

egorical variables are expressed as frequencies and 

percentages.

The distribution of continuous variables was as-

sessed using the Kolmogorov–Smirnov and Shapiro–

Wilk tests. For comparisons between the benign and 

DTC groups, the independent samples t test was used 

for normally distributed variables, and the Mann–

Whitney U test was used for nonnormally distrib-

uted variables. Categorical variables were compared 

using Pearson’s chi-square or Fisher’s exact tests, as 

appropriate.

To evaluate the associations of systemic inflam-

matory indices (SII, SIRI, and PIV) with thyroid ma-

lignancy, univariate logistic regression analyses were 

initially performed. Variables with a p value < 0.10 in 

univariate analyses were included in multivariate lo-

gistic regression models using a backward stepwise 

method to identify independent predictors. The re-

sults are reported as odds ratios (ORs) with 95% con-

fidence intervals (CIs).

In the DTC group, potential associations between 

inflammation indices and tumor-related features (such 

as tumor size, lymph node status, and disease stage) 

were further assessed using Pearson’s or Spearman’s 

correlation tests, depending on the data distribution.

Receiver operating characteristic (ROC) curve 

analysis was performed to evaluate the diagnostic 

performance of the systemic inflammation-based 

indices. The area under the curve (AUC), sensitivity, 

specificity, and optimal cutoff values (determined by 

the Youden index) are reported for indices that dem-

onstrated statistically significant group differences.

A p value < 0.05 was considered to indicate statis-

tical significance for all analyses.

RESULTS
A total of 985 patients who underwent thyroidecto-

my between January 2014 and December 2021 were 

initially screened. After the exclusion criteria were 

applied (as illustrated in Figure 1), 431 patients were 

excluded, resulting in a final cohort of 554 patients. 

These patients were categorized into two groups on 

the basis of postoperative histopathological findings: 

the malignant group (n = 188) and the benign group 

(n = 366). The mean age of the study population was 

47.1 ± 11.9 years, with a female-to-male ratio of ap-

proximately 4:1.

Comparisons of demographic and laboratory char-

acteristics between the two groups are presented in 

Table 1. The malignant group had a significantly young-

er mean age than the benign group did (45.10 ± 12.74 

vs. 48.45 ± 11.15 years, p < 0.001). No statistically 

significant difference was observed in sex distribution  

(p = 0.204). Although the prevalence of diabetes 

Table 1. Comparison of demographic and laboratory features between benign and malignant groups

Parameter Benign group 
(n = 366)

Malignant group
 (n = 188) p-value

Age (years) 48.45 ± 11.15 45.10 ± 12.74 <0.001

Sex (F/M) 287/79 (78.4/21.6%) 156/32 (83.0/17.0%) 0.204

DM presence (%) 39 (10.7%) 25 (13.3%) 0.151

TSH (mIU/L) 1.55 ± 1.30 1.98 ± 2.07 0.009

Free T4 (ng/dL) 1.22 ± 0.20 1.23 ± 0.22 0.392

Fasting glucose (mg/dL) 112.29 ± 31.40 115.28 ± 39.68 0.108

HbA1c (%) 5.98 ± 1.04 6.15 ± 1.26 0.134

SII 547.08 ± 302.05 654.75 ± 403.30 0.002

SIRI 1.13 ± 0.72 1.19 ± 0.86 0.438

PIV 309.91 ± 211.43 331.84 ± 265.21 0.218

Note: Values are presented as mean ± standard deviation or number (percentage), where appropriate. 
F/M: female/male; DM: diabetes mellitus; TSH: thyroid-stimulating hormone; Free T4: free thyroxine; HbA1c: glycated hemoglobin; SII: systemic ımmune-ınflammation ındex; SIRI: systemic 
ınflammation response ındex; PIV: pan-ımmune-ınflammation value.
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mellitus was greater in the malignant group (13.3%) 

than in the benign group (10.7%), the difference was 

not statistically significant (p = 0.151). Serum TSH 

levels were significantly elevated in patients with ma-

lignancy compared with those with benign pathology 

(1.98 ± 2.07 vs. 1.55 ± 1.30 mIU/L, p = 0.009). No sig-

nificant differences were observed in free T4, fasting 

glucose, or HbA1c levels.

The tumor characteristics of the malignant group 

are summarized in Table 2. The vast majority had pap-

illary thyroid carcinoma (PTC, 95.2%), and the most 

common histological variant was classic PTC (59.8%), 

followed by follicular variant (25.7%), oncocytic 

(8.9%), and others (5.6%). Multifocal tumors were 

present in 43.6% of the patients, and bilateral involve-

ment was observed in 33%. The mean tumor diameter 

was 16.54 ± 13.85 mm, and tumors < 1 cm in diameter 

were observed in 51.1% of the patients. Capsular in-

vasion (29.8%), extrathyroidal extension (26.6%), and 

lymph node metastasis (13.8%) were relatively com-

mon, whereas vascular invasion (6.9%) and distant 

metastasis (4.0%) were less common. Radioactive io-

dine (RAI) therapy was administered to 43.6% of the 

patients.

With respect to preoperative inflammatory mark-

ers, the SII was significantly greater in the malignant 

group than in the benign group (654.75 ± 403.30 vs. 

547.08 ± 302.05, p = 0.002). However, the SIRI and 

PIV values did not differ significantly between groups 

(p = 0.438 and p = 0.218, respectively).

Univariate analysis demonstrated that age  

(p = 0.002), TSH level (p = 0.009), and the SII (p = 0.002) 

were significantly associated with malignancy. In con-

trast, no significant associations were found for free T4  

(p = 0.392), fasting glucose (p = 0.108), HbA1c (p = 0.134), 

sex (p = 0.204), or diabetes status (p = 0.151).

To identify independent predictors of malig-

nancy, multivariate logistic regression analysis was 

conducted, including age, TSH level, SII, HbA1c lev-

el, sex, and diabetes status. Among these variables, 

only the Systemic Immune-Inflammation Index (SII) 

emerged as a statistically significant independent 

predictor (p = 0.007). Higher SII values were associ-

ated with increased odds of malignancy (OR = 1.002, 

95% CI: 1.000–1.003). However, the effect size was 

Table 2. Tumor characteristics in the malignant group

Tumor characteristics Results

Papillary 
Follicular type

 179 (95.2%) 
9 (4.8%)

PTC variant 
  Classic 
  Follicular  
  Oncocytic  
  Others 

107 (59.8%)
46 (25.7%)
16 (8.9%) 
10 (5.6%)

Number of foci (Mean ± SD) 1.84 ± 1.26

Multifocality 
  Yes
  No

 82 (43.6%)
 106 (56.4%)

Laterality 
  Unilateral
  Bilateral

125 (66.5%)
62 (33.0%)

Tumor size (mm, Mean ± SD) 16.54 ± 13.85

Tumor Size Group 
  < 1 cm 
  1–4 cm 
  > 4 cm

96 (51.1%)
18 (9.6%)

74 (39.4%)

Capsular invasion 
  Yes
  No

56 (29.8%)
132 (70.2%)

Lymph node metastasis 
  Yes
  No

26 (13.8%)
162 (86.2%)

Extrathyroidal extension 
  Yes
  No

50 (26.6%)
138 (73.4%)

Vascular invasion 
  Yes
  No

13 (6.9%)
175 (93.1%)

Distant metastasis 
  Yes
  No

7 (4.0%)
168 (96.0%)

RAI therapy 
  Received 
  Not received

75 (43.6%)
 97 (56.4%)

PTC: papillary thyroid carcinoma; RAI: radioactive ıodine; SD: standard deviation.

minimal, as the odds ratio was very close to 1.0, in-

dicating statistical significance but limited clinical 

relevance. In contrast, age (p = 0.844), TSH level  

(p = 0.096), HbA1c level (p = 0.389), sex (p = 0.787), 

and diabetes status (p = 0.849) were not significantly 

associated with malignancy according to the multi-

variate model. A detailed overview of the univariate 

and multivariate logistic regression results is pro-

vided in Table 3.
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To address the potential overlap between TSH 

and the SII, additional multicollinearity analyses were 

performed. The variance inflation factor (VIF) and tol-

erance values were within acceptable ranges (all VIF 

< 2.5, tolerance > 0.4), indicating no concerning col-

linearity. Furthermore, we compared two logistic re-

gression models: In Model 1 (including age, sex, TSH 

level, HbA1c level, and diabetes status), none of the 

variables were significant predictors of malignancy. In 

Model 2 (Model 1 + SII), the SII remained an indepen-

dent predictor (OR = 0.85 per 100-unit increase, p = 

0.007), whereas the TSH level lost statistical signifi-

cance (p = 0.096). These findings suggest that the pre-

dictive effect of the SII is independent of the TSH level.

Receiver operating characteristic (ROC) curve 

analysis was performed to evaluate the diagnostic 

performance of the Systemic Immune-Inflammation 

Index (SII) in distinguishing malignant from benign thy-

roid lesions. The optimal cutoff value for the SII was 

determined to be 487, with a sensitivity of 65.8% and 

a specificity of 58.2%. The area under the curve (AUC) 

was 0.597, indicating limited but statistically measur-

able discriminatory capacity. The area under the curve 

(AUC) was 0.597, indicating poor diagnostic accuracy 

despite statistical significance. The ROC curve of the 

SII is presented in Figure 2 to illustrate these findings.

In contrast, neither the Systemic Inflammation 

Response Index (SIRI) nor the Pan-Immune 

Inflammation Value (PIV) differed significantly be-

tween the benign and malignant groups; therefore, 

ROC curve analysis was not applicable for these indices.

In addition to evaluating their diagnostic utility, we 

also assessed the potential prognostic value of preop-

erative inflammatory indices, including the SII, SIRI, 

and PIV, within the malignant group. Specifically, their 

Table 3. Univariate and multivariate logistic regression analysis for predictors of malignancy

Univariate OR (95% CI) Univariate p-value Multivariate OR (95% CI) Multivariate p-value

Age 0.984 (0.969–0.998) 0.025 0.996 (0.962–1.032) 0.844

TSH 1.157 (1.038–1.289) 0.009 1.201 (0.968–1.491) 0.096

SII 1.001 (1.000–1.002) 0.007 1.002 (1.000–1.003) 0.007

HbA1c 1.086 (0.884–1.334) 0.446 1.221 (0.775–1.922) 0.389

Sex (F/M) 0.743 (0.464–1.190) 0.216 0.887 (0.371–2.118) 0.787

DM presence 1.273 (0.747–2.170) 0.372 1.112 (0.374–3.307) 0.849

OR: odds ratio; CI: confidence ınterval; TSH: thyroid-stimulating hormone; SII: systemic ımmune-ınflammation ındex; HbA1c: glycated hemoglobin; DM: diabetes mellitus; 
F/M: female/male.
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Figure 2. Receiver operating characteristic (ROC) curve of the 
Systemic Immune-Inflammation Index (SII) for predicting thyroid 
malignancy. The AUC was 0.597, indicating limited but measurable 
discriminative ability (cut-off: 487; sensitivity: 65.8%; specificity: 
58.2%).

associations with established prognostic parameters 

such as tumor size (continuous and categorical), mul-

tifocality, laterality, lymph node metastasis, extrathy-

roidal extension, capsular invasion, vascular invasion, 

and distant metastasis were analyzed. However, all 

subgroup analyses yielded negative results, indicating 

that none of the indices demonstrated prognostic util-

ity in relation to these histopathological features.

DISCUSSION
In this retrospective study, we assessed the diagnos-

tic value of three systemic inflammatory indices — the 

Systemic Immune-Inflammation Index (SII), Systemic 

Inflammation Response Index (SIRI), and Pan-Immune 

Inflammation Value (PIV) — for differentiating ma-

lignant from benign thyroid nodules. Among 554 pa-

tients, only the SII was significantly associated with 

malignancy in both the univariate and multivariate 

analyses, although the effect size was very small (OR: 
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0.85 per 100-unit increase; 95% CI: 0.75–0.96; p = 

0.007), indicating that the clinical impact of this asso-

ciation is limited. In addition, compared with patients 

with benign nodules, patients with malignant nodules 

were significantly younger and had higher serum TSH 

levels, further supporting the known clinical patterns 

associated with thyroid cancer risk.

The interplay between inflammation and cancer 

has been the focus of intense research, with increas-

ing evidence implicating the immune system in the 

initiation, progression, and prognosis of malignancies. 

The tumor microenvironment, which is composed of 

immune cells such as neutrophils, lymphocytes, and 

monocytes, influences tumor behavior through intri-

cate mechanisms involving cytokines, chemokines, 

and transcription factors (5,18,19). Chronic inflam-

mation contributes to genetic instability, immune eva-

sion, angiogenesis, and metastasis (5). Consequently, 

systemic inflammatory markers derived from routine 

blood counts — such as the SII, SIRI, and PIV — have 

gained attention as potential surrogates for tumor–

immune interactions in various cancers (20,21).

Several prior studies have explored these indices 

in the context of thyroid cancer. For instance, a cohort 

study demonstrated significantly elevated SII values 

in patients with DTC compared with those in healthy 

controls (22). Similarly, Vural and cols. found higher SII 

values in DTC patients than in those with multinodu-

lar goiter and lymphocytic thyroiditis, suggesting a 

possible role in distinguishing malignant from benign 

nodular disease (23). Zhao and cols. reported that 

the SII independently predicted lateral lymph node 

metastasis in papillary thyroid carcinoma (PTC) (24), 

whereas Pang and cols. employed machine learning al-

gorithms to emphasize the predictive value of the SIRI 

for central lymph node metastasis (25). PIV has also 

been linked to distant metastasis and higher ATA risk 

categories in select cohorts (26).

Although the SII emerged as the only index inde-

pendently associated with malignancy in our cohort, 

its overall diagnostic power was limited (AUC = 0.597; 

sensitivity, 65.8%; specificity, 58.2%), indicating that 

the SII cannot be considered a standalone diagnostic 

tool. Instead, it may function as a low-cost adjunct 

within multivariable preoperative models.

In contrast, evidence from previous studies sug-

gests that for DTC, PIV may have more utility in 

prognostication than in diagnosis. In a cohort of 376 

patients, Öztürk and cols. reported that elevated PIV 

was significantly associated with distant metastasis 

(AUC = 0.774), advanced TNM stage (OR > 7), and high 

ATA risk (OR > 29) (26). These findings suggest that 

PIV may reflect more aggressive tumor biology and 

could serve as a valuable prognostic marker in DTC. 

However, the inclusion of multiple immune cell types 

in the PIV formula — particularly monocytes — may 

introduce heterogeneity, potentially limiting its diag-

nostic performance in certain settings. In our study, 

the absence of a significant association between PIV 

and malignancy may be due to this complexity or 

study-specific factors such as cohort composition and 

exclusion criteria.

One of the key strengths of our study lies in its 

direct comparison of the SII, SIRI, and PIV under the 

same clinical conditions. Previous research has gen-

erally evaluated these indices in isolation; in con-

trast, our study provides a side-by-side assessment 

in a moderately large, single-center cohort (n = 554). 

While the SII remained statistically significant in the 

multivariate analysis, its effect size was minimal, and 

its diagnostic accuracy was poor, indicating limited 

clinical impact. SIRI and PIV, on the other hand, did 

not demonstrate independent associations with ma-

lignancy. The rigorous application of exclusion criteria 

enhances the internal validity of our findings, although 

the retrospective and single-center design limits their 

external validity and generalizability. However, sub-

group analyses within the malignant cohort (tumor 

size, multifocality, lymph node metastasis, extrathy-

roidal extension, capsular invasion, vascular invasion, 

and distant metastasis) consistently yielded negative 

results, confirming that none of the evaluated indices 

demonstrated prognostic utility. This lack of prog-

nostic relevance may be explained by the indolent 

course and relatively homogeneous biology of most 

differentiated thyroid cancers, where traditional his-

topathological factors (e.g., tumor size, extrathyroidal 

extension, and lymph node status) are more powerful 

predictors of outcome than systemic inflammatory 

markers are.
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Among the three indices evaluated, the SII 

emerged as the most promising marker, and its statis-

tical significance despite its weak performance may be 

attributed to its unique composition. A first possible 

explanation lies in the exclusion of monocytes from 

the SII formula. The SII is calculated from the neutro-

phil, platelet, and lymphocyte counts, while both the 

SIRI and PIV incorporate monocytes. This distinction 

is particularly relevant given the complex and context-

dependent role of monocytes in tumor biology (27). In 

the tumor microenvironment, monocytes can differ-

entiate into tumor-associated macrophages (TAMs), 

which exert both tumor-promoting and tumor-sup-

pressive effects depending on the immune context, 

tumor stage, and cytokine signaling (27,28). In thyroid 

cancer, the influence of TAMs is less well defined and 

may be less dominant than in other solid tumors (28). 

The exclusion of monocytes from the SII may thus pro-

vide a more stable and interpretable measure of sys-

temic inflammation relevant to thyroid tumorigenesis.

A second possible explanation relates to the broad-

er immunological mechanisms underlying thyroid can-

cer. While monocyte-macrophage lineage cells play a 

prominent role in several malignancies, thyroid cancer 

pathogenesis may be more closely linked to altera-

tions in lymphocyte subsets, such as cytotoxic T cells 

and natural killer (NK) cells (29,30). SII reflects not 

only elevated neutrophil- and platelet-driven inflam-

mation but also a relative suppression of lymphocyte-

mediated immune surveillance. A lower lymphocyte 

count—potentially indicating impaired NK cell or 

T-cell function — may correspond to reduced antitu-

mor immunity, which is better captured by the SII. In 

this context, the contribution of monocytes may be 

less relevant, as the dominant immune dysregulation 

involves lymphoid and myeloid balance rather than 

monocyte-derived effects alone. This mechanistic dif-

ference may help explain why the diagnostic ability 

of the SII was superior to that of monocyte-inclusive 

indices such as the SIRI and PIV in our cohort (29,30).

At the molecular level, the development and pro-

gression of DTC is shaped by a delicate balance be-

tween tumor-promoting inflammation and antitumor 

immune responses. NK cells and cytotoxic CD8+ 

T lymphocytes are central to immune surveillance 

(29-31). However, tumors may evade immune recog-

nition by downregulating MHC class I molecules or 

inducing T-cell anergy and NK cell dysfunction (32). 

