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EDITORIAL https://doi.org/10.1590/1806-9282.20221160

Healthcare compliance: pioneer experience in a public hospital
Fabio Roberto Cabar1* , Matheus Abelo de Oliveira2 , Maria Luiza Gorga3

INTRODUCTION
The judicialization of health is an irreversible reality not only for 
professionals, but also for public or private institutions, with an 
exponential increase in actions against public entities, hospitals, 
and professionals. Such actions can result in indemnification for 
alleged malpractice, accountability for various illegal acts, in addi-
tion to requiring the right to treatments, hospitalizations, and 
surgeries. The Brazilian National Council of Justice published a 
report showing a 130% increase in cases involving health-related 
aspects between 2008 and 2017, compared to a 50% increase 
in cases in general1. A detailed analysis identified that medica-
tions, orthotics, prostheses and auxiliary means, examinations, 
procedures, and hospitalization beds are the main causes related 
to the search for judicial guardianship. On the contrary, actions 
with allegations of medical error represented a higher number 
than the demands for transplants, for example. 

Another very sensitive subject is hospital mortality related 
to the occurrence of preventable adverse events. In a survey by 
the Institute for Supplementary Health Studies, it was demon-
strated that mortality from this cause could be prevented in 
almost 40% of cases. In addition, the prevention of serious 
adverse events could provide fence one million beds for hospi-
talizations for other causes every year2. In addition to the direct 
and indirect damages caused to patients and families, there is 
undeniable and enormous financial damage, with the conse-
quent misuse of resources that could be used in the treatment 
of other patients. 

Some of the possible causes of this situation may be the lack 
of hierarchical definitions, tolerance for individualistic mea-
sures and practices, poverty in available information, and fear 
of punishment. Adjunct to these aspects, conducts known to 
be unethical or even illegal can be taken in professional prac-
tice, which should not be seen as mere individual inappropri-
ate conduct, but as systemic problems in hospital institutions3.

In this scenario, it is evident that measures need to be 
adopted to try to prevent or reduce harm, such as the establish-
ment of a non-punitive culture of care security, so that failures 
are seen as real opportunities for improvement, and the training 
of health professionals to know and use measures to prevent 
these failures. It is essential to make professionals aware of the 
consequences of harmful attitudes, even when they are routine 
and apparently harmless. As a result, it is urgent to implement 
a compliance culture in health practices.

COMPLIANCE IN THE HEALTH SECTOR
In the current reality, it is indispensable to apply compliance 
programs in the health area, even though this is one of the 
most complex areas to implement the program. This is due to 
the fact that there is a very high level of specialties, techniques, 
and procedures to be strictly followed, surrounded by several 
contradictions and dilemmas, mainly ethical4. Compliance in 
the health sector should be oriented toward the observation 
of administrative, ethical, and legal rules present in the vari-
ous resolutions of regulatory agencies, codes of conduct (such 
as those of the National Accreditation Organization), codes of 
ethics of professional councils, and, ultimately, the legal system 
that regulates health practices. Without any doubt, the ade-
quacy of conducts to national and international standards, the 
adoption of educational methods for the use of the best care 
protocols, and the improvement of patient safety are attitudes 
that can be improved with an active compliance program help5.

“Defensive medicine” is a medical practice that prioritizes the 
adoption of diagnostic and/or therapeutic conducts with the pri-
mary objective of avoiding lawsuits, since the doctor can be trig-
gered in the ethical courts, and most of these processes focus on 
actions in the judiciary, whether in civil justice or even criminal 
justice. An UK study showed that 63.8% of physicians adopted 
defensive practices such as unnecessarily referring patients to other 

1Universidade de São Paulo, Faculty of Medicine, Department of Obstetrics and Gynecology – São Paulo (SP), Brazil.
2Centro Universitário, Faculdade das Américas – São Paulo (SP), Brazil.
3Centro Universitário, Faculdade São Camilo – São Paulo (SP), Brazil.
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doctors, performing unindicated control tests, and requesting 
unjustified complementary tests6,7. In the United States, in the 
1990s, 17.6% of medical care investments were related to defen-
sive medicine practices, with amount greater than $10 billion8,9.

In Brazil, the daily reality of the practice of defensive med-
icine is not much different. In our country, in addition to the 
aspects already pointed out, this practice also occurs due to 
poor medical training, causing the professional to use diagnos-
tic means of difficult public access (and expensive) instead of 
adequate communication with the patient and a detailed and 
enlightening clinical examination. Deficient professional train-
ing can be explained by the indiscriminate creation of medical 
schools, many without the minimum operating conditions, 
added to the fact that most of these trained physicians do not 
have access to medical residency or specialization courses10.

The adequacy of the norms does not aim at a definition of 
a standard of conduct that can interfere with the autonomy of 
professionals. Its objective is to rule out possible frameworks 
and punishments, while enabling a rational use of scarce health 
resources11. In fact, what is sought are prevention mechanisms 
and not only compensation after the occurrence of the act per-
formed in noncompliance with the rules and laws12.

Two other important aspects that must be faced by health 
professionals and institutions and that go through the activi-
ties of these programs are (1) acts of corruption in hospitals, 
such as deviations from public resources or bribes to circum-
vent lines of care or receive priority care and (2) compliance 
with the recently approved General Data Protection Law5.

In relation to corruption in the public health system, in 
addition to the damage caused by diverted financial values, 
such situations demonstrate that it is easy for professionals to 
find some ways to enrich themselves using the Public Health 
money, a fact that directly compromises the image and effi-
ciency of public health. These situations may be a constant 
source of concern for the administrators of these institutions so 
that they can curb such practices. These should combat illicit 
attitudes in a systemic way, acting in the relationship between 
health providers and public authorities, as well as between these 
suppliers and various civil servants13. The relationships of these 
professionals with the industry, such as the rich distribution of 
free samples of medicines, sponsorship for event participation, 
donation of gifts and gifts, and hiring for lectures and studies, 
are situations that are in a border zone between morality and 
legality, which can generate dangerous conflicts of interest.

The General Data Protection Act (LGPD – from Portuguese) 
was created with the aim of protecting citizens’ personal data, 
maintaining the privacy of these users, and protecting them 
from the collection and misuse of their personal data. Among 

the various impacts in the health area, the entry of this law 
will generate the need for users’ consent, expand the concept 
of sensitive data, and decrease the possibility for other users 
to access the data.

There is no doubt that the implementation of the LGPD 
by health institutions, clinics, hospitals, health plan operators, 
laboratories, pharmacies, and other companies in the sector will 
be a major challenge since patients are the true owners of their 
personal data. All these institutions, whether public or private, 
in the implementation of this legal provision, must be based on 
what is recommended by the LGPD. Every process of collecting, 
storing, and transmitting patients’ personal data must be carried 
out in systems, with encryption, and by software approved by 
institutions, such as the Brazilian Society of Health Informatics. 
Furthermore, the confidentiality between doctor and patient, a 
presupposition long provided for in the Code of Medical Ethics, 
must be guaranteed in digital medicine tools14.

Disobedience to the LGPD causes high fines to establish-
ments that do not comply with the standards, which makes the 
dissemination of the culture of proper data processing, from the 
high-dome manager to the receptionist, fundamental. Thus, 
the implementation and application of LGPD terms in public 
health facilities is another challenge for compliance programs. 

EXPERIENCE OF A COMPLIANCE 
PROGRAM IN A BRAZILIAN  
PUBLIC HOSPITAL
The complex structure of private hospitals in Brazil and compe-
tition in the sector caused them to start looking at their man-
agement with a strategic vision, with the implementation of 
a system that integrated the main management processes and 
generated speed in the quality of services provided for the ben-
efit of patients. Especially after the validity of law 12.846/13 
(Anti-corruption Law), there was a need for private hospitals 
to protect themselves from the danger of illicit acts that could 
be committed by employees, which would cause economic and 
image damage to public opinion. Thus, there was a need for these 
institutions to give more attention to the compliance area. The 
same did not occur in hospitals and public sector institutions.

The Hospital of Clinics of the Faculty of Medicine of the 
University of São Paulo (HCFMUSP) is the largest hospital com-
plex in Latin America, which is considered one of the most import-
ant Brazilian centers for dissemination of technical and scientific 
information, serving as a center of excellence and reference in the 
fields of teaching, research, and care, as well as a pioneer in several 
medical, technical, scientific, and administrative activities in Brazil 
and Latin America. In March 2018, HCFMUSP became the first 
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Brazilian public hospital to establish a compliance program aimed 
at guiding the actions and professional conduct of approximately 
23,000 employees of this hospital complex.

Its board guides the conduct of those who work at HCFMUSP 
to minimize the risks arising from actions taken in noncompli-
ance with regulations and legislation. This is in line with the 
concept of Fair Culture, which is defined by the governance 
model that has as one of its principles that not all errors or 
violations of conduct are the result of bad intentions, accord-
ing to which punishment is not effective, since the problem 
is not found in the individual itself, but in the institution15,16.

Hospital of Clinics of the Faculty of Medicine of the 
University of São Paulo (HCFMUSP’s) pioneering compliance 
program focuses on the role of guiding the ethical and legal 
conduct to be adopted, seeking to change the organizational 
culture and make clear the expected conducts and those that 
are restricted to employees, focusing mainly on situations of 
conflicts of interest – the great doors of access to improper prac-
tices. Examples of pillars of the guidelines include sponsorship 
of education activities, donations, sponsorships, events, and 
clinical research; the adequacy of prescriptions; patient enroll-
ment; the correct relationship with suppliers; confidentiality 
obligations; the use of social media; and respect in the han-
dling of privileged information. The seals are clear, grounded, 
and justified to employees, bearing in mind that the practice 
of unreasonable and unexplained prohibitions can generate an 
attitude of weariness and a lack of commitment to the rules.

The dissemination of the guidelines occurs through periodic 
training for the teams, as well as the dissemination of matters of 
interest and clarification summaries in official internal publications, 
maintenance of online portal, and direct communication channel, 
with the possibility of clarifying doubts, receiving complaints and 
providing guidance17. The HCFMUSP Complex’ booklet of the 
Compliance Board, launched in 2018 and later updated, is distrib-
uted to employees (in its printed version) and maintained in the 
electronic portal of the institution, with ample access to employ-
ees and also to all users of the worldwide computer network18.

Another aspect of the way this compliance board operates is 
its proximity and synergy with other hospital complex boards, 
such as the medical and health boards of all institutes, internal 
communication, information technology, the law center, and, 
more importantly, the clinical and executive boards of the hos-
pital. Thus, there is no conflict or invasion of competencies, 
generating a harmonic and aligned discourse, which generates 
security for all employees and allows greater compliance from 
all those involved in the policy and principles of compliance. 

At present, there is no doubt that this is a successful 
model. The results speak for themselves: in the 3 years since its 

installation, there have been hundreds of e-mails and requests 
for guidance, participation in more than a hundred corporate 
and board meetings, publication of more than 120 articles, 
referrals of complaints, and appointments to indictment com-
mittees to investigate possible administrative infractions, with 
clear indicators that show the growth of employees’ compli-
ance policies and acceptance of their guidelines year after year.

On the contrary, the support of the various areas of man-
agement is also evident, with the expansion of the sector, the 
ratification of its decisions, and the insertion of its board mem-
bers in other institutional committees, such as the Bioethics 
Committee, among others17.

CONCLUSION
The health sector, in its various segments and institutions, 
presents great vulnerability and enormous potential for illegal 
misconduct to occur. It is noted that self-regulation is already 
consolidated in private institutions, with the establishment 
of policies and a culture of fraud and damage control, either 
through guidance, investigation, or even punishment of the 
various parties involved in its production chain.

On the contrary, this philosophy and these practices are 
slow in the public sector, especially due to the lack of resources, 
managerial culture, and the presence of bureaucratic controls 
that are often archaic and harmful to new regulatory policies.

The experience of the largest hospital complex in Latin 
America, a public entity, demonstrates the feasibility of imple-
menting tools for the institution of structural and cultural 
changes, with the use of accessible resources, through the col-
laboration of administrative bodies and their employees; the 
focus of this action, based on the culture of education and ori-
entations, without the punitive aspect, undoubtedly contrib-
uted to the adhesion of all those involved.

This scenario demonstrates that models of self-control and 
pipeline restructuring, such as those adopted by HCFMUSP, 
can and should be replicated in other public hospitals in order 
to obtain the real confidence of the population and, gradually, 
and reduce deviations of funds and purposes, resulting in an 
improvement in healthcare for the entire population, which is 
one of the constitutional purposes of the Unified Health System.
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INTRODUCTION
Idiopathic normal pressure hydrocephalus (iPNH) manifests 
itself through the clinical triad of gait disorders, dementia, and 
urinary incontinence, which is associated with radiological 
images of ventriculomegaly and normal intracranial pressure. 
The most commonly performed treatment is the placement of 
a ventriculoperitoneal valve or ventriculoperitoneal shunt when 
there is a positive response to TAP test 1. Clinical improve-
ment is significant after this procedure, but overdrainage, sub-
dural hematoma, or other complications may occur, making 
reinterventions necessary. There are numerous types of valves 
that can be used: fixed pressure ones (slit, membrane, or ball/
spring) and second-generation ones, including anti-siphon, 
gravitational, and adjustable or programmable. Theoretically, 
programmable or adjustable valves would have advantages over 
fixed pressure valves. Our aim was to assess whether program-
mable or adjustable valves are superior to fixed pressure valves.

METHODOLOGY
This systematic review followed the precepts defined by the 
Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA)1.

Clinical issue
The systematic review began with the elaboration of the fol-
lowing clinical question: Is the treatment of normal pressure 

hydrocephalus using programmable valves more effective when 
compared to fixed pressure ones?

PICO
The clinical question was structured from the acronym PICO being:

P: patients with iPNH
I: programmable valve
C: fixed pressure valve
O: clinical improvement, prognosis, reinterventions, and 

complications

Search strategy
Searches were performed in Medline (PubMed), Embase, 
CENTRAL (Cochrane), and LILACS databases with the fol-
lowing terms: (hydrocephalus) AND (ventriculoperitoneal 
shunt OR programmable valve OR adjustable valve).

Eligibility criteria
• PICO compliant items
• At least one of the outcomes compatible with those 

evaluated, such as clinical improvement, prognosis, 
reinterventions, and complications

• Randomized clinical trials (RCTs) to evaluate efficacy
• RCTs and observational studies to assess adverse events 

and complications
• No period and language restriction
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Exclusion criteria
In vitro studies, animal studies, case series or case reports, sys-
tematic or narrative reviews, and guidelines.

Data analysis
The following information was extracted: author, year of pub-
lication, study design, characteristics and number of patients, 
intervention, comparison, and outcomes (clinical improvement 
and complications). Each article was described individually in a 
qualitative analysis of the evidence. Furthermore, quantitative 
analysis of the results (meta-analysis) was performed whenever 
possible. For the meta-analysis, Review Manager (RevMan) 
Version 5.42 was used. Comparisons were demonstrated in 
risk difference (RD) and 95% confidence interval (95%CI). 
The inconsistency of effects across interventions was assessed 
using I2. The random-effects model was used if I2>50% and 
the fixed-effects model was used if I2≤50%. To access possible 
publication biases, the funnel plot was analyzed for asymmetry. 
The certainty of the evidence was assessed using the GRADE 
Pro guideline development tool3 and rated as high, moderate, 
low, or very low.

Bias analysis
To assess RCT bias, the following were evaluated: randomiza-
tion, blinded allocation, double blinding, losses (<20%), inten-
tion-to-treat analysis, definition of outcomes, sample size cal-
culation, early discontinuation, and prognostic characteristics. 
For observational studies, the ROBINS-I platform was used4.

RESULTS
The search was conducted until December 2022 and retrieved a 
total of 16,882 articles in the primary databases (Medline: 5,879; 

Embase: 10,507; LILACS: 338 Lilacs; Cochrane: 158). After 
removing duplicates, they totaled 8,728 articles. All of them 
had their titles checked, and 223 abstracts were reviewed for 
inclusion. The reading of 40 complete texts was carried out to 
verify compatibility with the defined eligibility criteria. Finally, 
four comparative studies were included5-8 (Table 1) (Figure 1). 
Bias analysis showed that the articles have low-to-moderate risk 
of bias (Table 2 and Figure 2).

Efficacy
Farahmand et al.5, in a RCT, reported the clinical evolution of 
their patients. The measure used was the total standard deviation 
score, which involved the Stroop test, the Grooved Pegboard test, 
walking duration, and number of steps taken. After 6 months, 
both groups had a statistically different evolution compared 
to the preoperative period (I: -0.23±1.10 vs. 0.46±0.27; C: 
0.09±0.67 vs. 0.52±0.30; p<0.05). However, between groups, 
there was no statistical difference in any of the assessments until 
the end of the study, 6 months after valve placement (p>0.05) 
(Figure 3). In the evaluation of each parameter separately, a 
significant difference was also found in relation to the baseline 
in all tests (p<0.05) but without difference between groups.

Complications: randomized clinical trials 
and observational studies have evaluated 
complication rates

Complications analyzed through  
randomized clinical trials
Sæhle et al.6, an article derived from the same RCT by Farahmand 
et al.5, reported complications after valve placement. Notably, 
six (17.7%) patients with programmable valves had shunt-re-
lated complications, four of which had subdural hematomas. 

Author Year
Study 
design

Groups
Outcomes Follow-up

I C

Rinaldo 
et al.8 2019 Cohort

Programmable valve 
(n=98)

Fixed-setting valve 
(n=250)

Complications –

Serarslan 
et al.7 2017 Cohort

Programmable valve 
(n=30)

Mean age: 62 years

Fixed-setting valve 
(n=80)

Mean age: 61 years
Complications 72 months

Farahmand 
et al.5

2016 RCT
Programmable valve 

(n=34)
20 cm H

2
0 – 4 cm

Fixed-setting valve 
(n=34)

12 cm H
2
0

Stroop test, Grooved 
Pegboard test, Walk 

time, Walk steps
6 months

Saehle 
et al.6 2014 RCT

Programmable valve 
(n=34)

20 cm H
2
0 – 4 cm

Fixed-setting valve 
(n=34)

12 cm H
2
0

Complications 6 months

Table 1. Characteristics – comparative studies.
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Figure 1. PRISMA flow diagram.

 

Studies Randomization Allocation
Double 

blind
Evaluator 

blind
Losses Characteristics Outcomes

ITT 
analysis

Sample 
size

Early 
end

Farahmand 
et al.5

Saehle 
et al.6

ABSENCE OF BIAS

ABSENCE OF INFORMATION

PRESENCE OF BIAS

Table 2. Bias – randomized controlled trial.

Furthermore, seven patients had symptoms due to excessive 
drainage. In patients with a fixed valve, seven (20.6%) patients 
had complications related to the shunt, with five subdural 
hematomas. Another four patients had symptoms of excessive 

drainage. All comparisons had p>0.05. In patients with iPNH 
who underwent implantation of a programmable valve com-
pared to a fixed pressure valve, there was no difference in com-
plications at the 6-month follow-up (Figure 4). The quality of 
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evidence is very low. In patients with iPNH who underwent 
implantation of a programmable valve compared to a fixed pres-
sure valve, there was no difference in the incidence of overd-
rainage at the 6-month follow-up (Figure 5). The quality of 
evidence is very low.

Figure 2. Bias - cohorts (ROBINS-I).

 

Figure 3. Analysis of clinical evolution (walking test, Stroop test, and Grooved Pegboard test) comparing programmable valve versus valve with fixed pressure. 

Complications analyzed through cohort studies
Serarslan et al.7, a cohort, also reported complications in their 
study. In the group with programmable valves, 26.33% had 
complications, while in the group with fixed valves, 52.5% 
had (p=0.02). Subdural effusions occurred in 20% of patients 

Figure 4. Analysis of complications in comparing programmable valve versus valve with fixed pressure.  

Figure 5. Analysis of the incidence of overdrainage when comparing the programmable valve versus the valve with fixed pressure.  
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with programmable valves and 22.5% with fixed valves 
(p=0.78). Nontraumatic subdural hematomas occurred in 
11 (13.75%) patients with fixed valves, and of these, 2 died. 
In the programmable ones, only one patient had this com-
plication (p=0.15).

Rinaldo et al.8, another cohort, reported that complications 
occurred in 13.3% of patients with programmable valves and 
24.0% of patients with fixed valves (p=0.03). Revision surgery 
for distal obstruction occurred in 1.0% of those with program-
mable valves and 6.8% of those with fixed valves (p=0.06), and 
persistence of symptoms without obstruction in 2.0 and 8.8% 
(p=0.04), respectively.

Meta-analysis of the complication rate in two observational 
studies7,8 revealed that patients with programmable valves had a 
lower risk of complications than those with fixed valves (RD=-
0.16; 95%CI -0.30, -0.02; p=0.03; I2=51%; random model; 
certainty of evidence: very low) (Figure 6).

DISCUSSION

Efficacy and complications analyzed through 
randomized clinical trials
There are no randomized trials directly comparing program-
mable valves and conventional valves in patients with iPNH. 
However, comparing these patients with the use of program-
mable valves with gradual pressure reduction (independent of 
symptoms) and with fixed pressure, no differences were found 
in clinical evolution, complications, or overdrainage. The evi-
dence supporting these conclusions is of very low quality.

Complications in observational studies
Several single-arm observational studies have reported compli-
cations in patients with programmable valves. Feletti et al.9, in 
a cohort of 142 patients, reported 30 cases of symptoms due to 
poor drainage and 10 due to excessive drainage. In addition, 
43 shunt adjustments were performed. Finally, 7 patients had 
subdural hematoma and 10 had hygroma. Ma et al.10 reported 

that the complication rate was 40% (41/102), with the most 
prevalent being subdural hematoma and hygroma, with 28 
cases. They also reported the need for 85 shunt adjustments. 
Shaw et al.11 reported 3 subdural hematomas and 3 shunt revi-
sions among 45 patients involved in their study. Oliveira et al.12 
reported 4 subdural hematomas, 1 empyema, 2 malfunctions, 
and 1 valve exposure in 24 patients involved in their study. 
Finally, Zemack et al.13 reported 14 subdural hematomas or 
hygromas, 2 proximal catheter obstructions, and 138 shunt 
adjustments in 147 patients involved in their study.

Limitations
This review has some limitations. Only two RCTs that responded 
to PICO were found. Furthermore, both are part of the same 
series, only reporting different outcomes in each publication. It 
is evident that there is a flaw in the literature when comparing 
fixed and programmable valves in patients with iPNH, limit-
ing the conclusions on the subject. Only these two reported 
outcomes were related to the effectiveness of the techniques, 
while the observational ones described only adverse events and 
complications.

CONCLUSION
In patients with iPNH, no evidence is currently available that 
allows recommending the use of programmable valves in the 
treatment of these patients, in comparison, or that leads to the 
discontinuation of the use of conventional (fixed) valves. The 
quality of the available evidence is very low.
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LETTER TO THE EDITOR https://doi.org/10.1590/1806-9282.20221377 

Comment on “Factors affecting the clinical outcomes in pediatric 
post-cardiotomy patients requiring perioperative peritoneal dialysis”
Wen Peng1 , Yu Pei2*

Dear Editor,
In a retrospective article entitled “Factors affecting the clini-
cal outcomes in pediatric post-cardiotomy patients requiring 
perioperative peritoneal dialysis,” the authors investigated fac-
tors associated with mortality in pediatric patients undergoing 
perioperative peritoneal dialysis after cardiotomy1. In this study, 
the authors found that younger preoperative age, longer car-
diopulmonary bypass time, prolonged intubation, prolonged 
inotropic support, and need for extracorporeal membrane oxy-
genation were associated with a higher risk of mortality. In our 
opinion, although the findings of this study are of great value, 
there are some issues that need to be addressed.

First, some continuous variables were not properly expressed. 
As described in Table 1, the age of the included patients was 
11.7±37.6 months. As a result, the standard deviation (37.6) 
is significantly larger than the mean (11.7), indicating that age 
is a skewed distribution variable and it should be described as 
median and interquartile range, not as mean±standard devia-
tion. Similarly, the variables such as weight and preoperative 
PaO2 should also be appropriately described as median and 
interquartile range.

Second, this study did not describe which statistical method 
was used to screen for risk factors associated with mortality. 
Providing detailed statistical methods will help improve the 
reliability and reproducibility of this study. Furthermore, 
although preoperative lower age is shown to be a risk factor 

for mortality in this study, the definition of preoperative 
lower age is unknown. We are curious about this: less than 
6 months or 12 months? Evidence from a pediatric cardiac 
intensive care unit indicated that the age of patient less than 
1 month was associated with a higher risk of mortality2. Thus, 
we believe that providing a precise definition of younger pre-
operative age is helpful for clinicians to give individualized 
treatment strategies for children undergoing cardiac surgery.

Third, more information after cardiac surgery is unknown. 
In such case, it is suspected that patients who die may have 
more red blood cell transfusion and use of vasoactive agents 
after cardiac surgery. Results from a previous study suggested 
that red blood cell transfusion was independently associated 
with a higher risk of mortality in critically ill children3. Another 
study4 involving 43,441 postoperative pediatric cardiac patients 
displayed that the use of milrinone alone was associated with 
a lower risk of in-hospital mortality, while the use of all other 
vasoactive agents increased the risk of in-hospital mortality at 
least in one of the subsets. Therefore, it is necessary to provide 
more information after cardiac surgery (e.g., red blood cell 
transfusion and the use of vasoactive agents). 
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LETTER TO THE EDITOR https://doi.org/10.1590/1806-9282.20221405

Comment on “Neutrophil-to-lymphocyte and platelet-to-
lymphocyte ratios of overweight children and adolescents”
Hui He1 , Yu Zhong1*

Dear Editor,
We read an article entitled “Neutrophil-to-lymphocyte and 
platelet-to-lymphocyte ratios of overweight children and 
adolescents” by Yazaki et al.1 In this cross-sectional study, 
the authors compared the differences in neutrophil-to-lym-
phocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR) 
between groups of obesity, overweight, and eutrophic children 
and adolescents and further verified whether these parameters 
were related to age, ultrasensitive C-reactive protein (us-CRP), 
body mass index, and waist-to-height ratio. The results of the 
study showed that there was no significant statistical difference 
between the three groups in NLR (p=0.30) and PLR (p=0.68) 
and that PLR, rather than NLR, was independently associated 
with overweight. After carefully reading this study, we think 
that there are some issues that need clarification.

First, as described in Table 2, the purpose of this study1 was to 
compare the differences in laboratory variables (e.g., leukocytes, 
neutrophils, NLR, and PLR) among three groups (i.e., obesity, 
overweight, and eutrophic groups). However, it is unknown 
whether there are differences in age and sex among the three 
groups. It is insufficient to provide the age and gender of the 
total study population because it cannot reflect the differences in 
age and gender among the three groups. A possible hypothesis is 
that there are statistically significant differences in age and gen-
der among the three groups, leading to incomparability between 

groups. Therefore, it is highly recommended to provide differ-
ences in age and gender among the three groups.

Second, the statistical method of this study1 is not entirely 
inappropriate. Statistically, the Kruskal-Wallis test2 should be 
used to compare variables that are not normally distributed 
among the three groups. As described in this study1, the purpose 
of Table 2 was to compare the differences in laboratory variables 
among the three groups. Therefore, the Kruskal-Wallis test, 
rather than the Mann-Whitney test, should be used to analyze 
the differences in laboratory variables among the three groups.

Third, as described in this study, “Regarding nutritional sta-
tus, 106 (62.4%) were eutrophic and 64 (37.6%) were overweight 
(overweight, obesity, and severe obesity),” it is known that over-
weight involves three different groups (i.e., overweight, obesity, 
and severe obesity). It is well known that severe obesity is a spe-
cial and vulnerable population3,4. From our perspective, it may 
be more interesting to compare the differences in laboratory 
variables between this group (severe obesity) and the other three 
groups (obesity, overweight, and eutrophic groups) in Table 2.
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LETTER TO THE EDITOR https://doi.org/10.1590/1806-9282.20221429

Comments on “Comparison of the outcomes of flexible 
ureteroscopy and mini-percutaneous nephrolithotomy  
for the treatment of kidney stones: a matched-pair analysis”
André Pontes-Silva1*

Dear Editor,
In the article entitled “Comparison of the outcomes of flexible 
ureteroscopy and mini-percutaneous nephrolithotomy for the 
treatment of kidney stones: a matched-pair analysis,” Rodrigues 
et al.1 compared the outcomes of initial mini-percutaneous neph-
rolithotomy and flexible ureteroscopy. This study has scientific 
relevance; however, it did not answer an important question: 
does statistical significance (p<0.05) have clinical importance? 
A comparison of outcomes must consider the clinical relevance 
of the differences because the p-value only shows statistical sig-
nificance, in which interpretation translates only a hypothesis test 
governed by a probability of previously defined error (alpha)2. 

According to Andrade3, in this context, most persons inter-
pret p<0.05 to mean that the probability that chance is respon-
sible for the finding is less than 5% and that the probability 
that the finding is a true finding is more than 95%. Both these 
interpretations are incorrect; however, they are widely preva-
lent because they are an easy way to explain and understand a 
slightly tricky concept. As this is the first study on this topic, 
I would like to appreciate as there are suggestions for the authors 
to be included in future studies.

In the health area, there are several ways to verify the 
clinical relevance of the comparison of outcomes, e.g., the 

calculation of the effect size, the minimum detectable change/
difference, and the standard error of measurement4. I would 
like to suggest the authors about the calculation of effect size 
(Cohen’s d) for comparison studies (https://www.psychomet-
rica.de/effect_size.html), based on three categories: less than 
0.2 (small effect), about 0.5 (moderate effect), and greater 
than 0.8 (large effect).
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ORIGINAL ARTICLE https://doi.org/10.1590/1806-9282.20220293

Comparison of sexual functions in women  
with and without type 1 diabetes
Selda Celik1* , Meltem Demirgöz Bal2 , Meral Kelleci3

INTRODUCTION
Diabetes mellitus (DM) is a disease that is rapidly increasing 
worldwide, and it is one of the most common chronic diseases 
that is seen in all countries. Diabetes is classified primarily as 
type 1 diabetes, type 2 diabetes, and gestational diabetes. Type 
1 diabetes can affect people at any age, but usually develops 
in children or young adults1,2. Diabetes leads to microvas-
cular (such as retinopathy, nephropathy, and neuropathy), 
macrovascular (cardiovascular system), and urological (lower 
urinary system dysfunction, sexual dysfunction, and urinary 
system infections) complications3. Diabetes mellitus is one 
of the important causes of sexual dysfunction (SD), which is 
more common and problematic in patients with type 1 diabe-
tes compared to the normal population4-7. The pathogenesis 
of SD in women with diabetes is controversial, and hypergly-
cemia, infection, vascular, neuronal, and psychosocial disor-
ders have all been implicated8,9. Diabetic neuropathy leads to 
vaginal wall changes, pelvic floor dysfunction, and weakened 
muscle tone. Neuropathic damage to the autonomic nervous 
system disrupts the orgasm process and causes delayed stimu-
lation and lower desire. Insufficient vaginal lubrication results 

in painful sexual intercourse. In hyperglycemic states, dehydra-
tion of the mucous membranes and frequent urogenital infec-
tions may lead to reduced vaginal lubricity, dyspareunia, burn-
ing, itching, tightness, and vaginal dryness or discharge6,10,11. 
Studies on the prevalence of SD in women with type 1 diabe-
tes have yielded varying results. This rate was reported to be 
27% by Enzilin et al.4, 35% by Maiorino Ke et al.6, and 71% 
by Doruk et al5. These highly discrepant results regarding the 
prevalence of female SD in patients with type 1 diabetes may 
be attributed to cultural differences. However, it is now rec-
ognized that this issue is not being adequately addressed and 
remains an important problem.

The evaluation of women’s SD is challenging for both 
patients and healthcare professionals. Personal taboos related 
to sex, privacy issues, and limited experience with female sex-
ual function are factors that make it difficult to identify sexual 
problems. Unfortunately, advanced clinical methods for eval-
uating SD in women are limited. The female sexual function 
index (FSFI) is an assessment tool developed to standardize the 
evaluation of female sexual function. The FSFI has gained wide-
spread international acceptance because it comprises subscales 
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SUMMARY
OBJECTIVE: This study aimed to investigate female sexual function in patients with type 1 diabetes by comparing female sexual function index scores 

between women with and without type 1 diabetes.

METHODS: A total of 62 women with type 1 diabetes and 69 age-matched women without diabetes but with similar backgrounds were enrolled in the 

patient and control groups, respectively. All participants were sexually active and had no systemic diseases other than diabetes in the patient group.

RESULTS: The frequency of female sexual dysfunction was significantly higher, and the mean female sexual function index score was significantly 

lower in women with diabetes compared to the control group (p=0.01). There was a significant relationship between sexual dysfunction and duration 

of diabetes, glycosylated hemoglobin test, and body mass index (p<0.05).

CONCLUSION: This study demonstrates that female sexual dysfunction is more common among women with type 1 diabetes than among women 

without type 1 diabetes. Patients with type 1 diabetes should be evaluated in terms of sexual health. Health professionals should give more attention 

to and provide guidance regarding sexual function in women with type 1 diabetes.
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that facilitate the classification of SD and has been evaluated in 
validity and reliability studies in different countries12. However, 
women with type 1 diabetes receive less attention in research 
and clinical practice. In this study, we investigated the preva-
lence of female SD in type 1 diabetes by comparing the FSFI 
scores in women with and without type 1 diabetes.

METHODS

Study design
This case-control study compared the sexual function in women 
with and without type 1 diabetes.

Participants
The study was conducted between October and December 
2020. Women who presented to the diabetes outpatient clinic 
of a training and research hospital for follow-up comprised the 
case group. This group included 62 women who were diagnosed 
with type 1 diabetes, were sexually active with a partner, were 
between the ages of 18 and 45 years, were literate, and con-
sented to participate in the study. Patients who were using any 
antidepressant, anxiolytic, antiepileptic, or estrogen-based (oral/
vaginal) drugs; had a history of vaginal surgery or hysterectomy; 
were pregnant; had any sexually transmitted disease; or were peri/
postmenopausal were excluded from the study. Patients who 
were directed to the nurse for education and consultancy after 
the routine diagnosis and treatment are included in the study.

The sample size was calculated based on a power of 80%, 
confidence interval of 95%, and significance level of p<0.05. 
The nondiabetic control group included 69 volunteers who 
were sexually active, were between the ages of 18 and 45 years, 
and had no systemic diseases or depression.

Levels of serum glucose and HbA1c were measured using 
Cobias Roche diagnostic kits and an auto-analyzer in the bio-
chemistry laboratory of the hospital. Height and weight mea-
surements were obtained with the participants lightly dressed 
and without shoes. Body mass index (BMI) was calculated by 
dividing weight (kg) by height squared (m2).

Data collection tools
The participants (patients with and without type 1 diabetes) 
filled out forms in a suitable meeting room in the outpatient 
clinic. Data collection took approximately 20 min.

Information form
This form was developed by the researchers and consisted of two 
sections. The first section included questions on sociodemographic 

data including age, education level, employment status, eco-
nomic status, family type, and duration of marriage. The sec-
ond part included four questions on the duration of diabetes, 
BMI, and level of HbA1c.

Female sexual function index
This instrument was developed by Rosen et al.9 to evalu-
ate female sexual function. The index includes a total of 
19 items questioning sexual function/problems within 
the last week in 6 subdimensions, namely, desire, arousal, 
lubrication, orgasm, satisfaction, and pain. The first 2 
items question the frequency and level of sexual desire 
(1–5 points); items 3–6 question arousal level, confi-
dence, and satisfaction (0–5 points); items 7–10 question 
the frequency/difficulty of lubrication and maintaining 
lubrication (0–5 points); items 11–13 question orgasm 
frequency, difficulty, and satisfaction (0–5 points); items 
14–16 question satisfaction with the amount of closeness 
with a partner, sexual relationship, and overall sex life (1–5 
points); and items 17–19 question the frequency and level 
of pain during and after penetration (0–5 points). Total 
FSFI score ranges from a minimum of 2 to a maximum of 
36, with scores below 26.55 indicating SD12. Aygin and 
Aslan13 conducted the reliability and validation study of 
the FSFI for Turkey in 2005.

Statistical analysis
All data were summarized as mean±standard deviation (min-
imum–maximum) or as number and percentage. Parametric 
data were compared using Student’s t-test and nonparametric 
data using χ2 analysis. Multiple regression analysis was used 
to examine the relationship between the groups. Significance 
was accepted at p<0.05.

Ethical considerations
Written permission was obtained from the Marmara University 
Non-Interventional Clinical Research Ethics Committee 
(24.09.2020/53) and the institution where the study was con-
ducted prior to data collection. In addition, all study partic-
ipants were informed about the nature of the study and that 
participation was on a voluntary basis. Informed consent was 
obtained from all participants.

RESULTS
The study sample consisted of 131 participants (62 in the case 
group, 69 in the control group). The mean ages of the dia-
betic and control groups were 34.32±7.5 years (range: 20–47 
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years) and 34.17±7.7 years (range: 20–47 years), respectively. 
The groups were similar in terms of sociodemographic char-
acteristics (p>0.05) (Table 1).

In the type 1 diabetic group, the mean HbA1c level was 
8.16±1.36% (range: 5.6–13.1%), the mean duration of dia-
betes was 13.2±7.2 (range: 2–31) years, and the mean BMI 
was 24.9±4.0 (range: 20.7–28.4) kg/m2. All women in the 
type 1 diabetic group were receiving intensive insulin therapy 
(four times a day).

The FSFI total and subscale scores of the women with and 
without diabetes are shown in Table 2. The diabetic group had 

significantly lower sexual desire, arousal, satisfaction, as well as 
total scores compared to the control group (p<0.01).

The frequency of SD was significantly higher in the diabetic 
group (n=47, 77%) than that in the control group (n=28, 40%) 
(χ2=16.01, p=0.01). HbA1c, BMI, and duration of diabetes dif-
fered significantly based on the presence of SD (p<0.05) (Table 3).

female sexual function index score and other variables were 
analyzed by multiple regression analysis. No significant differ-
ence was found in the multiple regression analysis to determine 
the relationship between FSFI scores and HbA1c, BMI, and 
diabetes durations (F: 1.510, p>0.05) (Table 4).

Table 1. The participants’ characteristics.

SD: standard deviation.

Features
Women with diabetes

(n=62)
Mean±SD

Women without diabetes
(n=69)

Mean±SD

Statistical analysis

χ2 p

Age (years)
34.3±7.5

(range: 18–45)
34.2 ±7.7

(range: 18–45) 35.192 0.276

Educational level (years)

<8 years 19 (30.6%) 60 (87.0%) 45.087 0.677

>8 years 43 (69.4%) 9 (13.0%)

Employment status

Working 20 (32.3%) 11 (15.9%) 4.813 0.588

Not working 42 (67.7%) 58 (84.1%)

Economic status

Income < expenses 12 (19.4%) 36 (52.2%) 16.396 0.314

Income ≥ expenses 50 (80.4%) 33 (44.9%)

Family type

Nuclear 55 (88.7%) 54 (78.3%) 2.552 0.110

Extended 7 (11.3%) 15 (21.7%)

Marriage duration (years)
12.7±9.5

(range: 1–28)
14.3±8.7

(range: 1–27) 33.187 0.458

Table 2. Comparison of semale sexual function index scores in women with and without diabetes.

FSFI: female sexual function index; SD: standard deviation.

Women with diabetes
(n=62)

Mean±SD

Women without diabetes
(n=69)

Mean±SD
p

Desire 3.54±1.13 4.31±1.04 <0.01

Arousal 4.00±1.42 4.66±1.03 <0.01

Lubrication 4.91±1.30 5.08±1.21 0.440

Orgasm 4.57±1.17 4.87±1.23 0.153

Satisfaction 3.21±1.05 5.00±1.09 <0.01

Pain 5.00±1.93 5.28±1.14 0.137

Total FSFI score 20.81±4.06 23.27±4.27 <0.01
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DISCUSSION
This study aimed to investigate female sexual function in 
patients with type 1 diabetes by comparing FSFI scores between 
women with and without type 1 diabetes. In this study, the 
mean FSFI score was 20.8±4.1 for patients with type 1 diabe-
tes and 23.3±4.3 for the control group. Similar to our study, 
Pontiroli et al.14 determined in their meta-analysis of 3,168 
women with diabetes and 2,823 controls that female SD was 
relatively common and that women with diabetes had lower 
FSFI scores than controls, indicating greater SD. In a recent 
study, Bak et al.15 reported that type 1 diabetes was associated 
with sexual disorders in a third of affected women. Ahmed et al.16 
found that the mean total FSFI score was significantly lower 
in type 1 diabetes mellitus (21.1±3.9) than in type 2 diabetes 
mellitus (26.4±4.2), and both were significantly lower than in 
the control group (31.5±5.8). Similarly, Zamponi et al.17 found 
that female SD (total FSFI score≤19) was significantly more 
prevalent in patients with type 1 diabetes compared to con-
trols (12/33, 36.4% versus 2/39, 5.2%, respectively; p=0.010).

Several previous studies have shown that women with type 
1 diabetes experience sexual problems at rates varying between 
18 and 71%4-7,18-20. In the study conducted by Doruk et al.5 
in Turkey, SD was reported at a rate of 71% among women 
with type 1 diabetes and 37% in the control group. Similar to 
that study, we determined SD rates of 76 and 40% in the type 
1 diabetes and control groups, respectively, which are higher 
than the rates reported in other studies. The high rate of SD 

in women with diabetes may be due to neurogenic, psycho-
genic, or vascular factors. Duration of diabetes, age, microvas-
cular complications, cultural factors, and psychological factors 
are other risk factors. However, there may also be sociocultural 
reasons related to Turkish society, such as women’s perception 
of sexuality, behaviors such as tending to conceal their prob-
lems and feeling ashamed, and reluctance to discuss sexuali-
ty-related problems6. The wide variation in the prevalence of 
female SD observed in various studies may be due to differences 
in the characteristics of the sample groups other than diabetes, 
the different sociocultural environments in which the studies 
were conducted, or the use of different measurement tools to 
evaluate sexual function.

The symptoms of diabetes-related SD are complicated but 
generally include conditions such as reduced or absent inter-
est, sexual desire, and arousal, a decrease in lubrication and 
consequent dyspareunia, and difficulty or inability to achieve 
orgasm21. Although various rates have been reported in the lit-
erature, diabetes can impact all stages of female sexual function 
to varying degrees. In the Turkish study conducted by Doruk 
et al.5, women with diabetes showed significant decreases in 
sexual desire, arousal, and lubrication compared to the con-
trol group. The most frequently affected domains in women 
with type 1 diabetes were desire (85%), arousal (76%), orgasm 
(66%), pain (61%), satisfaction (61%), and lubrication (57%). 
Enzlin et al.4 reported SD in the area of desire in 17%, lubrica-
tion in 14%, orgasm in 14%, and pain in 12% of women with 

Table 3. Comparison of glycosylated hemoglobin test, body mass index, and duration of diabetes in women with type 1 diabetes based on the 
presence of sexual dysfunction. 

BMI: body mass index. *Student’s t-test.

Sexual dysfunction (n=47) No sexual dysfunction (n=15) p*

HbA1c (%) 8.00±1.32 8.64±1.38 <0.05

BMI (kg/m2) 24.89±4.00 26.53±4.23 <0.05

Duration of diabetes (years) 13.09±7.18 13.53±7.42 <0.05

Table 4. Multiple regression analysis of female sexual function index scores and variables.

FSFI: female sexual function index; BMI: body mass index.

B Beta t p
95%CI for B

Lower bound Upper bound

FSFI

(Constant) 46.963 2.564 0.013 10.295 83.631

HbA1c (%) 2.641 0.267 0.026 0.470 0.032 5.250

BMI (kg/m2) 0.001 0.002 0.017 0.986 -0.058 0.059

Duration of 
diabetes (years)

0.053 0.028 0.223 0.824 -0.422 0.527

R=0.269, R2=0.072, Adjusted R2=0.024, F=1.510, p=0.221
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Preoperative evaluation of sarcopenia in patients with colorectal 
cancer: a prospective study
Giovana Domingues Nunes1 , Letícia Zumpano Cardenas1 , Thais Manfrinato Miola1 ,  
Juliana de Oliveira Souza1 , Letícia Nascimento Carniatto1 , Almir Galvão Vieira Bitencourt1*

INTRODUCTION
Colorectal cancer is the third most diagnosed malignant neo-
plasm in the world and the fourth leading cause of cancer 
mortality. In cancer patients, cachexia and malnutrition are 
extremely important complications of clinical practice because 
of a variety of inherent tumor mechanisms, host response to 
the tumor, and oncological therapies1.

Sarcopenia is directly responsible for functional impair-
ment, increased risk of falls, loss of autonomy, reduced respi-
ratory capacity, and reduced immunity2. The diagnostic criteria 
for sarcopenia include reduced muscle strength (criterion 1), 
low muscle quantity or quality (criterion 2), and poor physi-
cal performance (criterion 3). In addition, a classification into 
different stages is indicated: probable sarcopenia (criterion 1), 
sarcopenia (criteria 1 and 2), and severe sarcopenia (all criteria)3.

The gold standard method to quantify muscle mass is a com-
puted tomography (CT) scan to measure the skeletal muscle area 
at the L3 level and calculate the skeletal muscle index (SMI). 
Since abdominal CT is routinely performed in colorectal cancer 

patients for diagnosis, staging, and follow-up, it is suitable to 
use this method to measure muscle mass in this population4,5.

Associations between sarcopenia and worse prognosis, such 
as high postoperative mortality, chemotherapy toxicity, reduced 
survival, higher infection rates, increased hospital length of stay, 
and increased mortality, have been pointed out recently6-13. 
Surgical resection in a patient with nonmetastatic colorec-
tal cancer is an important aspect of cancer management, and 
including the evaluation of sarcopenia as a predictor of periop-
erative or postoperative morbidity risk can provide prognostic 
information for surgeons and patients. Thus, ideally, patients 
with colorectal cancer should be screened for sarcopenia from 
the beginning of their oncological treatment and be informed 
of its potential negative effects, highlighting the importance of 
sarcopenia prevention and treatment strategies14.

The actual prevalence and impact of sarcopenia in this pop-
ulation are unknown, as most published studies classify sarco-
penia solely by the presence of low muscle mass on CT, which 
may overestimate its prevalence. The aim of this study was to 
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SUMMARY
OBJECTIVE: Colorectal cancer is the third most diagnosed malignant neoplasm in the world and the fourth leading cause of cancer mortality. The loss 

of muscle mass in oncological patients is the main aspect of cancer-related malnutrition. Associations between sarcopenia and poor outcomes, such 

as high postoperative mortality, chemotherapy toxicity, and reduced survival, have been recently described. The aim of this study was to prospectively 

assess the prevalence of preoperative sarcopenia in patients with colorectal cancer using validated methods to evaluate muscle strength, muscle 

mass, and physical performance.

METHODOLOGY: This study included patients with colorectal cancer undergoing oncological staging at a Cancer Center in Brazil from May 2019 

to March 2020 who had images from abdominal computed tomography available for analysis of body composition. The muscle strength test, physical 

performance, referred fatigue, and clinical and nutritional data were evaluated.

RESULTS: A total of 31 patients were included, and most were diagnosed with colon cancer (77.4%) and clinical stage II in 41.9% of cases. The 

prevalence of probable sarcopenia was 22.6%; of these patients, sarcopenia was confirmed in 19.4%, and ultimately, 9.7% of the sample was classified 

as severe sarcopenia. We did not find a significant association between the presence of sarcopenia in our sample and age, sex, tumor staging, nutritional 

characteristics, referred patient fatigue, or postoperative complications.

CONCLUSION: Considering the criteria established by the EWGSOP, the prevalence of preoperative sarcopenia in colorectal cancer patients was 19.4%.
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prospectively assess the prevalence of preoperative sarcopenia in 
patients with colorectal cancer using validated methods to eval-
uate muscle strength, muscle mass, and physical performance.

METHODS
This is a prospective, cross-sectional, single-center, Institutional 
Review Board-approved study evaluating patients with a diag-
nosis of colorectal cancer undergoing oncological staging at a 
cancer center from May 2019 to March 2020. All included 
patients were candidates for the institution’s early recovery pro-
tocol after surgery and underwent a CT scan of the abdomen 
before the surgery. Patients with distant metastases (stage IV), 
those with previous cancer treatment or neoadjuvant therapy, 
who did not agree to participate in the study, who were unable 
to perform the muscle strength and/or physical performance 
test, those with physical deformities and reduced mobility, or 
who were bedridden were excluded.

The assessments of muscle strength, physical performance 
and fatigue, and nutritional status were carried out by the same 
physical therapist and a nutritionist, respectively, during the 
preoperative hospital stay. The Brief Fatigue Inventory (BFI) 
was used to classify the level of fatigue, which was considered 
mild from 1 to 3, moderate from 4 to 6, and severe from 7 to 
1015,16. For the muscle strength test, the handgrip test was per-
formed, obtained through manual dynamometry in kilograms 
(kg), using a manual hydraulic dynamometer brand Saehan®. 
The measure collected was from the dominant side. The ref-
erence values for identifying muscle weakness were below 16 
and 27 kg for women and men, respectively3,17.

The short physical performance battery (SPPB) was performed, 
and a better score represents a better physical performance of 
the patient. The highest score is 12 points, and values below 8 
points are considered low physical performance3.

The assessment of nutritional status was performed using 
the body mass index (BMI=weight/height²). The reference val-
ues that were used were the World Health Organization18 for 
adults and the Pan American Health Organization (OPAS) 
for the elderly19.

Muscle mass assessment was performed by the same radiol-
ogist. The analysis of CT images to obtain body composi-
tion data was performed using the OsiriX® software4,20. Axial 
CT images of the abdomen at the level of L3 were evaluated. 
To measure the skeletal muscle mass areas (skeletal muscles, 
including psoas, paravertebral, and abdominal wall muscles), 
a semiautomatic method with manual correction was used. 
To identify the skeletal musculature, a density of -29 to +150 
Hounsfield units (HUs) was considered, and the SMI was 

calculated (skeletal muscle area [cm2]/height [m]²), which is 
classified as low when the index is less than 55.4 cm2/m2 for 
men and 38.9 cm2/m2 for women21.

The analysis of the presence of sarcopenia was carried out 
in accordance with the recommendation of the European 
Working Group on Sarcopenia (EWGSOP)3. Postoperative 
complications were assessed within 30 days after the procedure.

The information collected from the images and assess-
ments was exported to a spreadsheet database using REDCap® 
Software. For data processing, the Statistical Packcage for Social 
Science (SPSS) software version 20 was used. Descriptive sta-
tistics parameters were used, adopting the usual measures of 
central tendency (average, median, and mode) and simple and 
relative frequency calculations. Statistical tests were used to cor-
relate the variables, as indicated: for the correlation between 
the variables, the chi-square and Fisher’s exact tests were used 
for frequencies of categorical variables; Student’s t-test was used 
for continuous variables with normal distribution; and the 
Mann-Whitney test was used for continuous variables without 
normal distribution. The significance level adopted was 5%.

RESULTS
During the study period, 181 patients were eligible for the study, 
but 135 were excluded due to neoadjuvant treatment (n=46), 
previous treatment (n=30), and impossibility of performing 
evaluations before surgery (n=59). The remaining 46 individ-
uals underwent preoperative evaluation; however, only 31 had 
CT images available for analysis and were included in the study.

The characteristics of the included patients are described 
in Table 1. Most of the patients were male (54.8%), with a 
mean age of 58 years. Most patients had cancer of the colon 
(77.4%), and clinical stage II was observed in 41.9% of the 
cases. Table 1 also shows the nutritional profile of the patients 
by BMI, muscle strength, physical performance, fatigue, and 
muscle mass. In the classification of BMI, most cases (41.9%) 
were classified as eutrophic, and no cases were classified as mal-
nourished. Seven patients had low muscle strength (22.6%), 
and nine (29.0%) had low physical performance. Most patients 
had mild fatigue (41.9%), the mean skeletal muscle area was 
137.5±33.3 cm2 (75.2–231.0), and the SMI was 49.3±7.8 
(35.3–68.0). Among the cases, 15 (48.4%) patients had a low 
SMI, and 16 (51.6%) had a normal SMI.

In Figure 1, the flowchart shows the classification of sar-
copenia. The prevalence of probable sarcopenia was 22.6%, 
sarcopenia was confirmed in 19.4%, and 9.7% were classi-
fied as severe sarcopenia, while isolated low SMI on CT was 
observed in 48.4%.
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Male patients had a higher rate of low SMI than female 
patients (p=0.018). There were no statistically significant dif-
ferences between the presence of sarcopenia and low SMI with 

patient age, clinical staging, BMI, fatigue, or postoperative 
complications (Table 2). Postoperative complications were 
observed in 13 patients (41.9%); however, we did not observe 
a correlation between the presence of complications and the 
presence of sarcopenia or low SMI.

DISCUSSION
Sarcopenia can be present in colorectal cancer patients at diag-
nosis, regardless of the presence of traditional nutrition risk fac-
tors14. The prevalence of sarcopenia in patients with colorectal 
cancer ranges from 11.9 to 60% in the literature. Miyamoto 
et al.22 reported 25% sarcopenia in patients with stage I to stage 
III colorectal cancer; however, it is noteworthy that the authors 
used only low skeletal muscle mass as the definition of sarco-
penia. Few studies present discussions about the need for an 
assessment of all aspects, as the consensus suggests3. The prev-
alence of sarcopenia in this study was 19.4% using the proper 
criteria, against 48.4% of patients with low SMI on CT.

Huang et al.23 evaluated the impact of sarcopenia on post-
operative outcomes in 142 recently operated colorectal cancer 
patients. They described that 17 patients (12%) were diagnosed 
with sarcopenia and concluded that including a functional aspect 
in addition to evaluating only skeletal muscle mass could result 
in a better prediction of postoperative complications. Nakanishi 
et al.24 found a significant association between the higher preva-
lence of male colorectal cancer patients and the presence of sar-
copenia, which was also observed in our results. Likewise, older 
age is associated with a greater chance of developing sarcopenia25.

Table 1. Characteristics of the included patients (n=31).

Variable Category N (%)

BMI (kg/m2) Min–Max 22.0–40.9

BMI (<60 years old)

BMI (≥60 years old)

Median

Malnutrition
Eutrophy

Overweight
Obesity

Malnutrition
Eutrophy

Overweight
Obesity

27.4

0 (0.0%)
10 (52.6%)
2 (10.5%)
7 (36.8%)

2 (16.7%)
7 (58.3%)
3 (25.0%)
0 (0.0%)

Handgrip strength (kg) Min–Max 14–52

Average
Average for women

Average for men

28.4±9.6
20.9±4.2
34.7±8.3

SPPB
Min–Max
Average

5–11
8.4±1.4

BFI

No fatigue
Fatigue mild

Fatigue moderate
Fatigue severe

9 (29%)
13 (41.9%)
8 (25.8%)
1 (3.2%)

Muscle mass (cm2)
Min–Max
Average

75.2–231.0
137.5±33.3

MMI (cm2/m2)
Min–Max
Average

35.3–68.0
49.3±7.8

Min.: minimum; Max.: maximum; BMI: body mass index; SPPB: short physical 
performance battery; BFI: Brief Fatigue Inventory; MMI: muscle mass index.

Figure 1. Flowchart of stages of sarcopenia for all patients included in this study.
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Complications after surgical procedures in nonmetastatic 
colorectal cancer have been related to the presence of low muscle 
mass and sarcopenia in some studies. In our sample, 53.8% of 
patients with low muscle mass had postsurgical complications, 
compared to 44.4% of patients with normal muscle mass; how-
ever, this difference was not statistically significant. In other stud-
ies, postsurgical complications were observed in 32.8 to 60% of 
patients26,27 with low skeletal muscle mass and were pointed out 
as an independent predictor of worse overall survival.

Souza et al.28 evaluated sarcopenia in patients with colorectal 
cancer and observed a rate of 15% of patients with sarcopenia; 
among them, most patients were overweight and obese. In this 
study, most patients were eutrophic at the time of preoperative 
assessment, including patients with sarcopenia (35.5%) and 
patients with low muscle mass (64.7%).

Wang et al.29 analyzed cancer-related fatigue reported in 187 
stage III and stage IV patients with cancers at various sites. By 
using the BFI instrument, this study showed fatigue in 33.7% 
of the sarcopenic group, and the average score found on the 
BFI scale was 2.9. It was concluded that fatigue may result in 
changes in skeletal muscle, resulting in a feeling of tiredness, 
general weakness, and lack of energy.

On the contrary, in our results, we observed that moderate 
fatigue was more prevalent both in the population with diag-
nosed sarcopenia (25.0%) and in patients with isolated low 
muscle mass (62.5%). Few studies30 performed a physical per-
formance test in the population with cancer and advanced age, 
which makes it difficult to identify complications and compare 
them with frailty. The average score found in our population not 
testing physical performance (SPPB) was 8.4±1.4, taking into 
account that below 8 points on the scale, there is low physical 
performance. Nevertheless, we observed that severe sarcopenia, 
which in its classification adds poor physical performance, had 
a prevalence of 9.7% of the collected sample.

Some limitations of this study can be pointed out, such as 
the limited sample size, which may have impaired the statisti-
cal analysis performed. The limited sample was due to different 
reasons, including the logistical difficulty of performing all the 
necessary preoperative assessments, without compromising the 
therapeutic schedule, the nonavailability of CT images in some 
cases, and, finally, the limitations related to the COVID-19 pan-
demic during the final period of data collection. In this study, 
we only evaluated muscle quantity through the measurement of 
the muscle mass area by CT; however, we did not assess muscle 

Table 2. Correlation between the presence of sarcopenia/low muscle mass and evaluated variables.

Variables
Without 

sarcopenia
With sarcopenia p

Adequate 
skeletal 

muscle mass

Low skeletal 
muscle mass

p

Gender

Female 12 (85.7%) 2 (14.3%)

0.664

11 (78.6%) 3 (21.4%)

0.018Male 13 (76.5%) 4 (23.5%) 5 (29.4%) 12 (70.6%)

All patients 25 (80.6%) 6 (19.4%) 16 (51.6%) 15 (48.4%)

Stage

Stage I 9 (90.0%) 1 (10.0%)

0.439

7 (70.0%) 3 (30.0%)

0.388
Stage II
Stage III

11 (84.6%)
5 (62.5%)

2 (15.4%)
3 (37.5%)

5 (38.5%)
4 (50.0%)

8 (61.5%)
4 (50.0%)

All patients 25 (80.6%) 6 (19.4%) 16 (51.6%) 15 (48.4%)

BMI

Malnutrition 2 (100.0%) 0 (0.0%)

0.157

1 (50.0%) 1 (50.0%)

0.209

Eutrophy
Overweight

11 (64.7%)
5 (100.0%)

6 (35.3%)
0 (0.0%)

6 (35.3%)
4 (80.0%)

11 (64.7%)
1 (20.0%)

Obesity 7 (100.0%) 0 (0.0%) 5 (71.4%) 2 (28.6%)

All patients 25 (80.6%) 6 (19.4%) 16 (51.6%) 15 (48.4%)

Fatigue

Mild 11 (84.6%) 2 (15.4%)

0.888

7 (53.8%) 6 (46.2%)

0.849

Moderate
Severe

6 (75.0%)
1 (100.0%)

2 (25.0%)
0 (0.0%)

3 (37.5%)
1 (100.0%)

5 (62.5%)
0 (0.0%)

Without 7 (77.8%) 2 (22.2%) 5 (55.6%) 4 (44.4%)

Total 25 (80.6%) 6 (19.4%) 16 (51.6%) 15 (48.4%)

Postoperative 
complications

Yes 12 (92.3%) 1 (7.7%)

0.359

6 (46.2%) 7 (53.8%)

0.879No 13 (72.2%) 5 (27.8%) 10 (55.6%) 8 (44.4%)

All patients 25 (80.6%) 6 (19.4%) 16 (51.6%) 15 (48.4%)
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quality. Schneider et al.31 recently showed that assessment of 
muscle quality through the measurement of muscle attenua-
tion on CT can be a better predictor of adverse outcomes than 
muscle quantity, and it should be considered in future studies.

CONCLUSION
Our study showed that the analysis of muscle mass alone on 
CT may overestimate the prevalence of sarcopenia in preop-
erative colorectal patients. Considering the criteria established 
by the EWGSOP, the prevalence of preoperative sarcopenia in 
our study was 19.4%, against 48.4% if we consider only low 
muscle mass on CT. We did not find a significant association 
between the presence of sarcopenia and age, gender, tumor 
staging, nutritional characteristics, patient self-reported fatigue, 
or postoperative complications; however, the small sample 
size may have limited these analyses. As recommendations for 
future investigations, we emphasize the importance of reiter-
ating the need to follow the updated sarcopenia consensus for 

sarcopenia assessment to determine the real impact of the three 
assessment pillars (muscle strength, muscle mass, and physical 
performance) in oncological patients.
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Effect of dexmedetomidine on tourniquet-induced skeletal 
muscle injury
Wenjie Cheng1 , Zhe Wu1 , Jizheng Zhang1 , Wanlu Ren1*

INTRODUCTION
Tourniquet placement is a universal technique used to cre-
ate a bloodless operating field1. However, tourniquet applica-
tion leads to significant acute limb ischemia and reperfusion 
(I/R) injury, which is characterized by inflammation, tissue 
edema, muscle necrosis, and microvascular perfusion deficits2,3. 
Accordingly, these complications greatly limit tourniquet use4. 
Skeletal muscle injury plays a pivotal role in the tissue response 
to acute limb I/R5. Thus, improving the survival of skeletal 
myocytes in surgeries requiring tourniquet application would 
enhance patient recovery.

Toll-like receptors (TLRs), which are ubiquitous in nature, 
activate the innate immune system in response to pathogens, 
stressors, and/or cytokines6. Binding of a ligand to Toll-like 
receptor 4 (TLR4), a TLR subtype, leads to activation of nuclear 
factor (NF)-κB, thereby triggering the transcription of many 
pro-inflammatory genes7.

Dexmedetomidine (Dex) is an agent with sedative, anxio-
lytic, and analgesic effects, which has been applied for surgical 
patients as an adjuvant anesthetic. Research has demonstrated 
that Dex elicits a protective effect against I/R injury in multi-
ple organs through antioxidant and anti-inflammatory mech-
anisms8,9. However, to date, no study has evaluated the effects 
of Dex on tourniquet-induced I/R injury.

Therefore, we investigated whether Dex could attenuate the 
structural and functional impairment of skeletal muscle in a 
mouse skeletal I/R injury model and explored the involvement 
of the TLR4 pathway in the underlying molecular mechanism.

METHODS
Animal experiments were approved by the Animal Care and Use 
Committee of the Tianjin Medical University and performed 
in accordance with the National Institutes of Health guide-
lines for the Care and Use of Laboratory Animals. Two sets of 
C57BL6 male mice (aged 12–13 weeks) were subjected to 3 h 
of unilateral hind limb tourniquet ischemia, followed by 24 h 
of reperfusion (I/R), as previously described1. For formal exper-
iments, mice were randomly assigned to sham, I/R, and Dex 
groups (n=16 mice/group) and anesthetized by an intraperitoneal 
injection of 80 mg/kg pentobarbital sodium. Dex was diluted 
in 0.9% NaCl. Mice in the I/R and Dex groups received nor-
mal saline solution and 9.6 μg/kg Dex intraperitoneally (i.p.), 
respectively, 30 min before ischemia. Mice in the Dex group 
were continuously infused with dexmedetomidine (6 μg/kg/h) 
throughout the 3-h ischemia using an electronic micropump 
(KD Scientific, Holliston, MA, USA), while mice in the I/R 
group received an equal amount of 0.9% saline instead. Mice in 
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SUMMARY
OBJECTIVE: The aim of this study was to investigate whether dexmedetomidine could reduce tourniquet-induced skeletal muscle injury.

METHODS: C57BL6 male mice were randomly assigned to sham, ischemia/reperfusion, and dexmedetomidine groups. Mice in the ischemia/

reperfusion and dexmedetomidine groups received normal saline solution and dexmedetomidine intraperitoneally, respectively. The sham group 

underwent the same procedure as the ischemia/reperfusion group, with the exception of tourniquet application. Subsequently, the ultrastructure of 

the gastrocnemius muscle was observed, and its contractile force was examined. In addition, Toll-like receptor 4 and nuclear factor-κB expression 

within muscles was detected by Western blot.

RESULTS: Dexmedetomidine alleviated myocyte damage and increased the contractility of skeletal muscles. Moreover, dexmedetomidine significantly 

inhibited the expression of Toll-like receptor 4/nuclear factor-κB in the gastrocnemius muscle.

CONCLUSION: Taken together, these results demonstrate that dexmedetomidine administration attenuated tourniquet-induced structural and 

functional impairment of the skeletal muscle, partly through inactivation of the Toll-like receptor 4/nuclear factor-κB pathway.
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the sham group underwent the same procedure as those in the 
I/R group, except for the application of the orthodontic rub-
ber band. All terminal experiments were performed on mice 
after 24 h of reperfusion.

Electron microscopy analysis of skeletal muscle
The ultrastructure of gastrocnemius muscles was observed by 
electron microscopy (EM) analysis. Skeletal muscle tissues were 
removed from mice in each group, cut into 1–3 mm pieces, and 
processed in accordance with a previous method described by 
Yang et al.10. Subsequently, sections were stained with uranyl 
acetate and lead citrate (Sigma-Aldrich, St. Louis, MO, USA) 
and observed using an H-7500/STEM EM (Hitachi, Tokyo, 
Japan) at 5,000× magnification.

Detection of gastrocnemius  
muscle contractile force
The contractile force of gastrocnemius muscles was measured in 
all experimental groups. Under anesthesia (80 mg/kg pentobar-
bital sodium, i.p.), the left gastrocnemius muscles were quickly 
removed and rinsed with ice-cold modified Krebs-Henseleit 
(K-H) solution containing (in mmol/L): NaCl 118, KCl 4.7, 
CaCl2 1.8, MgSO4●7H2O 1.2, KH2PO4 1.2, NaHCO3 25, glu-
cose 11, and HEPES 10 (pH 7.4±0.05, gassed with 95% O2 
and 5% CO2). One end of the gastrocnemius muscle was fixed 
onto the bottom of a small chamber by a micropin. The other 
end was connected to a force transducer (AD Instruments, 
Dunedin, NZ, USA). Stimuli were delivered through a bipo-
lar electrode placed in the chamber and connected to the stim-
ulator. The gastrocnemius muscle was continuously perfused 
with K-H solution at a rate of 15 mL/min at 37°C for at least 
1 h before experiments. Individual twitch contractions of 
the gastrocnemius muscle were induced by stimulation (5 V, 
1 Hz, 1-ms pulse). PowerLab Data Acquisition Systems with 
LabChart 7 (AD Instruments) was used to record and analyze 
muscle contractions.

Protein expression of toll-like receptor 4 and 
nuclear factor-κB in gastrocnemius muscles
After 24 h of reperfusion, gastrocnemius muscles from six 
mice in the sham, I/R, and Dex groups were rapidly col-
lected and stored at -80°C until analysis. Subsequently, tissues 
were dissected and lysed by RIPA Lysis Buffer (Santa Cruz, 
Dallas, TX, USA) for homogenization, and the resulting tissue 
homogenates were centrifuged at 12,000×g for 20 min at 4°C. 
Total protein concentrations in the centrifuged supernatants 
were determined with a bicinchoninic acid protein assay kit 
(Thermo Fisher Scientific, Waltham, MA, USA). Equal volumes 

of loading buffer were added into the protein samples, which 
were mixed and boiled for 10 min at 95°C, and then separated 
using 10% sodium dodecyl sulfate-polyacrylamide gel electro-
phoresis. Protein samples were then transferred onto a poly-
vinylidene difluoride (PVDF) membrane at 200 mA for 3 h. 
After blocking the membrane with 5% non-fat milk for 1 h, 
membranes were cut into strips according to their molecular 
weight and probed overnight at 4°C with a rabbit anti-TLR4 
antibody (Abcam, Cambridge, UK) or a rabbit anti-NF-κB 
antibody (Abcam). After washing membranes with Tris-buffered 
saline with Tween (TBST), they were incubated with a horse-
radish peroxidase-conjugated goat anti-rabbit IgG (Thermo 
Fisher Scientific) for 2 h at room temperature. β-Actin (Cell 
Signaling Technology, Beverly, MA, USA) served as the control. 
Finally, the PVDF membrane was washed with TBST three 
times for 15 min each. Specific immunoreactivity was visual-
ized with an enhanced chemiluminescence substrate (Thermo 
Fisher Scientific), and specific bands were scanned for analysis 
using ImageJ (http://imagej.nih.gov).

Statistical analysis
Statistical analysis was performed using the SPSS version 
17.0 software (SPSS Inc, IL, USA). Data were expressed as 
mean±standard deviation (SD). Continuous variables were com-
pared using the Student’s t-test. For multi-group comparisons, 
one-way analysis of variance (ANOVA) with the Bonferroni 
post hoc test was used to determine statistical significance. 
Statistical significance was considered at p<0.05.

RESULTS

Subcellular structural changes  
of gastrocnemius muscle cells
As shown in Figure 1, mice in the sham group displayed nor-
mal muscle cell morphology, whereas mice in the I/R group 
had incomplete membranes with disordered myofilaments 
and numerous severely swollen mitochondria with disrupted 
cristae that clustered under myolemma. In addition, swol-
len sarcoplasmic reticula were observed in gastrocnemius 
muscle cells of mice in the I/R group. Compared with the 
I/R group, subcellular characteristics of muscle cells in the 
Dex group displayed slight disruptions in the intercellular 
matrix, mild variation in form and size of mitochondria, 
and mild swelling in mitochondria with several vesicular 
cristae. Moreover, the number of mitochondria adjacent 
to the sarcolemma was higher in the Dex group compared 
with the I/R group.

http://imagej.nih.gov
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Contractility of gastrocnemius muscles
As shown in Figure 2, compared with the sham group, gastroc-
nemius muscle contractility was significantly lower in the I/R 
group (p<0.05). In addition, Dex significantly increased the 
contractility of muscle tissues compared with the I/R group 
(p<0.05).

Expression of toll-like receptor 4 and nuclear 
factor-κB in gastrocnemius muscle tissues
As shown in Figure 3, the expression of TLR4 and NF-κB was 
maintained at a low level in the sham group. However, after 
3 h of tourniquet-induced ischemia and 24 h of reperfusion, 
protein levels of TLR4 and NF-κB were significantly elevated 
in gastrocnemius muscle tissues (p<0.05). Dex pretreatment 
could observably decrease TLR4 and NF-κB overexpression 
compared with the I/R group (p<0.05).

Figure 1. Electron microscopy images of gastrocnemius muscle tissues. Scale bar=20 μm, 5,000× magnification. I/R: ischemia-reperfusion; Dex: 
dexmedetomidine (n=5 per group).

*p<0.05 vs. sham; #p<0.05 vs. I/R.

Figure 2. Gastrocnemius muscle contractile forces of experimental 
groups. (A) Individual twitch contraction of the gastrocnemius muscle. 
(B) Quantitative analysis of individual twitch contractile force in each 
group. I/R: ischemia-reperfusion; Dex: dexmedetomidine. Data are 
expressed as mean±standard deviation (n=6 per group). 

Figure 3. Expression of toll-like receptor 4 and nuclear factor-κB in gastrocnemius muscle tissues detected by western blot. (A) Representative 
band images of toll-like receptor 4 and nuclear factor-κB. (B,C) Summary data for expression of toll-like receptor 4 and nuclear factor-κB. I/R: 
ischemia-reperfusion; Dex: dexmedetomidine. Data are expressed as mean±standard deviation (n=6 per group). 

*p<0.05 vs. sham; #p<0.05 vs. I/R.
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High diagnostic yield with algorithmic molecular approach on 
hereditary neuropathies
Gülay Güleç Ceylan1,2* , Esra Habiloğlu1 , Büşranur Çavdarlı1 ,  
Ebru Tuncez1 , Sule Bilen3 , Özlem Yayıcı Köken4 , C. Nur Semerci Gündüz1,2

INTRODUCTION
Charcot-Marie-Tooth disease (CMT) covers a group of inher-
ited peripheral neuropathies. It is also called hereditary motor 
sensory neuropathy. These neuropathies have heterogeneous 
clinics in terms of their phenotypic features, inheritance 
modes, and gene mutations in the etiology1. The prevalence 
is 9.7–82/100.0002.

The mode of inheritance and genetic cause are import-
ant in the classification of CMT3. The phenotype of classical 
CMT contains typically distal weakness (a length-dependent 
motor sensory neuropathy), a high incidence of foot deformi-
ties, and sensory loss. This phenotype can occur in the first/
second decade of life in most patients. There is a slow progres-
sion of these symptoms and worsening by the time2. Nerve 
conduction studies had a huge help in confirming and classify-
ing CMTs by categorizing patients broadly into demyelinating 
and axonal or mixt type forms. The key parameters measured 

by electromyography (EMG) are distal latencies, amplitudes, 
and velocities of motor and sensory nerves, but the main find-
ing is the median nerve conduction velocity, and 38 m/s is the 
commonly used cutoff value for differentiating demyelinating 
from axonal types of CMTs4.

Genetic heterogeneity of CMT has been revealed by the com-
mon use of next-generation sequencing (NGS). Until now, more 
than 100 genes have been described as having causative mutations 
for CMT5. Especially, four genes are responsible for nearly 80% of 
genetically inherited CMTs: PMP22, GJB1, MFN2, and MPZ6. 
The most common type of CMT is CMT1A, which accounts for 
nearly 60% of genetically inherited CMT cases. A 1.4 Mb dupli-
cation in the short arm of chromosome 17 causes CMT1A, and 
this region encloses nine genes, including PMP22 gene7. Another 
inherited neuropathy with pressure palsies has been caused by 
a deletion in the same gene. This points out the importance of 
PMP22 gene and its protein expression level for peripheral nerve 
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SUMMARY
OBJECTIVE: Charcot-Marie-Tooth disease covers a group of inherited peripheral neuropathies. The aim of this study was to investigate the effect of 

targeted next-generation sequencing panels on the molecular diagnosis of Charcot-Marie-Tooth disease and its subtypes in routine clinical practice, 

and also to show the limitations and importance of next-generation sequencing in the diagnosis of Charcot-Marie-Tooth diseases.

METHODS: This is a retrospective study. Three different molecular methods (multiplex ligation probe amplification,  next-generation sequencing, 

and whole-exome sequencing) were used to detect the mutations related to Charcot-Marie-Tooth disease.

RESULTS: In total, 64 patients (33 males and 31 females) with suspected Charcot-Marie-Tooth disease were analyzed for molecular etiology. In all, 

25 (39%) patients were diagnosed by multiplex ligation probe amplification. With an extra 11 patients with normal PMP22 multiplex ligation probe 

amplification results that were consulted to our laboratory for further genetic analysis, a total of 50 patients underwent next-generation sequencing 

for targeted gene panels associated with Charcot-Marie-Tooth disease. Notably, 18 (36%) patients had pathogenic/likely pathogenic variants. Whole-

exome sequencing was performed on five patients with normal next-generation sequencing results; the diagnostic yield by whole-exome sequencing 

was 80% and it was higher in the childhood group.

CONCLUSION: The molecular etiology in Charcot-Marie-Tooth disease patients can be determined according to pre-test evaluation, deciding the 

inheritance type with pedigree analysis, the clinical phenotype, and an algorithm for the genetic analysis. The presence of patients without a molecular 

diagnosis in all the literature suggests that there are new genes or mechanisms waiting to be discovered in the etiology of Charcot-Marie-Tooth disease.
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function. GJB1, MFN2, and MPZ are responsible for CMTX1, 
CMT2A, and CMT1B, respectively3. CMT2A can present in 
early childhood or infancy period, and it is caused by MFN2 
gene mutations with a more severe phenotype8.

Recently, NGS has become more cost-effective, suitable, and 
wide for many genetically inherited diseases, including CMT. 
Targeted NGS panels include some causative genes related to 
the diseases9,10. This study aimed to describe the effect of tar-
geted NGS panels on the molecular diagnosis of CMT and 
its subtypes in routine clinical practice, and also to show the 
limitations and importance of NGS at the diagnosis of CMTs.