Indeed, MHC class I loss has been documented in 

papillary thyroid carcinoma and is associated with re-

duced tumor-infiltrating lymphocytes (33). Infiltrating 

immune cells in the thyroid tumor microenvironment 

often display an exhausted phenotype, marked by the 

expression of immune checkpoints such as PD-1 and 

CTLA-4 (31,33). Additionally, tumor-derived immuno-

suppressive cytokines promote regulatory T-cell dif-

ferentiation and inhibit effector functions (34). These 

mechanisms, coupled with increased neutrophil and 

platelet activation — which support tumor angiogen-

esis and metastasis—underscore the multifaceted na-

ture of the tumor–host interaction in thyroid cancer 

(35). In this context, systemic inflammatory indices 

such as the SII may function as integrative markers 

that reflect the overall immune-inflammatory status 

of the patient.

Our findings also revealed that patients with malig-

nant thyroid nodules were significantly younger and 

had higher serum TSH levels than those with benign 

thyroid nodules. The inverse relationship between 

age and malignancy is consistent with the findings of 

earlier studies suggesting that DTC tends to present 

at younger ages, potentially because of increased sur-

veillance and earlier detection (36). Elevated TSH lev-

els in malignant cases may be explained by the trophic 

effects of these hormones on thyroid follicular cells, 

including the promotion of proliferation and inhibition 

of apoptosis (37). Notably, this association remained 

significant even after patients with hyperthyroid con-

ditions such as Graves’ disease and toxic multinodular 

goiter were excluded, supporting the notion that TSH 

may contribute directly to thyroid tumorigenesis, in-

dependent of functional thyroid status. Importantly, 

multicollinearity analyses confirmed that the SII re-

tained its predictive significance independent of the 

TSH level, as the VIF values were < 2.5 and tolerance  

> 0.4. Moreover, in logistic regression models, the 

SII remained significant when it was added to a base 

model that included age, sex, TSH level, HbA1c level, 

and diabetes status, whereas the TSH level lost signifi-

cance. These findings support the notion that the SII 
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reflects an inflammatory dimension of thyroid tumori-

genesis independent of the TSH level.

Despite the strengths of our study, including its 

structured design and stringent exclusion criteria, cer-

tain limitations must be acknowledged. The retrospec-

tive and single-center nature of the study may limit 

the generalizability of our findings. Another limitation 

is the lack of cytological data and standardized ultra-

sound features (such as TI-RADS), which would have 

provided a more comprehensive preoperative evalu-

ation. Although glucose and HbA1c levels were in-

cluded to account for the potential impact of diabetes 

on systemic inflammation, they were not significantly 

associated with malignancy in our cohort. Moreover, 

owing to the retrospective design, data on obesity and 

metabolic syndrome were not consistently available, 

and residual confounding by these comorbidities can-

not be excluded. Finally, although all patients were 

scheduled for elective surgery and had no acute illness 

at the time of blood sampling, perioperative stress or 

subclinical factors within the week prior to surgery 

may still have influenced the systemic inflammatory 

indices.

From a clinical standpoint, the appeal of systemic 

inflammatory indices such as the SII lies not only in 

their diagnostic potential but also in their ease of 

implementation. These indices are calculated from 

standard complete blood count (CBC) parameters, 

which are routinely obtained during almost all preop-

erative evaluations. Unlike molecular tests or imaging 

modalities that may be costly or require specialized 

infrastructure, these indices are inexpensive and uni-

versally accessible and do not require additional pro-

cedures or add to the patient’s burden. This makes 

them particularly attractive for use in resource-limit-

ed settings, as well as in routine practice where high-

throughput risk stratification is needed. The incorpo-

ration of the SII into preoperative assessment models 

may provide a low-cost adjunct to existing diagnostic 

strategies, although further validation is warranted.

In conclusion, while the SII emerged as an inde-

pendent predictor of malignancy, its effect size was 

minimal, and its diagnostic accuracy was poor (AUC 

< 0.6). Therefore, its clinical utility should be inter-

preted with caution, and the SII cannot be considered 

a standalone diagnostic tool. Instead, it may serve as 

a low-cost adjunct within multivariable preoperative 

models, particularly in challenging scenarios such as 

indeterminate cytology. Future multicenter, prospec-

tive studies are necessary to validate our findings and 

clarify the role of systemic inflammatory markers in 

thyroid cancer risk assessment.
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ABSTRACT
Objective:  To evaluate and describe the changes in the therapeutic approach to Graves’ disease at a tertiary hospital center over 

a 20-year period, with an emphasis on the frequency of prescription and the timing of radioactive iodine indication. Subjects 

and methods: We conducted a retrospective analysis of data from medical records of patients recently diagnosed with Graves’ 

disease (GD) and followed up at a single institution during two consecutive periods: Group A diagnosed between 2002 and 

2010, and Group B between 2011 and 2022. We analyzed the percentage of patients who underwent iodine therapy and were 

considered to have failed therapy if they did not achieve hypothyroidism or euthyroidism, comparing the results between both 

groups. Results: A total of 597 GD patients were included, of which 223 underwent radioactive iodine (RAI) therapy (37.35%). 

In Group A, 176 patients (64%) received RAI treatment, whereas, in Group B, only 47 patients were given this therapeutic 

indication (14.6%) (p < 0.001). The reduction in RAI prescriptions between both periods was independent of the therapeutic 

indication. Interestingly, RAI prescription due to relapse after clinical treatment was uncommon in both study groups. There was 

a significant increase in the duration of antithyroid drug (ATD) therapy before RAI prescription in Group B compared to Group A. 

Conclusion: Significant changes were observed in GD treatment, with a decline in the use of RAI as a first-line or salvage therapy. 

Nonetheless, radioiodine therapy remained an effective and safe treatment modality with successful cure rates.

Keywords: Hyperthyroidism; Graves’ disease; radioiodine

INTRODUCTION
Graves’ disease (GD), the most common cause of hy-

perthyroidism, is associated with significant comor-

bidities and reduced quality of life (1). For over 70 

years, three primary treatment options have been 

available: antithyroid drugs (ATD), radioactive iodine 

(RAI), and thyroidectomy. Preferences for first-line 

treatment vary across countries and regions, evolving 

over time based on new studies, updated evidence-

based guidelines, or shifts in expert opinion (2). Thus, 

selecting the most suitable treatment for patients ne-

cessitates thoughtful discussions and active collabo-

ration in decision-making (3).

Radioactive iodine is an effective treatment for 

managing hyperthyroidism in patients with GD, as 

iodine-131 is rapidly absorbed by the thyroid, with 

its beta emissions causing localized tissue destruc-

tion. Therapy is considered simple, safe, and often the 

most cost-effective option, offering rapid and defini-

tive control of excess thyroid hormone effects (4). The 

ultimate goal of RAI therapy, as delineated in current 

American Thyroid Association guidelines, is to achieve 

near-complete ablation of the thyroid gland, leading 

to permanent hypothyroidism as the intended out-

come (5).

In recent decades, there has been a noticeable shift 

in the strategies and trends regarding the use of RAI 

compared to ATD (6), particularly in the United States, 

where RAI therapy has been traditionally favored. A 

2011 survey showed that over half of US clinicians 
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preferred RAI, whereas around 40% opted for initi-

ating a one- to two-year course of ATD (7). However, 

by 2023, preferences had significantly shifted, with 

91.5% of respondents favoring ATD and only 7% con-

tinuing to prefer RAI (8).

To further understand the evolving landscape of 

GD management, we conducted a study at our center 

to analyze current practices involving RAI and evalu-

ate trends over the past 20 years. Our research aimed 

to assess key variables, including RAI prescription 

rates, prescribed activity levels, intervals between 

ATD use and RAI administration, and the effective-

ness of this treatment modality. We then compared 

these variables across two decades to identify signifi-

cant trends and changes in practice.

SUBJECTS AND METHODS
Our study is a retrospective analysis of medical re-

cords from patients diagnosed with GD and followed 

at a single institution during two distinct periods: 

Group A, consisting of patients diagnosed between 

2002 and 2010, and Group B, comprising those diag-

nosed between 2011 and 2022. Diagnosis was based 

on suppressed thyroid-stimulating hormone (TSH) 

levels, elevated free thyroxine (FT4) or total T3 lev-

els (TT3), positive thyrotropin receptor antibodies 

(TRAb), and/or thyroid scintigraphy showing diffuse 

increased tracer accumulation in an enlarged thyroid 

gland. As laboratory analyses were modified due to 

the extended follow-up period, adjustments to the 

methodological approach were necessary. Hence, 

TSH, FT4, and TT3 levels were measured with chemi-

luminescence assays (ABBOTT). 

From July 2019 onward, analyses were conducted 

using the ALINITY system (TSH 0.35–4.94 mIU/mL; 

FT4 0.7–1.48 ng/dL; TT3 64–152 ng/dL). Between 

2011 and July 2019, the ARCHITECT system was used 

(TSH: 0.4–4.5 IU/mL; FT4: 0.7–1.8 ng/dL; TT3: 80–180 

ng/dL). Before 2011, TSH and thyroid hormones were 

measured using a microparticle enzyme immunoassay 

with the AXSYM system, also by ABBOTT (TSH: 0.4–

4.0 IU/mL; FT4: 0.7–1.9 ng/dL; TT3: 80–200 ng/dL). 

The TRAb assay underwent several changes: from 

2002 to 2005, it was performed using a first-gen-

eration radioimmunoassay, known as the TRAk 

human radioimmunoassay (BRAHMS Diagnostica, 

Germany), with results expressed as a percentage of 

inhibition of TSH binding, considering values ≥10% 

positive. Afterward, the TRAb assay was performed 

using chemiluminescence, deemed positive when le

vels exceeded 0.55 IU/L. From July 2019 onward, the 

TRAb assay method changed to using the Immulite 

2000 equipment (Siemens, USA), with levels exceed-

ing 1.5 IU/L considered positive.

We evaluated the percentage of patients undergo-

ing iodine therapy who were deemed to have failed 

therapy if they did not achieve hypothyroidism or eu-

thyroidism. Analyzed variables for this group included 

age, sex, smoking status, presence of thyroid eye dis-

ease (TED), therapeutic efficacy (defined as achieving 

hypothyroidism or euthyroidism within one year with-

out the need for additional therapy), prescribed activ-

ity, maximum ATD dose, duration of ATD use before 

radioiodine administration, and time to progression to 

hypothyroidism. The RAI dose was empirically adjust-

ed for each patient based on disease severity and goi-

ter size, typically between 15–25 mCi, without a stan-

dardized protocol but rather through individualized 

clinical evaluation. Standard practice includes admin-

istering oral glucocorticoid prophylaxis (prednisone 

0.5 mg/kg/day for 2–3 weeks, tapered thereafter) to 

all patients with active thyroid orbitopathy, those with 

moderate to severe inactive thyroid orbitopathy, and 

smokers with TRAb levels >3 times the upper limit of 

normal, even in the absence of evident orbital disease.

Data were analyzed using the IBM SPSS Statistics 

(v. 29.0) software. Associations between categorical 

variables were assessed using Fisher’s exact test or 

the Chi-square test. Comparisons between both pe-

riods defined by the year of diagnosis (before 2010 

or after) for quantitative variables employed the 

non-parametric Mann-Whitney test. The normal-

ity of continuous variables was evaluated using the 

Kolmogorov-Smirnov test, and p-values below 0.05 

were deemed statistically significant.

RESULTS 
A total of 597 patients with GD were included in the 

analysis, with 223 (37.35%) of them undergoing RAI 

treatment. Among these, 275 were diagnosed with 



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

3

Decline of RAI in GD 

Arch Endocrinol Metab, 2026, v.70(2), 1-6, e260013.

GD between 2002 and 2010 (Group A), and 322 

were diagnosed between 2010 and 2022 (Group B) 

(Figure 1). In Group A, 176 patients (64%) received 

RAI treatment, whereas in Group B, only 47 patients 

(14.6%) underwent this therapy (p < 0.001). 

The baseline characteristics of both groups were 

generally similar, except for a higher prevalence of 

TED in Group A (Table 1). Due to changes in meth-

odology and low testing rates at the beginning of the 

study, it was not possible to compare TRAb values 

between groups. The median TRAb values were 11.6 

and 12.2 in Groups A and B, respectively. The sample 

was divided into two consecutive periods due to the 

notable decline in RAI therapy prescriptions over 

time. Furthermore, the increasing number of studies 

published in the last decade suggesting the safety of 

prolonged ATD use may have impacted clinical prac-

tice, supporting the rationale for analyzing the periods 

separately.

Our findings also revealed that RAI treatment pre-

scription for GD has significantly declined in recent 

years, and this occurred consistently between both 

periods analyzed, regardless of the therapeutic indi-

cation (Figure 2).

Table 2 outlines the reasons for prescribing RAI in 

both groups, with the primary reason being treatment 

failure with ATD, which accounted for 57% during 

the earlier period (2002–2010) and 13.3% during the 

later period (2010–2022). Interestingly, relapses after 

clinical treatment were an uncommon reason for RAI 

prescription in both groups. Similarly, RAI as a first-

line therapeutic option was infrequently observed 

across both periods and RAI following thyroidectomy 

was only observed in Group A (1.09%).

Among the analyzed variables, the maximum me-

thimazole dose did not differ significantly between 

Figure 1. Flowchart illustrating the management of patients with 
Graves’ disease and the therapeutic modalities indicated.

597

Group A
275

Group B
322

Surgery
9 (2.8%)

RAI
47 (14.6%)

ATD
321 (99.7%)

Surgery
13 (4.7%)

RAI
176 (64%)

ATD
268 (97.4%)

Table 1. Baseline characteristics of participants undergoing radioactive iodine treatment

Variable Group A (2002–2010) Group B (2011–2022) p-value

Patients (n) 176 47 –

Age (mean) 39.4 39.1 0.898

Female sex (%) 147 (83.5%) 43 (91.5%) 0.247

Active smoking (%) 63 (41.7%) 8 (21.1%) 0.062

Graves’ ophthalmopathy (%) 90 (51.1%) 12 (25.5%) 0.002

TRAb

Not tested 152 (48.4%) 15 (31.9%) –

Positive 16 (9.1%) 28 (59.6%) –

Negative 8 (4.5%) 4 (8.5%) –

General follow up in years (median/standard deviation)* 8/5.1 6 / 2.8 < 0.001

TRAb: Positive thyrotropin receptor antibodies. *5 missing data on status or year of follow-up completion.

Figure 2. Percentage of patients with Graves’ disease undergoing 
radioactive iodine treatment from 2002 to 2022.
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groups, with a mean dose of 30.4 mg (SD ±13.3) in 

Group A and 30.8 mg (SD ±13.1) in Group B (p = 

0.643). Nevertheless, the duration of methimazole 

treatment was significantly longer in Group B, with a 

median duration of 37.7 months (±33.7) compared to 

23.2 months (±24.7) in Group A (p = 0.002).

The prescribed RAI activity was similar between 

groups, with a mean dose of 23.1 mCi (SD ±5.2) in 

Group A and 23.6 mCi (SD ±6.0) in Group B (p = 0.428). 

The necessity for additional RAI doses occurred in 

12.3% of patients in Group A and 13.6% in Group B, in-

dicating no significant difference (p = 0.801). Notably, 

treatment effectiveness was significantly higher in 

Group A, as 89.5% of patients achieved hypothyroid-

ism or euthyroidism compared to 69.6% in Group B 

(p = 0.002). The median time to hypothyroidism fol-

lowing RAI therapy was identical for both groups at 

4 months (p = 0.642). The prevalence of patients with 

TED undergoing RAI differed significantly between 

both groups. In Group A, 90 patients (51.1%) had TED, 

whereas only 12 patients (25.5%) had the diagnosis  

(p = 0.002) in Group B.

DISCUSSION 
This study analyzed a cohort of nearly 600 patients 

with GD treated at a single institution over a 20-year 

period, with a particular focus on RAI therapy. The pri-

mary finding was a notable decrease in the utilization 

of RAI for treating GD, a trend that significantly accel-

erated over the last decade (Figure 2). Despite RAI’s 

long-standing reputation as a straightforward, cost-

effective, and rapid therapeutic option, its prescrip-

tion has progressively declined.

Although we did not seek to identify the factors 

behind this shift, several plausible explanations exist. 

Concerns over the risk of developing new or worsen-

ing TED have likely played a role, as has evidence sug-

gesting that prolonged ATD therapy may increase the 

likelihood of achieving remission in GD. Consequently, 

indications for RAI have gradually diminished in recent 

years, a stark contrast to the past when it was routine-

ly recommended for patients who remained hyperthy-

roid after two years of ATD therapy. This trend also 

mirrors efforts to prevent permanent hypothyroidism 

and a move towards long-term medical management. 

In line with this shift, patients in our study who later 

transitioned to RAI had undergone ATD therapy for 

longer periods. Therefore, contemporary RAI candi-

dates typically present with more severe diseases. 

Our analysis revealed these patients had significantly 

higher maximum methimazole doses compared to 

those receiving ATD therapy alone (30.4 vs. 24.3 mg; 

p < 0.001). Our findings align with research indicating 

ATD patients tend to be younger, possess fewer co-

morbidities, and include pregnant individuals, thereby 

reinforcing the preference for ATDs in these groups 

and (9), thereby reinforcing the reserved use of RAI 

for more challenging cases.

In our study, iodine therapy was initially chosen 

for a small proportion of patients in both groups (i.e., 

3.3% in Group A and 0.6% in Group B). These rates are 

significantly lower than the 14.1% reported in a 2013 

European survey and well below the 59% observed in 

a 2011 United States survey (7,10). Intriguingly, a re-

cent international survey of clinical practice patterns 

published in 2024 (8), which garnered responses from 

endocrinologists across 85 countries, revealed a strik-

ing shift in the preference for RAI as primary therapy. 