METHODS
We reviewed the data of 64 patients who applied for hereditary 
peripheral neuropathy at the Ankara City Hospital Genetic 
Diseases Evaluation Center from February 2019 to December 
2020. The patients were examined by their pediatric/adult 
neurologists and were referred to our genetic laboratory for a 

diagnostic genetic test. Patients who had acquired neuropathy 
were excluded. Permission for the study was obtained from 
the Ankara Yıldırım Beyazıt University Ethics Committee 
(17.02.2021/02). The study followed the guidelines and prin-
ciples of the Declaration of Helsinki. All patients and formal 
guardians of the patients under 18 years had signed the written 
informed consent for the usage of their clinical data and genetic 
analysis. Genomic DNA was extracted from peripheral blood 
using QIAcube® automatic DNA isolation system (Qiagen 
Inc., Mississauga, ON, Canada) according to the manufactur-
er’s instructions. MRC Holland (Amsterdam, Holland) P033 
CMT1 kit was used for multiple ligation-dependent probe 
amplification (MLPA) method according to the manufactur-
er’s instructions. MLPA using genomic DNA extracted from 
whole blood was performed to detect the deletion/duplica-
tion mutations of PMP22 gene. Qiagen CMT panel CDHS-
17346Z-1897 kit (Qiagen, Hilden, Germany) was used for 
NGS to detect the single nucleotide variants for the targeted 
genes (Table 1). The target enrichment process was followed by 

Table 1. Charcot-Marie-Tooth disease-related genes (44) included in targeted NGS panel, their corresponding transcript numbers, and heredity types.

AD: autosomal dominant; AR: autosomal recessive; XLD: X-linked dominant; XLR: X-linked recessive.

Gene name Transcript ID Inheritance Gene name Transcript ID Inheritance

AARS NM_001605.2 AD KIF5A NM_004984.2 AD

ARHGEF10 NM_014629.2 AD LITAF NM_001136473.1 AD

BSCL2 NM_032667.6 AD,AR LMNA NM_170707.3 AD,AR

COX6A1 NM_004373.3 AR MARS NM_004990.3 AD

DHTKD1 NM_018706.6 AD MED25 NM_030973.3 AR

DNMT1 NM_001379.2 AD MFN2 NM_014874.3 AD,AR

DNM2 NM_001005360.2 AD MPZ NM_000530.6 AD

DYNC1H1 NM_001376.4 AD MTMR2 NM_016156.5 AR

EGR2 NM_000399.3 AD NDRG1 NM_006096.3 AR

FAM134B NM_001034850.3 AR NEFL NM_006158.4 AD,AR

FIG4 NM_014845.5 AR PLEKHG5 NM_198681.3 AR

FGD4 NM_139241.2 AR PMP22 NM_153321.2 AD

GAN NM_022041.3 AR PRPS1 NM_002764.3 XLR

GARS1 NM_002047.2 AD PRX NM_181882.2 AR,AD

GDAP1 NM_018972.2 AR,AD RAB7A NM_004637.5 AD

GJB1 NM_000166.5 XLD REEP1 NM_022912.2 AD

HSPB1 NM_001540.3 AD SBF1 NM_002972.2 AR

HSPB8 NM_014365.2 AD SBF2 NM_030962.3 AR

IGHMBP2 NM_002180.2 AR SH3TC2 NM_024577.3 AR,AD

IKBKAP NM_003640.3 AR TRPV4 NM_021625.4 AD

INF2 NM_022489.3 AD VCP NM_007126.3 AD

KIF1B NM_015074.3 AD YARS1 NM_003680.4 AD
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sequencing of the libraries on Illumina MiSeq system (Illumina 
Inc., San Diego, CA, USA). Whole-exome sequencing (WES) 
was performed on five patients who had negative duplication/
deletion analysis and targeted NGS panel.

Data analysis and variant interpretation
Data analysis was carried out by QIAGEN Clinical Insight 
(QCITM) software (QIAGEN, Hilden, Germany). Pathogenic, 
likely pathogenic, and uncertain significant variants were con-
firmed by Sanger sequencing. The exons of all targeted genes 
were sequenced at a read depth of 30× or greater. The 2015 
American College of Medical Genetics Standards and Genomics 
(ACMG) was used for the interpretation of sequence variants11.

RESULTS
In total, 64 patients (33 males/31 females) with suspected CMT 
were analyzed for molecular etiology. The range of the patient 
ages was between 3 and 74 years; 33 male cases had a mean age 
of 26.4 years, and 31 female cases had a mean age of 25.3 years.

First, MLPA was performed for deletion/duplication 
analysis for all of the patients. In all, 25 (39%) patients were 
diagnosed by MLPA. PMP22 duplication was detected in 14 
patients, and PMP22 deletion was detected in 11 patients. An 
extra 11 patients with normal PMP22 MLPA results who were 
consulted to our laboratory for further genetic analysis were 
also included in the study. Eventually, 50 patients with nor-
mal PMP22 MLPA results underwent NGS for targeted gene 
panels associated with CMT.

Notably, 18 (36%) patients including 10 males and 8 females 
had pathogenic/likely pathogenic variants at INF2, EGR2, 
HSPB1, GJB1, GNB4, LITAF, GDAP1, MFN2, IGHMBP2, 
SH3TC2, GAN, SBF1, MRM2, and PLA2G6 genes. Nine (50%) 
patients were under 18 years old. Family history was positive for 
six patients and consanguinity marriage for seven parents. Nine 
patients had homozygote pathogenic/likely pathogenic variants 
for genes (IGHMBP2, SH3TC2[2], GDAP1[3], GAN[2], and 
SBF1) that have autosomal recessive manner. Eight patients had 
heterozygote pathogenic/likely pathogenic variants for genes 
(INF2[2], EGR2, HSPB1, GNB4, LITAF, GDAP1, and MFN2) 
that have autosomal dominant and X-linked manner (GJB1), 
respectively. In only one patient, a heterozygote pathogenic 
variant had been detected for an autosomal recessive inherited 
gene (GAN) (Table 2).

A total of 17 (13%) variants on 13 patients were assessed as 
variants of unknown significance in our study (Table 2). Five 
(38%) patients were under 18 years old. Pathogenic, likely 
pathogenic, and variant of uncertain significant variants (VUS) 

were confirmed by bidirectional Sanger sequencing. Over 99% 
of the coding exons of all genes in the panel were sequenced to 
a read depth of 30× or greater in almost all cases. According to 
these results, the molecular diagnosis rate was 39%.

WES was performed as further examination in 5 patients (3 
of them under 18 years old) whose panel results were found to 
be normal. Pathogenic and likely pathogenic variants had been 
detected at four different genes in these patients (Table 3). As 
a result, among 22 pediatric patients, 17 were diagnosed by 
NGS and WES, and 19 out of 28 adult patients were also diag-
nosed. So, the diagnosis rates for the pediatric age group and 
adult groups were 55 and 39%, respectively, excluding VUS.

DISCUSSION
CMT diseases are a very wide spectrum of hereditary neurop-
athies that are caused by a large number of different genes12. 
There is a genetic heterogeneity in the inheritance of the genes 
responsible for CMTs. The molecular pathways of these genes 
related to CMTs are quite complex; thus, the diagnosis is also 
complicated12. At this point, a new approach is needed for the 
correct diagnosis6.

PMP22 duplication/deletion test is the first diagnostic 
method for CMT1. In our study, MLPA was the first method 
used for the investigation of duplication/deletion analysis for 
PMP22 gene. The diagnostic yield for MLPA was 39%, which 
was nearly compatible with the literature7.

If the MLPA test is negative or there is another type of CMT, 
a targeted NGS gene panel should be performed13. With these tar-
geted gene panels listing all known disease-causing genes, a large 
group of genes can be sequenced and analyzed to show the different 
variants (pathogenic, likely pathogenic, or variants of unknown 
significance), and this method can be accepted as the most effective 
genetic testing in CMT. The diagnosis rate is 18–31% for CMT 
gene panels, related to the sequencing quality and the included 
genes14. Vaeth et al. reported that 6.7% pathogenic/likely patho-
genic variants were detected with targeted NGS panel in CMT 
patients15. The higher depth of coverage is an important factor 
for the higher accuracy of the test14. The diagnostic yield for NGS 
in our study was 36%. We think that the reason why this rate is 
slightly higher than that reported in the literature is that the right 
patients were chosen based on their clinical findings, EMG results, 
and family history. Notably, 18 patients who had undergone to 
NGS had pathogenic/likely pathogenic variants mostly at auto-
somal recessive inherited genes (IGHMBP2, SH3TC2, GDAP1, 
GAN, SBF1, EGR2, MFN2) and one at X-linked inherited gene 
(GJB1). The rest of the patients had pathogenic/likely pathogenic 
variants at autosomal dominant inherited genes (INF2, HSPB1, 
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Table 2. Cases with pathogenic/likely pathogenic variants and variant of uncertain significant variants.

Gender Age Result ACMG 2015 criteria Phenotype (OMIM)

M 14 INF2 (NM_022489.3):c.218G>A(p.Gly73Asp) Heterozygote Likely pathogenic (novel) CMTDIE (614455) 

M 44 EGR2 (NM_000399.4):c.1142G>T(p.Arg381Leu) Heterozygote Likely pathogenic (novel) CMT1D (607678) 

F 36 INF2 (NM_022489.3):c.271C>G(p.Arg91Gly) Heterozygote Likely pathogenic CMTDIE (614455) 

M 74 HSPB1 (NM_001540.5):c.562C>T(p.R188W) Heterozygote Likely pathogenic CMT2F (606595) 

F 40 GJB1 (NM_000166.5):c.581T>C(p.M194T) Heterozygote Likely pathogenic CMTX (1302800) 

M 28 GNB4 (NM_021629.4):c.266A>C(p.Lys89Thr) Heterozygote Likely pathogenic CMTDIF (615185) 

M 9 LITAF (NM_004862.3):c.430G>A(p.Val144Met) Heterozygote Likely pathogenic CMT1C (601098) 

M 10 GDAP1 (NM_018972.4): c.836A>G(p.Tyr279Cys) Heterozygote Pathogenic CMT2K (607831) 

F 3 MFN2 (NM_001127660.1):c.1090C>T(p.Arg364Trp) Heterozygote Likely pathogenic CMT2A2A (609260)

F 5 IGHMBP2 (NM_002180.2): c.1347G>A(p.Met449Ile) Homozygote Pathogenic CMT2S (616155) 

M 20 
SH3TC2 (NM_024577.3):c.1896_1897delGGinsA(p.Ala633fs*12) 

Homozygote 
Pathogenic CMT4B2 (604563) 

F 33 SH3TC2 (NM_024577.3):c.2860C>T(p.R954*) Homozygote Pathogenic CMT4C (601596) 

M 15 GDAP1 (NM_018972.3):c.347T>G(p.M116R) Homozygote Likely pathogenic CMT2K (607831) 

F 12 GAN (NM_022041.3):c.1369_1370dupAG(p.R458fs*32) Homozygote Pathogenic Giant axonal neuropathy-1 

F 19 SBF1 (NM_002972.4):c.5297G>A(p.Arg1766His) Homozygote Likely pathogenic CMT4B2 (604563) 

M 13 GDAP1 (NM_001040875.3):c.278G>A(p.Arg93His) Homozygote Likely pathogenic CMT2K (607831) 

M 6 GAN (NM_022041.4):c.968C>A(p.S323*) Homozygote Pathogenic Giant axonal neuropathy-1 

F 23 GDAP1 (NM_018972.3):c.347T>G(p.M116R) Homozygote Likely pathogenic CMT2K (607831) 

M 18 MFN2 (NM_014874.3): c.2167G>A(p.p.Val723Ile) Heterozygote VUS CMT2A2A (609260)

F 32
SBF2 (NM_030962.3):c.5014_5016delAAA(p.Lys1672del) 

Homozygote, ARHGEF10 (NM_014629.3):c.2881T>G(p.
Ser961Ala) Heterozygote

VUS
CMT4B2 (64563)

Slowed nerve conduction 
velocity (608236)

F 32 VCP (NM_007126.5):c.34C>A(p.L12I) Heterozygote VUS CMT2Y (616687)

M 5 PMP22 (NM_000304.4):c.103G>A(p.A35T) Heterozygote VUS
CMT1A (118220)
CMT1E (118300)

F 52 TRPV4 (NM_021625.4):c.133G>A(p.G45S) Heterozygote VUS HMSN2C (606071)

M 17
SBF1 (NM_002972.4):c.1637-4delG Heterozygote, SH3TC2 

(NM_024577.3):c.3293C>T(p.T1098I) Heterozygote
VUS

CMT4B2 (604563)
CMT4B2 (604563)

M 16
REEP1 (NM_022912.2):c.262T>C(p.Y88H) Heterozygote, FIG4 

(NM_014845.5):c.1246T>G(p.W416G) Heterozygote
VUS

HMN5B (614751)
CMT4J (611228)

F 25 INF2 (NM_022489.4):c.1541C>T(p.P514L) Heterozygote VUS CMTDIE (614455)

F 29 PLEKHG5 (NM_020631.5):c.2362_2363TC[2] (p.Leu789fs) Heterozygote VUS CMTC (615376)

M 2 DYNC1H1:c.10619A>G(p.N3540S) Heterozygote VUS CMT2O (614228)

F 38
DHTKD1 (NM_018706.7):c.857A>G(p.Asn286Ser) Heterozygote, 

PLEKHG5 (NM_001042663.2):c.1778G>A(p.Arg593Gln) Heterozygote
VUS

CMT2Q (615025)
CMTC (615376)

F 31 GARS1 (NM_0013166772.1):c.1598C>T(p.T533M) Heterozygote VUS CMT2D (601472)

M 19
EGR2 (NM_001136179.3):c.364_369dupCCTCCT (p.Pro172_

Pro173dup) Heterozygote
VUS CMT1D (607678)

https://omim.org/entry/608236
https://omim.org/entry/616687
https://omim.org/entry/118220
https://omim.org/entry/118300
https://omim.org/entry/606071
https://omim.org/entry/614751
https://omim.org/entry/611228
https://omim.org/entry/615376
https://omim.org/entry/614228
https://omim.org/entry/615025
https://omim.org/entry/615376
https://omim.org/entry/601472
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GNB4, LITAF, MFN2). According to the previous studies, auto-
somal dominant inherited CMTs are more common according 
to autusomal recessive inherited ones6. Due to the prevalence of 
consanguineous marriages in the Turkish population and the fam-
ily structure with many children, it is estimated that the autoso-
mal recessive inherited forms of CMTs may have a higher rate, 
unlike the literature.

By using targeted gene panels, the rate of VUS has been 
increased. Comments about VUS are still a diagnostic chal-
lenge in NGS method. Different laboratories report different 
comments about the same variant. Hence, it is important to 
know the effect of VUS for an effective genetic counseling. If 
there is sufficient data about VUS, it can also be evaluated as 
benign or likely benign polymorphisms. If there is more than 
one VUS in a patient, this can affect the disease burden and 
also explain the variable expressivity at the phenotypes of the 
patients16. VUS variants need to involve a multidisciplinary 
medical team for phenotype-genotype correlation.

In our study, VUS were identified in 13% of the patients 
in MFN2, SBF2, ARHGEF10, VCP, PMP22, TRPV4, SBF1, 
SH3TC2, REEP1, FIG4, INF2, PLEKH5 (2), DYNC1H1, 
DHTKD1, GARS1, and EGR2 genes. The single variants in 

dominant genes associated with CMT were more common 
(8/14 genes). Only the PLEKHG5 gene that had autosomal 
recessive inheritance had two heterozygote VUS, and the other 
genes had only one VUS. Three patients were co-segregated 
with the healthy consanguineous obligate carrier parent. Some 
families of the other patients were not available or could not 
be reached; hence, family study could not be carried out on 
these patients, but they are considered to be recalled. Patients 
were offered an annual follow-up evaluation for VUS. In differ-
ent CMT-NGS studies, various results were reported for VUS 
according to population diversities16-18. Larger population-based 
studies could reduce the prevalence of VUS.

WES was also performed in our study, as an advanced exam-
ination in five of the male patients whose panel results were 
found to be normal. The mean age of these patients was 18.6 
years. Four patients had homozygote pathogenic/likely patho-
genic variants at different genes (VAMP1, MRM2, PLA2G6, 
and MME), which had all autosomal recessive manner. A novel 
mutation at splice site of MME gene was evaluated as likely 
pathogenic. All of these five patients had neuropathic changes 
at their EMGs. WES captures and sequences only 1–2% of 
the entire genome. Over the past decade, WES has been a very 

Table 3. Molecular findings of whole-exome sequencing at chosen patients.

AR: autosomal recessive. *CADD is a tool for scoring the harmfulness of a variant. A score of 10 indicates that the variant is supposed to be among the top 10% 
of deleterious variants, a score of 20 indicates the variant is in the top 1%.

Gender Age Clinical findings
Gene (RefSeq 

Transcript)

Mutation 
nucleotide 

change/
Amino acid 

change

Zygosity 
and 

inheritance

Database 
info  

dbSNP/
HGMD/
Novel/
ClinVar

SIFT PolyPhen
CADD 
score*

Frequency

Male 5

Delayed motor 
development, 

severe hypotonia, 
dysmorphic facial 
features, cleft lip

VAMP1 
(NM_199245.3)

c.202C>T/p.
R68* 

Homozygous/
AR

CM11716
(DM)/

rs76969393

No 
prediction

No 
prediction

36 0.00000795

Male 17

Developmental 
delay, 

neurosensory 
deafness, 

hepatosplenomegaly, 
liver enzyme 

abnormalities, 
palmoplantar 

hyperkeratosis

MRM2 
(NM_0133933)

c.638A>C/p.
Gln213Pro

Homozygous/ 
AR

rs372352761 Tolerated
Possibly 

damaging
21.6 0.00000398

Male 5
Developmental 

delay, psychomotor 
regression

PLA2G6 
(NM_001199562.3)

c.1610G>A/p.
Arg537Gln

Homozygous/
AR

CM063032 
(DM)/

rs776713955
Damaging

Probably 
damaging

31 0.00000398

Male 19
Gait disturbance, 

distal muscle 
weakness, scoliosis

Normal – – – – – – –

Male 47
Gait instability, 

distal muscle 
weakness

MME 
(NM_007289.4)

c.160+1G>C/
splice site

Homozygous/
AR

Novel
No 

prediction
No 

prediction
33 –
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popular research tool and the main driver in the identifica-
tion of new CMT-related genes. WES also allows sequencing 
of genes that have never been associated with CMT or other 
Mendelian diseases. Since neuropathy can accompany other 
neuromuscular diseases besides CMT, results other than CMT 
can also be obtained by WES. Different groups report diagnosis 
rates as 19–45% in people with CMT or complex neuropathy 
who had negative genetic tests earlier19. In our study, WES was 
performed on molecularly undefined patients with CMT. The 
diagnosis rate among the patients who underwent WES was 
80%. We think that the increased rate is the result of appro-
priate patient selection and the previous negative genetic tests.

Two novel mutations at INF2 and EGR2 genes related to 
CMTDIE and CMT1D, respectively, were detected by targeted 
NGS gene panel. Another novel variant at MME gene caus-
ing CMT2T was found by WES analysis. The variants were 
classified as “likely pathogenic” according to ACMG criteria11.

For our study, the diagnosis rate was 39% (25 of 64 patients) 
with PMP22 MLPA. The molecular diagnosis of 18 (36%) 
among the 50 patients was confirmed with targeted NGS pan-
els. Four of five patients had molecular diagnosis who under-
went WES analysis. The diagnostic yield was compatible with 
literature20,21. The diagnostic rate in pediatric age group (54%) 
was higher than adult age group (39%). Especially, pediatric 
patient group that targeted NGS did not diagnose were sur-
prisingly diagnosed by WES.

Out of 64 patients who first applied to our clinic for neu-
ropathy, 25 were diagnosed by MLPA, 18 by targeted NGS 
panel (out of a total of 50 patients with a normal PMP22 MLPA 
result who were consulted to our laboratory for further genetic 
analysis), and 4 by WES. As a result, the diagnostic yield of 
our study was 73% (47 patients). Thus, it can be said that the 
algorithmic molecular approach increases the diagnosis rate in 
hereditary neuropathies.

CONCLUSION
Gene panels provide excellent capture of intended CMT-
associated gene regions, so they minimize false negatives with 
uniform coverage and high reading depths. The diagnostic rate 
for CMT gene panels ranges between 18 and 31% in the lit-
erature, depending on the CMT cohort, demographic back-
ground, sequencing platform, and number of genes included. 
The most important point is to evaluate the bioinformatics 

analysis of the variants obtained by NGS in correlation with 
the clinics of the patients.

In our study, targeted NGS panel was diagnostic in nearly 
one-third of the patients with CMT clinics after the exclusion 
of PMP22 deletion/duplication analysis. WES is an advanced 
technique in patients with negative targeted gene panels and 
PMP22 gene duplication/deletion. The molecular etiology in 
CMT patients can be determined according to pre-test eval-
uation, deciding the inheritance type with pedigree analysis, 
clinical phenotype, and an algorithmic molecular approach for 
the genetic analysis. Early onset of the disease, consanguinity 
marriage, or positive family history is important for a correct 
genetic diagnosis. An accurate diagnosis is also important for 
an appropriate genetic counseling for the patients to under-
stand the significance of genetic testing. As in our study, the 
presence of patients without a molecular diagnosis in all the 
literature suggests that new genes or mechanisms are needed 
to be discovered in the etiology of CMT.
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Urbanization and kidney dysfunction in Brazilian indigenous 
people: a burden for the youth
Orlando Vieira Gomes1,2* , Manoel Pereira Guimarães2 , Jandir Mendonça Nicacio1,2 ,  
Leela Morena2 , Antônio Marconi Leandro da Silva2 , Jeová Cordeiro de Morais Junior2 ,  
Carlos Dornels Freire de Souza2 , Manoel Barral-Netto3 , João Augusto Costa Lima4 ,  
Anderson da Costa Armstrong1,2

INTRODUCTION
Chronic kidney disease (CKD) is one of the most important 
public health concerns of the century, and it is known to be asso-
ciated with high rates of mortality and social costs1. It is charac-
terized by severe, irreversible kidney damage with a reduction in 
glomerular filtration rate of <60 mL/min/1.73 m2 or a urinary 
albumin-to-creatinine ratio of ³30 mg/g2. Previous studies have 
shown an increasing prevalence of CKD among indigenous peo-
ple. When comparing outcomes with the general population, 
indigenous communities present higher mortality rates3.

Similar to other colonized indigenous population3, Brazilian 
indigenous people have undergone an accelerated process of 

nutritional and epidemiological transition characterized by 
reduced physical activity and incorporation of new cultural 
habits. These factors have promoted the emergence of chronic 
diseases, such as CKD, and risk factors, such as obesity, hyper-
tension, hyperglycemia, dyslipidemia, and diabetes, among 
indigenous people4-6. However, the literature describing the 
prevalence and determinants of CKD in Brazilian indigenous 
people is still scarce.

The Project of Atherosclerosis among Indigenous Populations 
(PAI) is a population-based study conducted in the Northeast 
Region of Brazil. The aim of this project was to assess cardio-
vascular health in indigenous groups with different degrees 
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SUMMARY
OBJECTIVE: The aim of this study was to investigate whether the degree of urbanization influences the prevalence of chronic kidney disease in 

Brazilian indigenous people.

METHODS: This is a cross-sectional study conducted between 2016 and 2017 in northeastern Brazil and includes individuals aged between 30 and 

70 years from two specific indigenous groups who volunteered to participate in the study: the Fulni-ô people (lowest degree of urbanization) and 

the Truká group (greater degree of urbanization). Cultural and geographical parameters were used to characterize and measure the magnitude of 

urbanization. We excluded individuals with known cardiovascular disease or renal failure who required hemodialysis. Chronic kidney disease was 

defined as a single measurement of an estimated glomerular filtration rate <60 mL/min/1.73 m2 using the Chronic Kidney Disease Epidemiology 

Collaboration creatinine equation.

RESULTS: A total of 184 indigenous people from the Fulni-ô group and 96 from the Truká group with a median age of 46 years (interquartile range: 

15.2) were included. We found a chronic kidney disease rate of 4.3% in the total indigenous population, generally affecting an older population: 41.7% 

over 60 years old (p<0.001). The Truká people had a chronic kidney disease prevalence of 6.2%, with no differences in kidney dysfunction across age 

groups. The Fulni-ô participants had a chronic kidney disease prevalence of 3.3%, with a higher proportion of kidney dysfunction in older participants 

(of the six Fulni-ô indigenous people with chronic kidney disease, five were older).

CONCLUSION: Our results suggest that a higher degree of urbanization seems to negatively influence the prevalence of chronic kidney disease in 

Brazilian indigenous people.
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of urbanization. Between 2016 and 2017, the PAI study 
recruited 999 individuals, with no known previous cardio-
vascular event, who were inhabitants of the following three 
communities in the São Francisco River basin: two indige-
nous tribes (the less urbanized Fulni-ô and the more urban-
ized Truká people) and an urbanized non-indigenous control 
group from the same area4.

For this report, we exclusively assessed indigenous partic-
ipants in the PAI study with available estimated glomerular 
filtration rate (eGFR) and clinical data to describe the prev-
alence of CKD and associated risk factors in both Brazilian 
indigenous communities living in different degrees of urban-
ization. Our hypothesis was that the group with a high degree 
of urbanization would have the highest prevalence of CKD.

METHODS
The PAI study was approved by the National Research Ethics 
Council (CONEP number 1.488.268), the National Indigenous 
Foundation (Fundação Nacional do Índio [FUNAI]; process 
number 08620.028965/2015-66), and the indigenous leaders 
of both participating groups. All participants provided written 
informed consent before enrollment in the study.

Study design and recruiting
The PAI study has been described previously4. Briefly, it is 
a descriptive, cross-sectional study composed of two spe-
cific indigenous groups from the Sao Francisco Valley in the 
northeast of Brazil (Figure 1). These groups were assessed 
between 2016 and 2017, and then stratified by degree of 
urbanization: the Fulni-ô people with a low level of urban-
ization and the Truká group with a high level of urbaniza-
tion. The classification of the degree of urbanization was 

based on the following group characteristics: geographical 
location, maintenance of traditional culture, proximity to 
and contact with cities, and influence of the city on the 
group’s dynamics7,8. 

The PAI study included individuals aged between 30 and 
70 years who voluntarily agreed to participate in the study. 
Those with clinically manifested heart failure, history of coro-
nary or cerebrovascular vascular diseases requiring hospitaliza-
tion, renal failure on dialysis, or a history of surgery for periph-
eral arterial disease or heart disease were excluded. 

The current analysis was carried out as an ancillary study 
of the PAI study, assessing participants with complete data on 
kidney function. In total, we analyzed 280 individuals: 184 
(65.7%) from the Fulni-ô group and 96 (34.3%) from the 
Truká group.

Sociodemographic and  
anthropometric parameters
We registered sex as a binary variable (male/female). Age was 
computed as a continuous variable in years, as well as catego-
rized within four proportional groups (30–39, 40–49, 50–59, 
and 60–70 years). Individuals were classified according to body 
mass index as underweight (<18.5), normal (≥18.5 and <25), 
overweight (≥25 and <30), and obese (≥30). Obesity was sub-
divided into categories: class 1 (30 to < 35), class 2 (35 to <40), 
and class 3 “severe” obesity (>40)9. 

Clinical parameters and laboratory testing
Hypertension was defined as systolic blood pressure 
≥140 mmHg, diastolic blood pressure ≥90 mmHg, or 
taking hypertension medications10. Diabetes was diagnosed 
when HbA1c was ³6.5% or using diabetes medications11. 
Dyslipidemia was established if the participant was using 
hypolipidemic medication or if at least one of the following 
criteria was met: reduced high-density lipoprotein choles-
terol, a level <40 mg/dL in men or 50 mg/dL in women; 
hypertriglyceridemia, a triglyceride level >150 mg/dL; and 
hypercholesterolemia, an low-density lipoprotein choles-
terol >160 mg/dL12. 

Estimated glomerular filtration rate was calculated using 
the CKD Epidemiology Collaboration (CKD-EPI) creatinine 
equation without correction for race. According to the 2012 
KDIGO criteria2, we classified the participants into three cat-
egories: normal/high (G1) (eGFR: ≥90 mL/min/1.73 m2), 
mildly decreased excretory renal function (G2) (eGFR: 
60–89 mL/min/1.73 m2), and substantially reduced (G3) 
(eGFR: <60 mL/min/1.73 m2). We defined CKD as a single 
measurement of eGFR <60 mL/min/1.73 m2. Figure 1. Geographical locations of the Truká and Fulni-ô groups.
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Statistical analysis
The following statistical tests were used: the Shapiro-Wilk test 
for data distribution evaluation and analysis of variance to com-
pare age distribution according to different grades of eGFR 
(and Tukey’s post hoc test, when necessary). In this analyses, 
confidence intervals of 95% and a significance level of 5% were 
used. Continuous quantitative variables were presented through 
central tendency and dispersion (mean±standard deviation) 
and qualitative variables through frequencies (absolute and 
relative). Significant associations were considered when p<0.05. 

RESULTS
A total of 280 indigenous participants were included: 184 
(65.7%) from the Fulni-ô group and 96 (34.3%) from the 
Truká group, with a median age of 46 (interquartile range: 
15.2) years in the entire cohort. According to the 2012 
KDIGO criteria2, 59.9% of all participants had normal/high 
eGFR; 37.8% had mildly decreased excretory renal function 
(eGFR: 60–89 mL/min/1.73 m2); and 4.3% had substan-
tially reduced eGFR (<60 mL/min/1.73 m2), which gener-
ally affected a higher age population (p<0.001) (Figure 2A).

Figure 2. Glomerular filtration rate stage (Chronic Kidney Disease Epidemiology Collaboration, without race correction) of the study population: 
(A) total population; (B) Fulni-ô; and (C) Truká.
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In a more advanced degree of urbanization, the Truká people 
had a CKD prevalence of 6.2%, with no differences in kidney 
dysfunction across age groups. On the contrary, the Fulni-ô 
participants had a CKD prevalence of 3.3%, with a higher pro-
portion of kidney dysfunction in older participants (of the six 
Fulni-ô indigenous people with CKD, five were older), when 
compared to young people from the same ethnicity (Figures 2B 
and 2C). In the prevalence of CKD between the two indigenous 
groups, no statistically significant difference was found (p=0.068) 
(Table 1). The Truká people presented a younger population 
with mildly to moderately decreased kidney function, with a 
median age of 47.5 years, contrasting with the median age of 
63.5 years in the G3 Fulni-ô subgroup (Figures 2B and 2C). 

The prevalence of hypertension and diabetes was 24.6 and 
9.3%, respectively. Regarding the prevalence of hypertension, 
no association was found between the groups according to the 
eGFR. As for diabetes, the prevalence in the indigenous with 
an eGFR <60 mL/min/1.73 m2 was 25% (3/12) compared to 
8.6% (23/268) in the group with an eGFR ≥60 mL/min/1.73 m2 
(p=0.0453) (Table 1).

Notably, 95 (33.4%) individuals were classified as obese 
and 109 (38.9%) as overweight. No association was found 
between the prevalence of obesity in the groups according to 
estimated eGFR (p=0.327). However, among traditional risk 
factors for developing CKD, obesity was the only factor that 
showed a significant difference between the two indigenous 
groups, with a higher prevalence in the group with the high-
est degree of urbanization: 43.7% among the Truka (42/96) 
and 28.8% among the Fulni-ô (53/184) (p=0.0124) (Table 1).

DISCUSSION
We identified a tendency of worse kidney function among the 
more urbanized Truka ethnicity when compared to the Fulni-ô 
people, suggesting that a more urbanized setting might be asso-
ciated with worse kidney function. Additionally, our results 
also suggest that younger individuals are affected with inten-
sity similar to the elderly among indigenous population with 
advanced urbanization levels.

The ELSA-Brazil cohort reported that 4.8% of the over-
all Brazilian population (n=14,636) had an eGFR below 
60 mL/min/1.73 m2, compared to 7.2% of the 153 self-de-
clared indigenous participants1. Socioeconomic disadvan-
tages do not seem to fully explain the higher prevalence of 
CKD among indigenous participants in the ELSA study, as 
the entire cohort had stable employment and a high level of 
education. In accordance with our results, the ELSA study 
findings might, at least in part, be explained by the fact that 

the indigenous participants have experienced acculturation 
in a highly urbanized setting.

In non-indigenous Brazilian adults, the prevalence of sys-
temic arterial hypertension is 21.4%13. In our study population, 
the prevalence of systemic arterial hypertension was slightly 
higher. However, this prevalence is slightly lower than in other 
ethnic groups that have been studied previously5,6. Other tra-
ditional risk factors related to CKD, such as diabetes mellitus 
and obesity, also showed considerable prevalence. 

In relation to diabetes mellitus, according to a recently con-
ducted survey14, the prevalence in the study groups was similar 
to that found in the Brazilian population and associated with 
CKD. This result may be closely linked to the high prevalence 
of obesity in this population, with an alarming prevalence of 
33.4%. This number is higher than that found in a popula-
tion-based survey conducted in Brazil (prevalence of 16.8% 
for men and 24.4% for women)15, and much higher than that 
found in the Brazilian Amazon Region, i.e., 14.4% in the 
Parkatêjê people and 15% in the Aruák people16. Among the 
risk factors for developing CKD, obesity was the only factor 
for which there was a statistical difference between the two 
indigenous groups. 

Our results are likely due to the greater proximity and inte-
gration of the study groups with neighboring non-indigenous 
population and, consequently, the incorporation of an urban 
lifestyle. Consequently, changing dietary habits, especially the 
increased consumption of industrial foods, lead to an increase 
in chronic noncommunicable diseases and cardiovascular risk4,7. 
In this perspective study, it is likely that younger generations 
of indigenous people come in contact sooner and have more 
contact with these aspects of urban life than their ancestors.

Our study has limitations for generalizing the results due to 
the small sample size and its cross-sectional nature, which does 
not allow for the establishment of the causality of the associ-
ation. Another limitation stems from the ethnic and cultural 
diversity of Brazilian indigenous people, which makes the final 
analysis difficult. Nevertheless, our results are relevant because 
they present unpublished data on a theme that has been less 
studied among Brazilian indigenous people. Furthermore, they 
suggest the influential role of urbanization in the prevalence of 
CKD and warn of its high prevalence in indigenous communi-
ties, which is a situation that occurs with indigenous people in 
other countries17. Finally, when considering the exclusion crite-
ria of the PAI study (a study designed for a group of generally 
healthy participants), the low percentage of elderly in the sam-
ple (14.3%), the use of only GFR to estimate CKD, the per-
centage of indigenous people with CKD, and mildly decreased 
excretory renal function (G2) are significant and cause concern. 
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Table 1. Characterization of the study population, according to estimated glomerular filtration rate (estimated glomerular filtration rate <60 and 
≥60 mL/min/1.73 m2) and ethnic group (Fulni-ô and Truká indigenous people) (n=280).

Variables

eGFR Ethnic group

Total
n=280 (100%)

eGFR <60
n=12 (4.3%)

eGFR ≥60
n=268 (95.7%)

p-value
Fulni-ô

n=184 (65.7%)
Truká

n=96 (34.3%)
p-value

Ethnic group

Fulni-ô 184 (65.7%) 6 (3.3%) 178 (96.7%)
0.389c

- - -

Truká 96 (34.3%) 6 (6.2%) 90 (93.8%) - - -

Gender

Female 182 (65%) 11 (6.1%) 171 (93.9%)
0.095c

121 (65.7%) 61 (63.5%)
0.712c

Male 98 (35%) 1 (1.0%) 97 (99.0%) 63 (34.3%) 35 (36.5%)

Age (years)

(Md; IQR) 46.0; 15.2 54.0; 12.5 45.5; 16.0 0.008d 46.0; 17 45.5; 9.2 0.791d

30–39 years 77 (27.5%) 0 (0.0%) 77 (100.0%)

0.015d

55 (29.9%) 22 (22.9%)

0.051c
40–49 years 90 (32.1%) 3 (3.3%) 87 (96.7%) 52 (28.2%) 38 (39.6%)

50–59 years 73 (26.1%) 4 (5.5%) 69 (94.5%) 45 (24.5%) 28 (29.2%)

60–70 years 40 (14.3%) 5 (12.5%) 35 (87.5%) 32 (17.4%) 8 (8.3%)

Body mass index

(Md; IQR) 27.5; 6.7 28.0; 2.2 27.3; 6.7 0.761d 27.0; 6.2 29.3; 7.0 0.028d

Low weight 1 (0.4%) 0 (0.0%) 1 (100.0%)

0.442c

1 (0.6%) 0 (0.0%)

0.238c

Normal 75 (26.8%) 2 (2.6%) 73 (97.3%) 54 (29.4%) 21 (21.9%)

Overweight 109 (38.9%) 8 (7.3%) 101 (92.7%) 76 (41.3%) 33 (34.4%)

Obesity I 68 (24.3%) 1 (1.5%) 67 (98.5%) 38 (20.6%) 30 (31.2%)

Obesity II 18 (6.4%) 1 (5.5%) 17 (94.4%) 10 (5.4%) 8 (8.3%)

Obesity III 9 (3.2%) 0 (0.0%) 9 (100.0%) 5 (2.7%) 4 (4.2%)

Obesity (I, I, II) 95 (33.4%) 2/12 (16.7%) 93/268 (34.7%) 0.327c 53 (28.8%) 42 (43.7%) 0.012c

Presence of comorbidity

No 184 (65.7%) 7 (3.8%) 178 (96.2%)
0.811c

125 (67.9%) 59 (61.5%)
0.278c

Yes 96 (34.3%) 5 (5.6%) 84 (94.4%) 59 (32.1%) 37 (38.5%)

Type of comorbidity present 

Hypertension 69 (24.6%) 5 (7.2%) 64 (92.8%) 0.162c 41 (22.2% 28 (29.2%) 0.205c

Diabetes 26 (9.3%) 3 (11.5%) 23 (88.5%) 0.045c 20 (10.9%) 6 (6.3%) 0.206c

Dyslipidemia 12 (4.3%) 0 (0.0%) 12 (100.0%) 0454c 9 (4.9%) 3 (3.1%) 0.489c

Smokinga

Active smoking 168 (79.6%) 5 (3.0%) 163 (97.0%)

0.491c

149 (93.2%) 19 (37.2%)

<0.001cNever smoked 12 (5.7%) 0 12 (100.0%) 9 (5.6%) 3 (5.9%)

Stopped smoking 31 (14.7%) 2 (6.4%) 29 (94.6%) 2 (1.2%) 29 (56.8%)

Alcoholismb

Active drinking 63 (26.2%) 3 (4.8%) 60 (95.2%)

0.532c

34 (21.1%) 29 (36.7%)

0.015cNever drank 134 (55.9%) 5 (3.7%) 129 (96.3%) 101 (62.7%) 33 (41.8%)

Stopped drinking 43 (17.9%) 4 (9.3%) 39 (90.7%) 26 (16.2) 17 (21.5%)

eGFR

≥90 mL/min/1.73 m2 - - - - 100 62

0.06860–89 mL/min/1.73 m2 - - - - 78 28

<60 mL/min/1.73 m2 - - - - 6 6

aAssessed in 211 individuals. bData from 240 individuals. cChi-squared continuity correction. dMann-Whitney U test. Md: median; IQR: interquartile range.
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CONCLUSION
A higher degree of urbanization seems to negatively influence 
the prevalence of kidney disease in Brazilian indigenous peo-
ple, which is an important concern in assessing the youth in 
indigenous communities.
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Cardiovascular disease risk prediction in scleroderma
Aliye Çelikkol1* , Rıdvan Mercan2 , Savaş Güzel1 , Ahsen Yılmaz1

INTRODUCTION
Scleroderma (SSc) is a rare connective tissue disease character-
ized by endothelial dysfunction, dysregulation of innate and 
adaptive immunity, and diffuse fibrosis1. Cardiopulmonary 
complications such as heart failure, pulmonary fibrosis, and 
hypertension are the leading causes of death in SSc2.