Only 7.0% of respondents (95/1353) indicated RAI as 

their first-line treatment for GD, revealing a significant 

Table 2. Indication for radioactive iodine treatment in patients with Graves’ disease

 RAI indication Total n (%) 2002–2010
n (%)

2010–2022
n (%)

Received RAI indication 223 (37.36%) 176 (64%) 47 (14.6%)

Initial option 11 (1.84%) 9 (3.27%) 2 (0.62%)

Relapses after ATD treatment 9 (1.5%) 7 (2.5%) 2 (0.62%)

ATD treatment failure 200 (33.5%) 157 (57%) 43 (13.3%)

After thyroidectomy 3 (0.5%) 3 (1.09%) 0 (0%)

Total number of patients with GD 597 (100%) 275 (100%) 322 (100%)

RAI: radioactive iodine treatment; ATD: antithyroid drug; GD: Graves’ disease.
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regional variation ranging from a minimum of 1.8% to 

a maximum of 13.1% and highlighting a global trend 

away from RAI as an initial treatment option. The 

treatment trends identified in this study deviate from 

the 2016 American Thyroid Association hyperthy-

roidism practice guideline, which recommends an av-

erage RAI dose of 10–15 mCi (5). These findings also 

contrast with a meta-analysis and systematic review 

that reported a mean RAI dose of 8.5 mCi (range 6.8–

12.6) (11). In our analysis, RAI doses were consistently 

higher, exceeding 20 mCi in both groups.

This study provides a basis for comparison with a 

previous study conducted at the same institution, by 

Sztal-Mazer and cols. (12), which analyzed cases diag-

nosed between 1994 and 2009. During that period, 

the average initial RAI dose was 21.4 mCi, achieving 

an overall success rate of 86%. The authors concluded 

that higher doses were associated with more success-

ful treatment outcomes and earlier achievement of 

therapeutic goals. Conversely, despite similar RAI dos-

es across groups, we found significant differences in 

success rates (89.5% in Group A vs. 69.6% in Group B). 

This suggests that RAI is increasingly being reserved 

for patients with more severe illnesses. A meta-anal-

ysis of randomized controlled trials revealed an aver-

age cure rate of hyperthyroidism with RAI treatment 

of 77.8% (13). Nevertheless, predicting the timing for 

RAI effects poses challenges, complicating patient 

monitoring. Our findings are consistent with the as-

sociation between higher RAI doses and shorter re-

mission times, evidenced by our study’s median time 

to hypothyroidism being 4 months—shorter than the 

6-month median observed in other studies (14). The 

median time to hypothyroidism in our study was cal-

culated from the first post-RAI therapy assessments, 

potentially introducing a bias due to the assessment 

timing and confirmation of outcomes. Numerous fac-

tors, including gland size, volume, administered dose, 

and the presence of positive anti-thyroid peroxidase 

antibodies, likely influence these outcomes (15). 

Further research should explore these variables to 

enhance the efficacy and monitoring strategies of RAI 

treatment.

Despite our promising findings, some limitations 

must be acknowledged, such as its retrospective 

design which restricts the ability to pinpoint factors 

responsible for the observed reduction in RAI pre-

scriptions precisely. Additionally, samples were divid-

ed based on the year of diagnosis to investigate chang-

es in diagnostic practices; as a result, Group A had an 

earlier diagnosis and consequently a longer follow-up 

time, which significantly limits our study as it may 

have impacted observed outcomes. Other limitations 

include potential data collection biases and challenges 

in determining causal relationships. Regardless, these 

drawbacks were crucial for interpreting results and 

crucial for validating the conclusions. Additionally, the 

TRAb test was conducted less frequently in Group A 

compared to Group B due to limited availability of test-

ing methods during the earlier period. Nevertheless, 

these limitations, our study’s primary finding remains 

unchanged: a significant decrease in the prescription 

of RAI for treating GD over the past two decades. The 

scarcity of large-scale Brazilian studies on changes in 

GD treatment practices over time further underscores 

the relevance of our findings, which reflect trends at a 

single reference center over a 20-year period and may 

not represent nationwide practices in Brazil. 

In conclusion, our results demonstrate a significant 

decline in the use of iodine therapy for GD in recent 

years. Despite this decline, RAI therapy continues to 

be an effective and safe option, demonstrating high 

success rates in treating hyperthyroidism. The rea-

sons behind this reduction are not fully understood, 

and contributing factors may include concerns about 

inducing hypothyroidism, the potential for worsening 

TED, and increased confidence in the long-term use of 

ATD. Future studies should explore the benefits and 

drawbacks of different therapeutic modalities for GD, 

with an emphasis on aspects such as mortality reduc-

tion, quality of life improvements, and other long-term 

outcomes. It is crucial to assess whether the growing 

preference for ATD as a primary treatment indeed of-

fers superior benefits for GD patients.
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ABSTRACT
Objective: To measure serum insulin-regulated aminopeptidase levels in women diagnosed with polycystic ovary syndrome 

and to investigate their potential contribution of these levels to the development of insulin resistance, which plays a central 

role in the pathophysiology of polycystic ovary syndrome.  Methods: The study group, recruited between May and December 

2021, consisted of 40 patients diagnosed with polycystic ovary syndrome and 40 age-matched healthy controls. Serum insulin-

regulated aminopeptidase levels were compared between the groups using the ELISA method. Results: Serum insulin-regulated 

aminopeptidase  levels were significantly lower in the polycystic ovary syndrome group compared with the control group  

(p < 0.001). Subparameter assessments revealed that insulin-regulated aminopeptidase levels were even lower in insulin-

resistant polycystic ovary syndrome patients (p = 0.001). Moreover, insulin-regulated aminopeptidase levels demonstrated 

a statistically significant negative correlation with fasting blood glucose, insulin, glycated hemoglobin, and HOMA-IR values. 

Conclusion: Serum insulin-regulated aminopeptidase levels were found to be lower in women with polycystic ovary syndrome 

than those in healthy controls. Furthermore, these levels appear to reflect insulin resistance, a key factor in the pathogenesis 

of polycystic ovary syndrome. Overall, these findings suggest that insulin-regulated aminopeptidase may serve as a potential 

biomarker for the identifification of insulin resistance in women with polycystic ovary syndrome.

Keywords: Polycystic ovary syndrome; Insulin; Insulin resistance

INTRODUCTION
Polycystic ovary syndrome (PCOS) is one of the most 

common endocrine disorder among women of repro-

ductive age, affecting approximately 11 to 13% of the 

global female population (1,2). It is a heterogeneous 

condition characterized by three core diagnostic fea-

tures – hyperandrogenism, chronic anovulation, and 

polycystic ovarian morphology – often accompanied 

by metabolic abnormalities such as insulin resistance 

(IR) and obesity (3). Although the pathophysiology of 

PCOS is not fullyunderstood, it is thought to involve a 

combination of genetic predisposition, environmental 

factors, oxidative stress, chronic low-grade inflamma-

tion, and metabolic dysregulation  (3,4). Insulin resis-

tance, which plays a central role in the etiology of the 

disease, is present in approximately 50 to 80% of pa-

tients and contributes to hyperandrogenemia and re-

productive dysfunction through multiple mechanisms 

(5,6). However, the exact mechanisms underlying IR 

in PCOS remain unclear, warranting further research 

(4). It has long been established that alterations in glu-

cose transporters (GLUT) are involved in the develop-

ment of IR. The primary mechanism is insulin-stimu-

lated cellular glucose uptake, which is facilitated by 
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the translocation of GLUT4-containing vesicles from 

the cytoplasm to the plasma membrane  (7). Insulin-

regulated aminopeptidase (IRAP), a cellular protein 

featuring both intracellular and extracellular func-

tional sites, is essential for this translocation process 

and plays a critical role in insulin-mediated glucose up-

take via GLUT-4 in skeletal muscle and adipose tissue. 

During this process, its extracellular domain is cleaved 

by metalloproteases and released into the blood-

stream  (8). Given these functions, circulating IRAP 

levels have been proposed as a potential biomarker 

for IR, as demonstrated in previous studies in patients 

with type 2 diabetes  (8,9). However, a review of the 

existing literature indicates that this association has 

not yet been investigated in women with PCOS. 

For these reasons, this study aimed to measure se-

rum IRAP levels in women diagnosed with PCOS and 

to investigate their potential contribution of these 

levels to the development of IR, which plays a central 

role in the pathophysiology of PCOS.

METHODS
This case-control study was conducted between May 

and December 2021 at the Department of Obstetrics 

and Research Hospital. Ethical approval was obtained 

from the Ethics Committee of the Faculty of Medicine, 

Sakarya University (date: May 7, 2021, approval no: 

90). The study was conducted in accordance with the 

principles of the Declaration of Helsinki, and written 

informed consent was obtained from all volunteers.

The study included 40 patients diagnosed with 

PCOS according to the Rotterdam criteria (2003). The 

control group consisted of 40 healthy women of simi-

lar age and body mass index (BMI) who presented to 

the clinic for routine gynecological examinations. The 

inclusion criteria for all participants were an age range 

of 18 to 40 years and a BMI between 20 to 35 kg/m². 

For the control group, the absence of any significant 

gynecological pathology was required; only minor 

complaints such as dysmenorrhea or premenstrual 

syndrome were permitted.

The exclusion criteria for all participants were as fol-

lows: a history of smoking; current pregnancy or lacta-

tion; previous ovarian surgery; a diagnosis of endome-

trioma or endometriosis; thyroid disorders or abnormal 

prolactin levels; use of hormonal therapy (e.g., oral con-

traceptives) within the past 6 months; use of medica-

tions known to affect carbohydrate metabolism (e.g., in-

sulin, cortisol); a history of chronic disease (e.g., epilepsy, 

renal failure, heart disease); and a history of cancer.

Clinical data and laboratory results of the partici-

pants were retrospectively collected from medical re-

cords. The following parameters were recorded: age, 

height, weight, intermenstrual interval, and the pres-

ence of oligo-anovulation and hirsutism. Body mass 

index was calculated using the formula: BMI = weight 

(kg) / [height (m)]².

The diagnosis of PCOS was established according 

to the Rotterdam criteria, which requires the pres-

ence of at least two of the following three features: 

•	 Oligo-ovulation or amenorrhea,  defined as a 

menstrual cycle exceeding 35 days or the absen-

ce of menses for 3 consecutive months, respec-

tively. 

•	 Clinical hyperandrogenism,  primarily evidenced 

by hirsutism. This was assessed using the mo-

dified Ferriman-Gallwey (mFG) scoring system, 

where nine androgen-sensitive body areas were 

assigned a score from zero (no terminal hair gro-

wth) to 4 (extensive hair growth). A total mFG 

score of ≥ 8 was considered diagnostic (11). 

•	 Biochemical hyperandrogenism,  defined as an 

elevated serum level of any of the following an-

drogens: total testosterone (reference range: 

0.04 to 4.18 ng/dL), dehydroepiandrosterone sul-

fate (DHEAS) (reference range: 10 to 248 μg/dL), 

or 17-OH-progesterone (reference range: 0.2 to 

1.0 ng/mL) (12-14). All participants underwent 

routine gynecological and transvaginal ultraso-

nographic examinations during the early follicular 

phase (days 2 to 4) of a spontaneous menstrual 

cycle. For the diagnosis of PCOS, polycystic ova-

rian morphology was defined according to the 

Rotterdam criteria as the presence of ≥ 20 folli-

cles (2 to 9 mm in diameter) per ovary and/or an 

ovarian volume > 10 mL (15). The control group 

consisted of healthy women with regular mens-

trual cycles (26 to 32 days), normal ovarian mor-

phology, and no evidence of clinical or biochemi-

cal hyperandrogenism.
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Laboratory studies
Blood samples were obtained from the brachial vein 

during the early follicular phase (cycle days 2 to 4) fol-

lowing an 8-hour overnight fast. A total of 16 mL of 

venous blood was collected from each participant into 

two tubes in the early morning. From one tube, the 

following serum analyses were performed: anti-Mül-

lerian hormone (AMH), follicle-stimulating hormone 

(FSH), luteinizing hormone (LH), thyroid-stimulating 

hormone (TSH), total testosterone, free testosterone, 

DHEAS, 17-hydroxyprogesterone (17-OHP), fasting 

glucose, and fasting insulin. Serum AMH levels were 

quantified using a chemiluminescent immunoassay 

(Access AMH kits, Beckman Coulter Access 2 ana-

lyzer). This assay had a measurement range of 0.02 to  

24 ng/mL, with an intra-assay coefficient of variation 

(CV) of 1.7% and an inter-assay CV of 3.1%. FSH, LH, 

TSH, total testosterone, insulin, and DHEAS levels 

were measured by chemiluminescent immunoas-

say on an Abbott Architect i2000 analyzer (Abbott 

Diagnostics). The inter-assay CVs were as follows: 

≤ 10% for FSH, ≤ 7% for LH, ≤ 10% for TSH, ≤ 10% 

for total testosterone, ≤ 7% for insulin, and ≤ 10% 

for DHEAS. Fasting glucose levels were determined 

via the hexokinase method on a Beckman Coulter 

AU5800 analyzer. The assay demonstrated an intra-

assay CV of 0.7%, a total CV of 0.9%, and a measure-

ment range of 10 to 800 mg/dL. Serum 17-OHP and 

free testosterone levels were measured using radioim-

munoassays (RIA) with Diasource kits. For the 17-OHP 

assay, the intra-assay CV was 6.8%, the inter-assay CV 

was 8.7%, and the measurement range was 0.17 to 14 

ng/mL. For the free testosterone assay, the intra-assay 

CV was 5.7%, the inter-assay CV was 7.3%, and the 

measurement range was 0.3 to 90 pg/mL. Insulin resis-

tance was evaluated using the homeostasis model as-

sessment of insulin resistance (HOMA-IR), calculated as 

[fasting insulin (µU/mL) × fasting glucose (mg/dL)] / 405. 

A HOMA-IR value ≥ 2.5 was defined as indicative of IR.

The blood samples taken with the second tube 

blood sample were centrifuged at 4,000 rpm for 10 

minutes, then the serums were separated and put into 

a deep freezer to be stored at -80°C until the day of 

analysis. On the study day, all samples were thawed in 

the same month and Human ICE protease-activating 

factor (IRAP) levels were measured using ELISA 

kits (MyBioSource, San Diego, USA, Catalog no: 

MBS260922). The results were calculated using the 

Biotek ELX800 (USA) ELISA reader, while the intra-

measurement CV was reported as < 8% and the inter-

measurement coefficient of variation as < 12%.

Statistics
Descriptive statistics are presented as mean ± standard 

deviation for normally distributed continuous variables 

and median (first-third quartiles) for non-normally dis-

tributed variables. Comparisons between groups for 

parametric and non-parametric data were performed 

using the Student’s t-test and the Mann-Whitney U test, 

respectively. Correlations between continuous vari-

ables were assessed using Pearson’s correlation coef-

ficient. The discriminatory power of IRAP for diagnos-

ing PCOS was evaluated using Receiver Operating 

Characteristic (ROC) curve analysis. A p-value of less 

than 0.05 was considered statistically significant. All 

analyses were conducted using IBM Statitical Package 

for the Social Sciences (SPSS) statistics, Version 20.0.

RESULTS
The clinical and laboratory findings of the participants 

in the patient and control groups included in this study 

are shown in Table 1. Serum LH, total testosterone, 

AMH, DHEAS, fasting glucose, insulin, and HOMA-IR 

values were significantly higher in the PCOS group 

than the control group. In contrast, serum IRAP lev-

els were significantly lower in the PCOS group com-

pared to the control group. Laboratory data compar-

ing PCOS patients with and without IR are shown in 

Table 2. Accordingly, serum IRAP levels were signifi-

cantly lower in the insulin-resistant group. The corre-

lation of serum IRAP levels with biochemical variables 

is presented in Table 3. IRAP levels show a significant 

negative correlation with insulin, HbA1c, fasting blood 

glucose levels, and HOMA-IR. 

The ROC curve for IRAP concentrations in the 

PCOS group is shown in Figure 1. The area under the 

curve was 83.1% (95% confidence interval: 0.744-

0.918). The optimal cut-off value was 0.655 ng/mL, 

and the rates below this value were 82.5% and 70.0% 

for sensitivity and specificity, respectively (p=0.001). 
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Table 1. Comparison of the clinical and laboratory characteristics of the women with polycystic ovary syndrome and the control group

PCOS
Median (1.-3. Quarter)

Control
Median (1.-3. Quarter) p-value

Age, years 27,00 (25,00-29,00) 28,00 (24,00-30,00) 0.674*

BMI, kg/m 26,82 ± 4,08 25,00 ± 4,27 0.054†

Serum fasting glucose, mg/dL 95,98 ± 7,80 89,90 ± 7,98 0.001†

LH, mIU/mL 11,47 ± 3,94 6,98 ± 2,62 < 0.001†

AMH, ng/mL 10,11 (6,87-13,48) 7,22 (5,11-8,54) < 0.001*

FSH, mIU/mL 6,03 (5,19-7,31) 5,67 (5,00-6,00) 0.023*

TSH, uIU/mL 1,76 (1,19-2,46) 1,78 (1,42-2,49) 0.893*

Prolactin, ng/mL 14,80 (10,33-19,50) 13,15 (9,71-18,43) 0.587*

HDL, mg/dL 56,00 (48,36-63,25) 51,22 (43,25-61,25) 0.178*

LDL, mg/dL 118,50 (100,25-145,00) 105,00 (98,00-121,50) 0.204*

Cholesterol, mg/dL 157,80 ± 28,98 154,18 ± 17,85 0.504†

Triglycerides, mg/dL 86,00 (66,50-119,75) 69,07 (54,25-95,00) 0.030*

17-OH Progesterone, ng/mL 1,28 (0-87-2,02) 0,70 (0,57-0,87) < 0.001*

Free testosterone, pg/mL 2,20 (1,74-3,01) 1,84 (1,38-2,17) 0.001*

Total testosterone, ng/dL 35,75 (28,13-48,68) 24,95 (20,57-31,57) < 0.001*

DHEAS, μg/dL 318,81 ± 90,08 233,19 ± 66,05 < 0.001†

F-G score 13,00 (11,00-15,75) 7,00 (6,00-8,00) < 0.001*

HOMA-IR 3,45 ± 1,46 1,60 ± 0,93 < 0.001†

Insulin, μIU/mL 13,90 ± 4,94 7,19 ± 4,00 < 0.001*

HbA1c 5,83 ± 0,43 5,16 ± 0,35 < 0.001†

IRAP, ng/mL 0,47 ± 0,19 0,73 ± 0,17 < 0.001†

*Mann-Whitney U Test, †Student t-test. 
Results expressed as mean ± standard deviation.
POCUS: polycystic ovary syndrome; BMI: body mass index; LH: luteinizing hormone; AMH: Anti-Müllerian hormone; FSH: follicle-stimulating hormone; TSH: thyroid-stimulating hormone; HDL: 
high-density lipoprotein; LDL: low-density lipoprotein; DHEAS: dehydroepiandrosterone sulfate; F-G score: Ferriman-Gallwey score; HOMA-IR: homeostatic model assessment for insulin 
resistance; HbA1c: glycated hemoglobin; IRAP: insulin-regulated aminopeptidase.

Table 2. Comparison of laboratory tests in insulin resistant and non-insulin resistant polycystic ovary syndrome patients according to the 
homeostatic model assessment for insulin resistance cut-off of 2.5

PCOS
Insulin resistance +

PCOS 
Insulin resistance - p-value*

Serum fasting glucose, mg/dL 104,04 ± 6,01 90,21 ± 4,55 < 0.001

Serum fasting insulin, μIU/mL 17,09 ± 3,66 9,11 ± 1,50 < 0.001

HOMA-IR 4,41± 1,09 2,03 ± 0,34 < 0.001

HbA1c, % 6,11 ± 0,23 5,42 ± 0,32 < 0.001

IRAP, ng/mL 0,39 ± 0,16 0,59 ± 0,16 0.001

* Student t test.
POCUS: polycystic ovary syndrome; HOMA-IR: homeostatic model assessment for insulin resistance; HbA1c: glycated hemoglobin; IRAP: insulin-regulated aminopeptidase.

Table 3. Correlation of serum insulin-regulated aminopeptidase levels with biochemical variables in the polycystic ovary syndrome group

PCOS-IRAP r p-value

Serum fasting glucose, mg/dL -0.604 < 0.001

HOMA-IR -0.642 < 0.001

Insulin, μIU/mL -0.617 < 0.001

HbA1c, % -0.507 0.001

Free testosterone, pg/mL -0.221 0.170

Total testosterone, ng/dL -0.276 0.085

SDHEA, µg/dL 0.194 0.231

r: Pearson correlation coefficient.
HOMA-IR: homeostatic model assessment for insulin resistance; HbA1c: glycated hemoglobin; SDHEA: serum dehydroepiandrosterone sulfate.
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DISCUSSION
Our results demonstrate that serum IRAP levels are 

significantly lower in the PCOS group than in the con-

trol group. Notably, a further reduction in IRAP levels 

was observed in PCOS patients with IR relative to 

those without, suggesting a significant influence of 

IR on IRAP expression. These findings suggest that 

IRAP may be associated not only with IR but also with 

hormonal disorders. Significant negative correlations 

were also observed between serum IRAP levels and 

fasting insulin, fasting glucose, HbA1c, and HOMA-IR. 

These correlations suggest that decreased IRAP levels 

are linked to IR and dysregulated glucose metabolism, 

positioning IRAP as a potential biomarker for IR. This 

finding aligns with existing literature. Furthermore, 

weak negative correlations were identified between 

IRAP levels and serum DHEAS, free testosterone, and 

total testosterone concentrations in PCOS patients. 

These findings suggest that IRAP may be associated 

not only with IR but also with hormonal disorders. The 

interactions between insulin, GLUT-4, and its closely 

associated protein, IRAP, are integral to regulating 

cellular glucose uptake, maintaining whole-body glu-

cose homeostasis, and ensuring metabolic equilib-

rium. Disruptions in this intricate process can lead to 

IR. A review of the literature indicates that previous 

investigations into GLUT-4 and its role in IR in PCOS 

patients have relied on invasive methods, such as 

biopsies of adipocyte and endometrial tissue (16-18). 

As a less invasive alternative to these approaches, we 

hypothesized that measuring serum IRAP levels could 

serve as a surrogate marker for GLUT-4 translocation 

to the plasma membrane and, by extension, provide a 

reflection of IR in PCOS patients. This premise formed 

the rationale for the present study.

A review of the literature indicates that numerous 

studies have investigated the relationship between 

IR and IRAP. Research has demonstrated reduced 

IRAP translocation in both diabetic rats  19  and pa-

tients with type 2 diabetes mellitus (T2DM) (20,21). 

These foundational studies, which utilized invasive 

biopsy methods to analyze adipocyte  (19,21)  and 

skeletal muscle tissue  (20), established a clear link 

between impaired IRAP activity and IR. Subsequent 

clinical investigations have employed a more prac-

tical, non-invasive approach by measuring serum 

IRAP levels. These studies consistently report de-

creased circulating IRAP levels in individuals with 

T2DM (8,9) and in pregnant women with gestational 

diabetes (22). Collectively, these findings from both 

tissue-based and serum-based analyses suggest that 

reduced IRAP levels may serve as a useful indicator 

of IR.

In our study, we found that the serum IRAP levels 

were significantly lower in the insulin-resistant group. 

It is well-established that insulin stimulation triggers 

the translocation of IRAP and GLUT4 to the plasma 

membrane as a complex. Subsequently, the extracellu-

lar domain of IRAP is cleaved by metalloproteases and 

released into the circulation (8,23). In states of IR, this 

physiological process is disrupted, leading to reduced 

cleavage and secretion of IRAP and, consequently, 

lower circulating levels. The findings of the present 

study are consistent with this mechanism and align 

with previous reports in the literature.

The PCOS group exhibited significantly higher 

levels of IR markers, including fasting insulin, fasting 

glucose, HbA1c, and HOMA-IR, relative to healthy 

controls. Consistent with this metabolic profile, serum 

IRAP levels showed a significant negative correlation 

with these indices. This inverse association provides 

important evidence linking lower IRAP levels to the 

development of IR in PCOS.

ROC: Receiver Operating Characteristic.

Figure 1. Receiver Operating Characteristic analysis of the 
discrimination of insulin-regulated aminopeptidase values of 
polycystic ovary syndrome cases.
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As a result of our study, we found that serum IRAP 

levels were significantly lower in the insulin-resistant 

group. Moreover, IRAP levels demonstrated strong 

and statistically significant negative correlations with 

metabolic parameters, including fasting glucose, insu-

lin, HOMA-IR, and HbA1c, indicating that higher IR and 

poorer glycemic control are associated with lower IRAP 

levels in PCOS patients. In contrast, IRAP levels showed 

weak and statistically non-significant correlations with 

hormonal parameters, including free and total testos-

terone and DHEA-S. Overall, these findings suggest that 

IRAP is more closely associated with metabolic distur-

bances than with androgen levels in PCOS, implying that 

circulating IRAP levels may primarily reflect IR, while 

their potential relationship with other hormonal param-

eters warrants further investigation in future studies.

The main limitations of this study include its 

case-control design, the relatively small sample size, 

the limited number of participants in the PCOS sub-

groups, and the use of the HOMA-IR index rather than 

the hyperinsulinemic-euglycemic clamp, which is con-

sidered the gold-standard method for assessing IR. 

An additional limitation is that the ACTH stimulation 

test was not performed to definitively rule out non-

classical congenital adrenal hyperplasia (in patients 

with elevated 17-OH progesterone levels. Although 

clinical evaluation and DHEAS levels did not indicate 

non-classical congenital adrenal hyperplasia, future 

studies should incorporate this test to provide a more 

definitive differential diagnosis.

CONCLUSION
This study provides the first evidence linking reduced 

serum insulin-regulated aminopeptidase  levels to 

polycystic ovary syndrome. Notably, insulin-regulat-

ed aminopeptidase levels were significantly lower 

in polycystic ovary syndrome patients both with and 

without insulin resistance compared to controls. The 

significant negative correlations observed between 

insulin-regulated aminopeptidase levels and indices 

of both insulin resistance and hyperandrogenemia in-

dicate that insulin-regulated aminopeptidase may be 

involved in the core metabolic and endocrine distur-

bances characterizing the pathogenesis of polycystic 

ovary syndrome.
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ABSTRACT
Poorly differentiated thyroid carcinoma (PDTC) is a rare and aggressive malignancy with a poor prognosis. Immunotherapy is 

typically guided by agnostic biomarkers such as microsatellite instability-high or high tumor mutational burden (TMB); however, 

these biomarkers are uncommon in PDTC. Therefore, identifying alternative predictive biomarkers remains an urgent neces-

sity. We report the case of a 71-year-old woman who presented with life-threatening locoregional disease and was ineligible 

for radioiodine or tyrosine kinase inhibitors due to a prior subarachnoid hemorrhage. Molecular profiling of the resected tu-

mor revealed a high TMB (10 mut/Mb), somatic mutations in MSH2 and ATM, and microsatellite stability (MSS). Immunohisto-

chemistry demonstrated complete loss of MSH2/MSH6 expression, while PD-L1 expression was 20% (tumor proportion score). 

Based on these findings, pembrolizumab was initiated as first-line therapy. The patient experienced clinical improvement and 

maintained a sustained partial response for seven months, with excellent tolerability. This case represents one of the few docu-

mented reports of PDTC with MSS exhibiting marked responsiveness to immunotherapy. Our findings underscore that alterna-

tive biomarkers, such as somatic mutations in DNA repair genes including MSH2 and ATM, may predict unexpected responses 

to immune checkpoint blockade and inform therapeutic decisions, even in the context of MSS and borderline TMB. Broader 

implementation of molecular profiling is warranted to identify such patients.

Keywords: Thyroid cancer; poorly differentiated thyroid cancer; immunotherapy; MSH2; microsatellite stable

INTRODUCTION
Thyroid cancer (TC), the most prevalent endocrine 

malignancy, has experienced a 313% surge in global 

incidence over the past four decades. In the United 

States alone, 44,020 new cases are projected for 

2025, with over 87% classified as well-differentiated 

thyroid carcinomas (WDTCs) (1). Poorly differenti-

ated thyroid carcinoma (PDTC) accounts for only 

2–15% of cases but contributes disproportionately to 

TC-related mortality. Originating from follicular cells, 

PDTC represents an intermediate clinicopathological 

entity between WDTC and anaplastic thyroid carci-

noma (ATC) and is currently recognized as a distinct 

disease category by the World Health Organization. 

Although only 15% of PDTC patients present with 

metastases at diagnosis, distant metastatic disease 

develops in 37–85% of cases, and 60% of patients suc-

cumb to disease progression. Survival rates decline 

significantly, from 50–85% at 5 years, to 34–50% at 

10 years, and ultimately to 0% at 15 years (2). 
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The spectrum of genomic alterations in PDTC re-

flects a highly heterogeneous disease, mainly due to 

varying diagnostic criteria employed across studies (3). 

The molecular profile is characterized by mutations 

in HRAS, KRAS, and NRAS (25–35% combined), BRAF 

(15–33%), components of the PI3K/AKT/mTOR path-

way (11%), PTEN (4–33%), EIF1AX (11%), TERT pro-

moter (40%), TP53 (16–28%), and ATM (7%), resulting 

in an intermediate mutational profile between WDTC 

and ATC (4,5). Compared to ATC, PDTC exhibits a 

higher frequency of gene fusions (10–14%) (5). 

Regarding tumor mutational burden (TMB), PDTCs 

have a reported median of 2 mutations per megabase, 

and programmed death-ligand 1 (PD-L1) expression 

levels are similarly low (6). Although PDTC is not typi-

cally associated with classic biomarkers predictive of 

response to immunotherapy, the tumor microenviron-

ment (TME) remains dynamic, with immune editing 

and tumor-cell interactions influencing cytotoxic or 

immunosuppressive phenotypes (6). Given the limited 

treatment options and absence of established thera-

peutic targets, next-generation sequencing (NGS) 

panels, as recommended by European Society for 

Medical Oncology guidelines, are essential (7).

Here, we present an exceptionally rare case of 

metastatic PDTC showing a remarkable and durable 

response to immunotherapy in a context traditionally 

considered unfavorable for such treatment due to mic-

rosatellite stability (MSS), borderline TMB, and urgent 

need for rapid therapeutic response given the risk of 

airway obstruction. To our knowledge, this is among 

the first reported cases to suggest that additional de-

fects in DNA repair pathways, such as MSH2 and ATM 

mutations identified in our patient, may represent ac-

tionable biomarkers to guide clinical decision-making, 

with outcomes surpassing those observed in studies 

supporting biomarker-agnostic use of immunotherapy. 

CASE REPORT
A 71-year-old self-identified White, Hispanic/Latina 

female with no significant medical, psychosocial, or 

family history presented with a painless, progres-

sively enlarging left cervical mass over three months 

(Figure 1A). Doppler ultrasound of the thyroid re-

vealed a solid, expansive lesion in the left thyroid lobe 

and left cervical lymphadenopathy at levels IIA and IV.  

Contrast-enhanced computed tomography of the 

neck and chest demonstrated extensive local invasion, 

including tracheal narrowing, esophageal compres-

sion, obliteration of the left retropharyngeal space, 

and approximately 180° encasement of the left com-

mon carotid artery. The lesion measured 13.7 × 6.8 × 

6.5 cm. Additional suspicious lymph nodes were iden-

tified at levels II, III, and the left supraclavicular region. 

Pulmonary parenchyma appeared unremarkable. 

Bronchoscopy and nasofibrolaryngoscopy confirmed 

tracheal stenosis due to extrinsic compression and 

mild asymmetry of the laryngeal region. Clinical stag-

ing, according to the 8th edition of the American Joint 

Committee on Cancer, was cT4bN1bM0.

Fine needle aspiration of the thyroid lesion and left 

supraclavicular lymph node revealed a proliferative 

epithelial lesion. Immunohistochemistry was positive 

for thyroglobulin, TTF-1, PAX8, and GATA3, and nega-

tive for calcitonin, supporting the suspicion of a neo-

plasm of follicular origin. The patient subsequently un-

derwent total thyroidectomy, parathyroidectomy, and 

lymph node dissection at levels II–VII. Pathological 

analysis identified a PDTC, based on the latest World 

Health Organization pathology criteria, measuring 

15 cm, with vascular invasion, multifocal disease, and 

gross extrathyroidal extension into adjacent tissues 

(Figures 2A–C). Margins were involved, but sampled 

lymph nodes were negative for malignancy. In the post-

operative period, the patient developed a subarach-

noid hemorrhage (Fisher IV) with thoracic subdural 

extension, resulting in motor, speech, and swallowing 

deficits. This complication necessitated prolonged 

hospitalization and delayed oncologic follow-up.

Approximately one year after surgery, fluorodeoxy-

glucose-labeled positron emission tomography indicat-

ed a recurrent expansive lesion occupying the left ret-

ropharyngeal space, causing oropharyngeal bulging and 

partial obliteration of the left piriform sinus. Additional 

findings included lymphadenopathy at levels Ib and II on 

the left, with displacement of the trachea and esopha-

gus, a right paratracheal lymph node, and distant fluoro-

deoxyglucose-avid lesions consistent with pulmonary 

nodules and a lesion in the left costal arch. Given con-

cerns for systemic recurrence, a new lymph node biopsy 
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was performed, and an NGS-based multigene somatic 

panel was conducted on the thyroidectomy specimen. 

This analysis involved DNA sequencing for single and 

multiple nucleotide variants and small insertions and 

deletions in 510 genes, as well as RNA sequencing for 

gene fusions in 55 genes, including detection of onco-

genic isoforms and alternative splicing variants in 3 

genes. These assays were performed using the Illumina 

TruSight Oncology 500 panel on the Illumina NextSeq 

550 platform, utilizing a custom analysis pipeline within 

BaseSpace Variant Interpreter (v. 3.6.2.0).

Molecular analysis demonstrated microsatel-

lite stability, a TMB of 10 mut/Mb, which is con-

sidered high according to the adopted cutoff of 

≥10 mut/Mb, and somatic pathogenic variants in 

MSH2 (c.1865del, p.(Pro622GlnfsTer13)) and ATM 

(c.5825C>T, p.(Ala1942Val)). Additional mutations 

were detected in BCOR, CIC, DAXX, PPM1D, SPEN, 

and TP53. Immunohistochemistry for DNA repair 

enzymes showed loss of MSH2 and MSH6 expression 

(Figures 2D–E). PD-L1 expression, assessed using the 

SP263 clone, revealed a tumor proportion score (TPS) 

of 20% (Figure 2F). Given the diagnosis of metastatic 

PDTC with DNA repair deficiency, high TMB, posi-

tive PD-L1 expression, and a somatic MSH2 mutation, 

the patient was started on tumor-agnostic pembroli-

zumab monotherapy at a dose of 200 mg every three 

weeks, consistent with the KEYNOTE-158 study (8). 

The patient achieved symptomatic control, along with 

a partial response of the primary thyroid lesion, as evi-

denced by considerable reduction in size (Figure 1B), 

and stable disease in the lymph nodes, lungs, and 

bones. Treatment was well tolerated, with immune-

mediated hypophysitis and adrenal axis deficiency 

as the only observed immune-related toxicities; both 

were managed with physiological doses of glucocor-

ticoids and mineralocorticoids. In February 2025, the 

patient experienced locoregional disease progression 

while maintaining excellent systemic disease control. 

Local radiotherapy was administered, and the patient 

achieved good disease control without the need for 

further therapy following discontinuation of immu-

notherapy, corresponding to a duration of response of 

approximately seven months.

Figure 1. Rapid and marked early clinical response to pembrolizumab. A) Left-sided cervical mass, approximately 8 cm in its greatest 
dimension, noted to be fixed and firm upon palpation. B) Palpation and visual assessment of the left cervical mass showed marked tumor 
reduction following three cycles of pembrolizumab. 
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DISCUSSION
Poorly differentiated thyroid carcinoma is a rare and 

aggressive form of TC, with limited treatment options 

available in advanced stages. Our patient presented 

with locoregional invasion, pulmonary and osseous 

metastases, and a high tumor burden, necessitat-

ing prompt therapeutic intervention. Owing to a re-

cent subarachnoid hemorrhage, standard systemic 

therapies such as tyrosine kinase inhibitors posed 

substantial risk, and radioiodine therapy was not in-

dicated. In this context, pembrolizumab was consid-

ered based on a unique molecular profile suggestive 

of immunogenicity. 

Systemic therapies for advanced TC, including 

sorafenib, lenvatinib, vandetanib, and cabozantinib, 

are associated with modest response rates and sig-

nificant toxicity, particularly in poorly differentiated 

histologies. Specifically, in PDTC, sorafenib has dem-

onstrated overall response rates of approximately 

12%, while lenvatinib, cabozantinib, and vandetanib 

showed overall response rates between 30–35%, with 

hypertension and cardiovascular events occurring in 

up to 68% of patients (9-12). Given our patient’s re-

cent cerebrovascular event, the risk-benefit profile of 

tyrosine kinase inhibitors was deemed unfavorable. 