Troponins as cardiac biomarkers emerged as an indicator 
of myocyte necrosis and damage3. Except for cardiac ischemia, 
cardiac troponin-T (cTrT) levels are known to be an import-
ant marker for mortality in other heart diseases4. Cardiac 
myosin-binding protein-C (cMBPC) is a sarcomeric thick fil-
ament protein which is crucial in regulating sarcomere struc-
ture and function in the heart5. The increases and decreases in 
serum levels of cMBPC following defined myocardial injury 
are faster than those of sensitive troponin T (sTrT)6. cMBPC 
is degraded after myocardial infarcts, and its fragments cause 

disturbances in calcium transitions and heart failure in cardio-
myocyte cultures7.

The gut microbiota metabolizes dietary choline, phosphati-
dylcholine, L-carnitine, and betaine to produce trimethylamine 
N-oxide (TMAO). High levels of TMAO increase the risk of 
kidney failure, diabetes mellitus, heart failure, atherosclerosis, 
hypertension, and cancer and can lead to serious cardiovascu-
lar events including death8,9.

This study investigated the differences in sTrT, cMBPC, and 
TMAO levels between the low-risk group and the high-mod-
erate-risk group of CVDs with the Systematic COronary Risk 
Evaluation 2 (SCORE2) risk model in SSc.

METHODS
The study protocol was endorsed by the relevant ethics committee 
with protocol number 2021.232.09.18. All study participants 
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SUMMARY
OBJECTIVE: Cardiovascular disease risk prediction in scleroderma is important. In this study of scleroderma patients, the aim was to investigate the relationship 

between cardiac myosin-binding protein-C, sensitive troponin T, and trimethylamine N-oxide and cardiovascular disease risk with the Systematic COronary 

Risk Evaluation 2 model of the European Society of Cardiology.

METHODS: Systematic COronary Risk Evaluation 2 risk groups of 38 healthy controls and 52 women with scleroderma were evaluated. Cardiac 

myosin-binding protein-C, sensitive troponin T, and trimethylamine N-oxide levels were analyzed with commercial ELISA kits. 

RESULTS: In scleroderma patients, cardiac myosin-binding protein-C and trimethylamine N-oxide levels were higher than healthy controls but 

sensitive troponin T was not (p<0.001, p<0.001, and p=0.274, respectively). Out of 52 patients, 36 (69.2%) were at low risk, and the other 16 (30.8%) 

patients were at high-moderate risk with the Systematic COronary Risk Evaluation 2 model. At the optimal cutoff values, trimethylamine N-oxide 

could discriminate high-moderate risk with sensitivity 76%, specificity 86% and cardiac myosin-binding protein-C with sensitivity 75%, specificity 

83%. Patients with high trimethylamine N-oxide levels (≥10.28 ng/mL) could predict high-moderate- Systematic COronary Risk Evaluation 2 risk 15 

times higher than those with low trimethylamine N-oxide (<10.28 ng/mL) levels (odds ratio [OR]: 15.00, 95%CI 3.585–62.765, p<0.001). Similarly, 

high cardiac myosin-binding protein-C (≥8.29 ng/mL) levels could predict significantly higher Systematic COronary Risk Evaluation 2 risk than low 

cardiac myosin-binding protein-C (<8.29 ng/mL) levels (OR: 11.00, 95%CI 2.786–43.430).

CONCLUSION: Noninvasive cardiovascular disease risk prediction indicators in scleroderma, cardiac myosin-binding protein-C, and trimethylamine 

N-oxide could be recommended to distinguish between high-moderate risk and low risk with the Systematic COronary Risk Evaluation 2 model. 
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gave written informed consent before sample collection or the 
questionnaire interview.

Participants
This study included 52 female patients with SSc and 38 healthy 
women aged 18–65 years who applied to the rheumatology out-
patient clinic of the research hospital. All the patients fulfilled 
the new American College of Rheumatology (ACR)/European 
League Against Rheumatism (EULAR) 2013 classification cri-
teria for SSc10 and were classified in a limited or diffuse subset 
according to LeRoy classification11. The extension of cutane-
ous involvement was evaluated with a modified Rodnan skin 
score12. Hypertension was defined by antihypertensive medi-
cation or systolic blood pressure (BP) of 140 mm Hg or dia-
stolic BP of 90 mm Hg on at least two occasions. Ejection 
fraction and pulmonary arterial pressure were evaluated using 
echocardiography. Patients were evaluated using the Medsger 
SSc Severity Scale13 and the SCORE2 model.

Exclusion criteria were pregnancy, symptoms of heart fail-
ure, including dyspnea; venous swelling and recent major lower 
extremity edema; kidney involvement; or serious disease com-
plications, such as cancer or gangrene.

Systematic coronary risk evaluation 2 risk 
prediction of cardiovascular disease
According to the most recent reports of the World Health 
Organization, European countries were grouped into four risk 
regions per 100,000 population, age, and sex standardized over-
all CVD mortality rates (ICD sections 9, I00-I99). SCORE2 
risk models are designed for use in people aged 40–69 years. 
Since our country was in the high-risk group, it was evaluated 
using the table used for high-risk countries (C). SCORE2 risk 
was evaluated according to age, gender, systolic BP, and non-
HDL-C, and a value of <10 was defined as low risk, between 
≥10 and 20 as moderate risk, ≥20–30 as high risk, and ≥30 as 
very high risk of CVD14.

Laboratory assessments
The serum routine biochemical tests were analyzed using 
Cobas c8000 (Roche Diagnostics; Geneva, Switzerland). 
Investigated tests were studied with commercial ELISA kits 
(cMBP-C, catalog no: E3757Hu; sTrT, catalog no: E4862Hu; 
TMAO, catalog no: E4733Hu).

Statistical analysis
Mean and standard deviation values were given for normal 
distribution, and the Student’s t-test and one-way analysis 
of variance test were applied. The Mann-Whitney U test was 

used for the variables that did not have normal distribution. 
The best cutoff points were calculated using the receiver oper-
ating characteristic (ROC) curve for the prediction of CVD 
risk with the SCORE2 risk model. Univariate and multivariate 
analyses were performed using a logistic regression model. The 
odds ratio (OR) was reported with the corresponding 95%CI, 
and a p<0.05 was considered statistically significant. Statistical 
analyses were performed using the SPSS Statistic version 22.0 
(SPSS Inc., Chicago, IL) software.

RESULTS
The study cohort consisted of 52 SSc patients (11 diffuse and 29 
limited), Anti-SCL-70 antibody was positive in 14 (26.92%), and 
the anti-centromere antibody was positive in 16 (30.77%) patients. 
There were 28 (54%) patients with a disease duration of 6–10 years. 
There was no significant difference between the SSc patients and 
healthy groups in age distribution, and body mass index (BMI) 
(p=0.096 and p=0.074, respectively). Routine parameters of CRP, 
TChol, TG, HDL-C, and LDL-C levels were significantly higher 
in SSc patients compared to those in healthy subjects (p=0.003, 
p<0.001, p<0.001, p<0.001, and p=0.007, respectively). 

Healthy subjects had low risk with the SCORE2 model 
(3.58 (1.0–10.0)) but SSc patients were in low-, moderate-, 
and high-risk groups (9.5 (1.0–29.0)). There was a significant 
difference between healthy subjects and SSc patients (p<0.001) 
(Table 1). While there was no significant difference in the sTrT 
levels between the SSc patient and control groups, cMBPC and 
TMAO were significantly higher in SSc patients (p=0.274, 
p<0.001, and p<0.001, respectively).

In the CVD risk prediction of SSc patients with the SCORE2 
model, 36 (69.2%) of 52 patients were at low risk, and the 
other 16 (30.8%) patients were at high-moderate risk (Table 1). 
In this study, cMBPC and TMAO levels in the low-risk group 
were lower than those in the high-moderate-risk group (both 
p<0.001) (Figure 1), but there was no significant change in 
sTrT levels (p=0.297).

The ideal cutoff value for predicting SCORE2 high-mod-
erate risk for TMAO, cMBPC, and sTrT in SSc patients was 
calculated separately by ROC analysis (Figure 1). The optimal 
cutoff value for TMAO was 10.28 ng/mL (AUC: 0.873, 95%CI 
0.773–973, p<0.001), and the ideal cutoff value for cMBPC 
was 8.29 ng/mL (AUC: 0.816, 95%CI 0.684–0.948, p<0.001). 
For sTrT (AUC: 0.595, 95%CI 0.422–0.769, p=0.276), the 
median value was determined as the cutoff value. In terms of 
diagnostic value, sensitivity was 75% and specificity was 83% 
for cMBPC, and sensitivity was 76% and specificity was 86% 
for TMAO.
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In SSc patients, SCORE2 model levels were correlated with 
age (r=638, p<0.001, disease duration (r=-0.406, p=0.032), 
cMBPC (r=0.319, p=0.021), sTrT (r=0.346, p=0.012), and 
TMAO (r=0.383, p=0.005) but not correlated with none-
HDL-C and BMI.

While cMBPC and sTrT were not correlated in SSc patients, 
TMAO was correlated with both cMBPC and sTrT (with 
cMBPC r=0.689, p<0.001; with sTrT r=0.355, p=0.010).

The univariate analysis was established to predict high-mod-
erate SCORE2 risk. Those with high TMAO levels (≥10.28 
ng/mL) predicted high-moderate risk 15 times higher than 
those with low (<10.28 ng/mL) levels (OR: 15.00, 95%CI 
3.585–62.765, p<0.001). Similarly, high cMBPC (≥8.29 ng/
mL) levels predicted significantly higher SCORE2 risk than 
low cMBPC (<8.29 ng/mL) levels (OR: 11.00, 95%CI 2.786–
43.430, p=0.001) (Table 2).

When high TMAO (OR 9.405, 95%CI 2.020–43.791, 
p=0.003) and high cMBPC (OR 6.236, 95%CI 1.329–29.256, 
p=0.020) were evaluated together in the multivariate analysis, 
SCORE2 showed the predictive model feature in estimating 
high risk (Table 2).

DISCUSSION
Since the risk of CVD is high in SSc, it is necessary to focus 
on early risk prediction and to identify risk factors5. This study 
presented two main findings: (1) SSc patients could be distin-
guished for CVD risk prediction with the SCORE2 model 
and (2) TMAO and cMBPC were associated with SCORE2 
risk. Recent studies have reported the evaluation of sTrT levels 
as the best indicator and risk marker of CVD in SSc. Avouac 
et al. and Bosello et al. reported higher sTrT level in patients 
with SSc than in the control group3,4. Both studies investigated 
sTrT levels in patients with SSc who had CVD complications. 
Contrary to these findings, in our study, sTrT levels were similar 
in SSc patients compared to those in healthy controls (p=0.274) 
(Table 1). However, in terms of the role of cardiac biomark-
ers in detecting early cardiac disease, there was no significant 
relationship in studies with cardiac-MRI15. Although studies 
reported hs-cTnT association with both systolic and diastolic 
function abnormalities, Ross et al. reported that there was a 
lack of definitive data to support their use16. The reason why 
our and similar studies did not find a significant difference 
regarding sTrT is that it would not be valuable in CVD risk 
prediction because of the increase in acute myocardial injury.

Due to these disadvantages in sTrT, the research for alterna-
tive CVD risk markers continues in SSc. One of these markers 
was cMBPC, which was reported in cardiac myocytes in greater 

Table 1. Demographic and laboratory characteristics of participants.

Healthy group 
(n=38)

SSc patients 
(n=52)

Mean±SD/ 
(min-max)

Mean±SD/ 
(min-max)/n (%)

Demographic characteristics

Age (year) 51.263±8.83 54.35±8.28

BMI (kg/m²) 28.78±2.21 29.19±3.45

Laboratory characteristics

Glucose (mg/dl) 93.21±6.52 103.87±17.08***

Creatinine (mg/dl) 0.65±0.09 0.67±0.18

CRP (mg/l) 1.72 (0.2–5.0) 2.24 (0.15–5.93)

TChol (mg/dl) 156.02±15.22 236.23±47.03***

TG (mg/dl) 101.74±29.07 186.86±58.94***

HDL-C (mg/dl) 53.39±11.04 46.83±11.39**

LDL-C (mg/dl) 80.70±13.40 148.57±43.17***

Non-HDL-C (mmol/l) 3.35±0.73 4.96±1.12***

SCORE2 3.58 (1.0–10.0) 9.5 (1.0–29.0)***

cMBPC (ng/mL) 4.92±1.18 8.03±3.29***

sTrT (ng/L) 55.94±20.41 60.13±15.66

TMAO (ng/mL) 6.90±1.23 10.45±3.01***

Clinical characteristics

Current smoking 22 (42.30)

Disease duration 

1–5 years 14 (27)

6–10 years 28 (54)

>10 years 10 (19)

Diffuse SSc (positive) 11 (21.15)

Localized SSc (positive) 29 (55.77)

Digital ulcer (positive) 11 (21.15)

Digital gangrene (positive) 2 (3.85)

Telangiectasia (positive) 12 (23.08)

Proximal muscle weakness (positive) 14 (26.92)

Gastrointestinal symptoms (positive) 22 (42.31)

Pulmonary symptoms (positive) 4 (7.69)

Cardiovascular symptoms (hypertension) 23 (44.23)

Antibody characteristics

Anti-cyclic citrullinated peptide (positive) 4 (7.69)

Rheumatoid factor (positive) 8 (15.38)

ANA cytoplasmic speckled (positive) 10 (19.23)

ANA anti-centromere (positive) 16 (30.77)

ANA SCL-70 (positive) 14 (26.92)

ENA anti-Ro (SSA) (positive) 10 (19.23)

ENA anti-centromere B (positive) 16 (30.77)

ENA anti-SCL-70 (positive) 17 (32.69)

ENA Ro-52 recombinant (positive) 11 (21.15)

p<0.05*, p<0.01**, p<0.001***. SSc: scleroderma; SD: standard deviation; min: 
minimum; max: maximum; BMI: body mass index; cMBPC: cardiac myosin-
binding protein-C; sTrT: sensitive troponin T; TMAO: trimethylamine N-oxide; 
CRP: c-reactive protein; TChol: total cholesterol; TG: triglyceride; HDL-C: high-
density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; 
SCORE2: the Systematic COronary Risk Evaluation 2 model; ANA: antinuclear 
antibody; ENA: extractable nuclear antigens; ANA SCL-70: anti-topoisomerase 
I antibodies (Anti-Scleroderma); ENA anti-SCL 70: extractable nuclear antigens 
anti-scleroderma antibodies; Ro-52: tripartite motif-containing protein 21.
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amounts than sTrT. cMBPC was released more rapidly after 
acute myocardial infarction (AMI) and has been studied as a 
new cardiac protein of CVD indicator. In literature, cMBPC 
concentrations in AMI were significantly higher than those with-
out AMI17. After a myocardial injury, cMBPC could be detected 
earlier in the blood, and its concentration has been reported to 
rise faster and more sensitively than cTnT/I or the new RNA 
biomarkers17,18. To the best of our knowledge, this study was 
the first to investigate cMBPC levels in SSc. Significantly higher 
cMBPC levels were found in the SSs patients than in healthy 
controls (p<0.001) (Table 1). 

Trimethylamine N-oxide, an indicator for CVD risk in 
recent years, is a molecule produced by intestinal bacteria, which 
is thought to have a powerful effect on human life14. TMAO 
was strongly associated with atherosclerosis19,20. However, no 
study was found in the literature related to TMAO levels in 
SSc patients. In this study, TMAO levels in SSc patients were 
significantly higher than those in healthy subjects (p<0.001) 
(Table 1). It would be better to evaluate TMAO and cMBPC 
levels in determining cardiac risk in SSc. At the same time, the 
presence of a positive correlation between sTrT and TMAO 
levels in our study supports the notion that TMAO is associ-
ated with CVD risk.

In this study, we evaluated SSc patients according to the 
new SCORE2 risk estimation algorithm. Only limited studies 
are available on this subject. Ozen et al. underestimated the risk 
of subclinical atherosclerosis in SSc patients using the previous 
SCORE risk estimation model21. Along with the SCORE, the 
2013 American College of Cardiology and American Heart 
Association (ACC/AHA) risk indexes were also reported as 
insufficient22. Similarly, Kurman et al. revealed the inadequacy 
of the Framingham risk score and ACC/AHA risk indexes in 
estimating CVD risk23. In this study, although there was an 
increase in serum sTrT levels in the group with high CVD risk 
in SSc patients separated according to SCORE2, no signifi-
cant difference was found (p=0.297). Contrary to our find-
ings, Barsotti et al. reported higher sTrT levels in high-risk 
SSc patients according to the heart involvement index, with 
the presence of conditions such as unexplained hypertension, 

Table 2. Univariate and multivariate analysis of parameters for systematic coronary risk evaluation 2 high-risk prediction.

Variable Category
Univariate analysis Multivariate analysis

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

TMAO <10.28/≥10.28 15.000 (3.585–62.765) <0.001 9.405 (2.020–43.791) 0.004

cMBPC 8.29/≥8.29 11.000 (2.786–43.430) 0.001 6.236 (1.329–29.256) 0.020

sTrT 52.24/≥52.24 1.437 (0.439–4.699) 0.549

CRP Continuous 0.989 (0.849–1.152) 0.883

LDL-C Continuous 1.003 (0.989–1.017) 0.656

ALB Continuous 1.965 (0.423–9.140) 0.389

BMI Continuous 1.301 (1.033–1.640) 0.025

C3 Continuous 0.695 (0.068–7.098) 0.759

C4 Continuous 0.004 (<0.001–6.824) 0.147

IgM Continuous 0.754 (0.384–1.484) 0.414

IgG Continuous 0.938 (0.779–1.131) 0.505

IgA Continuous 0.782 (0.433–1.412) 0.414

Statistically significant p-values are marked in bold. Multivariate analysis was created using the Forward-LR model. TMAO: trimethylamine N-oxide; 
cMBPC: cardiac myosin-binding protein-C; sTrT: sensitive troponin T; CRP: C-reactive protein; LDL-C: low-density lipoprotein; ALB: albumin; BMI: body mass 
index; C3: complement 3; C4: complement 4; IgM: immunoglobulin M; IgG: immunoglobulin G; IgA: immunoglobulin A.

Figure 1. Changes of parameters with low-risk and high-moderate risk 
in systematic coronary risk evaluation 2 model.
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ischemic heart disease, smoking, congenital heart disease, and 
diastolic dysfunction24. Similarly, De Luca et al. reported high 
sTrT values in 58.1% of SSc patients with arrhythmia and 
ventricular ectopic beats25. However, the performance of sTrT 
levels was not sufficient in both studies.

In this study, cMBPC and TMAO levels were significantly 
higher in the high-moderate-risk group than in the low-risk 
group (both p<0.001) (Figure 1). For SCORE2, high-moder-
ate-risk prediction with optimal cutoff values determined in 
the ROC curves of TMAO and cMBPC could discriminate 
cMBPC with 75% sensitivity and 83% specificity and TMAO 
with 76% sensitivity and 86% specificity. Both parameters gave 
better results than values for cTrT in a study by Barsotti et al.24. 
cMBPC and TMAO could be used as risk indicators and are 
compatible with SCORE2 in the evaluation of CVD risk.

In the univariate regression analysis, those with a high TMAO 
had a 15 times higher efficiency in predicting patients with a 
high SCORE2 value compared to those with a low value and, 
similarly, with high cMBPC levels compared to low levels. In 
the multivariate analysis, high TMAO and high cMBPC were 
determined as a predictive model feature for estimating high 
SCORE2 risk. Our findings are a unique and important addi-
tion to the literature, and to the best of our knowledge, this is 
the first study in this evolving field.

Our study should be interpreted with its limitations. The main 
limitation is the small sample size. Although TMAO levels could 

be affected by diet, geographical region characteristics and dietary 
habits were not detailed. Interferences with the tests were ignored.

CONCLUSION
While sTrT did not increase significantly in SSc patients, cMBPC 
and TMAO levels were higher than those in healthy controls. In 
addition, cMBPC and TMAO distinguished between high-mod-
erate-risk and low-risk SCORE2 groups as noninvasive CVD risk 
estimation indicators. Further research is warranted to develop 
better CVD risk prediction tools in SSc. It is recommended that 
TMAO and cMBPC levels could be evaluated in order to estimate 
the 10-year risk of CVD death with SCORE2 in SSc patients.
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Perceptions of the Brazilian obstetrics physicians about the term 
obstetric violence: a cross-sectional study
Diogo Coutinho Terribile1 , Carlos Izaias Sartorao Filho1,2*

INTRODUCTION
We observe a growing global discussion about the practices con-
sidered “obstetric violence” against women during pregnancy 
and childbirth1. Any interactions that offend the dignity and 
autonomy of pregnant women to achieve a desired or imag-
ined result by obstetricians and staff can lead to a rupture in the 
doctor–-patient relationship and can be considered “obstetric 
violence2.” The World Health Organization is concerned with 
the issues involving disrespect and abuse during childbirth, 
prioritizing evaluation, prevention, and elimination of these 
practices3. There are many efforts to recognize and change this 
condition, avoiding medical hospital cultures that can perpetu-
ate practices and behaviors harmful to human beings4. In con-
trast, the indiscriminate use of subjective and lay interpretation 
of the term “obstetric violence” can lead to a misunderstanding 
that negatively affects the doctor–-patient relationship.

The Spanish Society of Gynecology and Obstetrics recently 
issued an official web communication on the subject: “We find 
the term ‘obstetric violence’ inappropriate, biased and unfair 

because of its malicious legal meaning, as an intention to cause 
harm, to injure, use force or threat, criminally liable, which 
we must reject completely.” Furthermore, we consider that the 
widespread use of the term “obstetric violence” can compro-
mise the behavior of the professional team involved in the care 
of pregnant women. Therefore, the topic is very relevant to be 
studied to understand the interpretation and attitudes of the 
professionals involved in obstetric care. The study can guide 
future interventions to minimize the effects of compromise in 
the doctor–-patient relationship in obstetrics care. The need 
for good care and compliance with good practices in obstetrics 
care is undeniable. However, we hypothesize that obstetricians 
disagree with using the generalized form of the term “obstetric 
violence” as it has usually been propagated. 

OBJECTIVE
The aim of this study was to describe the perceptions of 
the obstetrics medical professional on the term “obstetric 
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SUMMARY
INTRODUCTION: We observe a growing global discussion about the practices considered “obstetric violence” against women during pregnancy 

and childbirth. Otherwise, the indiscriminate subjective and lay interpretation of the term “obstetric violence” can lead to a misunderstanding among 

medical professionals. 

OBJECTIVE: This study aimed to describe the obstetrician’s perceptions about the term “obstetric violence” and the medical groups affected 

negatively by the topic. 

METHODS: A cross-sectional study applied to Brazilian obstetrics physicians regarding their perceptions of “obstetric violence.” 

RESULTS: From January to April 2022, we sent about 14,000 direct mail nationwide. A total of 506 participants responded. We observed that 374 

(73.9%) participants consider the term obstetric violence nocive or harmful to professional practice. Furthermore, after Poisson regression, we 

described that the respondents who graduated before 2000 and from a private institution were significant and independent groups for the full or 

partial agreement that the term is nocive for the obstetricians in Brazil. 

CONCLUSION: We observed that almost three in four obstetrician participants consider the term “obstetric violence” nocive or harmful to professional 

practice, particularly in those who graduated before 2000 and from a private institution. The findings are relevant to propose further debates and 

strategies to mitigate the possible harms caused to the obstetrician team by the indiscriminate use of the term obstetric violence.
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violence.” From the obstetrician’s point of view, to describe 
whether the term “obstetric violence” in Brazil may be 
nocive to the doctor–-patient relation. To estimate the per-
centage of Brazilian obstetricians who agree and those who 
disagree with the term “obstetric violence” besides the med-
ical groups more affected. 

METHODS
We developed a cross-sectional study at the Faculty of 
Medicine of Educational Foundation of Assis Municipality, 
São Paulo, Brazil. The recruitment period was from January 
to April 2022. We collected data from an anonymous web-
based questionnaire sent by email to Brazilian obstetricians 
and gynecologists. According to the latest publication in 
2018 by the Federal Medicine Council, there are more than 
30,000 gynecologists in Brazil. In addition, we obtained 
direct mail contact from about 14,000 obstetricians and 
gynecologists provided by the Brazilian Federation of Ob/
Gyn societies and the Regional Councils of Medicine from 
each state nationwide. For this estimated population, using 
a 5% sampling error, 95% confidence level, and more het-
erogeneous population distribution (50/50), the estimated 
sample size was 380 respondents.

Inclusion criteria were as follows: physicians registered 
with the Regional Councils of Medicine of Brazil who work 
in obstetrics. Exclusion criteria included responses to ques-
tionnaires with inconsistent answers or missing data. Study 
variables  included the sociodemographic profile; whether or 
not to agree with the term obstetric violence; whether the reg-
ulation of laws or regulations on obstetric violence is beneficial 
or harmful for the doctor–-patient relation; and working or 
not in obstetrics for the last 5 years. Therefore, participation 
in this research does not violate legal and ethical standards. 
Data were collected using an online email questionnaire sent 
to Brazilian physicians working in obstetrics nationwide. 
The invitation letter was sent through direct mail, endorsed, 
and posted by The Obstetrics and Gynecology Society of 
Sao Paulo State (SOGESP) to all the physicians included in 
the association. The research obtained the official authoriza-
tion from the Ethics Committee Institution under number 
51946721.3.0000.8547. The participants who agreed obtained 
access after agreeing to the informed consent form. The ques-
tionnaire contains sociodemographic profile (age, sex, state 
location), professional profile (year of graduation, the period in 
professional activity, graduation from a public or private medi-
cal school, the highest graduation, if worked as an obstetrician 
in the last 5 years, work institution public or not, hospital or 

not), and the guiding questions of the research objectives, as 
published in the supplementary file. According to the Likert 
scale, the number and percentage of physicians who agree or 
disagree with the term “obstetric violence” (disagree entirely, 
partially, neither disagree nor agree, partially agree, or totally 
agree). The number and percentage of physicians agree with 
the possibility that the term “obstetric violence” harms the 
obstetrician’s practice of medicine. Data collected were ana-
lyzed according to the outcomes using statistical methods to 
determine the proposed objectives. The sample characteris-
tics were presented in number and percentage rates. Then, the 
bivariate associations were estimated between each independent 
variable with the outcome of full or partial agreement about 
the assertion that the term obstetric violence may be harm-
ful/nocive to professional practice. The dependent variables 
that showed bivariate association with p≤0.20 were taken to 
a multiple regression model with Poisson response. The asso-
ciations were considered statistically significant in the final 
model if p≤0.05. The analysis was done using the SPSS v21 
software (IBM, New York).

RESULTS
From January to April 2022, we sent approximately 14,000 
direct mail nationwide with the invitation, consent form, and 
questionnaire for the obstetrician physicians in Brazil. A total 
of 510 participants responded, and 4 questionnaires were 
excluded due to inconsistent data on the association between 
age and the year of graduation. Thus, 506 participants were 
included (Table 1). 

The number of participants who agreed that the term “obstet-
ric violence” may be nocive for the professional practice was 
374 (73.9%). In addition, 349 participants (68.9%) agreed that 
the term “obstetric violence” seems inappropriate, tendentious, 
and unfair. Moreover, 354 (70.5%) considered that the media 
placement of the term “obstetric violence” may be malefic to 
the doctor–-patient relation. Finally, 127 (25.1%) respondents 
disagreed that the “obstetric violence” term may be nocive.  

We performed the bivariate association to investigate the 
population-stratified-dependent variables and the prevalence of 
agreement that the term use is nocive for professional practice. 

The bivariate association for the prevalence of participants 
in full or partial agreement that the term “obstetric violence” 
may be nocive to the doctor–-patient relation demonstrates 
that male participants, graduation before the year 2000, and 
graduation from a private institution were significant statisti-
cally (p<0.20). Thus, we performed the Poisson regression to 
obtain the independent variables (Table 2). 
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Variable n %

Gender

Female 293 57.9

Male 213 42.1

Median age in years (min–max) 47 (25–100)

18–29 39 7.7

30–59 348 68.8

60–69 73 14.4

70 + 49 9.1

Graduation conclusion year

1950–1959 3 0.6

1960–1969 10 2

1970–1979 50 9.9

1980–1989 86 17

1990–1999 106 20.9

2000–2009 100 19.7

2010–2019 144 28.5

2020–2022 7 1.4

Graduation conclusion period

Before 2000 255.0 50.4

After 2000 251.0 49.6

Graduation institution

Public 290 57.3

Private 216 42.7

Highest academic degree

Medical graduation 13 2.6

Specialization course 43 8.5

Residence 310 61.3

Master’s degree 67 13.2

Doctoral degree 57 11.3

Postdoctoral or highest 16 3.2

Private office working

No 180 35.4

Yes 326 64.6

Private hospital working

No 231 45.5

Yes 275 54.5

Public office working

No 408 80.6

Yes 98 19.4

Public hospital working

No 185 36.6

Yes 321 63.4

Table 1. Participant characteristics (n=506).

Continue...

Table 1. Continuation.

n: number of participants.

Variable n %

Preceptor working

No 393 77.6

Yes 113 22.4

Public–-private hospital 

No 399 78.8

Yes 107 21.2

Primary healthcare office

No 425 84.0

Yes 81 16.0

Number of institutions areworking

1 114 22.5

2 176 34.8

3 88 17.4

≥4 128 25.3

Primary Brazilian geographical region 

South 89 17.5

Southeast 332 65.5

North 18 3.6

Northeast 36 7.2

Midwest 31 6.2

Working in obstetrics in the last 5 years

No 31 6.1

Yes 475 93.9

The context: it seems inappropriate, tendentiously, and unfair to use 
“obstetric violence”  

Fully disagree 122 24.1

Partially disagree 30 6.0

Neutral 5 1.0

Partially agree 69 13.6

Fully agree 280 55.3

Please give your opinion: “Using the term obstetric violence may be 
nocive for the professional practice, from the point of view of the 
self-judged qualified worker that ever practiced considered violent 
acts during your lifespan”

Fully disagree 115 22.7

Partially disagree 12 2,4

Neutral 5 1.0

Partially agree 49 9.7

Fully agree 325 64.2

Is the “obstetric violence” media placement beneficial or malefic for 
the medical–-patient relationship?

Absolutely malefic 351 69.9

Relatively malefic 3 0.6

Indifferent 51 10.2

Absolutely beneficial 90 17.9

Other responses 7 1.4

I prefer not to respond 4  
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After a Poisson regression, those respondents who gradu-
ated from private medical institutions remain statistically sig-
nificant (β: 0.241; p: 0.020) to the full or partial agreement 
concerning the sentence that obstetric violence may be nocive 
to the professional practice. The respondents who graduated 
after 2000 had a significant negative β-coefficient (β: -0.361; 
p: 0.002); thus, we considered that graduation before 2000 
was statistically significant. 

DISCUSSION
We observed that almost three in four obstetrician respondents 
consider the term obstetric violence nocive or harmful to the pro-
fessional practice in Brazil. Moreover, more than 70% responded 
that the media placement of obstetric violence is malefic to the 
medical–-patient relationship. Besides, the context seems inappro-
priate, tendentious, and unfair for more than 70%. The Spanish 
Gynecology and Obstetrics Society recently published a bulletin 
entitled “comunicado SEGO: “violencia obstétrica”” on their website 
(www.sego.es), positioning the same perception against the indis-
criminate use of the term obstetric violence by the institution5-7. 

Furthermore, after Poisson regression, we described that the 
respondents who graduated before 2000 and graduated from a 
private medicine institution were significant and independent 
groups for the full or partial agreement that the term is nocive 
for the obstetricians in Brazil. However, we did not find simi-
larities in the current literature to provide discussion concern-
ing the graduation period and institution type.

The primary limitation is due to the cross-sectional study 
design, with no evidence of a temporal relationship between 
exposure and outcome. Second, the cross-sectional study may 
be prone to nonresponse bias when those who consent to par-
ticipate in the study differ from those who do not, resulting in 
a sample not representative of the population. Third, we used a 
nonvalidated questionnaire. We did not find similar studies and 
valid questionnaires about the topic in the current literature.   

Considering our objectives, limitations, analyses, and the 
lack of similar studies in the literature, we provide a relevant 
inference that the perception of the majority of obstetricians 

in Brazil concerning the term obstetric violence may be nocive 
and may cause damage to the professional behavior and doc-
tor–-patient relationship. 

Our study evaluated a nationwide proportion of obstetri-
cians, and we consider the results consistent with validating 
externally, significantly nationwide in Brazil.

CONCLUSION
We described that more than 70% of Brazilian obstetricians in 
the survey considered the term obstetric violence harmful to 
professional practice. Physicians who graduated before 2000 
and from a private medicine institution were the most influ-
ential groups following the perception that the term may be 
nocive for the doctor–-patient relation. Besides, the topic is 
considered very controversial. Nevertheless, it is evident that 
the abuse and disrespect during obstetric or female care need 
to be recognized and dealt with firmly. Therefore, the results 
of our study are relevant to propose further debates and strat-
egies to mitigate the possible harms caused by the indiscrimi-
nate use of the term obstetric violence in Brazil.
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Table 2. Poisson regression to explain the prevalence of full or partial agreement about the harmful or nocive consideration of the term violence 
obstetric for the professional practice.

Variable β 95%CI PR 95%CI p

(Intercept) -0.332 -0.545 -0.119 0.72 0.58 0.89 0.002

Male gender 0.174 -0.045 0.394 1.19 0.96 1.48 0.119

Graduation after 2000 -0.361 -0.585 -0.136 0.70 0.56 0.87 0.002

Private medical school 0.241 0.037 0.444 1.27 1.04 1.56 0.020

β: beta coefficient; 95%CI: 95% confidence interval; PR: predictive risk. p<0.05.
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respiratory syndrome coronavirus 2 Omicron variant in  
vaccine breakthrough cases in Bahia, Brazil
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INTRODUCTION
Severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), which causes coronavirus disease 2019 (COVID-19), 
a disease that emerged in December 2019 in Wuhan, China, 
fueled worldwide efforts to develop vaccines to control the 
rapid spread of infection.

Currently, there are several vaccines against SARS-CoV-2 
approved by the World Health Organization (WHO)1. However, 
the viral replication of this RNA virus has general character-
istics common to other RNA viruses; the high mutation rate, 
principally in the spike (S) glycoprotein, allows it to generate 
new viral variants to improve its chances of survival in the host 
and escape to immune detection2.

It has been shown that SARS-CoV-2 vaccines do not pro-
tect against viral infection, although they significantly reduce 
morbidity and mortality in infected patients. Moreover, the 
neutralizing antibodies persist for no more than 4 or 5 months, 

even with a full two-dose regimen3. These factors may contrib-
ute to the fact that vaccinated individuals (two doses), as well 
as those administered booster doses, may acquire the SARS-
CoV-2 infection. Although the clinical situation of the vacci-
nated (two-dose regimen) and infected patients is associated with 
a significant reduction in COVID-19 symptoms and, protec-
tion against severe disease, they become a possible viral carrier 
and can trigger viral dissemination within the community4,5.

Recent studies of infected, vaccinated individuals have gen-
erated notable interest because they show that these individuals 
can primarily be infected with the circulating variants of con-
cern (VOCs), such as Omicron (B.1.529). Omicron variant 
is more aggressive, with greater transmissibility and infectivity 
than the Delta variant6.

We conducted a genomic study to estimate the magnitude and 
range of SARS-CoV-2 VOCs in cases of infected (symptomatic 
and asymptomatic), fully vaccinated, or unvaccinated individuals.

1Universidade Federal da Bahia, Health Institute of Science, Laboratory of Virology – Salvador (BA), Brazil.
2Oswaldo Cruz Foundation, Laboratory of Flavivirus – Rio de Janeiro (RJ), Brazil.
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SUMMARY
OBJECTIVE: Genome sequencing has been proved to be an excellent tool to monitor the molecular epidemiology of the disease caused by severe 

acute respiratory syndrome coronavirus 2, i.e., coronavirus disease 2019. Some reports of infected, vaccinated individuals have aroused great interest 

because they are primarily being infected with circulating variants of concern. To investigate the cases of infected, vaccinated individuals in Salvador, 

Bahia, Brazil, we performed genomic monitoring to estimate the magnitude of the different variants of concern in these cases.

METHODS: Nasopharyngeal swabs from infected (symptomatic and asymptomatic), vaccinated or unvaccinated individuals (n=29), and quantitative 

reverse transcription polymerase chain reaction cycle threshold value (Ct values) of ≤30 were subjected to viral sequencing using nanopore technology.

RESULTS: Our analysis revealed that the Omicron variant was found in 99% of cases and the Delta variant was found in only one case. Infected, fully 

vaccinated patients have a favorable clinical prognosis; however, within the community, they become viral carriers with the aggravating factor of viral 

dissemination of variants of concern not neutralized by the currently available vaccines.