Moreover, radioiodine therapy was not recommend-

ed, given the lack of iodine uptake in PDTC and the 

urgent need for systemic disease control. 

DNA mismatch repair (MMR) defects can be iden-

tified by the loss of expression of any MMR protein 

(e.g., MSH2, MSH6, MLH1, and PMS2) using immu-

nohistochemistry (IHC), indicating deficient MMR 

status (dMMR); or by polymerase chain reaction or 

NGS to detect microsatellite instability, defined as mi-

crosatellite instability-high (MSI-H). MMR alterations 

are present in approximately 2–4% of solid tumors 

and may be discordant in a minority of cases (13,14). 

Although MSI-H is the prototypical marker of dMMR, 

growing evidence suggests that dMMR can confer 

tumor immunogenicity independently of detectable 

MSI-H. This effect may result from the accumulation 

of point mutations and frameshifts at non-classical 

Figure 2. Pathological features of solid carcinoma with PD-L1 expression and MMR deficiency. A) hematoxylin and eosin (H&E), 40× 
magnification: solid-pattern carcinoma with atypical nuclei and frequent mitoses. B), H&E, 10× magnification: solid neoplasm with convoluted 
nuclei, irregular chromatin, and occasional nucleoli. C), H&E, 4× magnification: overview of the solid tumor; left side highlights nuclear details; 
right side indicates extensive necrosis. D), immunohistochemistry (IHC) MSH6 (SP93), 40× magnification: loss of nuclear expression. E) IHC 
MSH2 (G219-1129), 40× magnification: loss of nuclear expression. F), IHC PD-L1 (SP263), 40× magnification: ~20% tumor proportion score 
with membranous staining.



Co
py

rig
ht

©
 A

E&
M

 a
ll r

ig
ht

s r
es

er
ve

d.

5

Immunotherapy response in MSS poorly differentiated thyroid carcinoma

Arch Endocrinol Metab, 2026, v.70(2), 1-7, e260008.

microsatellite loci that results in the formation of im-

munogenic neoantigens, and by virtue of the engage-

ment of cytosolic nucleic acids activation of innate 

immune circuits, such as cGAS-STING. Additionally, 

current MSI testing strategies may underestimate 

genomic instability within a subset of dMMR tumors, 

thereby underrepresenting their true immunogenic 

potential. Collectively, these findings support the con-

cept that MMR deficiency itself, rather than MSI sta-

tus alone, may be sufficient to render tumors respon-

sive to immune checkpoint blockade (15,16).

Both MMR deficiency and MSI-H are exceedingly 

rare in TC, a topography not typically associated with 

Lynch syndrome (13,14). In a series of 485 TC patients, 

including 17 cases of PDTC, only four were classified 

as MSI-H with dMMR, all of whom had follicular thy-

roid carcinomas. Notably, whole-exome sequencing of 

two MSI-H tumors in that cohort revealed a hemizy-

gous loss-of-function MSH2 mutation in one case (17). 

In a separate Korean study including 15 patients with 

PDTC, three exhibited high TMB (>13 mut/Mb), and 

one harbored a somatic MSH2 mutation (18). 

In our patient, molecular profiling revealed a frame-

shift mutation in MSH2 and concurrent loss of MSH2/

MSH6 expression by IHC, with MSS on NGS. Although 

not MSI-H, the TMB of 10 mut/Mb exceeds the PDTC 

median of 2 mut/Mb and the 7.5 mut/Mb mean ob-

served in PDTCs harboring MMR alterations (6). 

These findings suggest that MSH2 loss may drive im-

munogenicity even in MSS tumors, highlighting a po-

tential immune oncology-responsive to immune on-

cology therapies.

The TME of PDTC is characteristically immune-

cold, with low PD-L1 expression and limited immune 

infiltration. Cameselle García and cols. (8) evaluated 

the TME and PD-L1 status in 28 patients (15 with 

ATC and 13 with PDTC), finding that only one PDTC 

case surpassed the 1% TPS threshold by IHC (1). 

This outlier exhibited concurrent loss of MLH1 and 

PMS1, a TP53 mutation, and increased infiltration of 

CD3+CD8+ T lymphocytes, S100+ dendritic cells, 

and CD68+CD163+ macrophages, features charac-

teristic of ATC. Our patient had a TPS of 20% in the 

context of an MSH2 mutation and dMMR/MSS status, 

suggesting convergence toward an ATC-like immune 

phenotype. This observation supports the hypothesis 

that MMR gene alterations may define a rare immuno-

genic molecular subgroup within PDTC (8). 

Progressive dedifferentiation from WDTC to ATC 

occurs through the stepwise accumulation of molecu-

lar alterations (19). Mutations in TP53 and ATM have 

been implicated in this process and are frequently as-

sociated with aggressive histologies. In PDTC, ATM 

mutations have been reported in approximately 7% 

of cases and up to 9% of ATCs, often co-occurring 

with TP53 alterations (2,4). In our case, both muta-

tions were present, supporting the interpretation that 

these genomic events may act as early drivers of de-

differentiation and underpin the clinically aggressive 

behavior observed, despite the absence of radioiodine 

refractoriness or previous systemic treatment. These 

findings also raise the possibility that such tumors may 

share therapeutic vulnerabilities with ATC.

Although clinical evidence supporting immune on-

cology in PDTC remains limited, it is mounting. In the 

phase 2 KEYNOTE-158 trial, pembrolizumab mono-

therapy produced objective responses in 7 out of 

103 patients with advanced TC, including a complete 

response in one PDTC case. The median progression-

free survival was 4.2 months (20). Another phase 2 tri-

al evaluating ipilimumab plus nivolumab in aggressive 

TC included five PDTC cases, with a partial response in 

one patient (21). The ATLEP trial, which combined len-

vatinib and pembrolizumab in 29 advanced TC cases, 

reported higher response rates in PDTC compared to 

ATC, regardless of PD-L1 expression (22). In our case, 

first-line pembrolizumab led to symptom resolution 

and a progression-free survival of approximately 7 

months, exceeding historical controls and further sup-

porting its potential role in biomarker-selected PDTC 

patients.

This report has some inherent limitations. First, 

pembrolizumab was administered as first-line therapy 

in a patient who had not received prior radioiodine 

therapy or tyrosine kinase inhibitors, limiting compar-

isons with standard therapeutic sequences. Second, 

although IHC confirmed the loss of MSH2 and MSH6, 

we did not conduct additional analyses of tumor-infil-

trating lymphocytes, regulatory T cells, or tumor-as-

sociated macrophages, which could have facilitated a 
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more comprehensive characterization of the TME (6). 

Third, PDTCs harboring MMR gene mutations are ex-

ceptionally rare, which may introduce selection biases 

and limit the generalizability of findings from isolated 

reports. Nonetheless, this case possesses several 

strengths. It documents the use of pembrolizumab as 

upfront monotherapy in a molecularly defined PDTC 

with dMMR/MSS phenotype and intermediate TMB, 

resulting in rapid clinical improvement and a durable 

response. The report integrates genomic, patho-

logical, and clinical data to bolster the rationale for 

checkpoint blockade in selected PDTCs, contributing 

valuable real-world evidence to a sparsely populated 

literature.

CONCLUSION
In summary we present a rare case of metastatic 

PDTC with a confirmed dMMR phenotype charac-

terized by MSH2 mutation and loss of MSH2/MSH6 

protein expression despite an MSS profile. The tumor 

demonstrated intermediate TMB and a durable clini-

cal response to pembrolizumab administered as first-

line therapy. This case underscores the significance of 

comprehensive molecular profiling in thyroid carci-

nomas, particularly in identifying biomarkers beyond 

histologic subtype, such as dMMR by IHC or NGS. Our 

findings support the consideration of checkpoint in-

hibitors in selected PDTC patients, even in the absence 

of MSI-H. Further studies are warranted to clarify the 

predictive value of MMR alterations and TMB in the 

immunotherapeutic management of PDTC.
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ABSTRACT
The Female Athlete Triad (Triad) and Relative Energy Deficiency in Sport (RED-S) are conditions associated with low energy 

availability (EA) that can lead to menstrual dysfunction, impaired bone health, and metabolic disturbances. This case report 

describes the remission of Triad in a professional triathlete during the COVID-19 pandemic. A 24-year-old female triathlete was 

evaluated in 2018. She reported bulimia nervosa from 12–15 years old and hypothalamic amenorrhea since she was 21 years 

old. Her training volume was approximately 20 hours per week (swimming, cycling, and running), and the amount of EA was criti-

cally low (<10 kcal/fat free mass/day). The athlete had lower than expected BMD at DXA scan (lumbar spine Z-score -2.3 SD) and 

lower cortical and trabecular vBMD and trabecular number by comparison with HR-pQCT normative data for young Brazilian 

women. During the 2020 pandemic, training centers were closed, leading to a decrease in exercise volume and a more balanced 

energy intake. Menstrual cycles resumed and she conceived spontaneously in the same year. Pregnancy and postpartum recov-

ery were uneventful. She returned to competitions post pandemic, but no longer as a professional athlete. Chronic energy defi-

ciency significantly affects the hypothalamic-pituitary-gonadal axis and bone health. A forced reduction in training intensity and 

improved dietary intake were key factors in the restoration of menstrual function and reproductive health. This case highlights 

the potential reversibility of the Female Athlete Triad when energy balance is restored. Awareness and early intervention are 

essential for preventing long-term consequences in female athletes.

Keywords: Female athlete triad syndrome; relative energy deficiency in sport; amenorrhea; bone density

INTRODUCTION
The Female Athlete Triad (Triad) was initially de-

scribed as being associated with eating disorders, 

amenorrhea, and osteoporosis. Over time, this con-

cept has evolved into the broader model of Relative 

Energy Deficiency in Sport (RED-S), which considers 

a wide range of systemic effects, such as endocrine, 

metabolic, and immune dysfunctions. Energy avail-

ability (EA) can be estimated as dietary intake minus 

exercise energy expenditure normalized to lean body 

mass or fat free mass (FFM). Low EA  is a primary driv-

er of these conditions, leading to repercussions on re-

productive function and bone health (1,2).

In high-performance sports, female athletes often 

prioritize an optimal body composition for perfor-

mance, which can result in chronic energy deficits. 

Less than 30 kcal/FFM/day may be insufficient to 

maintain menstrual function, whereas adequate EA is 

estimated as > 45 kcal/FFM/day (3,4).

This case report describes a professional triath-

lete with the Female Athlete Triad for several years, 

which was characterized by amenorrhea and chang-

es in bone density and microstructure. This athlete 

mailto:dudagama01@ufrj.br
https://orcid.org/0000-0003-0466-3250
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then developed spontaneous remission during the 

COVID-19 pandemic, which result in the return of 

menstrual function and a subsequent pregnancy.

CASE PRESENTATION
This patient was included in 2018 in a broad re-

search project of Female Athletes approved by 

the Ethics Committee of HUCFF-UFRJ (CAAE: 

64516117.9.0000.5257). Written informed consent 

was obtained from all volunteers who participated in 

the study. 

The athletic career began when she was 16 years 

old, transitioning to professional status by age 20. The 

training regimen included 20 hours per week distrib-

uted among swimming (20 km), cycling (10–12 hours), 

and running (60 km). Despite achieving excellent com-

petition results, she expressed persistent dissatisfac-

tion with her body weight and felt, that it did not align 

with elite competition standards. At age 21, she devel-

oped oligomenorrhea and subsequent hypothalamic 

amenorrhea. She had a prior history of bulimia nervo-

sa (ages 12–15) but denied the use of hormonal con-

traceptives, tobacco products, alcohol, or illicit drugs. 

She was 24 years old during the study, reported 

amenorrhea since 22 years old and denied previous 

fractures. A full clinical, anthropometric, metabolic 

and imaging assessment was performed. 

Biochemistry: Gonadotropins, estradiol, and pro-

lactin levels were measured on multiple occasions 

during the period of menstrual dysfunction, and re-

sults consistently demonstrated normal prolactin 

levels. This endocrine profile is characteristic of func-

tional hypothalamic amenorrhea secondary to low en-

ergy availability, as illustrated in Figure 1. The patient’s 

fasting glucose = concentration was 96 mg/dL (70-99), 

vitamin B
12

 = concentration was 786 pg/mL (210-

980), and folic acid concentration was 18.4 ng/mL  

(≥ 3.9). Other biochemical parameters, such as follow-

up measurements obtained after menstrual recovery, 

are summarized in Table 1.

Dual energy absorptiometry (DXA) was used to 

evaluate areal bone mineral density (BMD, g/cm²) 

and Z-scores (differences between the patient’s 

BMD and age-gender-matched healthy individuals) 

at the lumbar spine and hip, using a GE Lunar Prodigy 

Advance densitometer. In accordance with the 2023 

International Society for Clinical Densitometry (ISCD) 

guidelines, a Z-score at or below –2.0 SD indicates 

“lower than expected BMD”. Whole-body DXA scans 

were used to assess body composition, including total 

and regional fat mass and fat-free mass (FFM), follow-

ing standard ISCD procedures (5). Results were as fol-

lows: body mass index = 20 kg/m² (normal range 18.5-

24.9), total fat mass = 11.42 kg, fat mass index (total 

fat/height2) = 3.93 (NR 5-9) and fat free mass = 46.83 

kg. Additionally, lumbar spine BMD = 0.893 g/cm² (LS 

Z-score -2.3 SD), and total hip BMD = 0.953 g/cm² (TH 

Z-score -0.3 SD).
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Figure 1. Longitudinal evolution of gonadotropic and ovarian hormones (LH, FSH, and estradiol) from 2014 to 2020. The progressive increase 
in estradiol concentrations paralleled the normalization of gonadotropins (FSH and LH) following the restoration of energy availability. The 
shaded area represents the amenorrheic period. Menstrual recovery occurred after a reduction in training volume and improvement in 
caloric intake.
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High resolution peripheral quantitative computed 

tomography (HR-pQCT) was performed using a Scanco 

Xtreme CT, with a voxel size of 82 µm, and a standard 

distal radius and tibia protocol. Volumetric BMD and 

bone microstructure were measured at cortical and 

trabecular compartments, according to a recent con-

sensus (6). All data were compared with normative 

data defined for age-matched Brazilian women, as 

published by Alvarenga and cols. (7). This athlete had 

lower than expected values for volumetric bone min-

eral density (vBMD) in the tibia, cortical and trabecu-

lar vBMD in the radius, and cortical vBMD in the tibia, 

as well as a lower trabecular number and greater tra-

becular separation in the radius (Table 2).

The Eating Attitudes Test (EAT-26), Bulimic 

Investigatory Test of Edinburgh (BITE), and Body 

Shape Questionnaire (BSQ) were applied as validated 

Portuguese self-administered instruments to screen 

for disordered eating and body-image concerns. Results 

were as follows: EAT-26 = 37 points (positive); BITE = 

27 points (positive); BSQ = 118 points (negative).

Assessment of energy availability: To estimate the 

athlete’s daily energy consumption, a three-day food 

record was requested and, include two weekdays 

and one weekend day. Dietary data were analyzed 

using computer-based nutrition software (DietWin 

Personal). The average daily energy intake was then 

compared with international recommendations to de-

termine whether the intake met the thresholds for ad-

equate EA (≥45 kcal/kg FFM/day) or was critically low 

(<30 kcal/kg FFM/day) (8,9). It was determined that 

the patient’s EA was critically low (<10 kcal/FFM/day).

Table 1.  Laboratory data obtained during the study visits conducted while the patient was under functional hypothalamic amenorrhea 
(“Amenorrheic period”) and after menstrual and hormonal recovery in 2020 (“Recovery”). Reference ranges correspond to standard values 
for women of reproductive age

Parameter (unit) Amenorrhea (2018) Recovery (2020) Reference range 

FSH (mIU/mL) 3.6 5.3 3.5–12.5

LH (mIU/mL) 1.6 9.3 2.4–12.6

Estradiol (ng/mL) < 0.5 2.8 30–120 Follicular

Prolactin (ng/mL) 7.0 13.9 5-25

Testosterone (ng/dL) 23 24 8.4–48.1

Insulin (µU/mL) 2.0 5.3 2–25

HOMA-IR 0.4 1.1 < 2.5

IGF-1 (ng/mL) 160 183 110–270

TSH (µIU/mL) 1.8 2.61 0.4–4.0

Free T4 (ng/dL) 1.2 1.14 0.8–1.8

Reverse T3 (ng/dL) 16 18.2 10–24

Vitamin D (25OHD, ng/mL) 32 40.0 ≥20 

PTH pg/dL 29 29 15–65

Calcium (mg/dL) 9.4 9.0 8.6–10.0

Phosphorus (mg/dL) 3.6 3.5 2.5–4.5

Magnesium (mg/dL) 1.8 2.0 1.6–2.6 

Table 2. Bone assessment using HR-pQCT at baseline

Variable Athlete  
(24.8 yrs)

Reference – Alvarenga 
(20–29 yrs)

Distal Radius

Total vBMD (mg HA/cm³) 352.9 331 (279–370)

Cortical vBMD (mg HA/cm³) 955.8 1,017 (974–1,053)

Cortical Thickness (mm) 0.93 0.86 (0.72–1.03)

Trabecular vBMD (mg HA/cm³) 136.9 172 (155–193)

Trabecular Number (1/mm) 1.49 2.02 (1.92–2.17)

Trabecular Thickness (mm) 0.077 0.069 (0.064–0.075)

Trabecular Separation (mm) 0.595 0.423 (0.387–0.454)

Distal Tibia

Total vBMD (mg HA/cm³) 304.0 324 (309–365)

Cortical vBMD (mg HA/cm³) 937.3 1,015 (989–1,043)

Cortical Thickness (mm) 1.29 1.28 (1.05–1.43)

Trabecular vBMD (mg HA/cm³) 159.6 168 (152–194)

Trabecular Number (1/mm) 1.72 1.84 (1.61–2.03)

Trabecular Thickness (mm) 0.077 0.077 (0.072–0.088)

Trabecular Separation (mm) 0.503 0.466 (0.416–0.527)
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Nutritional Intake, Resting Metabolic Rate and 

Energy Expenditure Evaluation. The resting metabolic 

rate and total energy expenditure were estimated by 

indirect calorimetry to be 1403 kcal/day and 3241 

kcal/day, respectively, whereas the patient average 

daily caloric intake was 2051 kcal/day, which con-

firmed a significant energy deficit. The distribution 

of macronutrients consisted of 49% carbohydrates  

(4.1 g/kg/day), 22% protein (2.4 g/kg/day), and 30% lip-

ids. The daily calcium intake was 673 mg, which is be-

low the recommended intake for optimal bone health.