CONCLUSION: It is important to acknowledge the limitations of these vaccines and to develop new vaccines to emergent variants of concern, as is 

the case of influenza vaccine; going through new doses of the same coronavirus vaccines is “more of the same.”
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METHODS

Study design and participants
From December 2021 to January 2022, the Laboratory of Virology, 
Institute of Health Science, Federal University of Bahia, confirmed 
the SARS-CoV-2-positive quantitative reverse transcription poly-
merase chain reaction (RT-qPCR) in a total of 29 vaccinated or 
unvaccinated individuals. These individuals visited a public health 
unit to confirm whether they were infected with SARS-CoV-2 or 
not. According to their vaccination status, the individuals were 
classified into three groups: fully vaccinated (two-dose regimen), 
fully vaccinated with three doses, and unvaccinated. The fully 
vaccinated individuals reported being vaccinated with Coronavac 
(Butantan, Brazil) Moderna AstraZeneca (Oxford, UK), or Pfizer 
(Pfizer, USA), and only the elderly people (>60 years) reported 
having received the third dose of Moderna AstraZeneca or Pfizer. 
The unvaccinated individuals were defined as those who had not 
received any vaccine. Inclusion criteria were as follows:

(1) any gender or age with COVID-19 infection;
(2) without comorbidity;
(3) symptomatic or asymptomatic;
(4) not hospitalized, and
(5) vaccinated or unvaccinated.

Exclusion criteria included individuals with SARS-CoV-2-
negative RT-qPCR results.

Molecular detection of severe acute respiratory 
syndrome coronavirus 2
Detection of SARS-CoV-2 was done from nasopharyngeal and 
oropharyngeal swabs (n=29) pooled together at the time of sam-
ple collection. The samples were submitted to RNA extraction 
(Maxwell® RSC Viral Total Nucleic Acid Purification Kit, Promega, 
USA) and subsequent to RT-qPCR (GoTaq® Probe 1-Step qRT-
PCR System, Promega, USA) assay following the CDC 2019 Novel 
Coronavirus (2019-nCoV) Real-Time Reverse Transcriptase (RT)–
PCR Diagnostic Panel7 (Table 1). Samples with cycle threshold 
(Ct) values ≤39 were considered SARS-CoV-2-positive.

Ethics statement
This research was reviewed and approved by the Ethical 
Committee of the Federal University of Bahia (CAAE 
30687320.9.0000.5662), and informed consent of all partic-
ipants or their legal guardians have been obtained.

cDNA synthesis and whole-genome sequencing
Samples (n=29) were selected for sequencing based on the Ct 
value (≤30) and availability of epidemiological metadata (sex, 

age, residence in Salvador, symptoms, etc.) (Table 2). The 
preparation of SARS-CoV-2 genomic libraries was done using 
the nanopore sequencing technology8. The SuperScript IV 
Reverse Transcriptase kit (Invitrogen, USA) was initially used 

Table 1. Overview of the primers and probes* used for severe acute 
respiratory syndrome coronavirus 2 detection by real-time polymerase 
chain reaction assay.

*CDC 2019 Novel Coronavirus (2019-nCoV) Real-Time Reverse Transcriptase 
(RT)–qPCR Diagnostic Panel.

2019-nCoV_N1-F GAC CCC AAA ATC AGC GAA AT

2019-nCoV_N1-R TCT GGT TAC TGC CAG TTG AAT CTG

2019-nCoV_N1-P
FAM-ACC CCG CAT TAC GTT TGG TGG 
ACC-BHQ1

2019-nCoV_N1-P
FAM-ACC CCG CAT /ZEN/ TAC GTT TGG 
TGG ACC-3IABkFQ

2019-nCoV_N2-F TTA CAA ACA TTG GCC GCA AA

2019-nCoV_N2-R GCG CGA CAT TCC GAA GAA

2019-nCoV_N2-P
FAM-ACA ATT TGC CCC CAG CGC TTC 
AG-BHQ1

2019-nCoV_N2-P
FAM-ACA ATT TGC /ZEN/ CCC CAG CGC 
TTC AG-3IABkF

Table 2. Demographic and clinical characteristics in the study group of 
vaccinated or unvaccinated participants during severe acute respiratory 
syndrome coronavirus 2 vaccine outbreaks, Bahia, Brazil, between 
December 2021 and January 2022.

**Most referred by the participants.

Participants
Variable

Number/total
Groups (years)

Age 

6–19 5/29

20–30 8/29

31–45 7/29

46–60 5/29

> 61 4/29

Gender
F 15/29

M 14/29

COVID-19 Immunization:  
(Oxford/AstraZeneca; Pfizer 
BioNTech, or Coronavac)

2 doses 18/25

 3 doses 6/25

No COVID-19 Immunization 4/29

Symptomatic
(self-referred by vaccinated 
with two or three doses and 
unvaccinated individuals)

Fever

18/29

Sore throat** 

Cough**

Headache

Body pain

Asymptomatic 
(vaccinated individuals) 

2 doses or  
3 doses

11/25
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for cDNA synthesis as per the manufacturer’s instructions. The 
cDNA generated was subjected to multiplex PCR sequencing 
using the Q5 High Fidelity Hot-Start DNA Polymerase (New 
England Biolabs, UK) and a set of specific primers designed by 
the ARTIC Network for sequencing the complete SARS-CoV-2 
genome (version 4)9. All experiments were performed in a bio-
safety level 2 cabinet. Amplicons were purified using 1´ AMPure 
XP Beads (Beckman Coulter, USA) and quantified on a Qubit 
3.0 fluorimeter (Thermo Fisher Scientific, USA) using Qubit™ 
dsDNA HS Assay Kit (Thermo Fisher Scientific, USA). DNA 
library preparation was performed using the Ligation Sequencing 
Kit SQK-LSK109 (Oxford Nanopore Technologies, UK) and 
the Native Barcoding Kit (EXP-NBD104 and EXP-NBD114, 
Oxford Nanopore Technologies, UK). Sequencing libraries were 
loaded into an R9.4 flow cell (Oxford Nanopore Technologies, 
UK). In each sequencing run, we used negative controls to prevent 
and check for possible contamination with <2% mean coverage.

Generation of consensus sequences from nanopore
The fast5 files generated during sequencing were basecalled 
under the high-accuracy model performed using Guppy v.6.0.1 
(Oxford Nanopore Technologies, UK). The basecalled fastQ 
files with a minimum Q score of 7 were selected for subse-
quent trim adaptor and demultiplex processes performed using 
Guppy v.6.0.1. Furthermore, the fastQ files were submitted 
to the ARTIC Network’s field bioinformatics pipeline v.1.2.19. 
Briefly, a length filtering was performed to remove additional 
chimeras using artic guppyplex. The assembly was performed by 
Minimap2 v.2.1710 using GenBank accession no. MN908947.3 
as genome reference. The primer sequences were trimmed using 
align_trim.py, the assembly was then polished, and the variant 
calling was performed using Medaka v.1.0.3 (Oxford Nanopore 
Technologies, UK) and evaluated using LongShot v.0.4.111. The 
consensus sequences were then masked with “N” at regions with 
coverage depth <20, and the variant candidates were incorpo-
rated into the consensus genome using BCFtools v.1.10.212. 
The alignment statistics were calculated using SAMtools v.1.10 
(using htslib 1.10.2)12, exonerate v.2.4.0 (using glib version 
v.2.68.0),13 and Seqtk v.1.3-r10614. This entire workflow is 
available at https://github.com/khourious/vgapONT.

Phylogenetic inference
Lineage assignment was performed using the Pangolin lineage 
classification software tool15. The newly identified isolates were 
compared with a diverse pool of genome sequences (n=3,441) 
sampled worldwide collected up to October 28, 2021. All 
sequences were aligned using the ViralMSA tool v.1.1.2010,16, and 
phylogenetic analysis using the maximum likelihood approach 

was done using IQ-TREE2 v.2.2.017. TreeTime v.0.8.518 was 
used to transform this ML tree topology into a dated tree using 
a constant mean rate of 8.0×10-4 nucleotide substitutions per 
site per year after the exclusion of outlier sequences.

Data availability statement
Newly generated SARS-CoV-2 sequences have been depos-
ited in GISAID under the following accession numbers: 
EPI_ISL_9265729, EPI_ISL_9265745, EPI_ISL_9265746, 
EPI_ISL_9265743, EPI_ISL_9265744, EPI_ISL_9265749, 
EPI_ISL_9265728, EPI_ISL_9265747, EPI_ISL_9265748, 
EPI_ISL_9265730, EPI_ISL_9265752, EPI_ISL_9265731, 
EPI_ISL_9265753, EPI_ISL_9265750, EPI_ISL_9265751, 
EPI_ISL_9265734, EPI_ISL_9265756, EPI_ISL_9265735, 
EPI_ISL_9265732, EPI_ISL_9265754, EPI_ISL_9265733, 
EPI_ISL_9265755, EPI_ISL_9265738, EPI_ISL_9265739, 
EPI_ISL_9265736, EPI_ISL_9265737, EPI_ISL_9265741, 
EPI_ISL_9265742, EPI_ISL_9265740.

RESULTS
In this study, vaccinated individuals (25/29) were immunized 
with a complete two-dose regimen; elderly people >60 years 
(6/25) were immunized with three doses, and 7- to 13-year-old 
children (4/29) were unvaccinated (Table 2). The symptoms 
self-referred by participants were mild (fever, cough, sore throat, 
or headache) in individuals in the vaccinated and unvaccinated 
groups. Vaccinated individuals self-reported to be asymptom-
atic (11/25). In all cases, there was no need for hospitalization.

The RT-qPCR Ct values varied between 14.6 and 27.2, even 
in asymptomatic individuals (Figure 1). Of the vaccinated indi-
viduals (n=25), 24 confirmed the presence of Omicron variant 
and only one Delta variant. The unvaccinated individuals (n=4) 
confirmed to be infected by the Omicron variant. Our genomic 

Figure 1. Distribution of RT-qPCR cycle threshold values in the clinical 
samples from vaccinated or unvaccinated individuals infected by severe 
acute respiratory syndrome coronavirus 2 variants. Cycle threshold 
values from vaccinated symptomatic individuals (blue), vaccinated 
asymptomatic individuals (red), and unvaccinated individuals (green). 
RT-qPCR: quantitative real-time polymerase chain reaction.
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surveillance analysis revealed that in Bahia, three VOCs primar-
ily dominated the epidemiology in the state. The Gamma vari-
ant (P.1), which was prominent during the second wave of the 
pandemic, persisted until August 2021, when it was replaced 
by the Delta variant (B.1.617.2) (Figure 2A), which in turn 
was replaced by the emerging Omicron variant in December 
2021. The Alpha variant was also detected in Bahia at the end of 
December 2021, but it remained at a very low frequency (<1%). 
To explore the relationship between the sequenced genomes, we 
also constructed a phylogenetic tree with these VOCs and those 
from the other parts of the world. Our time-stamped phylog-
eny revealed that the Omicron isolates in Bahia are scattered 
throughout the phylogeny, suggesting that multiple independent 
introductions have occurred over time (Figure 2B).

DISCUSSION
Since the start of the COVID-19 pandemic in December 
2019, efforts have been directed to the development of vaccines 
against SARS-CoV-2. Given the global situation, the WHO 
has authorized the use of several types of vaccines using mRNA 
technology, adenovirus vector vaccine, and inactivated viruses1.

Recent reports confirm that the currently used vaccines 
do not protect against infection but do reduce the severity of 
cases. Indeed, countries that have vaccinated at least 50% of 
their population have managed to reduce the mortality rate. 
However, the current scenario shows the tendency of vaccinated 
individuals getting infected with emerging VOCs that cannot 

be neutralized by the immunity generated from these vaccines2. 
The new variants have emerged as a result of increased viral cir-
culation, primarily in countries where vaccine coverage is low, 
which quickly spread worldwide. Examples of these variant 
leaks include Delta in India and Omicron in South Africa19.

Our results reinforce the notion that virus migration gener-
ally follows national and international patterns of human mobil-
ity, facilitating the spread of emerging VOCs not only within 
countries but also globally. The identification of SARS-CoV-2 
suspected cases through genome-wide sequencing in Bahia also 
revealed this, and as of 2020, co-circulation of three different 
VOCs, such as Gamma (P.1), Delta, and Omicron, appears to 
have dominated the epidemiological history in the state. The 
Alpha variant currently remains at a very low frequency (<1%) 
in the state, consistent with the effectiveness of SARS-CoV-2 
vaccines against it while being less effective against new VOCs5.

Initially, it was considered in the literature that reaching herd 
immunity (≥70%) would prevent the circulation of the virus in 
the population; this fact is now being questioned. The countries 
that have reached or surpassed this percentage (England, Israel, 
and Brazil) have high infection rates since the emergence of 
Omicron20,21. In Bahia, 74.9% of the vaccination coverage was 
recently achieved with two doses, but our work demonstrated 
breakthrough infection by Omicron with a high viral load even in 
double or triple vaccinated individuals. Moreover, asymptomatic 
vaccinated individuals can still spread the virus to other people.

One limitation of our work is that the level of protec-
tive immunity of those who are currently vaccinated is not 

Figure 2. Genomic epidemiology of the severe acute respiratory syndrome coronavirus 2. Omicron variant in Salvador, Bahia, Northeast Brazil. (A) 
Dynamics of the severe acute respiratory syndrome coronavirus 2 epidemic in Bahia showing the progression in the proportion of circulating variants 
in the state over time, with the rapid replacement of the Delta by the Omicron variant. (B) Time-resolved maximum likelihood phylogenetic tree 
including the new Omicron and Delta isolates obtained in this study and n=4,249 representative severe acute respiratory syndrome coronavirus 
2 genomes collected up to January 16, 2021. Alpha (brown), Beta (dark gray), Gamma (green), Delta (blue), and Omicron (red) variants of concern 
are highlighted in the tree. New Omicron (n=28) and Delta (n=1) genomes obtained in this study are highlighted with a black box in an each of 
these genomes. Genomes of the other lineages are shown in light gray.
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The clinical value of lung ultrasound in premature infants with 
bronchopulmonary dysplasia
Jingyi Xu1 , Yikang Fu1 , Fang Wang1 , Wen Zhou1 , Lan Chen1 , Ling Liu1*

INTRODUCTION
Bronchopulmonary dysplasia (BPD) is one of the most com-
mon and serious respiratory diseases in premature infants1 
and is life-threatening2. In recent years, the incidence of BPD 
has increased3. Since the pathogenesis of BPD is not yet clear, 
there is still no effective clinical treatment for BPD, and only 
supportive care is used. To further improve the survival rate of 
premature infants and life quality in later growth and devel-
opment, early and effective diagnosis of BPD is particularly 
important. It is necessary to identify the occurrence of BPD 
in premature infants early and take preventive and control 
measures. The diagnostic criteria formulated by the National 
Institute of Child and Human Development (NICHD) are not 
of great value for early diagnosis (within 28 days). Although 
X-rays are applied in early diagnosis, they are not convenient 
for detection and cannot be used at the bedside. Moreover, 
due to radiation, X-rays cannot be used for continuous moni-
toring. With the rapid development of ultrasound technology, 
lung ultrasound (LUS) has been widely used in the diagnosis 

of paediatric lung diseases. As a method for the diagnosis and 
treatment of pulmonary diseases in children, LUS has a high 
probability of producing a correct diagnosis and a high sen-
sitivity and specificity4. At present, the application of LUS in 
the diagnosis of neonatal diseases is gradually being promoted 
and recognised by many clinicians. In this study, the NICHD’s 
standard was used as the gold standard for BPD diagnosis, and 
the predictive values of LUS and X-ray examinations for BPD 
in premature infants were compared.

METHODS

Research objects
Preterm infants under 32 weeks who were admitted to our 
hospital from January 2021 to August 2021 were selected as 
the research subjects (a total of 248 neonates under 32 weeks 
were admitted during the period). Inclusion criteria include 
(1) admission within 24 h after birth and (2) a gestational 
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SUMMARY
OBJECTIVE: This study aimed to explore the risk factors of bronchopulmonary dysplasia in premature infants and the clinical application value of 

lung ultrasound in the diagnosis of bronchopulmonary dysplasia.

METHODS: A total of 80 premature infants with a gestational age of <32 weeks or a birth weight of <1,500 g who were treated in our hospital from 

January to August 2021 were randomly divided into a bronchopulmonary dysplasia group (n=12) and a non-bronchopulmonary dysplasia group 

(n=62). The clinical data, lung ultrasound, and X-ray image characteristics of the two groups were compared.

RESULTS: Among the 74 preterm infants, 12 preterm infants were diagnosed with bronchopulmonary dysplasia, and 62 preterm infants were 

determined not to have bronchopulmonary dysplasia. There were significant differences in sex, severe asphyxia, invasive mechanical ventilation, 

premature membrane ruptures, and intrauterine infection between the two groups (p<0.05). Lung ultrasound showed abnormal pleural lines and 

alveolar-interstitial syndrome in all 12 patients with bronchopulmonary dysplasia and vesicle inflatable signs in 3 patients. Before clinical diagnosis, 

the accuracy, sensitivity, specificity, positive predictive value, and negative predictive value of lung ultrasound in the diagnosis of bronchopulmonary 

dysplasia were 98.65, 100, 98.39, 92.31, and 100%, respectively. The accuracy, sensitivity, specificity, positive predictive value, and negative predictive 

value of X-rays in the diagnosis of bronchopulmonary dysplasia were 85.14, 75.00, 87.10, 52.94, and 94.74%, respectively.

CONCLUSION: The diagnostic efficiency of lung ultrasound for premature bronchopulmonary dysplasia is better than that of X-rays. The application 

of lung ultrasound can screen patients with bronchopulmonary dysplasia early for timely intervention.

KEYWORDS: Premature birth. Bronchopulmonary dysplasia. Lung. Ultrasonography.
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age score at birth of <32 weeks or a birth weight of <1500 g. 
Exclusion criteria include (1) the mother received an abnor-
mal non-invasive DNA test or amniocentesis during her 
obstetric examination; (2) severe congenital malformations 
were suggested before birth; (3) imaging showed congenital 
pulmonary dysplasia, such as a congenital diaphragmatic her-
nia or isolated lung; or (4) corrected gestational age before 
36 weeks of death. A total of 80 neonates were randomly 
enrolled. Treatment was ceased for three of these patients 
due to financial difficulties, and three died during treatment. 
The final sample size was 74.

The participants were divided into a BPD group (n=12) and 
a non-BPD group (n=62). The diagnostic criteria of BPD fol-
low the consensus of the NICHD: children with a gestational 
age of <32 weeks should be diagnosed with BPD at 36 weeks 
of corrected gestational age or 28 days after birth (56 days at 
the latest). The diagnostic criterion includes any neonate who 
is oxygen-dependent [inspired oxygen concentration (FiO2) 
>21%] for more than 28 days5.

Research methods

Lung ultrasound inspection
Lung ultrasound examination method: Neonates were placed 
in supine and lateral positions, and GE LOGIQ P6 Pro and 
GE high-frequency line shock probe (15 Hz) ultrasonic diag-
nostic apparatuses were used for ultrasonography in a quiet 
state. The parasternal line, the anterior axillary line, the pos-
terior axillary line, and the double nipple line were divided 
into six lung areas, namely, anterior superior, anterior infe-
rior, superior axillary, axillary, posterior superior, and pos-
terior inferior. A total of 12 lung areas on both sides were 
scanned, and the images were saved. The first LUS examina-
tion was performed within 24 h after the neonate was admit-
ted to the hospital, and thereafter, it was reviewed twice a 
week until discharge.

Observation indicators for the diagnosis of BPD by LUS 
include the following: ① abnormal pleural line, ② B-line, 
③ alveolar-interstitial syndrome, and ④ signs of vesicular 
effusion or bronchial fluid filling.

Chest X-ray examination
A MobileDiagnost wDR (Philips Medical DMC GmbH) 
machine was selected, and the supine position and anterior-pos-
terior views were taken. X-ray examinations were performed 
within 24 h of the neonate’s admission, and chest X-ray exam-
inations were performed at 4 weeks after birth or at 36 weeks 
of corrected gestational age.

Observational indicators of the X-ray diagnosis of BPD: 
① Stage I (1–3 days): ground-glass-like changes in both lungs, 
② Stage II (4–10 days): complete opacity of both lungs, ③ 
Stage III (11–30 days): small transparent cysts with restarting 
between linear or patchy shadows in both lung fields, and ④ 
Stage IV (after 1 month): the luminal areas of both lung fields 
enlarged to form vesicles, with hyperinflation and atelectasis.

Statistical analysis
The SPSS version 22.0 software was used for statistical analy-
sis. The measurement data were analysed with an independent 
sample t-test, and the count data were analysed with a χ2 test. 
A p<0.05 indicated a statistically significant difference.

RESULTS

Comparison of clinical data between 
bronchopulmonary dysplasia and non-
bronchopulmonary dysplasia
Among the 74 premature infants, 12 were patients with BPD, 
and 62 were patients without BPD. There were 11 males and 1 
female in the BPD group, with an average age of 29.29±2.79 
weeks and a weight of 1240±75.41 g. There were 31 males 
and 31 females in the non-BPD group, with an average age of 
30.43±1.71 weeks and a weight of 1439±40.65 g. There were 
significant differences in birth weight, gender, severe asphyxia, 
use of invasive mechanical ventilation, premature rupture of 
membranes, and intrauterine infection between the two groups 
(p<0.05) (see Table 1).

Image features of lung ultrasound and X-ray 
diagnosis of bronchopulmonary dysplasia
A total of 12 children with BPD underwent dynamic LUS 
examination (Figure 1A). All of them showed abnormal pleu-
ral lines and alveolar-interstitial syndrome changes, and three 
patients showed signs of air vesicles.

A total of 12 children with BPD were examined using X-rays 
(Figure 1B). There were three cases with no obvious abnormal 
features, nine cases with bilateral lung ground-glass-like changes, 
five cases with linear or patchy shadows, and three cases with 
cystic translucent shadows.

Comparison of bronchopulmonary  
dysplasia prediction results  
between lung ultrasound and X-rays
Before clinical diagnosis, the LUS results were consistent 
with the confirmed cases in 73 children, and the diagnostic 
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accuracy was 98.65%. When LUS was used to predict BPD, 
its sensitivity, specificity, positive predictive value, and neg-
ative predictive value were 100, 98.39, 92.31, and 100%, 
respectively. The X-ray results were consistent with the con-
firmed cases in 63 children, and the diagnostic accuracy rate 
was 85.14%. When X-rays were used to predict BPD, their 
sensitivity, specificity, positive predictive value, and nega-
tive predictive value were 75.00, 87.10, 52.94, and 94.74%, 
respectively (see Table 2).

DISCUSSION
Prolonged use of supplemental oxygen for BPD in preterm 
infants, high mortality, residual airway hyperresponsiveness 
in surviving infants, repeated lower respiratory tract infec-
tions, feeding difficulties, and growth retardation6-8 make the 
prevention and treatment of BPD a key research topic in the 
Department of Neonatology. Compared with the non-BPD 
group, the BPD group had lower birth weights and a higher 
proportion of male infants, severe asphyxia, invasive mechani-
cal ventilation, premature membrane ruptures, and intrauterine 
infections. This is generally consistent with previous reports of 
risk factors for BPD in preterm infants9,10. There was an inverse 
linear relationship between low birth weight and the incidence 
of BPD. Neonates with a birth weight of <1500 g have a 20% 
chance of developing BPD11, and those with a birth weight 
of <1000 g have an even higher chance of developing BPD12. 
The high risk of BPD in premature infants with very low birth 
weights is mainly related to the defective development of their 
organs13. The high incidence of BPD in male infants is mainly 
due to the relationship between oestrogen and pulmonary sur-
factant production. Costeloe et al. reported that the incidence of 
BPD in male infants was twice that of female infants14. Invasive 
mechanical ventilation produces a large amount of toxic per-
oxide substances under high concentrations of oxygen, causing 
lung damage and increasing the incidence of BPD15. Infection 
is a key link in the occurrence of BPD. Intrauterine infection 
can induce the premature rupturing of membranes. Relevant 

Table 1. Comparison of clinical data between the bronchopulmonary dysplasia group and non-bronchopulmonary dysplasia group.

Group
Gestational age 

(week)
Sex  

(male/female)
Born body  

(g)

Small for 
gestational age 

(yes/no)

Severe asphyxia 
(yes/no)

Invasive 
mechanical 

ventilation (yes/no)

Non-BPD 
group (n=62)

30.43±1.71 31/31 1439±40.65 7/55 1/61 20/42

BPD group 
(n=12)

29.29±2.79 11/1 1240±75.41 3/9 3/9 8/4

t/χ2 value 1.91 7.11 2.09 1.62 10.75 5.06

p 0.06 0.01 0.04 0.20 <0.01 0.02

Group
Premature rupture 

of membranes  
(yes/no)

Intrauterine 
infection  
(yes/No)

Preeclampsia 
(yes/no)

Gestational 
diabetes  
(yes/no)

Prenatal use of 
antibiotics  

(yes/no)

Prenatal  
hormone use  

(yes/no)

Non-BPD 
group (n=62)

46/16 5/57 4/58 6/56 26/36 46/16

BPD group 
(n=12)

4/8 5/7 1/11 0/12 2/10 6/6

t/χ2 value 7.66 9.71 0.06 1.26 2.73 2.82

p <0.01 <0.01 0.81 0.26 0.10 0.09

Figure 1. (A) Lung ultrasound image features. (B) X-ray image features.
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literature reports that when the mother has an intrauterine infec-
tion, the inflammatory factors that are produced can mediate 
foetal lung injury in preterm infants16. Birth weight, asphyxia, 
invasive mechanical ventilation, premature membrane rupture, 
and intrauterine infection can be used as important indicators 
for predicting BPD in preterm infants.

In recent years, LUS examination has been widely used in the 
diagnosis of respiratory diseases in premature infants. Compared 
with computed tomography (CT) and X-ray examinations, 
LUS has the advantages of being able to be carried out at the 
bedside, without radiation, and being able to be dynamically 
monitored17. Some studies of ultrasound for the diagnosis of 
BPD have been reported. Alonso-Ojebarrena et al. performed 
a dynamic LUS examination on 59 premature infants with a 
gestational age of ≤32 weeks and/or birth weight of ≤1,500 g18. 
Their results show that the sensitivity and specificity of LUS for 
diagnosing BPD were 71 and 80%, respectively, at 1 week after 
birth; 74 and 100%, respectively, at 2 weeks after birth; and 
100 and 100%, respectively, at 4 weeks after birth. The exper-
imental results of Balany et al. indicated that LUS can be used 
as an auxiliary examination method to predict the risk of BPD 
in premature infants19. In this study, before the clinical diagno-
sis of BPD, the accuracy, sensitivity, specificity, positive predic-
tive value, and negative predictive value of LUS in diagnosing 
BPD were 98.65, 100, 98.39, 92.31, and 100%, respectively, 
which are significantly higher than the clinical efficacy index 
of X-rays for the diagnosis of BPD. The characteristic images 
of LUS in children with BPD +are mainly abnormal pleural 
lines, alveolar-interstitial syndrome, and changes in air vesicle 
signs. The results of this study are basically consistent with the 
previous reports of Liu et al.20. Liu et al. observed ultrasound 
signs such as pleural line abnormalities (insect-eaten changes), 
interstitial pulmonary syndrome, and air vesicle signs, and the 
sensitivity and specificity for diagnosing BPD were both 100%. 
It is completely feasible to use LUS to replace X-rays in neona-
tal wards for the early diagnosis of neonatal BPD20.

However, this study has certain limitations. First, when 
using ultrasound to diagnose BPD, although physicians in the 

ultrasound department took the pictures and read the reports 
independently of each other, due to the subjectivity of inter-
pretation and the influence of clinical information, the results 
may be biased in selection and measurement. Second, this study 
discussed only the diagnostic value of LUS for BPD but not 
its correlation with clinical features (such as the degree of lung 
lesions). Third, the sample size of this study was small, and an 
experiment with a large sample should be conducted in the 
future to confirm the generalisability of the results of this study.

CONCLUSION
In the process of clinical diagnosis and treatment, interven-
tion strategies should be formulated according to their risk 
factors to improve the survival rate and prognosis of prema-
ture infants. As an effective detection method to predict the 
occurrence of BPD in premature infants, LUS can replace 
X-ray examination to guide the clinical formulation of accu-
rate treatment plans, track the progress and outcome of the 
disease, and reduce the incidence of BPD. Therefore, LUS is 
recommended for clinical use.
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Inspection method Sensitivity (%) Specificity (%)
Positive predictive 

value (%)
Negative predictive 

value (%)
Diagnostic accuracy 

(%)

LUS 100 98.39 92.31 100 98.65

X-rays 75.00 87.10 52.94 94.74 85.14

Table 2. Clinical value of lung ultrasound and X-rays in predicting bronchopulmonary dysplasia (%).
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Does cryptogenic organizing pneumonia change seasonal?
Tugce Sahin Ozdemirel1* , Sertan Bulut1 , Esma Sevil Akkurt1 , Zeynep Erayman Ozen1 ,  
Mahmut Hamdi Erdogdu1 , Funda Demirag2 , Berna Akinci Ozyurek1

INTRODUCTION
Cryptogenic organizing pneumonia (COP) is a rare but very 
characteristic clinicopathological picture among pulmonary 
diseases. When no underlying cause is found, it is referred to 
as “idiopathic/cryptogenic” organizing pneumonia. In contrast, 
if it occurs as a result of another disease or drug use, it is called 
secondary organizing pneumonia. The incidence of COP in 
men and women is similar. Although the age range is from 20 
to 80 years, it occurs most frequently between the ages of 50 
and 60 years1,2. It is more common in nonsmokers and former 
smokers3. The diagnosis of COP is made histopathologically 
by the presence of granulation tissue composed of fibroblasts, 
collagen, and fibrinous exudate in the alveolar structure and 
by demonstrating a specific finding, the Masonic bodies1. The 
basic radiological appearance is peripherally located multifocal 
airspace consolidation. The consolidations are rarely unilateral, 
may be recurrent and migratory, and range from a ground-glass 

appearance to consolidation with air bronchograms4. The clin-
ical presentation of patients may resemble upper respiratory 
tract infection or pneumonia5.

Chronic obstructive pulmonary disease (COPD) is an 
increasing cause of morbidity and mortality worldwide. Acute 
exacerbations negatively impact health status, hospitalization 
rates, disease progression, and mortality in COPD6. In COPD, 
an acute worsening of respiratory symptoms requiring addi-
tional treatment is defined as an exacerbation. Triggering fac-
tors for an acute exacerbation are infections and noninfectious 
conditions. However, the etiology is unknown in more than 
30% of exacerbations7.

Asthma is a disease resulting from the interaction of envi-
ronmental and genetic factors. While genetic factors play an 
important role in the development of asthma, environmental 
factors are important in both the onset and exacerbation of 
the disease8,9.
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SUMMARY
BACKGROUND AND AIM: Meteorological factors affect the respiratory system, and the most important factor is the change in ambient temperature 

and humidity. We aimed to investigate the seasonal characteristics of patients diagnosed with cryptogenic organizing pneumonia.

METHODS: The study included 84 cryptogenic organizing pneumonia, 55 chronic obstructive pulmonary disease, and 42 asthma patients. To 

determine the characteristics of the disease according to the seasons, the number of attacks and admissions was grouped according to the seasonal 

characteristics and analyzed for three groups. 

RESULTS: Among cryptogenic organizing pneumonia and chronic obstructive pulmonary disease patients, males significantly predominated (p<0.001). 

The hospitalization rate was highest in chronic obstructive pulmonary disease patients but similar to cryptogenic organizing pneumonia and asthma 

patients (p<0.001). The highest admission rate in cryptogenic organizing pneumonia patients was observed in spring (39.3% in spring, 26.2% in fall, 

22.6% in winter, and 11.9% in summer). In winter, cryptogenic organizing pneumonia patients were admitted less frequently than chronic obstructive 

pulmonary disease and asthma patients. The neutrophil-to-lymphocyte ratio was higher in cryptogenic organizing pneumonia patients than in asthma 

patients and similar to chronic obstructive pulmonary disease patients.

CONCLUSION: As a result of our study, the high rate of diagnosis and admission in the spring in cryptogenic organizing pneumonia suggested that the 

effect of allergens on the formation of cryptogenic organizing pneumonia should be investigated. In contrast, it should be kept in mind that cryptogenic 

organizing pneumonia may develop as a prolonged finding of involvement that may occur in the lung parenchyma due to lung infections and/or cold 

weather triggering during the winter months. In this regard, further studies can be conducted in which allergens and/or the history of infection in 

patients and meteorological variables are also evaluated.

KEYWORDS: Organizing pneumonia. COPD. Asthma. Infection. Weather.

https://doi.org/10.1590/1806-9282.20220962
http://orcid.org/0000-0003-1596-0082
http://orcid.org/0000-0003-1267-3440
http://orcid.org/0000-0002-5416-3783
http://orcid.org/0000-0002-5807-6484
http://orcid.org/0000-0002-5334-8532
http://orcid.org/0000-0003-4790-8369
http://orcid.org/0000-0003-0206-7615
mailto:drtugcesahin@gmail.com


Cryptogenic organizing pneumonia and seasons

268

Rev Assoc Med Bras 2023;69(2):267-271

Meteorological factors affect the respiratory system, and the 
most important factor is the change in ambient temperature and 
humidity10-12. It has been reported that the increase in outdoor 
temperature, in which atmospheric pressure increases, leads 
to decreased peak expiratory flow rate and morning dyspnea 
in COPD patients13. Asthma attacks such as COPD increase 
during the winter months14.

Our study aimed to investigate the seasonal characteristics 
of our patients diagnosed with COP.

METHODS
Between January 1, 2012, and December 31, 2020, 84 
patients diagnosed clinically, radiologically, and pathologi-
cally with COP in our hospital, and 55 COPD and 42 asthma 
patients diagnosed according to Global Initiative for Chronic 
Obstructive Lung Disease (GOLD) and Global Initiative for 
Asthma (GINA) guidelines were included in our study6,9. The 
demographic and clinical characteristics of our patients, who 
were divided into three groups, and the laboratory data (white 
blood cell, neutrophils, lymphocytes, eosinophils, thrombo-
cytes, hemoglobin, C-reactive protein, erythrocyte sedimenta-
tion rate, and albümin values) at the time of initial diagnosis 
were retrospectively collected. To determine the characteris-
tics of the disease according to the seasons, the number of 
attacks and admissions in our study was grouped according 
to the seasonal characteristics and analyzed for three groups. 
Patients with comorbid malignant disease, collagen tissue 
disease, and secondary organizing pneumonia were excluded 
from the study. 

The study was approved by the Ethics Committee of the 
University of Health Sciences, Atatürk Sanatorium Training 
and Research Hospital (2012-KAEK-15/2535). The study was 
conducted according to the Declaration of Helsinki.

STATISTICAL ANALYSIS
Statistical Package for the Social Sciences (SPSS) version 21.0 
was used for statistical analysis. Categorical variables are pre-
sented as frequency and percentage. Continuous variables 
were evaluated using the Kolmogorov-Smirnov test and his-
tograms to determine whether their distribution was normal. 
Normally distributed numeric parameters were compared in 
groups using Student’s t-test or one-way analysis of variance 
(ANOVA), whereas those without normal distribution were 
analyzed using the Mann-Whitney U test or the Kruskal-Wallis 
test. As appropriate, categorical variables were compared with 
the chi-square test or Fisher’s exact test.

RESULTS
Our study evaluated 122 COP patients diagnosed in our hospi-
tal between January 1, 2012, and December 31, 2020. Of the 
patients with COP, 27 were excluded due to concomitant malig-
nancy and 11 were excluded due to infection. Our study group 
consisted of 84 COP, 55 COPD, and 42 asthma patients. The 
mean age of patients with COP was 59.4±11.7 years, and 55% 
were male. Age was similar in patients with COP and asthma 
and younger than in patients with COPD (p<0.001). Among 
patients diagnosed with COP and COPD, males significantly 
predominated (p<0.001). In the COP group, 30 (35.7%) individ-
uals had never smoked, 36 (42.9%) were former smokers, and 18 
(21.4%) were active smokers. Regarding pulmonary function test 
results, FEV1 was higher in patients with COP than in patients 
with COPD and asthma (p<0.001 and p<0.001, respectively). 
The hospitalization rate was highest in patients with COPD 
but similar in patients with COP and asthma (p<0.001). The 
highest admission rate in COP patients was observed in spring 
(39.3% in spring, 26.2% in fall, 22.6% in winter, and 11.9% in 
summer). In winter, COP patients were admitted less frequently 
than COPD and asthma patients. The main characteristics of 
the study participants are shown in Table 1.

While 78 (92.9%) COP patients had a pathological diagnosis, 
6 of them were diagnosed by clinical-radiological examination. 
The most common pattern on thorax computed tomography 
(CT) in patients diagnosed with COP was a nodule (31%). This 
finding was observed as focal infiltration in 28.6%, ground-glass 
consolidation in 25%, air bronchograms in 13.1%, and cav-
ity in 2.4%. The clinicopathological characteristics of patients 
with COP are summarized in Table 2.

As can be seen in Table 3, albumin and hemoglobin lev-
els were lower and erythrocyte sedimentation rate was higher 
in patients with COP than in the other two groups (p=0.001, 
p=0.003, and p=0.001, respectively). The neutrophil-to-lym-
phocyte rate was higher in COP patients than in asthma patients 
and similar to COPD patients.

DISCUSSION
The aim of this study was to see if there is a seasonal variation in 
COP patients. It was found that the highest admission rate in 
COP patients was observed in spring. In winter, COP patients 
were admitted less frequently than COPD and asthma patients. 

It is well known that changes in meteorological parameters 
increase mortality and morbidity in adults with respiratory dis-
eases (COPD, asthma, bronchiectasis, etc.) and have a triggering 
function for hospital admissions. While an increase in temperature 
and humidity leads to clinical worsening in asthmatics, exposure 
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to cold air and cold increases the risk of infection, especially in 
COP15. Seasonal variations in COP were also noted in our study.

Cryptogenic organizing pneumonia typically occurs in the 
fifth to sixth decades of life, and both sexes are equally affected16. 
History of smoking is not considered a risk factor for COP, 
and most patients do not smoke17. In our study, the mean age 
of patients with COP was similar to that reported in the lit-
erature, but the male sex was more represented in contrast to 
the literature. In agreement with the literature, the proportion 
of patients who were active smokers was also lower in COP.

Open lung biopsy is the gold standard in the diagnosis of 
COP. However, the chance of obtaining a diagnostic sample is 
high with high-resolution CT-guided transbronchial lung biopsy18. 
In our study, 78 (92.9%) patients had a pathological diagno-
sis, while 6 were diagnosed by clinical-radiological evaluation.

Radiological findings in COP usually consist of patchy, dif-
fuse consolidations involving bilateral subzones. Other described 
findings include migratory, irregular, linear, or nodular opac-
ities19. In our study, nodular opacities and focal infiltrations 
were common and usually unilateral. The reason for this dif-
ference may be due to early detection of pulmonary infiltrates.

The results of laboratory tests in patients with COP are not 
specific. However, inflammatory markers such as erythrocyte 
sedimentation rate, CRP level, and leukocyte count are often ele-
vated17,20. In our study, the erythrocyte sedimentation rate was 
higher in our patients with COP than in the other two groups, 
and the white blood cell count was higher than in asthma patients. 

Table 1. Characteristics of study group.

Cryptogenic organizing 
pneumonia (n=84)

Chronic obstructive 
pulmonary disease (n=55)

Asthma (n=42) p

Age 59.4±11.7* 66.7±8.1*# 56.6±12.9# <0.001

Female, n (%) 29 (34.5)* 5 (9.1)*# 22 (52.4) # <0.001

Tobacco smoking 

Never smoker, n (%) 30 (35.7)* 0 (0)*# 14 (33.3)#

<0.001Past smoker, n (%) 36 (42.9)* 50 (90.9)*# 12 (28.6)#

Current smoker, n (%) 18 (21.4) 5 (9.1)* 16 (38.1)*

Pulmonary function test findings

FEV1, lt, median (min–max) 2.47 (0.65–4.42)* 1.05 (0.45–3.07)* 1.98 (0.85–3.93)* <0.001

FEV1, %, median (min–max) 78.5 (21–123)* 38 (16–94)* 68.5 (33–90)* <0.001

Exacerbation season

Spring, n (%) 33 (39.3)* 15 (27.3) 6 (14.3)*

0.009
Summer, n (%) 10 (11.9) 2 (3.6) 3 (7.1)

Autumn, n (%) 22 (26.2) 14 (25.5) 11 (26.2)

Winter, n (%) 19 (22.6)*# 24 (43.6)# 22 (52.4)*

Admission number, median (min–max) 1 (1–6)* 2 (1–10)*# 1.5 (1–7)# <0.001

*#p-values are significantly different between groups.

Table 2. Main diagnostic characteristics of patients with cryptogenic 
organizing pneumonia.

Cryptogenic organizing 
pneumonia (n=84)

Pathological diagnosis (biopsy-proved)

Yes, n (%) 78 (92.9)

Type of diagnosis

Transbronchial 37 (44)

Tru-cut 32 (38.1)

Wedge 9 (10.7)

Clinical/radiological 6 (7.1)

CT findings

Distribution

Unilateral, n (%) 50 (59.5)

Bilateral, n (%) 34 (40.5)

Pattern

Cavity, n (%) 2 (2.4)

Focal infiltration, n (%) 24 (28.6)

Ground-glass opacification, n (%) 21 (25)

Nodule, n (%) 26 (31)

Air bronchograms, n (%) 11 (13.1)

Exacerbation season

Spring, n (%) 33 (39.3) 

Summer, n (%) 10 (11.9)

Autumn, n (%) 22 (26.2)

Winter, n (%) 19 (22.6)
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The CRP level was higher than the other two groups, but not sta-
tistically significant. This may be due to the fact that CRP values 
in the other groups were measured during the exacerbation phase.

Seasonal factors are known to influence the frequency of COPD 
and asthma attacks. The number of hospital admissions due to 
exacerbation of COPD increases when temperatures decrease 
and/or triggering factors such as viral infections become more 
common during the winter months15. Meteorological factors 
weaken the body’s immunity and favor the spread of pathogens 
that cause infections21,22. The incidence of viral respiratory infec-
tions has been shown to increase in cold weather10.

In general, morbidity and mortality are known to increase in 
patients with chronic diseases, advanced age, and male gender; 
however, the number of studies examining the effects of environ-
mental factors is limited. The literature has also found that sea-
sonal factors such as air temperature and humidity increase the 
incidence of pneumonia23. No study was found in the literature 
investigating COP’s seasonal association. In our study, the rate 
of admissions and diagnoses in COP patients was highest in the 
spring. In winter, COP patients were admitted less frequently than 
COPD and asthma patients.

The clinical presentation in COP is quite characteristic. The 
patient presents with a viral, infection-like clinical picture that 
has persisted for several weeks. Diagnosing patients with these 
causes takes several weeks1,2. The fact that the diagnosis of COP 
in our study was made in the spring suggests that patients’ symp-
toms begin in the winter months and the diagnosis may not be 
made until the spring. In contrast, pollen is known to cause an 
increase in asthma attacks in spring24. This may be related to the 
high diagnosis and admission rate in the spring in COP.

This study has some limitations. First, it was performed in a single 
center as a retrospective study. Second, the study included a relatively 
small number of COP patients. Due to the small number of cases 
because of missing data, some cases that may have an impact on the 
results may have been excluded from the study. Another limitation of 
our study is that we could not access the allergy history of the patients 
and allergy tests, if any, from the hospital information registry system.

CONCLUSION
As a result of our study, the high rate of diagnosis and admis-
sion in the spring in COP suggested that the effect of allergens 
on the formation of COP should be investigated. In contrast, it 
should be kept in mind that COP may develop as a prolonged 
finding of involvement that may occur in the lung parenchyma 
due to lung infections and/or cold weather triggering during 
the winter months. In this regard, further studies can be con-
ducted in which allergens and/or the history of infection in 
patients and meteorological variables are also evaluated.

ETHICS COMMITTEE APPROVAL
This study was approved by the Ethics Committee of the 
University of Health Sciences, Atatürk Sanatorium Training 
and Research Hospital (2012-KAEK-15/2535).

INFORMED CONSENT
Written informed consent was obtained from all participants 
who participated in this study.

Table 3. Laboratory results of the patients.

Cryptogenic  
organizing pneumonia 

(n=84)

Chronic obstructive 
pulmonary disease 

(n=55)

Asthma
(n=42)

p

White blood cell, median (min–max) 8,910 (1,230–24,000)* 9,120 (4,370–23,000)# 7,605 (3,900–13,310)*# 0.011

Neutrophils, median (min–max) 5,735 (1,100–16,900)* 6,200 (1,480–17,000)# 4,280 (1,000–10,550)*# 0.002

Lymphocytes, median (min–max) 1,945 (300–8,200) 1,860 (396–6,620) 2,265 (1,190–4,550) 0.332

Neutrophils/lymphocytes ratio, median (min–max) 2.97 (0.21–17.83)* 3.48 (0.22–19.45)# 1.95 (0.56–6.17)*# 0.001

Eosinophils, median (min–max) 177 (0–3,700) 150 (0–610) 215 (10–890) 0.237

Hemoglobin±SD 13.1±1.8*# 13.9±1.9* 14.1±1.7# 0.003

Thrombocytes, median (min–max)
288,500  

(119,000–1,314,000)*#

247,000  
(24,900–497,000)*

254,000  
(23,000–409,000)# 0.001

C-reactive protein, median (min–max) 4.90 (0.01–175) 3.70 (0.01–85) 3 (0.3–25.40) 0.607

Erythrocyte sedimentation rate, median (min–max) 45 (7–120)*# 20 (2–120)* 17 (4–29)# <0.001

Albumin±SD 36.7±5.5* 38.3±5.6# 41±3.1*# <0.001

*#p-values are significantly different between groups.
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The effects of fat graft and platelet-rich fibrin  
combination after epineurectomy in rats
Menekşe Kastamoni1 , Senem Esin Yavaş2 , Güzin Yesim Ozgenel3 , Semiha Ersoy2*

INTRODUCTION
Epineural and extraneural scar tissue that develops out of con-
trol by causing chronic pain and loss of function is an import-
ant factor that adversely affects the outcome of peripheral nerve 
surgery1. To prevent perineural scar formation occurring after 
peripheral nerve surgery, various techniques and agents (wrap-
ping of nerves with various natural materials such as vein, buccal 
mucosa, fascia tissue, human amniotic membrane, hyaluronic 
acid injection around the damaged nerve, and 5-fluorouracil) 
have been tried, but these methods have not solved the problem 
entirely2-4. As the adipose tissue is a rich source of multipotent 
mesenchymal cells called adipose-derived stem cells5, the fre-
quency and importance of using fat grafts during surgical proce-
dures are gradually increasing. In vitro studies have demonstrated 
that platelet-rich plasma (PRP) and platelet-rich fibrin (PRF) 
activate the adipose-derived stem cells with secreted factors6.

Remyelination is important in the recovery of axonal 
function after nerve injury. Schwann cells are responsible for 

myelination/remyelination in the peripheral nervous system 
(PNS)7,8. The Eph (erythropoietin-producing hepatocellular 
carcinoma) receptors form the largest family of tyrosine kinase 
receptors. They are divided into two subfamilies, namely, EphA 
and EphB, and their ligands are ephrins. It has been reported 
that the activation of one of these receptors, EphA4, decreases 
myelination by oligodendrocytes in the central nervous system, 
while its inhibition increases it9. There are few studies showing 
that EphA4, which is also expressed in intact Schwann cells, 
negatively regulates myelination by these cells in PNS dam-
age repairs10,11.

Considering the studies using fat graft alone and PRF 
alone, in our experimental study, we aimed to reduce the 
adhesion and scar formation in the nerves by using the stim-
ulating effect of thrombocytes on adipose tissue-originated 
stem cells and increasing tissue repair. We also attempted to 
evaluate the efficacy of the applied treatment with EphA4 
expression levels.
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SUMMARY
OBJECTIVE: One of the most important factors that adversely affects the outcome of peripheral nerve surgery is the formation of epineural and 

extraneural scar tissue after surgery. Many surgical methods and pharmacological and chemical agents have been used to prevent the formation of 

epineural scar tissue, but satisfactory results have not been achieved in clinical applications. The purpose of this study was to investigate the combined 

effect of fat graft and platelet-rich fibrin on the formation of epineural scar tissue and on nerve healing in the mature rat model. 

METHODS: A total of 24 female Sprague-Dawley rats were used. A circumferential segment of epineurium was excised from both bilateral sciatic 

nerves. The epineurectomized right nerve segment was wrapped with a combination of fat graft and platelet-rich fibrin (experimental group), while 

the left nerve segment did not receive any surgical procedure other than the epineurectomy (sham group). Notably, 12 randomly selected rats were 

sacrificed in the fourth week for histopathological examination of early results. The other 12 rats were sacrificed in the eighth week for late results.

RESULTS: The formation of fibrosis, inflammation, and myelin degeneration were less common in the experimental group, while nerve regeneration 

was found to be higher at both 4 and 8 weeks.

CONCLUSION: The intraoperative application of a combination of fat graft and platelet-rich fibrin appears to be effective on nerve healing after 

surgery at both the early and late periods.

KEYWORDS: Sciatic neuropathy. Nerve regeneration. Platelet-rich fibrin. Adipose tissue. Receptor, EphA4.
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METHODS

Animals
All animals in this study were used according to a proto-
col approved by the Bursa Uludag University Experimental 
Animals and Ethics Committee (approval no.: 2019-05/03). 
A total of 24 12-week-old female Sprague-Dawley rats weigh-
ing 250–300 g were used. Animals were kept in groups of four 
in cages with free access to food and water under alternating 
12-h light and dark periods.

Surgical procedure
All animals were anesthetized by sevoflurane 250 mL (Sojourn, 
Piramal) via an inhaler. Following the induction of general anaes-
thesia, rats were placed in a supine position. First, approximately 
1 mL of blood was taken from the rat tail artery and placed in 
the device for centrifugation at the appropriate speed for the 
preparation of PRF. The rat was then returned to the prone 
position. After longitudinal skin incisions, bilateral sciatic nerves 
were accessed via blunt dissection through the gluteus maximus 
and biceps femoris muscles. Bilateral sciatic nerves, from the 
sciatic notch to the bifurcation, were exposed. A 0.5-cm-long 
epineurium segment was circumferentially excised from the 
main nerve trunk to initiate scar tissue formation. For the right 
sciatic nerve, the incision was extended to the popliteal region, 
and approximately 10×10×0.5 mm3 fat grafts were prepared 
from the adipose tissue in this area. Meanwhile, the fat graft 
obtained from the popliteal region was mixed with the PRF, 
whose centrifuge was finished and ready, and it was wrapped 
around the epineurectomy area. The left nerve segment did not 
undergo any surgical procedure other than the epineurectomy 
and was considered the sham (or control) group. The right sci-
atic nerve was considered the experimental (or treatment) group. 
For histopathological examinations, 12 randomly selected rats 
were euthanized in the fourth week for early results and the 
remaining 12 rats in the eighth week for late results.

Histopathology
The right (experimental/treatment group) and the left (sham/
control group) nerve segments were removed en bloc with the 
surrounding tissue, fixed in neutral-buffered 10% formalin solu-
tion, dehydrated in alcohol series, and embedded in paraffin. 
Then, 5-μm sections were stained with routine haematoxylin 
and eosin (H&E) for general morphology and with Masson’s 
trichrome for fibrosis. In addition, one group of sections was 
stained with the Klüver Barrera method to evaluate myelin-
ation, while EphA4 receptor immunohistochemistry was applied 
to another group of sections. Tissues from a rat without any 

procedure were used to see the healthy sciatic nerve structure 
and to compare it with other groups.

Immunohistochemistry
Sections were incubated in citrate buffer (pH=6.0) at 98°C 
and then cooled and rinsed for 3×5 min in TRIS tampon 
(pH=7.6). They were incubated in a 3% H2O2 blocked endog-
enous peroxidase activity for 5 min at room temperature and 
rinsed for 3×5 min in TRIS tampon. Blockage of nonspecific 
binding protein was done by incubating sections with horse 
serum (Sigma Aldrich, H1138) for 30 min. Incubation with 
anti-EphA4 primary antibody (Santa Cruz, sc-365503) was 
done overnight at 4°C. After rinsed for 3×5 min in TRIS tam-
pon, the sections were incubated with donkey anti-mouse IgM 
secondary antibody (Jackson Immunoresearch, 715-065-140) 
for 1 h and ABC solution (VECTOR Laboratories, PK6100) 
for 2 h. The reactions were visualized with DAB and counter-
stained with Harris haematoxylin.

Results were independently evaluated by two investigators 
using a light microscope. Fibrosis, inflammation, and degenera-
tion were evaluated on a three-point scale (mild, moderate, and 
severe). Regenerative changes around the nerve (remyelination 
and EphA4 receptor expression) were evaluated on a five-point 
scale (none, poorly, moderate, well, and perfect). Photographs 
were taken using an Olympus BX 50 photomicroscope.

Statistical evaluation
To investigate the differences in histopathological values accord-
ing to the fourth and eighth weeks for each group, an analysis 
was made with the Mann-Whitney U test. Wilcoxon signed-
ranks test was used to evaluate the early and late results of his-
topathological values separately. Analyses were made using the 
SPSS 22.0 package program. Differences were considered sta-
tistically significant at p<0.05.

RESULTS

Degeneration
Myelin degeneration was more prominent in the sham groups 
than in the experimental groups in both the early and late peri-
ods (Figure 1). It was observed that the application of combined 
fat graft and PRF significantly reduced myelin degeneration in 
both the early and late periods (Figure 2A).

Fibrosis and inflammation
Less collagenous area and inflammation were observed in the 
sciatic nerves that were wrapped with combined fat graft and 
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Figure 1. Histological appearance of the all groups. Intact sciatic nerve (a, b), 4-week sham group (c, d), 4-week treatment group (e, f), 8-week 
sham group (g, h), and 8-week treatment group (i, j). (F: Fibrosis; →: Inflammation; SN: Sciatic nerve; #: Degeneration). (a, c, e, g, i: H&E staining, 
b, d, f, h, j: Masson’s trichrome staining).
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PRF in both the early and late periods compared to the sham 
groups (Figure 1). Histopathologically, it was observed that 
inflammation and fibrosis were statistically significantly reduced 
in rats treated with 4 and 8 weeks of combined fat grafting and 
PRF (Figures 2B,C).

Nerve regeneration/remyelination
Regeneration was observed better in the experimental groups than 
in the sham groups in both the early and late periods (Figure 1). 
Intact myelin sheaths in control tissues were stained in a char-
acteristic intense blue colour by the Klüver Barrera method 
(Figure 3A). It was determined that remyelination was not com-
pleted and the stained areas and staining intensity decreased in 
the 8-week sham group (Figure 3B). The sciatic nerves in the 
8-week treatment group were observed to have acquired staining 
and morphology that is almost similar to those of the control 
sections (Figure 3C). The 4-week treatment and 4-week sham 
groups were similar to the 8-week sham group (data not shown).

Figure 2. The statistical results.

EphA4 receptor expression
It was observed that the expression of EphA4 in Schwann cells 
according to the control sections (Figure 3D) was relatively increased 
in the 4-week early treatment group (Figure 3E). EphA4 immu-
nopositivity in the 8-week treatment group (Figure 3F) was relatively 
decreased compared to the 4-week treatment group (Figure 3E).

The combined fat graft and PRF application was found to 
have a statistically significant positive effect on nerve regeneration 
(decrease in EphA4 expression and increase in remyelination) in both 
the early and late periods in the experimental groups (Figure 2D).

DISCUSSION
Perineural adhesions and scar formation occurring after peripheral 
nerve surgery are unpredictable and undesirable. Despite advances 
in microsurgery, functional return after classic methods of nerve 
repair is unsatisfactory12. Various applications, such as ADCON-T/
N13, human amniotic fluid with hyaluronic acid2, buccal mucosal 
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Figure 3. Myelination and EphA4 receptor expression. Intact sciatic nerve (a), 8-week sham group (b), 8-week treatment group (c) (Klüver-Barrera 
staining). Intact sciatic nerve (d), 4-week treatment group (e), and 8-week treatment group (f) (EphA4 immunopositivity: →).

graft3, and topical 5-fluorouracil4 are some of the methods used 
to reduce post-surgical adhesions and scar formation.

There has been a recent interest in adipose-derived stem cells. 
Adipose tissue is a rich source of these multipotent mesenchymal 
cells and has a unique advantage of being harvested easily, cheaply, 

and safely5,6. Several experimental studies with fat grafts have been 
tried to improve the results of the peripheral nerve surgery. In one 
study in rats, free fat grafts were applied around the sciatic nerve 
with epineurectomy and showed that the fat graft reduced peri-
neural scar tension with unexpected degenerative changes in some 
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cases14. In another study in rats, fat grafts have been shown to pos-
itively affect early nerve regeneration but have no significant effect 
on fibrosis and scar formation15. In recent years, studies have been 
conducted by wrapping fat grafts around the nerves and placing 
the adipose-derived stem cells in the repair line and found that 
adipose-derived stem cells have a positive effect on nerve healing. 
Liu et al.16 showed that adipose-derived stem cells increase the rates 
of nerve healing and nerve conduction after repair.

Platelet-rich plasma is prepared by centrifuging one’s own 
blood and contains 4–7 times the dense platelet of normal 
blood concentration. Alpha granules in platelets contain seven 
basic growth factors: platelet-derived growth factor (PDGFaa, 
PDGFbb, and PDGFab), transforming growth factor-beta 
(TGFβ1 and TGFβ2), epithelial growth factor (EGF), and vas-
cular endothelial growth factor (VEGF). These growth factors 
have been shown to modulate cell proliferation, differentiation, 
angiogenesis, and chemotaxis. The most preferred enrichment 
methods developed to benefit from the mentioned features of 
platelets are classical PRP and PRF17. One study examined the 
effects of PRF on the sciatic nerve healing model and found that 
PRF had an accelerating and complementary effect on periph-
eral nerve healing histologically18. In vitro studies showed that 
the factors released by PRP and PRF activate the adipose-de-
rived stem cells and chemotaxis of these cells6. This study is the 
first one in which completely autologous biological products 
are used and positive results are obtained in all parameters his-
tologically and no complications are observed.

For nerve regeneration to be functional, both axonal elonga-
tion and new myelin synthesis should occur7,8. In our study, we 
concluded that remyelination in the 8-week late treatment and 
control groups was similar and that the long-term treatment applied 
had a positive effect on regeneration. Harboe et al.9 showed that 
the EphrinA1-EphA4 signalling negatively affects myelination 
in the central nervous system after injury. Similarly, EphA4 has 
effect on Schwann cell differentiation and regeneration in PNS 
injuries. It has been reported that remyelination and axonal regen-
eration are due to Schwann cell differentiation after peripheral 
nerve damage in EphA4−/− rats11. Chen et al.10 reported that the 
expression of EphA4 in Schwann cells in the PNS has negative 
effects on myelination by inhibiting the differentiation of these 

cells after injury. Similarly, in our study, insufficient myelination 
in correlation with the increase in EphA4 expression at the end 
of 4 weeks and remyelination and axonal recovery in correlation 
with the decrease in EphA4 expression at the end of 8 weeks 
suggested that EphA4 had a negative effect on myelination and 
axonal repair in the sciatic nerve.

CONCLUSION
Our results show that the use of the fat graft+PRF combination 
positively affects nerve recovery after epineurectomy histologi-
cally in both the early and late periods. The areas of use of the fat 
graft+PRF combination should be investigated and increased in 
order to obtain the expected mutual effects and hence positive 
results. We believe that this study will be a guide in this regard. 
However, the limitation of our study is that the degree of func-
tional recovery of the sciatic nerves was not evaluated. We also 
believe that it would be more meaningful to support our histo-
pathological results with functional results. In addition, it is nec-
essary to investigate through which molecular pathways the graft 
components are effective in the expression of EphA4 in Schwann 
cells. In this way, EphA4 can be used as a potential molecular 
marker for peripheral nerve injuries in the clinics in the future.
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Serotonin, ghrelin, and motilin gene/receptor/transporter 
polymorphisms in childhood functional constipation
Bengu Arslan1* , Guzide Dogan2 , Seda Orenay-Boyacioglu3 , Metin Caliskan4 , Murat Elevli5

INTRODUCTION
Constipation is defined as difficulty in passing stools that may 
be infrequent (≤2 per week), painful, and associated with 
stool retention. Chronic constipation is a common health 
problem, especially in children, and has a great impact on 
physical/mental health. Chronic constipation is divided into 
two groups, namely, organically caused and functional con-
stipation. Notably, 95% of constipation is of the functional 
type in childhood, and the prevalence rates are reported to 
be 32.2% worldwide. In recent years, research on aetiology 
and pathogenesis of childhood constipation has focused on 
environmental factors, behavioural problems, and genetic 
factors. Various environmental factors are associated with a 

higher prevalence of childhood constipation which include 
diet and mobility of the children, low maternal educational 
level, and social circumstances. The relationship of constipa-
tion with behavioural problems is also complex, partly because 
constipation can be both a cause and product of behavioural 
problems. Furthermore, constipation has been reported more 
frequently in children with specific behavioural phenotypes, 
such as autism spectrum disorder1,2. The role of genetics in 
the aetiology of constipation is still largely unknown. So far, 
linkage studies, association studies, and direct gene sequenc-
ing have yet to find mutations in genes specifically associated 
with constipation. However, more than 40% of constipated 
children have a family history of constipation, and a genetic 
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SUMMARY
OBJECTIVE: Functional constipation is the most common form of constipation, and its exact aetiology is still unclear. However, it is known that 

deficiencies in hormonal factors cause constipation by changing physiological mechanisms. Motilin, ghrelin, serotonin acetylcholine, nitric oxide, and 

vasoactive intestinal polypeptide are factors that play a role in colon motility. There are a limited number of studies in the literature where hormone 

levels and gene polymorphisms of serotonin and motilin are examined. Our study aimed to investigate the role of motilin, ghrelin, and serotonin gene/

receptor/transporter polymorphisms in constipation pathogenesis in patients diagnosed with functional constipation according to the Rome 4 criteria.

METHODS: Sociodemographic data, symptom duration, accompanying findings, the presence of constipation in the family, Rome 4 criteria, and clinical 

findings according to Bristol scale of 200 cases (100 constipated patients and 100 healthy control) who applied to Istanbul Haseki Training and Research 

Hospital, Pediatric Gastroenterology Outpatient Clinic, between March and September 2019 (6-month period) were recorded. Polymorphisms of 

motilin-MLN (rs2281820), serotonin receptor-HTR3A (rs1062613), serotonin transporter-5-HTT (rs1042173), ghrelin-GHRL (rs27647), and ghrelin 
receptor-GHSR (rs572169) were detected by real-time PCR.

RESULTS: There was no difference between the two groups in terms of sociodemographic characteristics. Notably, 40% of the constipated group 

had a family history of constipation. The number of patients who started to have constipation under 24 months was 78, and the number of patients 

who started to have constipation after 24 months was 22. There was no significant difference between constipation and control groups in terms of 

genotype and allele frequencies in MLN, HTR3A, 5-HTT, GHRL, and GHSR polymorphisms (p˃0.05). Considering only the constipated group, the rates 

of gene polymorphism were similar among those with/without a positive family history of constipation, constipation onset age, those with/without 

fissures, those with/without skin tag, and those with type 1/type 2 stool types according to the Bristol stool scale.

CONCLUSION: Our study results showed that gene polymorphisms of these three hormones may not be related to constipation in children.

KEYWORDS: Child. Constipation. Ghrelin. Motilin. Serotonin. Polymorphism, single nucleotide.
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predisposition is suggested in which monozygotic twins have 
six times more constipation than dizygotic twins2.

Deficiencies in hormonal factors cause changes in physio-
logical mechanisms and lead to constipation. Motilin, ghrelin, 
serotonin, acetylcholine, nitric oxide, and vasoactive intestinal 
polypeptide play a role in colon motility. The most important 
task of the motilin hormone is to speed up bowel movements. 
Motilin binds to motilin receptors (MTLR) located on the cell 
surface to show its effect3. Ghrelin has been shown to have a 
prokinetic effect on gastrointestinal motility through the vagus 
and pelvic nerves. Centrally acting GRLN-R agonists stimulate 
defecation in animals and humans and accelerate gastrointes-
tinal passage4. Serotonin plays a role in motility and secretion, 
slows gastric emptying, and increases colonic motor activity5.

In the literature, there are limited studies involving only 
serotonin/motilin hormone levels and gene polymorphisms, 
and no study have evaluated the polymorphisms of three fac-
tors (motilin, ghrelin, and serotonin) together. Our study aimed 
to clarify the effectiveness of these factors in the pathogenesis 
of functional constipation and to reveal the underlying genetic 
cause in many cases monitored by functional constipation.

METHODS

Ethics
Ethical approval was obtained from the Corporate Ethics 
Committee of Istanbul Haseki Training and Research Hospital 
in 2019 (document number: 2011-KAEK-50). Informed con-
sent was obtained from the families of all study participants 
before the study.

Samples and sample size
Our study included 100 children with constipation (constipated 
group) and 100 children without constipation and gastroin-
testinal system problems (control group) in Istanbul Haseki 
Training and Research Hospital, Pediatric Gastroenterology 
Outpatient Clinic, between March and September 2019 
(6-month period). Inclusion criteria of the constipated group 
were as follows: (1) those with chronic constipation, who meet 
the criteria for functional constipation according to the Rome 4 
criteria; (2) children aged 6 months to 18 years; and (3) those 
who read the patient informed consent form and agreed to 
participate in the study. exclusion criteria were as follows: (1) 
congenital anomalies of the anorectal region and Hirschprung’s 
disease; (2) those with neurological disorders such as cerebral 
palsy and spina bifida; (3) those diagnosed with hypothyroid-
ism, diabetes mellitus, and diabetes insipidus; (4) those who 

have had previous abdominal surgery; and (5) those who read 
the patient informed consent form and did not agree to par-
ticipate in the study.

Sociodemographic data, duration of symptoms, accompa-
nying findings, presence of constipation in the family, Bristol 
stool scale findings, complete physical examination findings, 
and body weight, body length, and weight and height percen-
tiles were recorded in the patient’s forms.

The question of encopresis and urinary incontinence eval-
uation was asked to the families of children older than 3.5 
years, who had urinary and stool control and had the ability 
to urinate and defecate, and the answers were recorded in our 
case form. When the family answered “yes” to the question 
of repeated (usually involuntary) passing stool on the child’s 
clothes, encopresis or faecal incontinence was detected and the 
answers were recorded. The families were asked about the enure-
sis of the children and the answers were recorded. Anal fissure 
and skin tag were detected during anal examination in children 
with constipation and the data were recorded in our case form.

The sample size in the study was determined using G-power. 
Considering similar studies on the subject in the literature, 
the minimum sample size was calculated as 200 people, with 
a statistical power of 89.8%, a confidence level of 95%, and a 
type 1 error rate of 0.056.

Selection of MLN, HTR3A, 5-HTT, GHRL,  
and GHSR polymorphisms
In the study, polymorphisms [motilin-MLN (rs2281820), 
serotonin receptor-HTR3A (rs1062613), serotonin transport-
er-5-HTT (rs1042173), ghrelin-GHRL (rs27647), and ghrelin 
receptor-GHSR (rs572169)] that are thought to be related to 
patients diagnosed with functional constipation and are found 
to be associated with some gastrointestinal diseases were selected.

DNA isolation
DNA isolation from blood samples was performed using the 
High Pure PCR Template Preparation Kit (Roche, Mannheim, 
Germany) according to the kit usage procedures of the commer-
cial company. A volume of 200 μl of blood sample was placed in a 
1.5-ml tube, and 200 μl of binding buffer and 40 μl of proteinase 
K were added, mixed, and incubated at 70°C for 10 min. Then, 
100 μl of isopropanol and 200 μl of elution buffer were added, 
mixed, and incubated at 70°C. All of this prepared mixture was 
transferred to a tube and centrifuged at 8,000 g for 1 min. Then, 
500 μl of inhibitor removal buffer was added to the filter tube and 
centrifuged at 8,000 g for 1 min. A volume of 500 μl wash buf-
fer was added and centrifuged at 8,000 g for 1 min. This process 
was repeated 2 times. The tubes were emptied and centrifuged 
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at 13,000 g for 1 min. Elution buffer kept at 70°C was added to 
the filter tube by placing an Eppendorf tube under the filter tube. 
Pure DNA was obtained by centrifugation at 8,000 g for 1 min.

DNA concentration and purity measurement
DNA purity and concentration were measured using NanoDrop 
1000 Spectrophotometer version 3.7 (Thermo Scientific, USA). 
The concentration and purity of the obtained DNA samples 
were observed at wavelengths of 260 and 280 nm determined 
by measuring their absorbance. Generally, 5–50 ng of DNA 
per reaction was considered sufficient to detect a single-nucle-
otide polymorphism (SNP).

Determination of genotypes
SNPs were detected in LightCycler 480 (Roche) using a 
LightSNiP assay (TIBMOLBIOL GmbH, Berlin, Germany) 
panel based on SimpleProbe® (Roche). Probes provided by 
the manufacturer detect single-base mismatches and polymor-
phisms, making the analysis possible. SNPs were observed by a 
melting curve analysis at the end of amplification.

For each SNP, there is a tube of primer and a tube contain-
ing the simple probes in lyophilized form. A volume of 105 μl 
of water was added to each tube separately and vortexed.

It was prepared according to real-time mix separately for 
each SNP. After 7.5 μl per mix plate, the final volume of 10 μl 
was reached by distributing the sample and adding 2.5 μl of 
DNA to it. The device protocol was entered and worked on 
the LightCycler 480 device.

Data analysis
Data analysis was done by melting curve genotyping using the 
LightCycler 480 software.

Statistical analysis
Differences between the patients and controls in terms of cat-
egorical variables, such as demographic and clinical data, were 
analyzed using chi-square (χ2) tests, while continuous variables 
were analyzed with Student’s t-test. Differences in allelic distri-
bution of the SNPs were also examined using χ2 test. The sta-
tistical significance level was accepted as p<0.05.

RESULTS
The demographic characteristics of the groups are shown in 
Table 1. The average duration of constipation was 19.5±19.3 
months (3–120 months), and the median duration of consti-
pation was 12 months in the constipated group. The mean 
duration of defecation time was 4.4±1.9 days (2 days–11 
days) in the constipated group. According to the Bristol stool 
scale evaluations of the patient group, 56 patients had type 
1 stool and 44 patients had type 2 stool. Those with and 
without encopresis, urinary incontinence, anal fissure, and 
skin tag were compared with the duration of constipation. 
There was no statistically significant difference between the 
groups (p˃0.05).

Genotype and allele frequency comparisons of constipation 
and control groups are given in Table 2. According to these 
comparisons, there was no significant difference in genotype 
and allele frequencies in terms of gene polymorphisms inves-
tigated between constipation and control groups (p˃0.05). 
No statistically significant difference was found in the fam-
ilies of children with constipation according to the history 
of constipation and the onset age of symptoms compared to 
the allele and genotype frequencies of gene polymorphisms 
(Table  3) (p˃0.005).

Table 1. Demographic features of groups.

Demographic features
Constipated group

n=100
Control group

n=100
p-value

Average age (months) 70.9±54.9 68.9±54.0 0.799

Gender (male/female) 45/55 53/47 0.258

Weight percentile 49.4±32.5 49.6±27.0 0.955

Height percentile 48.1±30.0 48.9±27.8 0.835

Faecal incontinence (yes/no %) 17/83

 Urinary incontinence (yes/no %) 9/91

Recurrent urinary tractinfection (yes/no %) 14/86

Family history of constipation (yes/no %) 40/60

Anal fissure (yes/no %) 33/67

Skin tag (yes/no %) 28/72



Serotonin, ghrelin, and motilin polymorphisms in constipation

282

Rev Assoc Med Bras 2023;69(2):279-284

DISCUSSION
Although studies have concluded that constipation develops 
mainly between the ages of 2–4 years, in 17–40% of children, 
symptoms begin within the first year7. The data obtained in 
our study show that the average age of the patient group is 
70.9±54.9 months, similar to the literature. In our study, 
the mean constipation time was 19.5±19.3 months (3–120 
months), and the median constipation time was 12 months. 
Misra et al. in their study on 101 constipated cases reported 
the average duration of complaints of the patients to be 32.2–
40.7 months8. In our study, the duration of constipation was 
found to be shorter than in the literature. This may be due to 
the fact that the patient’s family awareness is high and that the 
family receives polyclinic service in a shorter time.

Functional urinary incontinence is the most frequently inves-
tigated clinical finding accompanying constipation9,10. There are 
studies in the literature showing that recurrent urinary infections 
and the urge to urinate in children with constipation are signifi-
cantly increased, but bladder functions are positively affected 
after constipation treatment11,12. Benninga et al. reported the 
rate of urinary incontinence as 41% in children with constipa-
tion9. In our study, urinary incontinence, urinary tract infec-
tions, and urinary system symptoms were found at lower rates 
compared to the literature. This may be due to ethnic origin or 
the low number of cases. In our study, it was observed that the 
complaints of enuresis decreased in children who participated in 
the study and treated for constipation, similar to the literature.

Table 2. Genotype and allele frequency of constipation and control groups.

Gene and SNP
Constipated 

group
(n=100)

Control  
group

(n=100)
p-value

5HTT-rs1042173

Genotype GG
Genotype GT
Genotype TT
Allele G
Allele T

31
45
24

107
93

28
46
26

102
98

0.885

0.689

HTR3A-rs1062613

Genotype CC
Genotype CT
Genotype TT
Allele C
Allele T

70
27
3

167
33

68
27
5

163
37

0.768

0.693

MLN-rs2281820

Genotype CC
Genotype CT
Genotype TT
Allele C
Allele T

46
14
17

126
74

43
9
8

139
61

0.384

0.204

GHRL-rs27647

Genotype CC
Genotype CT
Genotype TT
Allele C
Allele T

17
35
48
71

129

8
36
56
52

148

0.133

0.070

GHSR-rs572169

Genotype GG
Genotype GA
Genotype AA
Allele G
Allele A

59
38
3

156
44

65
27
8

157
43

0.109

0.070

Table 3. Comparison of genotype distributions of constipation patients with/without a positive family history of constipation and symptom onset age.

Gene and SNP
Genotype

With 
constipation 

positive family 
history 

n=60

Without 
constipation 

positive family 
history

n=40

P-value

Symptom 
onset age

<24 months
n=78

Symptom 
onset age

>24 months
n=22

p-value

5HT
rs1042173

GG 21 10

0.187

24 6

0.622GT 25 20 36 9

TT 14 10 18 7

HTR3A
rs1062613

CC 43 27

0.587

57 13

0.445CT 14 13 19 8

TT 3 0 2 1

MLN
rs2281820

CC 22 18

0.505

34 6

0.250CT 30 16 35 11

TT 8 6 9 5

GHRL
rs27647

CC 8 9

0.392

11 6

0.289CT 22 13 29 6

TT 30 18 38 9

GHSR
 rs572169

GG 36 23

0.344

49 10

0.153GA 23 15 26 12

AA 1 2 3 0
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Genetic and environmental factors are also thought to play 
a role in constipation. In many studies, constipation has been 
questioned in the family. Edan and Yahya found the rate of 
history of constipation in the family was 21% in the consti-
pated group and 0.7% in the control group13. Similar studies 
in the literature found the rate of family history of constipa-
tion to be between 41 and 70.8%14. In our study, a history of 
familial constipation was found in 40 (40%) patients, the rate 
similar to the literature.

Camilleri, who evaluated the effects of serotonin on the 
gastrointestinal tract, found that serotonin increased intesti-
nal motility. In addition, he reported that serotonin polymor-
phism was high in patients with diarrhoea and low in patients 
with constipation5. Some studies showed association of sero-
tonin levels and functions in the gastrointestinal tract and even 
in cases of increased intestinal peristalsis, others failed to show 
relationship of serotonin or its receptors with gastrointestinal 
diseases. For example, no difference was found in terms of poly-
morphism in the integral membrane protein SLC6A4 (5-HTT) 
involved in the presynaptic neuronal transfer of serotonin from 
the synaptic area in irritable bowel disease15. In our study, allele 
and genotype frequency states of 5-HTT and HTR3A polymor-
phisms were examined in patients and control groups, and no 
significant difference was found between the groups. Similarly, 
when the patient group was evaluated within itself, no significant 
difference was found between the patient and control groups 
in terms of allele and genotype frequency states of 5-HTT and 
HTR3A genes according to the constipation onset time, and 
positive family history and defecation frequency.