Cardiopulmonary exercise testing (CPET) revealed 

a maximal oxygen uptake (VO₂ max) of 58.9 mL/kg/

min, which corresponded to 146% of the predicted 

value. The achieved maximum metabolic equivalent 

(MET) was 16.8 and, indicated excellent aerobic ca-

pacity despite the energetic and hormonal imbalance.

Seven-year follow-up: The patient’s body mass 

showed only minor variations throughout follow-up 

and, ranged from 56 kg at age 12 to 60 kg at age 26. 

At the onset of hypothalamic amenorrhea, the patient 

weighed was 58 kg. During the COVID-19 pandemic, 

the closure of training centers and cancellation of com-

petitions led to a forced reduction in exercise intensity. 

The overall training volume markedly decreased — from 

15–18 hours to approximately 6–8 hours per week. This, 

combined with a less restrictive dietary pattern, result-

ed in an improved energy balance despite no significant 

weight change. Psychological distress was also noted 

initially, and required counseling support. In May 2020, 

after more than five years of amenorrhea, her menstru-

al cycle resumed, and conception occurred in October, 

when she weighted 60 kg. This, suggests that the resto-

ration of energy balance, rather than weight gain, was 

the key determinant of hypothalamic–pituitary–gonad-

al axis recovery. The pregnancy was uneventful and the 

baby was born healthy and full-term. Notably, the pa-

tient had attempted to conceive four years earlier, dur-

ing the amenorrheic phase, but there was no withdrawal 

bleeding after oral progesterone challenge, which con-

firmed persistent functional hypothalamic suppression. 

The case is summarized in Figure 2.

Abbreviations: EA: energy availability; EI: energy intake; EE: energy expenditure; FFM: fat-free mass; BITE: Bulimic Investigatory Test of Edinburgh; EAT: Eating Attitudes Test; BSQ: Body Shape 
Questionnaire; DXA: dual-energy X-ray absorptiometry.

Figure 2. Timeline of the athlete’s clinical and training history showing menstrual status, body mass evolution, and major life events. The 
figure highlights the period of hypothalamic amenorrhea (2015–2020), pandemic-related reduction in training volume, and spontaneous 
menstrual and reproductive recovery in 2020.
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She resumed training postpandemic and began 

participating in competitive triathlon but no longer 

as a professional athlete. Her menstrual cycles have 

remained regular since this time, and she had no frac-

tures until 2025. 

DISCUSSION
Chronic low levels of EA have profound effects on the 

hypothalamic-pituitary-gonadal axis and, lead to men-

strual dysfunction and impaired bone health (4). This 

case illustrates these changes and shows how spon-

taneous energy balance restoration through reduced 

exercise volume and improved dietary intake can re-

verse these effects. 

Laboratory findings throughout the follow-up con-

firmed the functional and reversible suppression of the 

hypothalamic–pituitary–gonadal (HPG) axis. During 

the amenorrheic period, gonadotropins and estradiol 

levels markedly decreased, which is consistent with 

hypogonadotropic hypogonadism secondary to en-

ergy deficiency. Reduced insulin levels reflected this 

energy-deficient state (10), whereas normal thyroid 

and IGF-1 profiles indicated metabolic adaptation. 

Chronic low EA reduce leptin, insulin, and IGF-1 signal-

ing, which leads to decreased hypothalamic kisspeptin 

stimulation and suppression of GnRH pulsatility, as 

reviewed by Angelidi and cols. (11). These neuroen-

docrine adaptations result in reversible inhibition of 

ovarian function and contribute to altered bone re-

modeling. Furthermore, these findings illustrate the 

coordinated neuroendocrine response to chronic low 

EA, in which diminished GnRH pulsatility leads to tem-

porary suppression of ovarian activity. The restoration 

of energy balance has been shown to normalize LH 

pulsatility and menstrual function in exercising women 

with functional hypothalamic amenorrhea (12).

This patient had a long history of disordered eat-

ing and body image concerns. To further investigate 

the presence of eating-related disturbances, we ap-

plied three validated Portuguese versions of self-ad-

ministered questionnaires. The Eating Attitudes Test  

(EAT-26) (13), which evaluates behaviors that are typi-

cally associated with anorexia nervosa and their se-

verity, showed a patient score of 37 points (positive); 

the Bulimic Investigatory Test of Edinburgh (BITE) 

(14), which is aimed at identifying bulimic symptoms 

and compensatory methods, showed a patient score 

of 27 points (positive), and  the BSQ score (15), which 

measures dissatisfaction with body image, showed 

a patient score of 118 points (negative). Although 

not diagnostic tools, these questionnaires are widely 

used to screen individuals at risk for developing eating 

disorders.  

Other screening instruments that are specifically 

designed for physically active populations, such as 

the Low EA in Females Questionnaire (LEAF-Q) (16), 

have been proposed to identify female athletes at risk 

for the Female Athlete Triad and related conditions. 

However, as no validated version of the LEAF-Q was 

available in Portuguese at the time of assessment, it 

was not used in this case.

The clinical significance of RED-S extends beyond 

menstrual function. Impaired bone health poses long-

term risks, including increased fracture susceptibility. 

In this case, evaluation during the amenorrheic period 

revealed lower than expected areal BMD at the lum-

bar spine (Z-score below –2 SD), which agrees with 

reports in the literature on the Female Athlete Triad 

and functional hypothalamic amenorrhea, where 

bone loss is frequently observed. Compared with 

nonathletes, athletes in weight-bearing sports usually 

have 5%–15% higher BMD. Although weight-bearing 

exercise is generally associated with improved bone 

mass, a growing body of research has demonstrated 

that impaired bone health is common in endurance 

athletes (17). For example, as many as 41-45% of elite 

endurance athletes have low BMD (18). This apparent 

paradox is explained by the effects of chronically low 

EA and menstrual dysfunction, which may override 

the osteogenic stimulus of physical activity.

Compared with age-matched normal Brazilian 

women, this athlete also presented lower than expect-

ed volumetric BMD and bone structural parameters, 

as described by Alvarenga and cols. (7) These chang-

es in bone microarchitecture have also been previ-

ously documented in the literature. Ackerman and 

colleagues were pioneers in demonstrating, through 

HR-pQCT, that athletes with amenorrhea present 

greater cortical porosity and reduced cortical thick-

ness and density. This occurs, despite preserved or 
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even increased bone strength, such as higher stiffness 

and estimated failure load. These findings suggest 

that exercise may lead to periosteal expansion, but 

amenorrhea offsets its benefits by favoring endocorti-

cal resorption and delays the mineralization of newly 

formed bone (19-21). 

Prolonged hypoestrogenism, as observed during 

functional hypothalamic amenorrhea, may lead to de-

creased bone formation and increased resorption and, 

predispose patients to low bone mineral density and 

microarchitectural deterioration. The interplay among 

these hormonal pathways, as summarized in recent 

reviews (11), highlights how the restoration of EA and 

normalization of estradiol are crucial for skeletal health. 

Similarly, in a recent study involving long-distance 

triathletes without evidence of hypoestrogenism, we 

demonstrated that low EA attenuates the positive 

skeletal effects of exercise, even in the absence of 

menstrual dysfunction. Compared with athletes with 

adequate EA, athletes with low EA had s significantly 

lower cortical volumetric BMD (tibia), reduced corti-

cal area and thickness, and lower total vBMD (radius). 

In addition, stress fractures were more frequent in the 

low EA group (4 out of 12) than in the adequate EA 

group (2 out of 11), which reinforces the importance 

of early detection and nutritional management to pre-

serve skeletal integrity in this population (22) 

The observed menstrual recovery aligns with find-

ings from the REFUEL study, which demonstrated that 

increasing energy intake in exercising women with men-

strual disturbances effectively restored reproductive 

function (12). Furthermore, additional studies highlight 

that even in athletes with regular menstrual cycles, low EA 

can compromise bone density and microarchitecture (3).

A limitation of this study is the absence of leptin 

measurements, which would have provided an addi-

tional biomarker of EA and hypothalamic activation. 

Moreover, bone mineral density and microarchitec-

tural assessments (DXA and HR-pQCT) were not re-

peated after menstrual and hormonal recovery. 

CONCLUSION
This case highlights the reversibility of the Female 

Athlete Triad when EA is restored. The spontaneous 

remission observed in this triathlete underscores the 

critical role of exercise modulation and adequate nu-

tritional intake in reversing endocrine disturbances. 

Preventive strategies, such as regular monitoring 

of energy availability, menstrual function, and bone 

health, are essential for mitigating the adverse ef-

fects of RED-S and ensuring long-term athletic perfor-

mance and overall health in female athletes.
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ABSTRACT
Resistance to thyroid hormone syndrome (RTHS) is a rare disorder caused by mutations in the thyroid hormone receptor beta 

(THRB) gene, resulting in impaired action of thyroid hormones on target tissues and organs. We report a case of a 57-year-

old Chinese male who presented with palpitations and hand tremors. Laboratory tests revealed elevated serum thyroid 

hormone levels, while serum thyroid-stimulating hormone (TSH) levels remained within the normal range. Enhanced magnetic 

resonance imaging of the pituitary gland showed no abnormalities. Through genetic testing, we identified a rare heterozygous 

point mutation in the THRB gene, specifically c.938T>C: p.M313T. To the best of our knowledge, this mutation site has not 

been previously reported in the literature. Clinically, RTHS is often misdiagnosed as hyperthyroidism, leading to inappropriate 

treatment and potential exacerbation of thyroid hormone resistance. Therefore, accurate diagnosis of this condition is crucial. 

Given the rarity of RTHS, we hope that this case report will enhance the understanding of its clinical manifestations and 

management, particularly in patients with THRB gene mutations.

Keywords: Thyroid hormone resistance; thyroid hormone receptor beta; mutation; thyroid hormone resistance syndrome; 

refetoff syndrome 

INTRODUCTION
Resistance to thyroid hormone syndrome (RTHS) is a 

relatively rare disorder, primarily caused by mutations 

in the thyroid hormone receptor beta (THRB) gene. 

These mutations lead to impaired responsiveness of 

tissues and organs to thyroid hormones (1,2). In the 

human body, thyroid hormones regulate various phys-

iological processes through two main receptor genes: 

the THRB and the thyroid hormone receptor alpha 

(THRA) (3). There are three receptor subtypes, namely 

THRα1, THRβ1, and THRβ2, which are predominantly 

expressed in different tissues. The prevalence of RTHS 

is approximately 1 in 40,000 individuals (4,5). Clinical 

manifestations of RTHS are diverse and may include 

palpitations, hand tremors, and other symptoms. 

The majority of RTHS cases are associated with 

mutations in the THRB gene and are termed RTHβ (6).  

A minority of cases are related to mutations in the 

THRA gene, as well as defects in genes involved in thy-

roid hormone transport and metabolism. Laboratory 

tests typically reveal persistently elevated levels of 

free T3 and free T4, while serum thyroid-stimulating 

hormone (TSH) levels remain within the normal range 

(7-9). The genetic inheritance pattern is predominantly 

autosomal dominant, although autosomal recessive in-

heritance and sporadic cases have also been reported. 
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Notably, individuals with heterozygous THRB gene 

mutations often exhibit more severe symptoms com-

pared with those with homozygous mutations.

Due to the varying degrees of thyroid hormone 

resistance in target tissues, patients with RTHβ ex-

hibit high clinical phenotypic heterogeneity. They may 

present with symptoms of hyperthyroidism, hypothy-

roidism, or be entirely asymptomatic. However, most 

patients with RTHβ are asymptomatic, which can eas-

ily lead to missed or incorrect diagnoses in clinical 

practice, and subsequently exacerbate thyroid hor-

mone resistance. Therefore, accurate diagnosis of this 

disease is of great significance.

In this study, through gene sequencing, we identi-

fied a rare mutation (p.M313T) in the THRB gene of a 

patient with RTHS. To the best of our knowledge, this 

is a novel gene mutation site, and there have been no 

previous reports of this mutation.

CASE REPORT
A 57-year-old male presented to our outpatient clinic 

with a 3-year history of palpitations and hand trem-

ors. Previous thyroid ultrasound examinations had 

indicated the presence of thyroid nodules; however, 

the results of his thyroid function tests were unavail-

able. During this period, the patient had not received 

any specific treatment. On physical examination, the 

patient’s height was 165 cm, weight was 83 kg, blood 

pressure was 113/72 mmHg, heart rate was 81 beats 

per minute, and respiratory rate was 18 breaths per 

minute. There was no exophthalmos or ophthalmic 

signs. The thyroid gland was not enlarged, no tremors 

were palpable, and no vascular murmurs were de-

tected. The heart, lungs, and abdomen were normal, 

and there was no edema in the lower extremities. The 

patient had married at the age of 22 years and had 

two sons. His past medical history was unremark-

able, and he had no other family members with similar 

problems.

Thyroid ultrasound revealed multiple bilateral be-

nign nodules (TI-RADS category 3). Laboratory tests 

performed on March 6, 2024, demonstrated elevat-

ed thyroid hormone levels with a normal TSH level 

(Table 1). A repeat thyroid function test conducted in 

our hospital on March 16, 2024, yielded similar re-

sults (Table 1). To further rule out the influence of as-

say reagents, an additional thyroid function test using 

chemiluminescence immunoassay was performed in 

a different hospital on March 21, 2024, which again 

showed elevated thyroid hormone levels with a nor-

mal TSH level (Table 1). The iodine uptake rate of the 

thyroid gland was 25.4% at 3 hours (reference range: 

6%–28%) and 58.1% at 24 hours (reference range: 

16–50%). Magnetic resonance imaging (MRI) of the 

pituitary gland did not reveal any pituitary adenomas 

(Figure 1). Other pituitary axes showed normal func-

tion (Table 2). An electrocardiogram showed sinus 

rhythm. Based on the patient’s medical history and ex-

amination, RTHS was suspected, and the patient was 

advised to undergo genetic testing.

Table 1. Results of the proband’s thyroid function and antibody panel

Test (unit)
Result by Date  

Normal range Test (unit)
Result by Date

Normal range
March 6, 2024 March 16, 2024 March 21, 2024

TSH (mIU/L) 2.13 2.51 0.72–4.2 TSH (µIU/mL) 2.7082 0.3500–4.9400

FT4 (pmol/L) 57.1 52.4 12–22 FT4 (ng/dL) 2.13 0.70–1.48

TT4 (nmol/L) 193.00 171.00 66–181 TT4 (µg/dL) 15.53 4.87–11.72

FT3 (pmol/L) 14.4 13.00 3.1–6.8 FT3 (pg/mL) 6.41 1.58–3.91

TT3 (nmol/L) 3.71 3.31 1.2–3.1 TT3 (ng/mL) 1.78 0.64–1.52

TPOAb (IU/mL) 15.6 16.70 0–34 TPOAb (IU/mL) 2.42 <5.62

TgAb (IU/mL) 21.2 12.10 0–115 TGAb (IU/mL) 0.65 <4.11

TRAb (IU/L) – <0.80 0–1.75 TRAb (IU/L) 1.670 0.000–1.750

TG (ng/mL) – 207.00 3.5–77 TG (ng/mL) 190.00 3.50–77.00

rT3 (U/L) – 1.11 0.31–1.24 – – –

Abbreviations: FT3: free triiodothyronine; FT4: free thyroxine; rT3: reverse triiodothyronine; TG: thyroglobulin; TgAb: thyroglobulin antibody; TPOAb: thyroid peroxidase antibody; TRAb: thyrotropin 
receptor antibody; TSH: thyroid-stimulating hormone; TT3: total triiodothyronine; TT4: total thyroxine.
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system, both of which were independently developed 

by Berry Genomics (Beijing, China). For suspected 

dynamic mutations identified by WES, a comprehen-

sive analysis was conducted using polymerase chain 

reaction (PCR) and capillary electrophoresis. Based 

on the guidelines of the American College of Medical 

Genetics and Genomics (ACMG) and the application 

recommendations of the ClinGen Sequence Variant 

Interpretation (SVI) Expert Panel, as well as a review 

of public databases such as the Human Phenotype 

Ontology (HPO; https://hpo.jax.org/app/), Online 

Mendelian Inheritance in Man (OMIM; https://omim.

org/), and Genetics Home Reference (https://medlin-

eplus.gov/genetics/), the c.938T>C mutation in the 

THRB gene (Figure 2) was classified as a pathogenic 

mutation site.

DISCUSSION
First reported by Refetoff and cols. in 1967, RTHS is a 

rare endocrine disorder with an incidence of approxi-

mately 1 in 40,000 individuals. Here, we report a case 

of a 57-year-old male with RTHS. The patient present-

ed with symptoms typical of hyperthyroidism, includ-

ing palpitations and hand tremors. Thyroid function 

tests revealed elevated serum thyroid hormone levels, 

while TSH levels remained normal, consistent with the 

biochemical and clinical features commonly reported 

in RTHS (10,11). Genetic testing identified a novel mu-

tation in the THRB gene. Specifically, a heterozygous 

point mutation was found at nucleotide position 938 

in exon 9, where thymine was replaced by cytosine 

(c.938T>C). This mutation resulted in the substitution 

of methionine with threonine at amino acid position 

313 (p.M313T). This mutation site is located in a key 

functional domain of the THRB gene, likely altering 

the receptor’s conformation and affecting its affinity 

for thyroid hormones. This, in turn, interferes with 

the receptor’s binding efficiency and transcriptional 

activity, ultimately leading to thyroid hormone resis-

tance. This finding is consistent with previous studies 

showing that most RTHS cases are caused by THRB 

gene mutations and exhibit autosomal dominant in-

heritance (12,13). Functional studies of THRB gene 

mutations have provided strong evidence supporting 

this mechanism (14). To our knowledge, the specific 

Figure 1. The proband underwent plain and enhanced magnetic 
resonance imaging of the pituitary gland. No abnormal signals were 
detected in the pituitary gland, and the pituitary stalk was centrally 
located. No abnormalities were observed in the morphology or 
signals of the optic chiasm and bilateral internal carotid arteries. On 
enhanced scanning, the enhancement of the pituitary tissue was 
relatively uniform and consistent, with no evidence of abnormal 
enhancement.