Recent studies in animals and humans related to ghrelin 
show that it also has a prokinetic activity in the lower gastroin-
testinal tract16. In another study, it has been shown that serum 
ghrelin levels are essential in response to lactulose treatment 
in patients with constipation17. In this study, patients’ serum 
ghrelin levels were measured at the beginning of constipation 
treatment, and those with low serum ghrelin levels initially 
responded better to the lactulose treatment. In contrast, those 
who had high serum ghrelin levels did not respond adequately 
to the other group than lactulose treatment. The results of treat-
ment suggest that the effect of ghrelin on intestinal motility may 
be more effective on functional constipation aetiology. There is 
no study in the literature investigating and evaluating ghrelin 
polymorphisms in patients with constipation. In our study, 
allele and genotype frequencies of GHRL and GHSR poly-
morphisms were examined in the patient and control groups, 
and no significant difference was found between the groups.

The most important task of the motilin hormone is to speed 
up bowel movements. Peak levels of motilin in plasma are 

correlated with peristaltic solid contractions18. Motilin binds to 
MTLRs on the cell surface to show its effect. In humans, MTLR 
density is highest in the gastroduodenal region and decreases 
gradually towards the colon19. In the literature, there are stud-
ies in which motilin levels are measured in patients with con-
stipation, in which motilin and agonists are given to patients, 
and the efficacy is evaluated. In the study by Hirabayashi et al., 
dogs were given mitemcinal (GM-611), an agonist of motilin, 
and found that colon motility and the number of defecations 
increased20. Although motilin is a factor that may affect consti-
pation, the motilin levels measured in constipated individuals 
are similar to those of healthy controls. For example, Penning 
et al. found that in adult patients with slow-pass constipation, 
fasting and toughness did not detect a change in plasma moti-
lin level compared to the healthy control group, while Aydın 
et al. also found a significant reduction in the level of motilin 
compared to the control group in adult constipated patients21,22. 
A study on the relationship between polymorphism and serum 
motilin level found that there was no significant difference in 
MLN gene polymorphism between paediatric patients with 
constipation and those without6. In our study, allele and geno-
type frequencies of MLN gene polymorphisms were examined 
in the patient and control groups, and no significant difference 
was found between the groups.

LIMITATIONS
Studies involving larger patient groups are needed to support 
this result.

CONCLUSION
Our study results showed that gene polymorphisms of these 
three hormones may not be related to constipation in children. 
As in our study, the fact that the results of genetic studies in the 
literature do not provide a relationship with constipation in chil-
dren reveals the need for epigenetic-based studies on this issue.
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Homocysteine concentrations in overweight children and adolescents
Juliana Dias Gonçalves dos Santos1 , Fabíola Isabel Suano de Souza1,2 , João Carlos Pina Faria1,3* , 
Luciana Satiko Sawamura1,4 , Anelise Del Vecchio Gessullo1 , Roseli Oselka Saccardo Sarni1,2

INTRODUCTION
Homocysteine (Hcy) is an amino acid containing sulfhydryl 
that forms during methionine metabolism. The interest in 
Hcy as a causal risk factor for cardiovascular diseases (CVDs) 
in childhood began with the observation that more than 50% 
of children with homocystinuria of genetic origin die prema-
turely from vascular diseases1. 

A meta-analysis evaluating the dose-response effect sug-
gested that Hcy concentrations are linear and positively asso-
ciated with all-cause mortality risk. This risk has increased by 
33.6% for each 5 μmol/L increase in Hcy concentrations in 
adults (risk ratio: 1.336, 95%CI 1.254–1.422, p<0.001)2.

Obesity seems to relate to high Hcy concentrations and 
represents a risk for the development of CVD, considering that 
overweight individuals experience events in earlier ages, live with 
events for longer periods, and have a shorter life expectancy com-
pared to individuals with a normal body mass index (BMI)3.

A recent meta-analysis involving 14 studies with adults 
found significantly higher Hcy concentrations in obese indi-
viduals compared to healthy controls, regarding their eating 
habits, insulin resistance (IR), and drug use4.

In the pediatric age group, systematic review and meta-analy-
sis, including studies published from 1999 to 2017, showed that 
these were predominantly cross-sectional and mainly evaluated 
adolescents. In the meta-analysis (n=6) and cross-sectional stud-
ies (n=3), the authors identified that high Hcy concentrations 
correlated weekly and directly with excess weight in children 
and adolescents (odds ratio [OR]: 1.08; 95%CI 1.04–1.11)5.

Considering the participation of high Hcy concentrations 
and excess weight in the risk for the development of CVD 
and the lack of studies in the pediatric age group, especially in 
our country, this study aimed to describe the Hcy concentra-
tions in overweight children and adolescents and to verify an 
association with blood pressure (BP), renal function, and IR.
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SUMMARY
OBJECTIVE: The aim of this study was to describe homocysteine concentrations in overweight and obese children and adolescents and relate them 

to blood pressure levels, renal function, and insulin resistance.

METHODS: This is a cross-sectional and observational study with 64 overweight children and adolescents (mean age: 11.6±3.5 years) in outpatient 

follow-up. The following parameters were evaluated: body mass index z-score, waist-to-height circumference ratio, pubertal stage, blood pressure, 

serum homocysteine, glycemia, insulin, lipid profile, renal function, high-sensitivity C-reactive protein, microalbuminuria, and creatinuria. Statistical 

analysis: analysis of variance and logistic regression (dependent variable: homocysteine) (p<0.05).

RESULTS: The mean body mass index z-score was 2.9±1.1. The mean homocysteine concentrations were 8.6±2.2 μmol/L (10th and 90th percentiles: 

6.6 and 11.2 μmol/L, respectively), with no difference when compared with children with severe obesity and obesity/overweight (p=0.431). High values 

of waist-to-height ratio (93.8%), systolic blood pressure (18.8%), diastolic blood pressure (12.5%), glycemia (4.7%), low-density lipoprotein cholesterol 

(31.1%), triglycerides (35.9%), non-high-density lipoprotein cholesterol (34.4%), and microalbuminuria (21.9%) were obtained. The mean glomerular 

filtration rate was 122.9±24.6 mL/min/1.73 m². Homocysteine concentrations were not associated with any of the studied variables (R²=0.095).

CONCLUSION: Homocysteine concentrations in overweight children and adolescents (mean 8.6±2.2 μmol/L) were not associated with body mass 

index z-score, blood pressure, renal function, and insulin resistance.

KEYWORDS: Homocysteine. Pediatric obesity. Biomarkers. Heart disease risk factors.
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METHODS
Through a cross-sectional and observational study, 64 over-
weight and obese children and adolescents aged 5–19 years 
were followed up at the Nutrition Outpatient Clinic of the 
Department of Pediatrics of the Centro Universitário FMABC 
Santo André, Brazil.

Of the 80 children eligible for the study who regularly 
attended the outpatient clinic from August 2014 to May 2015, 
64 (80%) were included.

Children and adolescents with obesity secondary to diseases 
of genetic or hormonal cause and carriers of other chronic dis-
eases, birth weight of less than 2,500 g, and under medications 
that could interfere with renal function, lipid profile, and glu-
cose tolerance were included.

A questionnaire containing questions related to obesity and 
associated morbidities, socioeconomic status, and morbid per-
sonal and family history of CVDs was applied.

Pubertal staging was classified according to the one pro-
posed by Marshall and Tanner. 

Anthropometric assessment was performed according to 
protocols standardized by the World Health Organization 
(WHO)6. Weight and height measurements were expressed as 
body mass index Z-score (zBMI), calculated using the WHO 
AnthroPlus software. For the anthropometric classification, 
the cutoff points recommended by the WHO were adopted7. 
The waist-to-height ratio (WHtR) was classified as altered when 
the value was equal to or greater than 0.58.

Systemic BP was measured at the time of the interview, 
according to the recommendation of the Task Force, 2004. 
BP values were classified according to sex, age, and height 
percentiles and were considered inadequate when above 
the 90th percentile9. BP measurements were performed 
by a pediatrician using calibrated equipment and period-
ically reviewed. 

The examinations were performed at the Clinical Analysis 
Laboratory of the Centro Universitário FMABC. A sample 
of 10 mL of blood was obtained by peripheral venipuncture, 
after 12-h fast, to determine total cholesterol (TC), low-den-
sity lipoprotein cholesterol (LDL-c), high-density lipoprotein 
cholesterol (HDL-c), non-HDL cholesterol (NHDL = TC - 
HDL), and triglycerides (TG) (colorimetric method); blood 
glucose (colorimetric method) and insulin (immunoenzymatic 
method), from which Homeostasis Model Assessment for insu-
lin resistance (HOMA-IR) was calculated; urea and creatinine 
(colorimetric method); and high-sensitivity C-reactive protein 
(hs-CRP immunoenzymatic method). For lipid profile clas-
sification, the cutoff points recommended by the American 
Academy of Pediatrics were adopted10.

Hcy analysis was performed by chemiluminescence method, 
with reference values between 5 and 15 μmol/L. The enzyme 
immunoassay was performed using automatic chemilumines-
cence equipment, model Immulite 2000. The chemilumines-
cence method showed results comparable to those obtained 
by high-performance liquid chromatography in school-age 
children11.

Plasma creatinine was used to calculate the estimated creat-
inine clearance or estimated glomerular filtration rate (eGFR) 
according to Schwartz’s equation: GFR (mL/min/1.73 m²) = 
0.43 × height (cm)/plasma creatinine (mg/dL)12.

Isolated urine sample (first in the morning, 20 mL) was 
collected for the calculation of albuminuria and creatinuria. 
Microalbuminuria (MA) was defined as the albumin/creatinine 
ratio with values between ≥30 and <300 mg/g13.

For statistical analysis, the SPSS (IBM®) software version 
24.0 was used. Categorical variables were presented as absolute 
and percentage values. The continuous ones were evaluated for 
their normality. The parametric variables were presented in the 
form of mean±standard deviation and the nonparametric vari-
ables in the form of median (minimum; maximum). The non-
parametric variables (MA, hs-CRP, HOMA-IR, and insulin) 
underwent logarithmic transformation, and for the analyses, 
the analysis of variance test was used for comparison. Logistic 
regression was performed (dependent variable: Hcy). The sig-
nificance level was set at 5%.

The research protocol was approved by the Ethics Committee 
of Centro Universitário FMABC (n 1,080,802).

RESULTS
Table 1 describes the general characteristics of overweight and 
obese children and adolescents included in the study. The mean 
age was 11.6±3.5 years. Most children and adolescents had 
obesity and severe obesity of 81.3% and the increased WHtR 
was observed in 93.8%. High systolic and diastolic BP (above 
the 90th percentile) occurred in 18.8 and 12.5%, respectively.

Table 2 describes the means and medians of BP values, 
anthropometric indicators, and laboratory variables. The mean 
zBMI was 2.9±1.1 with Hcy concentrations of 8.6±2.2 μmol/L 
(10th and 90th percentiles: 6.6 and 11.2 μmol/L, respectively). 

The mean GFR was 122.9±24.7 mL/min/1.73 m² (min-
imum and maximum: 78.9 and 192.1 mL/min/1.73 m², 
respectively). Four (6.2%) patients had a GFR below 90 mL/
min/1.73 m². Of these, three were adolescents, all obese, and 
one had an associated MA. There was no significant correla-
tion between zBMI, insulin, and HOMA-IR with MA val-
ues or GFR.
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There was no statistically significant difference when com-
paring the Hcy concentrations in overweight, obese, and severely 
obese children (Figure 1) (p=0.431). Table 3 shows that Hcy 
concentrations were also not associated with any of the stud-
ied variables (R²=0.095) in this group of overweight children 
and adolescents. 

DISCUSSION
This study showed mean concentrations of Hcy of 8.6±2.2 μmol/L 
in overweight children and adolescents. There was no associa-
tion of the Hcy concentrations with BP, renal function, or IR.

One study described the distribution of total Hcy among 
a representative sample of American children and adolescents 

(n=2027, ages between 4 and 19 years) and tested the differences 
between sex, age, and race-ethnicity categories. The geomet-
ric mean concentrations of Hcy adjusted for age were 6.2 and 
5.8 μmol/L in non-Hispanic Caucasian boys and girls, 6.4 and 
6.1 μmol/L in non-Hispanic African-American boys and girls, 
and 6.4 and 5.5 μmol/L in Mexican-American boys and girls, 
respectively14. The values found in the American study were 
lower than those observed in our study. 

High concentrations of Hcy have been associated with 
increased risk for the cardiovascular, cerebrovascular, and 
thromboembolic diseases in adults. Values of 10 μmol/L or 
smaller are probably safe for adult individuals, but values of 11 
μmol/L or above may suggest the need for intervention. There 
are no indications of values related to negative outcomes for 
the pediatric age group15.

The association between high concentrations of Hcy and 
excess weight seems related to the dysfunction of the adipose 
tissue with inhibition of lipolysis by activating the protein 
kinase influenced by adenosine monophosphate16. Evidences 
pointing to an association between high concentrations of Hcy 
and overweight in the pediatric age group are still insufficient, 
as described in a recently published meta-analysis. After the 
combination of studies in meta-analysis (n=6), there was a 

Table 1. General characteristics of the studied sample of overweight 
children and adolescents.

Variable N=64

Sex Male 32 (50%)

Age <10 years 24 (37.5%)

Pubertal stage

Prepubescent 29 (45.3%)

Pubescent 2 and 3 24 (37.5%)

Pubescent 4 and 5 11 (17.2%)

BMI Z-score

Severe obesity 24 (37.5%)

Obesity 28 (43.8%)

Overweight 12 (18.8%)

WHtR ≥0.5 60 (93.8%)

Systolic blood pressure >90th percentile 12 (18.8%)

Diastolic blood pressure >90th percentile 8 (12.5%)

Mean arterial pressure >90th percentile 14 (21.9%)

Family history

Obesity 24 (37.5%)

Systemic arterial 
hypertension

32 (50%)

Diabetes 11 (17.2%)

Dyslipidemia 11 (17.2%)

Cardiovascular disease 25 (39.1%)

Fasting glucose >100 mg/dL 3 (4.7%)

Total cholesterol >200 mg/dL 18 (28.1%)

LDL-c >130 mg/dL 20 (31.1%)

HDL-c <45 mg/dL 17 (26.6%)

Triglycerides >100 mg/dL 23 (35.9%)

Non-HDL-c >145 mg/dL 22 (34.4%)

Microalbuminuria >30 mg/g 14 (21.9%)

BMI Z-score: body mass index z-score; WHtR: waist-to-height circumference 
ratio; LDL-c: low-density lipoprotein cholesterol; HDL-c: high-density 
lipoprotein cholesterol.

Table 2. Characteristics of mean or median blood pressure values, 
anthropometric indicators, and laboratory variables evaluated in 
overweight children and adolescents (n=64).

Variable
Mean±SD or 

median (min-max)

Systolic blood pressure mmHg 110.7±15.3

Diastolic blood pressure mmHg 69.6±12.6

Body mass index Z-score 2.9±1.1

Homocysteine μmol/L 8.6±2.2

Microalbuminuria mg/g 9.4 (0.7–300.7)

Creatinine clearance mL/min/1.73 m² 122.9±24.6

hs-CRP mg/dL 4.1 (0.3–38.3)

Total cholesterol mg/dL 183.9±32.3

HDL-c mg/dL 48.9±13.8

LDL-c mg/dL 116.2±25.9

Triglycerides mg/dL 100.7±56.3

Non-HDL-cholesterol mg/dL 134.9±31.8

Glycemia mg/dL 86.3±8.9

Insulin μU/mL 8.7 (2.0–37.3)

HOMA-IR 1.8 (0.4–10.0)

hs-CRP: high-sensitivity C-reactive protein; LDL-c: low-density lipoprotein 
cholesterol; HDL-c: high-density lipoprotein cholesterol; Non-HDL-c: non-
HDL cholesterol (total cholesterol - HDL-c); HOMA-IR: Homeostasis Model 
Assessment of insulin resistance.
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weak and direct correlation between Hcy concentrations and 
BMI by age only in cross-sectional studies (n=3) and a direct 
but nonstatistically significant correlation in cohort studies 
(n=3). The authors emphasized that the majority of the stud-
ies were conducted with adolescents and indicates the neces-
sity of developing future longitudinal studies to better identify 
the associations5.

Moreover, it is a consensus that the concentrations may 
vary with age, sex, and pubertal staging in both healthy and 
obese children16.

Brasileiro et al. did not find any differences between the 
total concentrations of Hcy of Brazilian adolescents with over-
weight/obesity and healthy adolescents16. The mean Hcy con-
centration in the study was 11.8 μmol/L, higher than what 
we observed (8.6 μmol/L), and folate deficiency was found 
in 68.6% of the sample. Some hypotheses can be suggested 
for this difference: the study was conducted exclusively with 
adolescents (mean age 16 years) and the present study with 

children and adolescents, and the data collection of the cited 
study was performed when the mandatory fortifications of 
corn and wheat flour with a minimum of 4.2 mg of iron and 
150 μg of folic acid for every 100 g of flour were not yet put 
into force in Brazil, starting in 200417. In countries such as the 
United States and Canada, it was found that the mandatory 
fortification of folic acid foods led to a decrease in total Hcy 
concentrations in all age groups, more expressive in individu-
als with higher pre-fortification values18.

A cross-sectional and controlled study conducted in Turkey 
showed significantly higher concentrations of Hcy in obese 
children compared to controls without excess weight. Contrary 
to what was observed in our study, the authors have verified 
a significant correlation between the total concentrations of 
Hcy and age, BMI, TG, and HDL-c in the obese group. There 
was no association with the HOMA-IR19. The increased con-
centrations of insulin promote inhibition of hepatic cystathi-
onine-B-synthase activity with consequent increase in circu-
lating Hcy concentrations20.

In this study, there was no association between Hcy concen-
trations and renal function evaluated based on MA and creati-
nine clearance. Current data suggest that a healthy kidney plays 
an important role in the clearance and metabolism of Hcy, as 
with other amino acids. Hcy concentrations increase as renal 
function declines and progresses to advanced renal disease, with 
the vast majority of dialysis patients presenting mild-to-mod-
erate hyperhomocysteinemia. The values of GFR estimated 
from serum creatinine or calculated creatinine clearance are 
consistently and inversely correlated with plasma Hcy levels21. 

We have not found any association between Hcy concen-
trations and BP. Although higher plasma Hcy concentrations 

Table 3. Association of studied variables with homocysteine concentrations in overweight children and adolescents (n=64).

Variable B 95%CI p-value

Age Years -0.005 -0.020 0.010 0.513

Systolic BP mmHg 0.019 -0.043 0.082 0.532

Diastolic BP mmHg 0.018 -0.054 0.090 0.625

WHtR cm/cm 0.131 -7.505 7.767 0.973

hs-CRP (log) mg/dL -0.330 -1.277 0.616 0.487

HOMA-IR (log) -0.389 -2.372 1.594 0.696

Microalbuminuria (log) mg/g -0.503 -1.536 0.530 0.333

Creatinine clearance mL/min/1.73 m² 0.001 -0.023 0.025 0.937

BMI Z-score -0.065 -0.623 0.493 0.815

Non-HDL-cholesterol mg/dL -0.005 -0.024 0.014 0.595

Logistic regression dependent variable: homocysteine (μmol/L). R²=0.095. 
BMI Z-score: body mass index z-score; BP: blood pressure; WHtR: waist-to-height circumference ratio; hs-CRP: high-sensitivity C-reactive protein; HOMA-IR: 
Homeostasis Model Assessment of insulin resistance.

Figure 1. Homocysteine concentrations in overweight, obese, and 
severely obese children.
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have been associated with high BP in cross-sectional studies 
with adults22,23, a cohort study entitled the Framingham Heart 
Study showed an association only in the unadjusted model; 
the multivariate analysis did not show a causal relationship24.

This study presents some limitations such as the cross-sec-
tional design that does not allow establishing a cause-effect rela-
tionship, the reduced sample size, and the absence of a healthy 
control group without excess weight.

CONCLUSION
The presence of complications/comorbidities was observed in 
about 30% of those with dyslipidemias, 20% with increased BP 
levels, and 22% with MA >30 mg/g. The mean total Hcy concen-
tration was 8.6±2.2 μmol/L (10th and 90th percentiles: 6.6 and 
11.2 μmol/L, respectively). There was no association between Hcy 
concentrations and zBMI, BP, renal function, or IR. In this study, 
the values that are higher than those described in other studies in 
the literature in countries that practice mandatory folic acid for-
tification of foods remind us the importance of monitoring Hcy 
concentrations in overweight individuals in the pediatric age group. 
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Diagnostic value of systemic immune inflammation index in 
acute appendicitis
Kemal Şener1* , Adem Çakır1 , Hüseyin Kılavuz2 , Ertuğrul Altuğ1 , Ramazan Güven1

INTRODUCTION
Acute appendicitis (AA) is one of the most common abdomi-
nal emergencies worldwide1. Lifetime risk is 8.6% in men and 
6.7% in women2. In addition, AA is one of the most common 
causes of hospitalization in patients admitted to the emergency 
department with abdominal pain.

Clinical diagnosis of AA is often difficult and involves 
a synthesis of clinical, laboratory, and radiological find-
ings. The diagnosis of AA can be made more accurately 
and reliably by using physical examination findings and 
inflammation markers. In addition, many scoring systems 
are used to estimate AA risk, including Alvarado score, 
acute appendicitis score, adult appendicitis score (AAS), 
Raja Isteri Pengiran Anak Saleha Appendicitis (RIPASA) 
score, appendicitis inflammatory response (AIR) score, 
and modified Alvarado score. Studies have shown that 
these scoring systems are helpful in the diagnosis and 
treatment of AA3,4.

The systemic immune inflammation index (SIII) is a novel 
systemic inflammatory prognostic indicator associated with out-
comes in patients with different tumors. Studies have shown an 
association between SIII and many chronic/acute inflammatory 
diseases5. Since SIII is easy to calculate, inexpensive, requires 
only complete blood count, and relies on no subjective find-
ings, it will provide more accurate results in the diagnosis of AA.

Therefore, the aim of this study was to determine whether 
the diagnostic value SIII can be used as an effective parame-
ter in the diagnosis of AA and its reliability in the distinction 
between complicated and non-complicated appendicitis.

METHODS

Study setting
This study began after obtaining the study approval from the 
ethics committee of our hospital (Ethics committee decision no. 
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SUMMARY
OBJECTIVE: Clinical diagnosis of acute appendicitis is often difficult and involves a synthesis of clinical, laboratory, and radiological findings. The aim 

of this study was to investigate whether the systemic immune inflammation index can be used as an effective parameter in the diagnosis of acute 

appendicitis and its reliability in the differentiation of complicated vs. non-complicated appendicitis.

METHODS: The study was conducted retrospectively with patients admitted to the emergency department with abdominal pain and diagnosed 

with acute appendicitis. In total, 150 patients and 150 control cases were included in the study. Demographic data, medical history, white blood cell 

count, platelet count, neutrophil count, systemic immune inflammation index values, Alvarado score, adult appendicitis score, and pathology result 

of appendectomy material were retrieved from the hospital automation system and recorded in the data form.

RESULTS: Neutrophil-lymphocyte ratio and systemic immune inflammation index were significantly higher, and platelet-neutrophil ratio and lymphocyte-

neutrophil ratio were significantly lower in the patient group compared to the control group (p<0.001). Receiver operating characteristic analysis 

revealed that the sensitivity and specificity of systemic immune inflammation index with a cutoff value of 840.13 was 82 and 66.7%, respectively, for 

the diagnosis of acute appendicitis. Correlation analysis revealed that systemic immune inflammation index, Alvarado score, and adult appendicitis 

score were positively correlated, and this correlation was statistically significant.

CONCLUSION: Systemic immune inflammation index may be used to promote the diagnosis of acute appendicitis and may reduce the need for 

radiation exposure and diagnostic imaging tests such as contrast-enhanced abdominal computed tomography. It can also be used to differentiate 

between complicated and non-complicated acute appendicitis cases.
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2021.04.35; dated: April 28, 2021). The study was conducted 
retrospectively and in a single center. The study was conducted 
between May 1, 2021, and May 1, 2022, with patients who 
were admitted to the emergency department with abdominal 
pain, diagnosed with AA, and met the criteria for inclusion in 
the study. Demographic data, medical history, WBC, platelet 
count, neutrophil count, SIII values, Alvarado scores, AAS, 
and pathology results of appendectomy material were retrieved 
from the hospital automation system [Hospital Information 
Management System (HIMS)] and recorded in the case form. 
The Alvarado score is a diagnostic score that is based on the 
symptoms (migratory pain, anorexia, nausea, and/or vomiting), 
signs (tenderness, rebound tenderness, and elevated body tem-
perature), and laboratory findings (leukocytosis and left shift). 
One point was given to the presence of each indicator, except 
2 points for tenderness and leukocytosis, making a total score 
of 10. AA cases were divided into two groups as complicated 
appendicitis and non-complicated appendicitis based on the 
presence of complications (gangrenous, perforated, and abscess 
formation). The study included 150 confirmed cases of AA 
and 150 control cases who were admitted to the emergency 
department with abdominal pain and not diagnosed with AA.

Study group patients with confirmed AA diagnosis and 
control group patients who were not diagnosed with AA after 
being admitted to the emergency department with abdomi-
nal pain were included in the study. In all, 3 patients under 
the age of 18 years, 5 pregnant patients, and 12 patients with 
missing data were excluded from the study. Also, 10 patients 
whose outcome could not be followed and whose medical his-
tory was unknown were not included in the study. In addi-
tion, 12 patients with any medical history of malignancy, a 
history of hematological disease, bone marrow pathology, and 
those taking anti-inflammatory or immunosuppressive drugs 
were also excluded from the study. In addition, patients with 
non-appendicitis infection focus were excluded from the study.

Patient group
The control group was randomized from age- and gender-matched 
patients meeting the inclusion and exclusion criteria. As the 
control group, 150 patients who presented to the emergency 
department with the complaint of “abdominal pain” but were 
not diagnosed with AA were included. The group consisted of 
volunteers with a known medical history and no chronic dis-
ease history.

Data calculation
In the study, calculations were made from the obtained results 
of the cases. P, N, and L refer to peripheral platelet, neutrophil, 

and lymphocyte counts, respectively. Accordingly, NLR (N/L 
ratio), PLR (P/L ratio), PNR (P/N ratio), and LNR (L/N ratio) 
were calculated. SIII calculated as [(P×N)/L)]5. Mortality eval-
uation was based on the mortality rates of the patients during 
hospital stay. Due to the retrospective design of the study, mor-
tality after discharge and its causes were not evaluated.

Statistical analyses
The data were analyzed with SPSS Package Program version 
24.0. Number, percentage, mean, standard deviation, median, 
minimum, and maximum values were used in the presentation 
of descriptive data. The conformity of the data to normal distri-
bution was evaluated by the Kolmogorov-Smirnov test. In the 
univariate analysis, continuous variables with normal distribu-
tion were expressed as mean±SD and compared using the t-test. 
Pearson’s χ2 test was used in the analysis of categorical variables. 
For categorical variables, Fisher’s exact test was used in cases with 
less than five variables. Spearman’s correlation test was used in 
correlation analysis of multiple variables. Diagnostic accuracy 
was assessed using receiver operating characteristic (ROC) curve 
analysis. The appropriate cutoff values were determined, and the 
sensitivity and specificity values were calculated for the parame-
ters with an area below the curve (AUC) above 0.600. A p<0.05 
was accepted as statistically significant in all analyses.

RESULTS
A total of 150 patients and 150 control cases were included 
in the study. The control group was randomly generated from 
age- and gender-matched patients. Mean age was 33.47±11.01 
years in the patient group and 35.67±12.23 years in the control 
group. Mean pulse rate was significantly higher in the patient 
group compared to the control group. There was no significant 
difference between other vital parameters. WBC and neutro-
phil count were significantly higher and lymphocyte level was 
significantly lower in the patient group compared to the con-
trol group. There was no significant difference in platelet count 
between the two groups (Table 1).

Neutrophil-lymphocyte ratio (NLR) and SIII were signifi-
cantly higher, and PNR and LNR were significantly lower in 
the patient group compared to the control group. There was 
no significant difference between the two groups with respect 
to mean PLR (Table 1).

The patient group was further subdivided as complicated 
and non-complicated cases based on the complication sta-
tus. In all, 18 cases were evaluated as complicated appendici-
tis cases and 132 cases as non-complicated appendicitis cases. 
Both defense and rebound findings in physical examination 
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were significantly more common in complicated appendicitis 
cases. WBC and neutrophil count were significantly higher 
and lymphocyte count was significantly lower in complicated 
appendicitis cases compared with non-complicated cases. SIII, 
NLR, and PLR were significantly higher and PNR and LNR 
were significantly lower in complicated appendicitis cases.

Mean Alvarado score (14.5±2.83 and 11.40±1.98; p<0.001) 
and AAS (7.33±1.08 and 4.33±1.38; p<0.001) were signifi-
cantly higher in complicated appendicitis cases. Peritonitis 
findings were significantly more pronounced in complicated 
appendicitis cases (p=0.003). There was no significant differ-
ence between the two groups in terms of mortality.

The ROC analysis revealed that the sensitivity and specificity 
of SIII with a cutoff value of 840.13 was 82 and 66.7%, respec-
tively, for the diagnosis of AA. Furthermore, a cutoff value of 
1782.94 for SIII had 88.9% sensitivity and 68.9% specificity 
for distinguishing between complicated vs. non-complicated 
cases (Figure 1 and Table 2).

Correlation analysis revealed that SIII, Alvarado score, and 
AAS were positively correlated, and this correlation was sta-
tistically significant.

DISCUSSION
Acute appendicitis is one of the leading abdominal emergen-
cies worldwide. The diagnosis of AA is still not clearly estab-
lished in emergency room conditions with tests that prolong 

the process, are cost-ineffective, and lead to radiation exposure. 
There is a search for new diagnostic tools in order to make the 
diagnosis of AA more accurate, more reliable, and cheaper. 
Recent studies show that SIII is both an accurate indicator of 
inflammation and a useful ratio that helps predict the diagno-
sis and prognosis of many diseases6-8. SIII is a newly defined, 
simple, and inexpensive index that reflects the balance between 
inflammatory and immune responses. Based on the results of 
this study, it was found that SIII is a reliable index that can be 
used both in the diagnosis of AA and in the differentiation of 
complicated and non-complicated AA cases.

Leukocyte count is one of the most commonly used diag-
nostic methods in the diagnosis of AA. However, the sensitiv-
ity and specificity of leukocyte count for the diagnosis of AA 
is limited9. In this study, leukocyte count was higher in the 
patient group diagnosed with AA. Likewise, NLR and PLR 
have been used as auxiliary parameters in the diagnosis and 
prognosis of many diseases10-12. In this study, NLR was signifi-
cantly higher in patients diagnosed with AA, while no signif-
icant difference was found in PLR. In addition, based on the 
results of this study, PNR and LNR are also diagnostic ratios 
that can be used in the diagnosis of AA.

In patients with suspected AA, these ratios can optimize 
the use of risk classification with clinical scoring systems and 
diagnostic imaging, as well as guide decision-making to prevent 
negative exploratory surgeries. Due to these scoring systems, 
both unnecessary radiological examinations for AA diagnosis 

Table 1. Comparison of demographic and clinical data of the patient and control groups.

Parameter Subparameter Patient group Control group p

Age 33.47±11.01 35.67±12.23 0.102*

Gender
Female 65 (48.5) 69 (51.5)

0.642*
Male 85 (51.2) 81 (48.8)

Vital parameters

Systolic BP (mmHg) 128.65±26.47 132.29±20.85 0.187**

Diastolic BP (mmHg) 77.50±16.57 77.43±13.88 0.970**

Pulse (pulse/min) 94.03±19.71 88.79±16.81 0.014**

Laboratory values

WBC (×109/L) 13.42±4.57 8.72±2.89 <0.001**

Neutrophil (×109/L) 7.75±5.41 4.10±4.84 <0.001**

Lymphocytes (×109/L) 1.75±0.75 2.07±1.04 0.004**

Platelet (×109/L) 238.06±68.98 254.89±66.18 0.032**

Ratios

NLR 7.75±5.41 4.10±4.84 <0.001**

PLR 162.27±90.03 156.88±113.04 0.648**

PNR 27.13±16.18 51.78±24.04 <0.001**

LNR 0.21±0.17 0.43±0.265 <0.001**

SIII (×109/L) 1759.62±1263.92 979.96±1032.33 <0.001**

*Pearson’s χ2 test was used; **t-test was used. BP: blood pressure; NLR: neutrophil-lymphocyte ratio; PLR: platelet-lymphocyte ratio; PNR: platelet-neutrophil 
ratio; LNR: lymphocyte-neutrophil ratio; SIII: systemic immune inflammatory index; WBC: white blood cells. Bold indicates statistically significant p-values.
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and unnecessary surgeries are prevented. Many scoring sys-
tems such as Alvarado score, AAS, and AIR can be used in 
the diagnosis and risk classification of AA. In a meta-analy-
sis, Kularatna et al. reported that the AIR scoring system was 
the most successful scoring system in terms of sensitivity and 
specificity3,4,13,14. Among the scoring systems evaluated in this 
study, Alvarado score and AAS were more successful in com-
plicated AA cases compared to non-complicated cases. This is 
due to the fact that physical examination and peritoneal irrita-
tion findings and inflammatory markers are more prominent 
in complicated AA patients.

To the best of our knowledge, there are no studies in the 
literature investigating the diagnostic power of SIII for AA. 
Similarly, there are no studies investigating the efficacy of 
SIII in the distinction of complicated vs. non-complicated 
AA. In this study, the cutoff value of 840.13 (×109/L) for 
SIII had 82% sensitivity and 66.7% specificity. In addition, 

the cutoff value of 1,782.94 (×109/L) had 88.9% sensi-
tivity and 88.9% specificity for differentiating between 
complicated and non-complicated cases. Compared to the 
study by Khairol et al., the sensitivity of SIII obtained in 
this study is higher than that of NLR, and its specificity 
is the same15.

Dey et al. examined AA cases that were diagnosed histo-
pathologically and found that there were misdiagnosed cases. 
For this reason, they investigated the correlation between 
histopathological diagnosis and Alvarado score and found a 
statistically significant positive correlation16. Canbak et al. 
investigated the correlation between Alvarado score and 
ultrasonography in the diagnosis of AA and found that their 
combined use reduced the rates of misdiagnosis and missed 
diagnosis17. In another study, Sousa-Rodrigues et al. found 
that the Alvarado score and the macroscopic appearance of 
the appendix were correlated for the diagnosis of AA; however, 

Table 2. Systemic immune inflammation index receiver operating characteristic analysis results for the diagnosis of acute appendicitis and 
identifying complications.

Parameter Cutoff value Sensitivity Specificity
Area under 
curve (AUC)

95%CI

pLower 
bound

Upper 
bound

Diagnostic value of SIII 840.13 82.0 66.7 0.764 0.709 0.819 <0.001

SIII for differentiating 
between complicated vs. 
non-complicated cases

1782.94 88.9 68.9 0.826 0.744 0.909 <0.001

ROC: receiver operating characteristic; SIII: systemic immune inflammatory index. Bold indicates statistically significant p-values.

Figure 1. Systemic immune inflammation index receiver operating characteristic analysis for diagnosis of acute appendicitis and identifying complications.
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this correlation only occurred in the advanced stage of AA18. 
In this study, both Alvarado score and AAS were positively 
correlated with SIII. This indicates that SIII can be success-
fully used in the diagnosis of AA. When evaluated together 
with Alvarado score and AAS, SIII will reduce the rates of 
misdiagnosis and missed diagnosis in AA cases.

CONCLUSION
Based on the results of this study, SIII may be used to promote 
the diagnosis of AA, and it can reduce the need for diagnos-
tic imaging tests with radiation exposure, such as contrast-en-
hanced abdominal computed tomography. SIII is cost-effective 
and easy to calculate, and its use with Alvarado score and AAS 
will reduce both misdiagnosis and unnecessary operation rates.

Limitations
The limitations of our study are that it is a retrospective, sin-
gle-center study. There is a need for multicenter, prospective 
studies with more patients.
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Modelling anaerobic peak power assessed by the  
force-velocity test among late adolescents
Diogo Vicente Martinho1,2 , Rafael Baptista1 , Anderson Santiago Teixeira3 , Tomás Oliveira2 , 
João Valente-dos-Santos2,4 , Manuel João Coelho-e-Silva1,2* , Amândio Cupido-dos-Santos1,2

INTRODUCTION
Basketball is an intermittent sport involving repeated transitions 
between offence and defence phases. Periods of high-intensity 
activity were interspersed with low- to moderate-intensity activ-
ities1. The preceding emphasizes the need for basketball players 
to perform extensive sprinting and high-intensity shuffling activ-
ities during matchplay. The maximal efforts are predominantly 
supported by the anaerobic re-synthesis of adenosine triphos-
phate from phophocreatine and glycolysis2. The Wingate test 
(WAnT) is perhaps the most popular protocol to assess anaerobic 
fitness3. It requires a 30-s maximal effort in the cycle ergometer, 
adopting a standardized braking force (Fb) calculated as 7.5% 
of body mass (BM) as recommended by the original authors4. 
Nevertheless, a recent study adopted an Fb of 10% of BM to 
assess 32 trained male athletes from different sports (track and 
field, tennis, basketball, and football) in the WAnT5.

Youth basketball players tend to plot above the median of 
the US reference data for boys6,7. An interesting research ques-
tion emerges regarding whether Fb follows a constant propor-
tionality in relation to BM as assumed by the WAnT protocol. 
Alternatively, the force-velocity test (FVT) has been used to 
assess peak power output in both school boys8 and youth basket-
ball players7. The FVT protocol requires participants to execute 
3–5 maximal intensity efforts lasting 10 s or less to allow the 
estimation of the optimal braking force (Fbopt) and associated 
optimal peak power (PPopt). The calculation is obtained from 
a parabolic function that represents the relationship between 
peak power and Fb7. In fact, among youth basketball players 
aged 8.4–12.3 years, PPopt assessed by the FVT was determined 
by adopting an Fb corresponding to 0.089 kg per unit of BM9.

Considering that youth basketball players tend to be charac-
terized by a larger body size compared to the normal population, 
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SUMMARY
OBJECTIVES: The aim of this study was to examine the concurrent contributions of body size, estimates of whole-body composition, and appendicular 

volume in addition to participation in competitive basketball to explain inter-individual variance in anaerobic peak power output during late adolescence. 

The study also tested non-participation versus participation in basketball as an independent predictor of peak power output. 