Table 2. Results of the proband’s laboratory tests

Parameter (unit) Result Normal range

Potassium (mmol/L) 3.58 3.5–5.1

Sodium (mmol/L) 139.56 137–147

Calcium (mmol/L) 2.10 2.1–2.55

Magnesium (mmol/L) 0.89 0.7–1.0

Phosphorus (mmol/L) 0.94 0.81–1.45

Creatinine (mmol/L) 68.6 53–115

Fasting glucose (mmol/L) 4.83 3.9–6.1

Triglycerides (mmol/L) 0.92 0.29–1.83

Total cholesterol (mmol/L) 4.97 2.8–5.7

LDL-C (mmol/L) 3.5 2.7–3.1

Albumin (g/L) 43.9 40–55

AST (U/L) 26 15–40

ALT (U/L) 37.2 9–50

SHBG (nmol/L) 22 20.6–76.7

Growth hormone (ng/mL) 1.45 0.03–2.47

IGF-1 (ng/mL) 74.6 45–210

Cortisol at 10 AM (nmol/L) 139.6 101.2–535.7

Cortisol at 2 AM (nmol/L) 32.9 –

ACTH at 10 AM (pg/mL) 17.4 7.2–63.3

FSH (IU/L) 9.31 0.95–11.95

LH (IU/L) 4.75 0.57–12.07

Abbreviations: LDL-C: low-density lipoprotein cholesterol; AST: aspartate aminotransferase; 
ALT: alanine aminotransferase; SHBG: sex hormone-binding globulin; IGF-1: insulin-like 
growth factor-1; ACTH: adrenocorticotropic hormone; LH: luteinizing hormone; FSH: follicle-
stimulating hormone.

In this study, whole-exome high-throughput se-

quencing (WES) was employed. The data were ana-

lyzed using the Verita Trekker variant detection system 

and the Enliven variant annotation and interpretation 
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mutation identified in this patient has not been previ-

ously reported.

Notably, RTHS is primarily driven by heterozy-

gous pathogenic variants in the THRB gene, which ac-

count for over 80% of affected families. These muta-

tions cluster in three critical hotspot regions (exons 

7–10), including the segment encompassing codons 

310–353, where our novel p.M313T variant is located 

(15). These regions are essential for ligand binding 

and signal transduction. Consequently, mutations like 

p.M313T are predicted to disrupt thyroid hormone 

binding affinity and subsequent transcriptional activ-

ity, leading to the clinical manifestation of hormone 

resistance. While THRB mutations represent the ma-

jority of cases, approximately 10% are attributed to 

other mechanisms, such as reduced number of thyroid 

hormone receptors or other unknown factors (16). 

The specific organ distribution of functional receptor 

isoforms (TRα1, TRβ1, and TRβ2) underlies the di-

verse clinical presentations observed in RTHS.

The clinical manifestations of RTHS are diverse 

and complex. Goiter is present in 66–95% of patients. 

Approximately 60% of patients have mood disor-

ders, and 40–60% suffer from attention-deficit/hy-

peractivity disorder, presenting with behaviors such 

as inattentiveness, hyperactivity, and impulsivity. 

Additionally, 33–75% of patients exhibit tachycardia 

(17,18). Notably, goiter was absent in our patient. 

Based on clinical manifestations, RTHS is classi-

fied into three main types: Generalized Resistance 

to Thyroid Hormone (GRTH), Pituitary Resistance to 

Thyroid Hormone (PRTH), and Peripheral Resistance 

to Thyroid Hormone (PRTH). Patients with GRTH 

usually have no obvious symptoms except for goiter. 

Patients with PRTH show mild to moderate manifes-

tations of hyperthyroidism, such as hyperhidrosis, pal-

pitations, and hand tremors, but may also present with 

symptoms of hypothyroidism. In our case, the patient 

presented with clinical symptoms of hyperthyroidism, 

including insomnia, tachycardia, and hand tremors. 

Therefore, the patient is considered to have PRTH. In 

addition to these symptoms, some patients may also 

experience growth retardation, decreased learning 

ability, hearing impairment, and abnormal bone devel-

opment (19). The symptoms vary widely among differ-

ent patients, and even among patients with the same 

mutation within the same family, the symptoms may 

not be identical. This clinical heterogeneity is likely 

due to the variable nature of the genetic mutations 

and the specific tissues affected.

Diagnosis of RTHS requires careful judgment 

by comprehensively considering clinical symptoms, 

physical signs, family history, and the results of other 

auxiliary examinations (20). Gene sequencing is the 

gold standard for diagnosis. In terms of differential 

diagnosis, RTHS has many similarities with other dis-

eases that can lead to elevated thyroid hormone lev-

els without TSH suppression and needs to be care-

fully distinguished. We retested the patient’s thyroid 

function in another hospital using different reagents. 

The results of the retest were consistent with those 

obtained in our hospital, thereby ruling out potential 

detection errors. Under such circumstances, it was 

necessary to differentiate whether our patient had a 

thyrotropin-secreting pituitary adenoma (TSHoma). 

Ninety percent of patients with TSHomas show a 

blunted response to thyrotropin-releasing hormone 

(TRH) stimulation. An MRI of the sella turcica often 

Figure 2. Sequencing analysis of the thyroid hormone receptor beta (THRB) gene in the proband. A heterozygous point mutation was identified 
in exon 9, where the nucleotide at position 938 was mutated from thymine to cytosine. This mutation resulted in the substitution of 
methionine with threonine at amino acid position 313. The arrow indicates the location of this point mutation.

A

A A A A A

A A A AG

G G G G G G G G G G G G G CCCCCCCCCCCCC T T T T T T T T T T

G G G G G G G G G G G G CCCCCCCCCCCC T T T T T T T T T T T
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reveals a pituitary adenoma. There are no THRB gene 

mutations, and the serum level of sex hormone-bind-

ing globulin (SHBG) is usually high. In contrast, in most 

patients with RTHS, TSH shows a normal response to 

TRH stimulation, there is no pituitary adenoma, and 

approximately 80% of them have THRB gene muta-

tions, with a normal serum SHBG level. In addition, it 

is also necessary to differentiate from diseases caused 

by mutations in the THRA gene. In patients with THRA 

mutations, the levels of thyroid hormones and TSH 

are close to normal, but growth and gastrointestinal 

function abnormalities are present, while in RTHS, 

the main feature is the reduced responsiveness of tis-

sues to thyroid hormones. Enhanced MRI of the pitu-

itary gland in our patient did not detect any pituitary 

adenoma. Additionally, serum SHBG level was within 

the normal range. Therefore, the diagnosis of TSHoma 

was excluded in our patient. 

Having established the diagnosis of RTHS through 

differential diagnosis, the focus shifts to its clinical 

management. Regarding the treatment strategy, there 

is currently no radical cure for RTHS. The main treat-

ment principles focus on effectively relieving patients’ 

symptoms and improving their quality of life. For pa-

tients with relatively mild symptoms, such as the one 

in this case, the use of beta blockers has achieved good 

results in relieving tachycardia. This is mainly because 

beta blockers can specifically block the excessive stim-

ulation of thyroid hormones on cardiac β-receptors, 

thereby reducing the discomfort caused by a rapid 

heart rate and lowering the risk of cardiovascular 

events (21). Patients with RTHS must strictly avoid 

the use of antithyroid drugs (ATDs), primarily because 

the function of these drugs is to inhibit the synthesis 

of thyroid hormones, which is completely contrary 

to the compensatory mechanism of RTHS and would 

disrupt the body’s fragile compensatory balance. If 

ATD is used, they further reduce circulating thyroid 

hormone levels. In patients with reduced tissue re-

sponsiveness to thyroid hormone, additional lowering 

of hormone levels can further limit the availability of 

thyroid hormones to target tissues, potentially exac-

erbating symptoms of hypothyroidism, such as fatigue 

and lethargy. Simultaneously, the reduction in thy-

roid hormone levels stimulates the pituitary gland to 

secrete a large amount of TSH through negative feed-

back, potentially leading to pituitary TSH cell hyper-

plasia or even pituitary adenoma in the long term. It 

will also mask the typical laboratory features of RTHS, 

complicating the diagnosis and subsequent treatment 

direction. This has been fully demonstrated by Lai and 

cols. in relevant research (22). For patients with symp-

toms of hypothyroidism or growth retardation, thy-

roid hormone replacement therapy can be considered 

on the premise of closely monitoring thyroid func-

tion indicators. Furthermore, for patients with mood 

disorders or attention-deficit/hyperactivity disorder, 

psychological counseling and drug interventions can 

be implemented. However, during the treatment pro-

cess, it is necessary to closely monitor the dynamic 

changes of thyroid function to prevent overtreatment 

and avoid other adverse reactions (23). Throughout 

the treatment, it is essential to closely monitor indica-

tors, including thyroid hormone levels, TSH, and liver 

and kidney function, to adjust the treatment plan in 

a timely manner. At the same time, genetic screening 

of the patient’s relatives is helpful for early detection 

and treatment of potential patients.

Our study identified a novel heterozygous p.M313T 

mutation in the TRβ gene of a patient with generalized 

RTHβ. While the p.M313T variant itself has not been 

previously documented, its pathological relevance is 

strongly corroborated by a highly parallel finding in 

the literature. Notably, a study by Del Prete and cols. 

(2021) reported an identical methionine-to-threonine 

substitution — p.M310T — in a patient with a virtu-

ally identical phenotype of generalized RTHβ (24). 

This finding provides a crucial context for our discov-

ery. The coexistence of pathogenic M→T mutations at 

adjacent codons 310 and 313 signifies that the M310–

M313 segment constitutes a genuine and critical mu-

tational hotspot within the ligand-binding domain of 

TRβ. The clustering of phenotypically identical mis-

sense mutations is a hallmark of functionally indis-

pensable protein regions. The fact that both muta-

tions involve the replacement of a bulky, hydrophobic 

methionine with a polar threonine suggests a common 

mechanistic basis for pathogenicity.

One limitation of the present study was the inabil-

ity to perform genetic testing on the proband’s family 
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members. This constraint has several important impli-

cations. First, it restricts our understanding of the in-

heritance pattern, as we cannot definitively distinguish 

whether the p.M313T variant is a de novo or an inher-

ited mutation, which directly affects the assessment 

of its penetrance. Second, it introduces significant un-

certainty into clinical genetic counseling, precluding 

accurate recurrence risk assessment for the patient’s 

first-degree relatives and future offspring. Finally, po-

tential strategies for early detection and preventive 

management cannot be implemented, as we are un-

able to identify other potentially asymptomatic family 

members who may carry the pathogenic variant.

Several critical challenges in the RTHS field war-

rant further investigation. A primary focus should be 

on establishing large-scale, international patient reg-

istries. These multicenter databases are crucial for 

collecting robust, longitudinal data on this rare disor-

der. Furthermore, detailed genotype-phenotype cor-

relation studies are needed to elucidate how specific 

mutations influence disease severity, clinical presen-

tation, and long-term outcomes. On the clinical front, 

research must prioritize the development of standard-

ized strategies for early detection of RTHS, including 

genetic screening protocols for at-risk relatives and 

refined diagnostic algorithms for patients with unex-

plained thyroid function test abnormalities. Future 

research combining these clinical findings with foun-

dational studies on molecular pathogenesis will be key 

to developing personalized management plans and 

improving overall patient prognosis and quality of life.

CONCLUSION
We report a case of a 57-year-old Chinese male 

with RTHS. A novel heterozygous point mutation — 

c.938T>C: p.M313T — in the THRB gene was discov-

ered. This finding further enriches the clinical case 

data of RTHS in the Chinese population and is of great 

significance for improving clinicians’ awareness and 

diagnostic capabilities regarding this disease.
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ABSTRACT
Mahvash disease is a rare autosomal recessive condition caused by biallelic inactivating variants in the GCGR gene, impairing 

glucagon signaling and leading to alpha-cell hyperplasia and pancreatic neuroendocrine tumors (PNETs). Fewer than 20 

cases have been reported, and the clinical impact of heterozygous variants remains unclear. Case Presentation: We report 

a family with a novel GCGR splice-site variant (c.1176+1_1176+7delGTGCCCG). The index case, a 61-year-old woman, 

presented with extensive pancreatic cystic disease and was found to be homozygous for the variant. She developed well-

differentiated PNETs and underwent total pancreatectomy. Her sister, also homozygous, had similar clinical features and 

surgical history. In contrast, the heterozygous brother and two sons showed mild biochemical changes, such as elevated 

glucagon levels and small pancreatic cysts, without overt disease. The two homozygous sisters required pancreatic surgery 

followed by insulin and enzyme replacement therapy, whereas heterozygous carriers are currently being managed with 

biochemical and imaging surveillance. This family’s phenotype suggests a broader spectrum of GCGR-related disease. While 

homozygous individuals displayed classic Mahvash disease, heterozygotes exhibited subtle biochemical and structural 

pancreatic changes, indicating possible semidominant expression. These findings are consistent with emerging evidence 

that monoallelic receptor pathway mutations may produce mild or subclinical phenotypes. This case challenges the classical 

recessive model of Mahvash disease and highlights the potential for disease expression in heterozygous carriers. These 

findings suggest that heterozygosity is not entirely silent and underline the need to reconsider surveillance recommendations 

for GCGR heterozygotes.

Keywords: Glucagon receptor; pancreatic neoplasms; genetic predisposition to disease; splice site mutation; neuroendocrine 

tumors

INTRODUCTION
Mahvash disease is a rare autosomal recessive dis-

order caused by inactivating mutations in the glu-

cagon receptor gene (GCGR), leading to impaired 

glucagon signaling and compensatory pancreatic 

alpha-cell hyperplasia. Although fewer than 20 clini-

cally confirmed cases have been reported worldwide 

(1-3), large-scale genomic studies suggest that the 

prevalence may be as high as four cases per million 

persons (2). This indicates that the condition is likely 

underrecognized rather than truly absent in the gen-

eral population. Cases have been described in Asia, 

Europe, and North America, without evidence of 

geographical clustering. However, several families 

arose from consanguineous backgrounds (4,5), and 

accumulation of GCGR pathogenic variants in certain 

regions has been hypothesized to reflect founder ef-

fects or parental consanguinity (6).

Affected individuals typically show elevated plas-

ma glucagon levels, pancreatic neuroendocrine tumors 
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(PNETs) not associated with glucagonoma syndrome, 

and may develop diabetes, diarrhea, or pancreatitis (1-3). 

The clinical impact of heterozygous GCGR variants is 

unclear due to limited familial and experimental data. 

In murine models, Gcgr+/− animals display normal pan-

creatic morphology and do not develop α-cell hyper-

plasia or neuroendocrine tumors, in contrast to the ful-

ly penetrant phenotype observed in Gcgr−/− mice (1). 

However, in other recessive endocrine disorders, such 

as MC4R or CYP21A2 deficiency, heterozygous carri-

ers have been shown to manifest subtle clinical or bio-

chemical phenotypes, suggesting that heterozygous 

states may not always be clinically silent.

Here, we describe a novel splice-site variant 

(c.1176+1_1176+7delGTGCCCG) segregated with 

clear phenotypic differences by zygosity, underscor-

ing a discrepancy between animal models and human 

observations. These findings raise the possibility that 

heterozygous GCGR loss-of-function may exert clini-

cal effects in humans, with implications for disease 

penetrance, surveillance, and counseling.

CASE PRESENTATION
The index case, a 61-year-old woman, was initially 

evaluated due to the incidental discovery of extensive 

pancreatic cystic disease (over 50 cysts throughout 

the gland) along with radiological features suggestive 

of chronic pancreatitis. Despite these findings, she had 

no clinical signs of endocrine or exocrine pancreatic 

insufficiency. The imaging abnormalities and a family 

history of pancreatic neoplasia in her sister prompted 

further investigation. Initial genetic testing for CFTR 

and VHL was negative.

Genetic testing revealed homozygosity for a novel 

GCGR splice-site variant, NM_000160.5:c.1176+1_1

176+7delGTGCCCG, identified via clinical exome se-

quencing. This 7-base deletion at the intron 12 donor 

site is predicted to disrupt splicing, leading to loss of 

receptor function. Absent from population databases 

and unpublished, its classification as likely pathogenic 

is supported by in silico predictions, familial segrega-

tion, and similarity to other GCGR loss-of-function 

variants (7,8).

The patient developed well-differentiated PNETs 

and underwent total pancreatectomy, splenectomy, 

and cholecystectomy. Histology confirmed well-dif-

ferentiated neuroendocrine tumors. She required 

insulin and enzyme therapy, with suboptimal meta-

bolic control. Serial biochemical follow-up revealed 

persistently elevated glucagon levels (208–219 pg/mL; 

normal range 50–150 pg/mL) and intermittently ele-

vated chromogranin A (up to 196 ng/mL; normal range 

0–100 ng/mL), consistent with the expected biochem-

ical signature of Mahvash disease.

The 66-year-old sister, also homozygous for the 

GCGR variant, underwent duodenopancreatectomy, 

splenectomy, and cholecystectomy 14 years ago due 

to pancreatic tumors. She previously showed elevated 

chromogranin A levels and now remains on insulin and 

enzyme therapy with stable metabolic status. Both 

sisters exhibit the classic Mahvash disease phenotype, 

including PNETs and endocrine/exocrine dysfunction.

The brother of both affected women, a 56-year-old 

man, was found to be heterozygous for the variant. He 

remains asymptomatic but has been under surveil-

lance due to imaging findings of a subcentimetric intra-

ductal papillary mucinous neoplasm (IPMN) without 

high-risk features. Imaging by endoscopic ultrasound 

(EUS) revealed a 4 mm cystic lesion in the pancreas, 

with no communication with the main pancreatic duct 

(Figure 1). His biochemical profile revealed a mild el-

evation in glucagon (178 pg/mL), though other tumor 

markers, including chromogranin A and pancreatic 

polypeptide, were within normal range. Surveillance 

has been carried out in accordance with the Kyoto 

Figure 1. Endoscopic ultrasound of the heterozygous brother 
showing a 4 mm unilocular cyst in the posterior pancreatic body, 
with thin walls, no solid components, and no apparent 
communication with the main pancreatic duct.
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guidelines for IPMN (9). Although these guidelines 

allow discontinuation of follow-up after 5 years in 

stable lesions <20 mm, extended surveillance with an-

nual MRI was chosen in this case, given the presence 

of a familial GCGR variant and its potential clinical 

implications.

The index patient’s two sons, aged 36 and 31, are 

also heterozygous carriers. Both are clinically asymp-

tomatic. The elder son had a normal MRI and normal 

biochemical parameters (glucagon 108 pg/mL; chro-

mogranin A 60.31 ng/mL). In contrast, the younger 

son demonstrated a mild elevation in fasting glucagon 

levels (177 pg/mL), with normal chromogranin A and 

pancreatic polypeptide levels. Although no pancre-

atic lesions have been identified to date, this subtle 

increase in glucagon raises the possibility of early or 

subclinical alpha-cell proliferation in heterozygous 

carriers. He is currently undergoing conservative an-

nual MRI, biochemical surveillance, and additional 

renal ultrasound to assess for possible cystic disease 

as observed in other relatives; however, the long-term 

monitoring strategy for heterozygous carriers has yet 

to be defined and may require adjustment as further 

data emerge.

The 86-year-old mother of the three siblings is 

heterozygous for the GCGR variant and, despite be-

ing asymptomatic, shows chronically elevated pan-

creatic enzymes without imaging evidence of lesions. 

No hormonal tests have been performed. Differential 

diagnoses such as chronic pancreatitis, subclinical 

ductal obstruction, medication effects, or age-related 

pancreatic changes were considered, although none 

were clinically suspected. Given her age and stable 

clinical course, further extensive investigations were 

not pursued. The deceased father was not genetically 

tested.

DISCUSSION
This family provides evidence that GCGR-related 

pathology may extend beyond the classical autoso-

mal recessive model. While homozygous individuals 

clearly show the full Mahvash disease phenotype, 

the presence of pancreatic cysts and mildly elevated 

glucagon in heterozygotes suggests a possible semi-

dominance effect. These findings align with emerging 

observations that some recessive conditions may 

manifest subtly in heterozygous carriers, particularly 

those involving receptor or hormonal pathways (10).

Consistent with previous reports describing GCGR 

variants in consanguineous families (6), the segrega-

tion pattern observed in this family — two homozy-

gous daughters, a heterozygous mother, and an un-

tested deceased father — strongly suggests paternal 

carrier status. Given the family’s origin from a small, 

isolated village of around 400 inhabitants, distant 

consanguinity cannot be excluded.

The biochemical findings in this family support a 

spectrum of alpha-cell activity, even without evident 

neuroendocrine tumors. The index case and her ho-

mozygous sister showed significant elevations in glu-

cagon and chromogranin A, consistent with Mahvash 

disease. Heterozygous relatives had mild glucagon in-

creases, possibly indicating early or subclinical alpha-

cell hyperplasia. Normal chromogranin A and pancre-

atic polypeptide levels in heterozygotes suggest no 

active tumor development. This pattern indicates that 

glucagon elevation may precede structural changes 

and could serve as an early marker for monitoring 

at-risk heterozygous individuals. Notably, while het-

erozygous Gcgr+/− mice show no pancreatic abnor-

malities, our findings in human carriers suggest that 

subtle biochemical or structural changes may still oc-

cur, highlighting an important divergence between an-

imal models and human disease expression. Whether 

more subtle functional changes occur in heterozygous 

animals has not been systematically evaluated, and 

thus cannot be excluded.

Recent work by Kuiper and cols. (11) also de-

scribed a family with a heterozygous GCGR variant 

(p.Ser152Phe) in which one carrier developed PNETs. 

Interestingly, somatic MEN1 mutations were identi-

fied in the tumors of that individual, suggesting that 

reduced glucagon receptor signaling may create a 

permissive state that, when combined with additional 

genetic events, promotes neoplastic transformation. 

This observation supports the notion that heterozy-

gous GCGR loss-of-function alone may not invariably 

lead to clinically significant disease, but can predispose 

to pathological changes under specific conditions.  

A separate report by Deng and cols. (12) described a 
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patient labelled as “heterozygous” who carried two 

GCGR variants (c.1345C>T and c.922C>T). One of 

these is a truncating variant likely to be pathogenic, 

while the other is a missense variant currently clas-

sified as a variant of uncertain significance, with lim-

ited evidence supporting a pathogenic role. In addi-

tion, segregation analysis was not performed, leaving 

it unclear whether the two variants are located on 

the same allele or on different alleles. Clinically, the 

patient showed a diffusely enlarged pancreas with 

heterogeneous enhancement on imaging and devel-

oped pancreatic neuroendocrine tumors. However, 

because the diagnosis relied primarily on clinical and 

imaging findings rather than on definitive genetic evi-

dence, the underlying genetic status and mode of in-

heritance in this case remain highly uncertain, and it 

provides only limited insight into the potential conse-

quences of GCGR heterozygosity.

These findings may suggest that clinical surveil-

lance strategies for individuals heterozygous for 

GCGR pathogenic variants may need reconsidera-

tion. Although current guidelines assume complete 

recessivity and don’t recommend follow-up for car-

riers, our observations in this family indicate that a 

cautious conservative monitoring approach could be 

considered. In particular, we propose—based on this 

limited experience—annual clinical and biochemical 

evaluation, with special attention to fasting glucagon 

levels, complemented by periodic pancreatic imaging 

using MRI or EUS. The optimal frequency and dura-

tion of imaging are not yet established, but an initial 

interval of 1–2 years appears reasonable and safe as a 

provisional approach until further evidence becomes 

available. This schedule could then be individualized 

over time according to the evolution of pancreatic 

findings and the patient’s overall clinical course. From 

the radiological perspective, recent correspondence 

has emphasized the importance of carefully interpret-

ing subtle cystic or ductal changes in carriers, as these 

may represent early or subclinical manifestations of 

disease (13). We emphasize that these recommen-

dations are hypothetical and derived from a single 

family, and are intended mainly to stimulate further 

discussion and research on the management of het-

erozygous GCGR carriers.

Although the long-term risks for heterozygous car-

riers are not yet defined, our findings may suggest a 

potential for progression from isolated biochemical 

changes to structural pancreatic abnormalities. The 

development of clinically significant complications, 

such as α-cell hyperplasia or neuroendocrine tumors, 

appears uncommon but cannot be excluded, particu-

larly if additional modifying factors are present. Thus, 

carriers should not be considered entirely unaffected, 

but their risk profile remains far lower and less pre-

dictable than that of homozygous individuals.

A recent case series by Gild and cols. (5) reviewed 

GCGR variants reported in Mahvash disease pa-

tients, including missense, nonsense, frameshift, and 

in-frame deletion mutations. These variants were 

observed in both homozygous and compound het-

erozygous states. These biallelic loss-of-function mu-

tations often lead to the full disease phenotype. Our 

findings align with this and further suggest that even 

monoallelic loss of GCGR function may cause pancre-

atic or biochemical changes under certain conditions. 

Although the functional impact of this specific variant 

has not yet been confirmed, it is analogous to other 

loss-of-function mutations in GCGR that lead to ab-

sent receptor expression or activity (1,4).

As with many reports on rare genetic disorders, 

this study is inherently limited by the small number 

of affected individuals available for analysis — here 

restricted to a single family. The scarcity of pub-

lished data on heterozygous GCGR carriers reflects 

a broader gap in the field rather than a shortcoming 

of this report. Another limitation is that alternative 

explanations for the incidence of pancreatic cysts in 

this family, such as unrelated genetic predispositions 

or shared environmental factors, cannot be fully ex-

cluded. However, the clear segregation of both bio-

chemical abnormalities and cystic findings with GCGR 

zygosity argues in favor of a causal role of the variant, 

making these alternatives less likely. Taken together, 

these observations provide meaningful insights into 

the potential clinical impact of heterozygous variants. 

Rather than offering definitive conclusions, our report 

underscores the need for further investigations and 

may serve as a foundation for developing surveillance 

strategies in this previously overlooked group.
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CONCLUSION
In conclusion, this report describes a family with a 

novel GCGR splice-site variant segregated in both ho-

mozygous and heterozygous individuals, with pheno-

types ranging from classic Mahvash disease to subtle 

biochemical or structural pancreatic changes. The 

consistent detection of mild hyperglucagonemia in 

heterozygotes, together with occasional cystic find-

ings, suggests that GCGR-related pathology may ex-

tend beyond the strictly recessive model and include a 

broader phenotypic spectrum. Our observations raise 

the possibility that heterozygous carriers might mani-

fest a mild phenotype compatible with a dominant 

pattern of low penetrance and variable expressivity, 

although additional studies are needed to confirm this 

hypothesis and better define its clinical implications, 

including surveillance strategies for carriers.
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Dear Editor,

We write in response to the recently published manu-

script, “In suspicious for malignancy thyroid nodule 

aspirates, nuclei characteristics deserve special at-

tention in reported cytology analysis – real world sce-

nario cohort”, published in volume 69, Arch Endocrinol 

Metab (1). This diligent retrospective review of 289 

nodules with suspicious for malignancy (SFM) cytol-

ogy, though present findings offer important findings 

for those involved in thyroid cytopathology, certain 

aspects invite further discussion. The dedication to 

identifying diagnostic criteria within the SFM catego-

ry, especially those that may serve in order of filtering 

out the rare instances of false positivity, is truly com-

mendable in thyroidology. The most striking revela-

tion of this valued Brazilian study is that the presence 

of micronucleoli and/or irregular or oval nuclei was 

the characteristic most strongly associated with ma-

lignancy. Indeed, the presence of micronucleoli alone 

was highly predictive, as shown by de Macedo and 

colleagues (1), increasing the chance of malignancy 

nearly thirteenfold.

This finding suggests that these features, when 

present, may warrant classifying a specimen as malig-

nant rather than merely SFM. Interestingly, features 

traditionally emphasized in the literature — such as 

nuclear grooves and pseudoinclusions, which ap-

peared with great frequency in the reports — did not 

significantly predict malignancy in this particular co-

hort. Notably, these established criteria were pres-

ent in specimens proven to be malignant, as well as 

in those histologically confirmed as benign, thereby 

rendering them statistically irrelevant in differentiat-

ing true malignancy in this series. Nevertheless, while 

the reported risk of malignancy (ROM) of 98% in this 

Brazilian cohort surpasses the 74% mean ROM cited 

by the latest Bethesda System for Reporting Thyroid 

Cytopathology (TBSRTC), one must consider the 

methodology carefully (1).

The authors stated their outcome of category I, 

TBSRTC, was 20%; howbeit, would that or other pos-

sible desinence(s) alter if finer ones had been utilized? 

(2-7) The provider performing the fine-needle aspira-

tion biopsies was a referral specialist of long standing, 

whose skill may perchance have introduced a selec-

tion bias, favoring the high ROM calculated. Howbeit, 

the analysis was conducted merely upon the cyto-

pathological reports reviewed, rather than a direct 

examination of the slides themselves. Even though 

the authors  demonstrate  that the qualitative nature 

of the analysis still yielded valuable insights, it limits 

the ability to perform quantitative assessments that 

might truly clarify which set of criteria, and how many, 
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must minimally be required to avoid diagnostic failure. 

Nonetheless, this rigorous analysis underscores the 

diagnostic importance of nuclear features — especially 

micronucleoli and nuclear irregularity — for practitio-

ners aiming to maintain a high positive predictive value 

within the SFM category of TBSRTC. This issue merits 

further investigation. We thank de Macedo and cols. 

(1) for their high-toned research in SM cytology in Arch 

Endocrinol Metab, for thyroidologists.
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Dear Editor,

We thank Dr Ilker Sengul and Dr Demet Sengul for 

their thoughtful and insightful comments (1) on our 

recently published manuscript, “In suspicious for ma-

lignancy thyroid nodule aspirates, nuclei character-

istics deserve special attention in reported cytology 

analysis – real world scenario cohort” (2). Our study 

highlights that nuclear features may refine cytological 

interpretation within the Suspicious for Malignancy 

(SFM) Bethesda category, and we welcome the oppor-

tunity to address the points raised

Regarding the exceptionally high risk of malig-

nancy (ROM) observed the correspondents correctly 

noted the remarkably high risk of malignancy (98%) 

reported in our SFM cohort, exceeding the mean ROM 

described in the 2023 Bethesda System for Reporting 

Thyroid Cytopathology (TBSRTC) (3). As detailed in 

our Methods and Discussion, this finding reflects the 

“real-world surgical series” nature of our cohort, in 

which all SFM nodules were managed surgically and 

confirmed histologically. This introduces a natural se-

lection bias favoring malignancy confirmation, similar 

to other surgical cohorts in the literature reporting 

ROMs between 91% and 100% (4). Therefore, the el-

evated ROM observed should not be interpreted as a 

discrepancy in diagnostic thresholds but as a feature 

of a highly selected, clinically indicated population.

Qualitative versus quantitative analysis of cyto-

logical criteria was another raised issue in the letter. 

We agree that direct slide reassessment and quanti-

tative morphometric analysis might further clarify the 

weight of each nuclear parameter. Nevertheless, the 

qualitative review of finalized cytology reports was a 

deliberate methodological choice, designed to emu-

late a genuine clinical setting in which treatment deci-

sions rely on written diagnostic impressions. Despite 

this constraint, our statistical analysis demonstrated 

that micronucleoli and oval/irregular nuclei were in-

dependently associated with malignancy, increasing 

its likelihood nearly thirteenfold and fivefold, respec-

tively. These findings underscore the robustness of 

these parameters, even in report-based analyses, and 

justify future prospective studies with centralized cy-

topathologic review.

On possible sources of diagnostic bias, we acknowl-

edge the point regarding the potential influence of the 

operator’s experience. In our study, the aspirates were 

mailto:vaismanfe@gmail.com
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obtained by a single radiologist with over 25 years of 

thyroidology experience, which indeed may have con-

tributed to the low false-positive rate and high ROM 

observed. However, this consistency enhances the 

internal validity of the findings by minimizing pro-

cedural variability. It is also noteworthy that FNAB 

material was processed and analyzed by multiple cy-

topathologists across different laboratories, yet the 

false-positive rate remained only 2%, comparable to 

rates reported internationally.

Nuclear features and diagnostic thresholds, were 

our main finding: the diagnostic strength of micro-

nucleoli and irregular/oval nuclei as discriminators of 

malignancy within the SFM category. As they correctly 

observed, traditional features such as nuclear grooves 

and pseudoinclusions, though highly frequent, lacked 

discriminatory value in our cohort, as they appeared 

in both benign and malignant cases. This observation 

reinforces the notion that not all classical features 

carry equal predictive power, and supports refining 

cytological emphasis toward those features that bet-

ter correlate with true malignancy. Additional mul-

ticenter, quantitative, and possibly molecularly inte-

grated studies are warranted to determine how many 

and which nuclear features should be minimally re-

quired to ensure diagnostic precision within the SFM 

category (5).

Final considerations: we appreciate the corre-

spondence and the shared interest in refining the cy-

tological evaluation of thyroid nodules. Our study re-

inforces that even in a qualitative, real-world analysis, 

micronucleoli and nuclear irregularity emerge as high-

ly specific and reproducible markers of malignancy in 

the SFM Bethesda category. These findings may serve 

as a suggestion for cytopathologists, especially in set-

tings where molecular testing is not readily available. 

We thank the authors for their valuable observations, 

which further highlight the relevance of continuous 

refinement in thyroid cytopathology and the impor-

tance of maintaining close collaboration between pa-

thologists, radiologists, and clinicians.

Disclosure: no potential conflict of interest relevant to this ar-
ticle was reported.

Data availability: datasets related to this article will be availa
ble upon request to the corresponding author.
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Dear editor,

I read with great interest the article by Barreto 

and cols., titled “Evaluation of sensory loss in the 

feet and associated factors in ambulatory patients 

with diabetes: a cross-sectional study” (1). The risk 

of sensory loss in patients with diabetes has long 

been underestimated. By focusing on this condition, 

the authors have identified a breakthrough point 

for clinical management while offering patients an 

opportunity for early diagnosis and treatment.

The study found that approximately 20% of outpa-

tient patients with diabetes exhibit protective sensory 

loss, with factors such as prolonged disease duration, 

target organ damage, and weight gain significantly 

associated with this condition — demonstrating sub-

stantial clinical and practical significance. The authors 

also note the unexpectedly low rate of foot screen-

ing (53% never screened), reflecting a significant gap 

in the prioritization of diabetic foot detection, treat-

ment, and care — even within specialized outpatient 

settings.

However, I wish to raise several points for 

consideration:

1. GENERALIZABILITY AND SELECTION BIAS
Single-center sampling has limitations. Methodologi-

cally, excluding patients with prior ulcers or amputa-

tions is reasonable but may underestimate sensory 

loss in the broader diabetic population. Future multi-

center studies encompassing the full spectrum of dia-

betic foot disease would provide a more comprehen-

sive picture.

2. ROLE OF GLYCEMIC CONTROL
Surprisingly, despite the clear association between 

glycated hemoglobin (HbA1c) and diabetic neuropa-

thy, this study did not include it as a variable. Future 

analyses incorporating HbA1c metrics could deepen 

our understanding of modifiable risk factors and guide 

more precise interventions.

3. COGNITIVE AND RECALL BIAS
The finding that 53% of patients never underwent 

sensory testing is concerning. However, it remains 

unclear whether this reflects genuine screening gaps 

or merely patient recall bias. Objective verification 

through medical records or healthcare provider re-

ports could help distinguish between these possi-

bilities. Healthcare providers should place greater 

emphasis on sensory testing. Beyond treatment ap-

proaches, cultivating awareness among both patients 

and physicians is equally crucial.

The authors of the article in question were invited by the Editorial Office to respond to these comments; however, no response has been received to date.  
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4. CLINICAL IMPLICATIONS OF  
“ANCHORING BIAS”
The authors’ identification of anchoring bias as a con-

tributing factor to low screening rates among target 

organ damage patients offers thought-provoking 

insights. This highlights systemic issues in chronic 

disease management. I concur that integrating struc-

tured foot examination protocols — such as manda-

tory checklists or decision support tools — into elec-

tronic health records can effectively mitigate such 

biases and ensure equitable access to preventive care.

In summary, this study makes a significant contri-

bution to diabetic foot prevention by identifying key 

risk factors and revealing major gaps in screening 

practices. It underscores the urgency of implement-

ing systematic, protocol-driven foot care in diabetes 

management, particularly for high-risk populations.  

I anticipate this work will inspire further research and 

policy initiatives to enhance the early detection and 

prevention of diabetic neuropathy.
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