METHODS: The sample of this cross-sectional study was composed of 63 male participants (basketball: n=32, 17.0±0.9 years; school: n=31, 17.4±1.0 

years). Anthropometry included stature, body mass, circumferences, lengths, and skinfolds. Fat-free mass was estimated from skinfolds and lower limbs 

volume predicted from circumferences and lengths. Participants completed the force-velocity test using a cycle ergometer to determine peak power output.

RESULTS: For the total sample, optimal peak power was correlated to body size (body mass: r=0.634; fat-free mass: r=0.719, lower limbs volume: 

r=0.577). The best model was given by fat-free mass and explained 51% of the inter-individual variance in force-velocity test. The preceding was 

independent of participating in sports (i.e., the dummy variable basketball vs. school did not add significant explained variance).

CONCLUSION: Adolescent basketball players were taller and heavier than school boys. The groups also differed in fat-free mass (school: 53.8±4.8 

kg; basketball: 60.4±6.7 kg), which was the most prominent predictor of inter-individual variance in peak power output. Briefly, compared to school 

boys, participation in basketball was not associated with optimal differential braking force. Higher values in peak power output for basketball players 

were explained by a larger amount of fat-free mass.
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the aim of this study was to examine the independent and 
combined effects of sports participation status, body size, and 
estimates of body composition to predict inter-individual 
variance in PPopt assessed by the FVT among late adolescents. 
It was hypothesized that although the traditional standardized 
Fb would be questionable, the principle of geometric similar-
ity applies to both non-athlete late adolescents and athletes of 
the same chronological age and fat-free mass (FFM) would be 
confirmed as the best predictor.

METHODS

Procedures
This cross-sectional study was approved by the Ethical Committee 
of the University of Coimbra [CE/FCDEF-UC/00122014] 
and followed the recommendations by the World Medical 
Association for research with humans10. Parents or legal guard-
ians signed an informed consent. All measurements were com-
pleted by the same observers at the same hours of the day, that 
is, during the mornings of non-school days, under the same 
conditions as previously reported elsewhere7. Participants were 
advised to avoid eating food at least 3 h before the functional 
protocol and not to drink caffeine-containing beverages for at 
least 8 h before the laboratory assessment. All tests occurred 
at the Coimbra University Stadium.

Participants
The sample included 31 non-athlete adolescent boys (aged 
17.4±1.0 years) recruited in secondary schools with which the 
University of Coimbra had agreements to carry out research 
projects. Inclusion criteria were as follows: (1) not participating 
in organized sports and (2) any physical limitations to perform 
maximal tests such as asthma. In parallel, 32 male adolescent 
basketball players (aged 17.0±0.9 years) were assessed as an 
independent group. The basketball players were recruited in 
four clubs registered in Portuguese Basketball Federations who 
already completed at least two seasons at the time of the obser-
vations. They regularly train three to four sessions per week of 
90–120 min each under the supervision of a certified coach and 
in official basketball competitions (usually on weekend days).

Body size and body composition
Anthropometry was completed by a single observer following 
standardized procedures11. Stature was measured to the nearest 
0.1 cm using a stadiometer (Harpenden model 98.603, Holtain 
LTD, Crosswell, UK). A portable balance (SECA model 770, 
Hanover, MD, USA) was used to measure BM to the nearest 

0.1 kg. Skinfold thickness was measured at two sites (triceps and 
subscapular) to the nearest 1 mm using a Lange calliper (Beta 
Technology Incorporate Cambridge, MD, USA). A non-inva-
sive equation recommended for male adolescents12 was used to 
determine body fat expressed as a percentage of BM (%FM). 
Subsequently, fat mass (FM) and FFM in kg were derived.

Lower limbs volume
Estimates of lower limbs volume (LLV) were determined as pre-
viously detailed7. The lower limb was fractionated using geo-
metric truncated cones. It requires circumferences and partial 
lengths between consecutive transverse plans. Lengths and cir-
cumferences were measured to the nearest 0.1 cm. The protocol 
partitioned the lower limb into truncated cones. The circum-
ferences were measured as follows: at the most proximal gluteal 
furrow; at the level of the largest mid-thigh circumference; at 
the minimum circumference above the knee; at the maximum 
circumference around the knee, that is, at the patella level; at 
the minimum circumference below the knee; at the maximum 
calf circumference; and at the minimum ankle circumference. 
The lengths between consecutive transverse plans correspond-
ing to each circumference (from the gluteal furrow to the min-
imum ankle circumference) were measured. To calculate the 
volume of a truncated cone, the following equation was used: 
V = [A1 + A2 + (A1 × A2)

0.5] × h÷3, where A1 (e.g., area at the 
proximal circumference level) and A2 (e.g., area at the distal 
circumference level) are the areas at the sections that define the 
truncated cone, and h is the length between the two transverse 
plans. The areas (A1, A2) were derived from leg circumferences 
(C) as follows: A = C2/4π. LLV (in L) was calculated as the 
sum of the volumes of the truncated cones.

Force-velocity test
Participants completed the FVT on a cycle ergometer interfaced 
to a computer (Monark 824E; Monark AB, Vargerg, Sweden). 
The standardized warm-up consisted of pedalling for 5 min at 60 
revolutions per minute (rpm) against the basket (resistance: 1 kg) 
interspersed with a 3-s “all-out” sprint at the second, third, and 
fourth minutes. The FVT involved a set of three to six “all-out” 
sprints against random breaking forces. The initial resistance was 
set at 0.74 N kg–1 with subsequent Fbs randomly above and below 
the initial load. Flywheel velocity was measured using an optical 
sensor (Opto Sensor 2000; Sports Medicine Industries Inc., St. 
Cloud, MN, USA). The test was automatically interrupted when 
the optical sensor detected that rpm declined for three consecutive 
revolutions. Each sprint was interspaced by a 5-min active recovery 
(pedalling at 60 rpm with minimal resistance, i.e., the 1 kg the basket 
of the ergometer). PPopt and Fbopt were individually calculated3,7,13.
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Analyses
Descriptive statistics were calculated for school-aged adolescents 
and basketball players. The mean differences between school-
aged adolescents and basketball participants were examined 
with the t-test for independent samples. The magnitude of 
differences was interpreted as follows14: <0.20 (trivial), 0.20–
0.59 (small), 0.60–1.19 (moderate), 1.20–1.99 (large), 2.0–3.9 
(very large), and ≥4.0 (nearly perfect). The linear relationship 
among body size descriptors and PPopt was examined using 
Pearson product-moment correlation, and the magnitude of 
correlations was interpreted as follows14: trivial (r<0.1), small 
(0.1≤r<0.3), moderate (0.3≤r<0.5), large (0.5≤r<0.7), very 
large (0.7≤r<0.9), and nearly perfect (r≥0.9).

An initial model15 was obtained using multiple linear regression 
analysis and the log-transformed values of BM, FFM, and LLV. 
In addition, sports participation status was encoded as a dummy 
variable (school=0; basketball=1). From an initial model includ-
ing all predictors, it was tested whether it was possible to extract 
a more economical solution of predictors without a significant 
decline in explained variance (backward method of multiple regres-
sion analysis). For the final model, it was summarized as follows: 
coefficient R (multiple regression coefficient), standard error of 
estimate (SEE), squared R (explained variance), and significance 
value. For each predictor, an unstandardized coefficient was pre-
sented. The significance level was set at 5%. Statistical analyses 
were performed using the IBM SPSS version 19.0 software (IBM 
Corp., Armonk, NY, USA) and GraphPad Prism version 5.03 
software (GraphPad Software, Inc., La Jolla, CA, USA).

RESULTS
Table 1 summarizes descriptive statistics separately for school-
aged adolescents and basketball players, who were, on average, 
+8.5 cm taller and +8.2 kg heavier compared to non-athletes. 
Basketball players produced +123 W in the cycle ergometer 
test protocol compared to their school peers. The Fbopt was 
11.7% of BM (specific values were 11.3 and 12.2% of BM, 
respectively, for non-athlete adolescents and basketball play-
ers). For the total sample, the gradient of the correlation coef-
ficients between PPopt and each body size descriptor were as fol-
lows: LLV (rPPopt, LLV=0.577; 95%CI 0.384–0.722; large), BM 
(rPPopt, BM=0.634; 95%CI 0.458–0.762; large), and FFM (rPPopt, 

FFM=0.719; 95%CI 0.573–0.821; very large). Table 2 summa-
rizes the initial solution that considered log-transformed values 
for the three anthropometric variables in addition to sports par-
ticipation as a dummy variable (school boys vs. basketball play-
ers). It explained 52.3% of the variance. Nevertheless, another 
significant model was obtained after excluding the dummy 
variables, suggesting that the sports status was not essential to 
explain the performance variable. In fact, the explained vari-
ance was reduced to 51.9%. Afterwards, it was also possible 
to exclude LLV with a minimal impact on explained variance 
(R2=0.509). Finally, by excluding BM from the set of predictors, 
a model exclusively including FFM as a predictor was significant 
(R=0.712, SEE=0.130, p<0.001; 50.6% explained variance). 
The obtained equation is presented in Figure 1. The anti-log 
function corresponds to PPopt=2.106+FFM1.150. It is generalized 
to both non-athletes and basketball participants.

Table 1. Descriptive statistics by sports status (non-athletes vs. basketball players) for chronological age, body size, body composition, and force-
velocity test outputs among male post-pubertal adolescents. 

PP
opt

, optimal peak power; d, Cohen’s d-value.

Variable Unit

Comparisons between non-sports participants and basketball players

Non-athletes 
(n=31)

Basketball players
(n=32)

t p
Magnitude effect

d (Qualitative)

Chronological age years 17.4±1.0 17.0±0.9 1.461 0.149 0.43 (Small)

Stature cm 171.8±4.5 180.3±7.8 5.225 <0.001 1.35 (Large)

Body mass kg 64.9±8.6 73.1±10.3 3.398 0.001 0.88 (Moderate)

Fat mass
% 16.4±6.9 16.9±4.7 0.309 0.758 0.09 (Trivial)

kg 11.1±6.0 12.7±5.0 1.120 0.267 0.29 (Small)

Fat-free mass kg 53.8±4.8 60.4±6.7 4.484 <0.001 1.15 (Moderate)

Lower limbs volume L 12.9±2.1 15.5±3.1 3.904 <0.001 1.08 (Moderate)

Optimal braking force

kg 7.3±1.4 8.8±1.8 3.562 0.001 0.94 (Moderate)

kg.kg-1 0.113±0.016 0.120±0.028 1.484 0.143 0.40 (Small)

N.kg-1 1.11±0.16 1.18±0.28 1.477 0.145 0.40 (Small)

PP
opt

W 806±140 929±157 3.267 0.002 0.84 (Moderate)

http://kg.kg
http://N.kg


Allometric scaling of optimal peak output

300

Rev Assoc Med Bras 2023;69(2):297-302

combining non-athletes and basketball players. Compared to 
school boys, current basketball players presented larger amounts 
of LLV and FFM. The differences between sports participants 
and non-athletes do not necessarily follow the principles of 
geometric similarity. The final solution to explain PPopt sug-
gested that, among post-pubertal males, FFM was the best 
single predictor. The previous studies highlighted the impor-
tance of metabolically active tissues and appendicular volume 
to interpret inter-individual performance in the anaerobic per-
formance output under discussion.

Few studies have examined anaerobic power among 
male adolescent basketball players combining WAnT and 
FVT. The preceding protocols were used in youth and 
adult basketball16, and peak power derived from WAnT 
were 864, 700, and 1,039 W, respectively, for under-15 
(n=35), under-18 (n=35), and elite adult players (n=31). 
The corresponding mean values obtained from the FVT 
protocol were 868, 1,086, and 1,255 W. The authors found 
that both WAnT and FVT protocols consistently detected 
variation of the mean performance values by playing posi-
tion. Guards and forwards scored better than centers, more 
pronounced at senior level16.

In this study, Fbopt was 11.3% of BM (1.11 N.kg-1) 
among school-aged adolescents and 12.0% (1.18 N.kg-1) 
for basketball players. The above values were different from 
7.5% of BM (0.74 N.kg-1) as recommended in the WAnT 
protocol. Finally, pre-pubertal basketball players aged 10.8 
years assessed using the FVT showed an estimated Fbopt of 

Table 2. Modelling of peak power output among male adolescents (n=63).

ln BM, log-transformed body mass; ln FFM, log-transformed fat-free mass; ln LLV, log-transformed lower limbs volume; school vs. BB, dummy variable: school=0 
and basketball=1; R, multiple correlation coefficient; R2, explained variance; SEE, standard error of estimation; 95%CI, 95% confidence interval. aModel 1: ln 
(PP

opt
)=k

1
*ln (BM)+k

2
*ln (FFM)+k

3
*ln (LLV)+a+b*dummy variable+ln (ɛ). bModel 2: ln (PP

opt
)=k

1
*ln (BM)+k

2
*ln (FFM)+k

3
*ln (LLV)+a+ln (ɛ). cModel 3: ln (PP

opt
)=k

1
*ln 

(BM)+k
2
*ln (FFM)+a+ln (ɛ). dModel 4: ln (PP

opt
)=k

1 
* ln (FFM)+a+ln (ɛ).

Step
Variables in 
the model

Excluded in 
the model

Model summary Coefficients

R SEE R2 R2 
adjusted

F p
Scaling Constant

k (95%CI) p a p

1a

ln BM

ln FFM

ln LLV

School vs BB 0.723 0.131 0.523 0.490 15.887 <0.001

2b

ln BM

ln FFM

ln LLV School vs. BB 0.720 0.131 0.519 0.494 21.195 <0.001

3c
ln BM

ln FFM ln LLV 0.713 0.131 0.509 0.493 31.105 <0.001

4d ln FFM ln BM 0.712 0.130 0.506 0.498 62.547 <0.001 1.150 (0.859–1.440) <0.001 2.106 <0.001

Figure 1. Linear regression of the ln transformed optimal peak output 
with the ln transformed fat-free mass.

 

DISCUSSION
This study examined the contribution of concurrent size descrip-
tors to explain inter-individual variation on PPopt obtained from 
the FVT protocol among a sample of late adolescent males 

http://N.kg
http://N.kg
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8.9% of BM. These results confirm that PPopt is not associ-
ated to a standardized Fb as proposed by WAnT and, addi-
tionally, the size descriptor having largest shared variance to 
anaerobic performance is FFM. Consequently, body com-
position should be part of batteries aimed at assessing bas-
ketball players. In fact, body composition is a discriminant 
characteristic between non-athletes and basketball players. 
Finally, strength training designed to gain muscle mass may 
be a valid goal to increase anaerobic performance.

Despite the limitations of using the ratio standard17,18, 
maximal short-term power output derived from FVT and 
WAnT protocols is often expressed per unit of BM (watt/
kg). Previous study6 suggested allometric scaling as the rec-
ommended option to obtain a size-free understanding of 
inter-individual variance which is believed to be relevant in 
sports such as basketball characterized by selection based on 
body size. Briefly, the simple ratio tends to penalize heavier 
individuals and rarely represents an appropriated approach 
to examine variability among participants17,19,20. The current 
study illustrated a linear relationship among FFM and anaero-
bic peak power derived from the FVT; nevertheless, it should 
be recognized that future studies need to use a better meth-
odology in the assessment of body composition.

CONCLUSION
This study suggested that Fbopt to assess anaerobic peak power 
should not be standardized at 0.075 kg per unit of BM. It has 
also been demonstrated that inter-individual variability in PPopt in 
post-pubertal male school boys and adolescent basketball players 
is largely related to differences in the amount of FFM. Regardless 
of participation in basketball, among post-pubertal adolescents, 
FFM was confirmed as the most relevant body size descriptor 
to explain maximal intensity short-term output given by FVT.
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Finding the best method for screening for gestational diabetes mellitus: 
fetal thymic-thoracic ratio or fetal thymus transverse diameter
Koray Gök1* , Selçuk Özden1

INTRODUCTION
Gestational diabetes mellitus (GDM) is defined as the glucose 
tolerance that occurs or is determined for the first time during 
pregnancy in an individual with no preexisting diabetes1. It has 
been estimated to affect 5–20% of all pregnancies2. Although 
the pathophysiology of GDM has not yet been fully eluci-
dated, it has been suggested that it causes low-grade systemic 
inflammation that exacerbates maternal immune responses3. 
As it leads to serious maternal and fetal complications if not 
monitored, it is of great importance that it should be screened 
during pregnancy and, if detected, should be appropriately 
followed up and treated2.

The thymus is a lymphoepithelial organ originating from 
the third brachial cleft at the 9th gestational week and descend-
ing to the anterior/superior mediastinum at the 12th gesta-
tional week4. The fetal thymus is detected ultrasonographically 
at three-vessel levels, in front of the pulmonary artery, aorta, 
and superior vena cava, behind the sternum, and between both 
lungs5-7. Various methods have been reported for the ultrasono-
graphic measurement of fetal thymus size including transverse 
diameter, anterior-posterior diameter, circumference, volume, 
and thymic-thoracic ratio8-11.

There are numerous studies evaluating the fetal thymus size. 
It has been reported that the fetal thymus size increases in pro-
portion to the gestational week in healthy pregnant women while 

the fetal thymic-thoracic ratio remains constant8. However, it 
has been reported that this ratio decreased in some complicated 
pregnancy cases, including diabetic pregnancies12-16. 

To the best of our knowledge, there are studies investigating 
the fetal thymic-thoracic ratio in diabetic pregnant women14-16; 
however, there are no studies evaluating the fetal thymus trans-
verse diameter in GDM. Being the first study on this subject, 
the aim was to compare fetal thymic-thoracic ratio and fetal 
thymus transverse diameter in the evaluation of fetal thymus 
size in GDM. 

METHODS
This study was approved by the Sakarya University Ethics 
Committee (decision no.: 40019-376, approval date: June 
30, 2021). It included pregnant women diagnosed with ges-
tational diabetes (n=180), who were admitted to the Sakarya 
University Education and Research Hospital, Gynecology and 
Obstetrics Clinic Perinatology Department between November 
1, 2018, and June 15, 2021, and delivered in the same hospi-
tal. GDM was defined as a single abnormal result from a 2-h 
75-g oral glucose tolerance test or two abnormal results from a 
3-h 100-g oral glucose tolerance test17. These pregnant women 
were classified into two groups: diet-controlled gestational dia-
betes (GDd, n=106) and insulin-dependent gestational diabetes 
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SUMMARY
OBJECTIVE: The aim of this study was to compare the efficiency of fetal thymic-thoracic ratio and fetal thymus transverse diameter measurements 

in gestational diabetes mellitus.

METHODS: Fetal thymic-thoracic ratio and fetal thymus transverse diameter were assessed in 360 pregnant women. Patients were examined in two 

groups: 180 gestational diabetes mellitus (study group) and 180 healthy pregnant women (control group). 

RESULTS: There were no statistically significant differences between the cases with gestational diabetes mellitus and the control group in terms 

of fetal thymus transverse diameter; however, the fetal thymic-thoracic ratio was found to be significantly lower in cases with gestational diabetes 

mellitus compared to that in the control group (p<0.001).

CONCLUSION: The fetal thymic-thoracic ratio is superior to the fetal thymus transverse diameter in evaluating the fetal thymus size.
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(GDi, n=74). In the control group, completely healthy preg-
nant women (n=180) at a similar gestational week without any 
pregnancy complications were included in the study. The data 
of both groups were obtained from the medical records of the 
hospital. The fetal thymic-thoracic ratio data were measured in 
the third trimester in both groups. The values of fetal thymus 
transverse diameter and fetal thymic-thoracic ratio measured 
in the third trimester were obtained from medical records. 
Preeclamptic pregnant women, pregnant women diagnosed with 
pre-GDM, pregnant women with any known medical disease 
(chronic hypertension, chronic liver disease, chronic kidney 
disease, and rheumatological diseases), pregnant women with 
HIV or other accompanying chronic inflammatory diseases, 
amniotic fluid disorders (polyhydramnios and oligohydram-
nios), preterm labor, pregnant women diagnosed with prema-
ture rupture of membranes, pregnant women with suspected 
fetal macrosomia in ultrasonographic measurements, cases with 
fetal structural or chromosomal disorders, cases with a history 
of corticosteroid use during pregnancy, cases with evidence of 
placental insufficiency in Doppler parameters, and pregnant 
women with sonographic estimated fetal weight <10% were 
not included in the study.

All ultrasound examinations were performed by a single 
sonographer (Koray Gök) using a Voluson 730 and a Voluson 
E6 (GE Medical Systems, Milwaukee, WI, USA) ultrasound 
machine. Thus, the measurements were standardized and the 
bias was limited. All measurements were carried out in the 
absence of fetal movements. Fetal thymus transverse diameter 
measurements were performed as previously described by Zalel 
et al.7 The thymus was identified in the three vessels as a homo-
geneous structure in the anterior mediastinum. The transverse 
diameter of the fetus was measured by placing the ultrasound 
calipers perpendicular to the junction between the sternum 

and the spine. Fetal thymic-thoracic ratio measurement was 
performed as previously described by Chaoui et al.8 Thymus 
was detected in the three vessels and trachea (3VT) views as a 
hypoechogenic structure with echogenic dots filling the space 
between the vessels posteriorly and the anterior chest wall (ster-
num and ribs) anteriorly. The anteroposterior diameter of the 
thymus was determined in addition to the midline between 
the transverse aortic arch border posteriorly and the posterior 
chest wall anteriorly. Also, the mediastinal sagittal diameter 
was determined in addition to the line traced to measure the 
thymic diameter, as the distance between the anterior edge of 
the thoracic vertebral body at the level of the transverse arch 
posteriorly and the internal edge of the sternum anteriorly. 

The statistical evaluations were carried out using the SPSS 
24.0 software (SPSS Inc. and Lead Tech. Inc., Chicago, USA). 
The Kolmogorov-Smirnov test was used to examine the nor-
mality of the distribution of the data. Nonparametric data were 
reported as the median and interquartile range . Nonparametric 
data were compared using the Mann-Whitney U test. Multiple 
groups were compared using the Kruskal-Wallis test and the 
Bonferroni post-hoc correction. Receiver operating character-
istic (ROC) analysis was used to evaluate the predictive perfor-
mance of the fetal thymic-thoracic ratio for GDM. An alpha 
<0.05 for Bonferroni correction and a p-value <0.05 for other 
tests were considered to be statistically significant.

RESULTS
The characteristics of the GDM cases and the control group and 
the comparison of fetal thymus transverse diameter and fetal 
thymic-thoracic ratio in both groups are presented in Table 1. 
No statistically significant differences were found between the 
gestational diabetes cases and the control group in terms of 

Table 1. Comparison of characteristics, fetal thymic-thoracic ratio, and fetal thymus transverse diameter between gestational diabetes mellitus 
cases and control group.

Gestational diabetes group (n=180) Control group (n=180) p-value

Maternal age (years) 32 (20–44) 32 (20–43) 0.901

Gravidity 3 (1–8) 3 (2–7) 0.000

Parity 1 (0–5) 2 (0–4) 0.000

Body mass index (BMI) (kg/m2) 26.8 (23.7–29.6) 26.4 (22.8–29.4) 0.081

Gestational age at the time of the study (weeks) 31.42 (29.7–33.84) 31.56 (29.56–33.42) 0.226

Gestational age at birth (weeks) 38.84 (36–40.14) 39 (37–39.56) 0.043

Birth weight (g) 3405 (2580–4400) 3387 (2640–3900) 0.068

Transverse diameter (mm) 32.8 (27.8–36.6) 33.1 (27.9–35.6) 0.070

Thymic-thoracic ratio 0.324 (0.292–0.408) 0.43 (0.392–0.462) 0.000

Data are expressed as median (minimum–maximum). p<0.05 indicates a significant difference (denoted in bold).
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age and body mass index (BMI). There were no statistically 
significant differences between the cases with GDM and the 
control group in terms of fetal thymus transverse diameter; 
however, the fetal thymic-thoracic ratio was found to be sig-
nificantly lower in cases with GDM compared to that in the 
control group (p<0.001).

The fetal thymic-thoracic ratio was evaluated using the 
Kruskal-Wallis test between the diet-controlled gestational 
diabetes and insulin-dependent gestational diabetes group and 
the control group, and statistically significant differences were 
determined between the groups (p<0.001) (Table 2). By eval-
uating the fetal thymic-thoracic ratios within the groups using 
the Mann-Whitney U test, a statistically significant difference 
was found among all three groups (p<0.001).

A cutoff value was determined for the fetal thymic-tho-
racic ratio using the ROC curve, and its success in predicting 
GDM was analyzed. By setting the fetal thymic-thoracic ratio 
cutoff value as 0.407 for the prediction of GDM, the sensi-
tivity was found to be 92.8% and the specificity to be 86.1% 
(p<0.001) (Figure 1).

DISCUSSION
The following results were obtained in the present study:

1. The fetal thymic-thoracic ratio was found to be lower 
in the GDM than that in the control group.

2. Evaluating the patients with GDM among themselves, it 
was found that the fetal thymic-thoracic ratio was lower 
in the insulin-dependent gestational diabetes group.

3. Contrary to the fetal thymic-thoracic ratio, there were 
no differences between the groups in terms of fetal thy-
mus transverse diameter measurements.

The first study on the fetal thymic-thoracic ratio in dia-
betic pregnant women was carried out by Dörnemann et al. 
The researchers included healthy pregnant women, gestational 
diabetic pregnant women, and pregestational diabetic preg-
nant women at gestational weeks similar to those adopted in 
the present study. The fetal thymic-thoracic ratio was found 
to be lower in diabetic pregnant women compared to that in 
healthy pregnant women; however, no statistically significant 

differences were found when examining the diabetic pregnant 
women among themselves. Accepting the fetal thymic-thoracic 
ratio cutoff value as 0.332, it has been reported that the sensi-
tivity of this value in predicting GDM was 87.6%, the specific-
ity was 76.2%, and the AUC value was 0.895. The researchers 
have stated that the fetal thymic-thoracic ratio could be used 
in the management of diabetic pregnancies14. In a study by 
Ghalandarpoor-Attar et al. with a fewer number of patients, 
patient groups similar to those of Dörnemann et al. were eval-
uated and found that the fetal thymic-thoracic ratio decreased 
in diabetic pregnant women compared to that in the healthy 
pregnant women. The researchers also found that the decrease 
in the fetal thymic-thoracic ratio in diabetic pregnant women 
was more evident in the pregestational group; however, they 
did not determine a cutoff value. The researchers, though, 
recommended its use to predict diabetes during pregnancy15. 
In the present study, it was found that the thymic-thoracic 
ratio decreased in pregnant women with GDM compared to 
that in healthy pregnant women. By setting the cutoff value 

Table 2. Comparison of fetal thymic-thoracic ratio between diet-controlled gestational diabetes and insulin-dependent gestational diabetes group 
and control group using Kruskal-Wallis test.

Control group (n=180)
Diet-controlled gestational 

diabetes (n=106)
Insulin-dependent gestational 

diabetes (n=74)
p-value

Thymic-thoracic ratio 0.43 (0.392–0.462) 0.326 (0.296–0.408) 0.317 (0.292–0.348) 0.000

Data are expressed as median (minimum–maximum). p<0.05 indicates a significant difference (denoted in bold).

Figure 1. Receiver operating characteristic curve of fetal thymic-
thoracic ratio to predict gestational diabetes. Diagonal segments are 
produced by ties.
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of the thymic-thoracic ratio in determining gestational diabe-
tes as 0.407, the sensitivity was calculated as 92.8% and the 
specificity as 86.1%. The reason for the higher sensitivity and 
specificity of the cutoff value that was set in the present study 
than that of Dörnemann et al. can be the better standardiza-
tion of the present study. Unlike the others, the present study 
included only gestational diabetic pregnant women. In addi-
tion, the number of patients in the study was higher, BMI 
values known to be associated with insulin resistance were 
similar, and all the pregnant women comprised only patients 
in the third trimester. Furthermore, it was determined that 
the thymic-thoracic ratio decreased more significantly in the 
insulin-dependent gestational diabetes group in parallel with 
the severity of GDM. Ghalandarpoor-Attar et al. reported 
that the decrease in the thymic-thoracic ratio was more pro-
nounced in the pre-GDM, which is a more severe form of 
diabetes15; however, Dörnemann et al. did not report such 
a case14. In both studies, a more significant decrease in this 
ratio was not determined in insulin-dependent GDM, which 
is considered to be a more serious case14,15. In another recent 
study, researchers found that the anteroposterior diameter of 
the fetal thymus and the fetal thymic-thoracic ratio decreased 
in GDM. However, in this study, it is seen that the researchers 
did not divide diabetic pregnant women into groups according 
to the severity of the disease, as in our study16. In the present 
study, it is possible to discuss about a relationship between 
the severity of diabetes and the decrease in the thymic-tho-
racic ratio in gestational diabetic pregnant women, whereas 
in other studies, it is not possible to discuss about such a rela-
tionship between the severity of diabetes and the decrease in 
the thymic-thoracic ratio. 

In the present study, although the fetal thymic-thoracic 
ratio has been argued to be the best ultrasonographic method 
for evaluating fetal thymus size in the literature, fetal thymus 
transverse diameter was also evaluated. However, no differences 
were found between diabetic pregnant women and healthy 
pregnant women. This may be due to the fact that fetal thy-
mus transverse diameter measurement is a simpler method to 
evaluate fetal thymus size compared to fetal thymic-thoracic 
ratio measurement. However, there are studies showing that 
fetal thymus transverse diameter may be valuable in some com-
plicated pregnancies18,19.

For healthy fetal development, it is necessary to have var-
ious maternal anatomical and physiological adaptations. Sex 
hormones play an important role in the coordination of these 
adaptations. Sex hormones use mediators such as receptor acti-
vators of nuclear factor kappa-B (RANK) to perform these func-
tions20. During pregnancy, RANK has been shown to regulate 

thymus functions in addition to bone metabolism through sex 
hormones. Regulatory T cells (Treg) in the thymus are expected 
to increase via RANK for a healthy pregnancy. Thymic deple-
tion of RANK causes Treg cells to accumulate in adipose tissue 
while reducing their level in the placenta. Its effect on adipose 
tissue leads to an increase in the size of adipocyte cells, tissue 
inflammation, increased glucose intolerance, and the develop-
ment of gestational diabetes. The decrease in these Treg cells in 
the placenta results in fetal losses. In addition to fetal losses, 
the decrease in Treg cells in the placenta in gestational diabetic 
pregnancies indicates the presence of abnormal placentation20. 
The hypoxic and metabolic stress environment caused by this 
abnormal placentation may have led to a decrease in fetal thy-
mus size in pregnant women with GDM, as determined in 
the present study.

Although this study is retrospective, it has strong strengths 
including a large sample with similar BMI values and gesta-
tional weeks among the groups, and the measurements were 
made by a single specialist.

CONCLUSION
It was determined that the fetal thymic-thoracic ratio decreased 
in gestational diabetic pregnant women, which was more pro-
nounced in the insulin-dependent gestational diabetes group, 
indicating more severe form of GDM. It was shown that the 
fetal thymic-thoracic ratio is superior to the fetal thymus trans-
verse diameter in evaluating the fetal thymus size. The mea-
surement of the fetal thymic-thoracic ratio was seen to be ben-
eficial in determining the severity of the disease in gestational 
diabetic pregnant women. 

ETHICAL APPROVAL
This study was approved by the clinical research ethics commit-
tee of the Sakarya University Clinical Research Ethics Board 
(decision no.: 40019-376, approval date: June 30, 2021).

AUTHORS’ CONTRIBUTIONS
KG: Conceptualization, Data curation, Formal Analysis, Funding 
acquisition, Investigation, Methodology, Project administration, 
Resources, Software, Supervision, Validation, Visualization, 
Writing – original draft, Writing – review & editing. SÖ: 
Conceptualization, Data curation, Formal Analysis, Funding 
acquisition, Investigation, Methodology, Project administration, 
Resources, Software, Supervision, Validation, Visualization, 
Writing – original draft, Writing – review & editing.



Gök, K. and Özden, S.

307

Rev Assoc Med Bras 2023;69(2):303-307

REFERENCES
1. American Diabetes Association. 2. Classification and diagnosis of 

diabetes: standards of Medical Care in Diabetes-2021. Diabetes 
Care. 2021;44(Suppl 1):S15-33. https://doi.org/10.2337/
dc21-S002

2. Vladu IM, Clenciu D, Mitrea A, Amzolini A, Micu SE, Crisan AE, et al. 
Maternal and fetal metabolites in gestational diabetes mellitus: 
a narrative review. Metabolites. 2022;12(5):383. https://doi.
org/10.3390/metabo12050383

3. Sharma S, Banerjee S, Krueger PM, Blois SM. Immunobiology of 
gestational diabetes mellitus in Post-Medawar Era. Front Immunol. 
2022;12:758267. https://doi.org/10.3389/fimmu.2021.758267

4. Tangshewinsirikul C, Panburana P. Sonographic measurement of 
fetal thymus size in uncomplicated singleton pregnancies. J Clin 
Ultrasound. 2017;45(3):150-9. https://doi.org/10.1002/jcu.22419

5. Cho JY, Min JY, Lee Y-H, McCrindle B, Hornberger LK, Yoo S-J. 
Diameter of the normal fetal thymus on ultrasound. Ultrasound 
Obstet Gynecol. 2007;29(6):634-8. https://doi.org/10.1002/
uog.3979

6. Gamez F, De Leon-Luis J, Pintado P, Perez R, Robinson JN, Antolin 
E, et al. Fetal thymus size in uncomplicated twin and singleton 
pregnancies. Ultrasound Obstet Gynecol. 2010;36(3):302-7. 
https://doi.org/10.1002/uog.7578

7. Zalel Y, Gamzu R, Mashiach S, Achiron R. The development of the 
fetal thymus: an in utero sonographic evaluation. Prenat Diagn. 
2002;22(2):114-7. https://doi.org/10.1002/pd.257

8. Chaoui R, Heling K-S, López AS, Thiel G, Karl K. The thymic-thoracic 
ratio in fetal heart defects: a simple way to identify fetuses at 
high risk for microdeletion 22q11. Ultrasound Obstet Gynecol. 
2011;37(4):397-403. https://doi.org/10.1002/uog.8952

9. Li L, Bahtiyar MO, Buhimschi CS, Zou L, Zhou Q-C, Copel JA. 
Assessment of the fetal thymus by two- and three-dimensional 
ultrasound during normal human gestation and in fetuses 
with congenital heart defects. Ultrasound Obstet Gynecol. 
2011;37(4):404-9. https://doi.org/10.1002/uog.8853

10. De Leon-Luis J, Ruiz Y, Gamez F, Pintado P, Oyelese Y, Pereda A, 
et al. Comparison of measurements of the transverse diameter and 
perimeter of the fetal thymus obtained by magnetic resonance and 
ultrasound imaging. J Magn Reson Imaging. 2011;33(5):1100-5. 
https://doi.org/10.1002/jmri.22547

11. Tonni G, Rosignoli L, Cariati E, Martins WP, Miyague AH, Bruns 
RF, et al. Fetal thymus: visualization rate and volume by integrating 
2D- and 3D-ultrasound during 2nd trimester echocardiography.  
J Matern Fetal Neonatal Med. 2016;29(14):2223-8. https://doi.
org/10.3109/14767058.2015.1081892

12. Nau TG, de Murcia KO, Möllers M, Braun J, Abhari RE, Steinhard J, 
et al. Foetal thymus size in pregnancies after assisted reproductive 
technologies. Arch Gynecol Obstet. 2018;298(2):329-36. https://
doi.org/10.1007/s00404-018-4795-4

13. Monteiro M, Aires T, Pimentel K, Pedrosa K, Lima S, Aquino M, et al. 
Ultrasonographic evaluation of the fetal thymic-thoracic ratio and its 
association with conotruncal heart defects. J Gynecol Obstet Hum Reprod. 
2022;51(2):102281. https://doi.org/10.1016/j.jogoh.2021.102281

14. Dörnemann R, Koch R, Möllmann U, Falkenberg MK, Möllers M, 
Klockenbusch W, et al. Fetal thymus size in pregnant women with 
diabetic diseases. J Perinat Med. 2017;45(5):595-601. https://doi.
org/10.1515/jpm-2016-0400

15. Ghalandarpoor-Attar SN, Borna S, Ghalandarpoor-Attar SM, 
Hantoushzadeh S, Khezerdoost S, Ghotbizadeh F. Measuring fetal 
thymus size: a new method for diabetes screening in pregnancy. 
J Matern Fetal Neonatal Med. 2020;33(7):1157-61. https://doi.
org/10.1080/14767058.2018.1517309

16. Karaşin SS, Akselim B, Tosun Ö, Karaşin ZT. Decreased fetal thymus 
size at 24 weeks gestation by ultrasound measurement in gestational 
diabetes mellitus fetal thymus examination for diabetes. J Obstet 
Gynaecol Res. 2022;48(6):1348-54. https://doi.org/10.1111/jog.15229

17. Tsakiridis I, Giouleka S, Mamopoulos A, Kourtis A, Athanasiadis 
A, Filopoulou D, et al. Diagnosis and management of gestational 
diabetes mellitus: an overview of national and international 
guidelines. Obstet Gynecol Surv. 2021;76(6):367-81. https://doi.
org/10.1097/OGX.0000000000000899

18. Musilova I, Hornychova H, Kostal M, Jacobsson B, Kacerovsky M. 
Ultrasound measurement of the transverse diameter of the fetal thymus in 
pregnancies complicated by the preterm prelabor rupture of membranes. 
J Clin Ultrasound. 2013;41(5):283-9. https://doi.org/10.1002/jcu.22027

19. Ekin A, Gezer C, Taner CE, Solmaz U, Gezer NS, Ozeren M. Prognostic 
value of fetal thymus size in intrauterine growth restriction. J Ultrasound 
Med. 2016;35(3):511-7. https://doi.org/10.7863/ultra.15.05039

20. Paolino M, Koglgruber R, Cronin SJF, Uribesalgo I, Rauscher E, 
Harreiter J, et al. RANK links thymic regulatory T cells to fetal loss and 
gestational diabetes in pregnancy. Nature. 2021;589(7842):442-7. 
https://doi.org/10.1038/s41586-020-03071-0

https://doi.org/10.2337/dc21-S002
https://doi.org/10.2337/dc21-S002
https://doi.org/10.3390/metabo12050383
https://doi.org/10.3390/metabo12050383
https://doi.org/10.3389%2Ffimmu.2021.758267
https://doi.org/10.1002/jcu.22419
https://doi.org/10.1002/uog.3979
https://doi.org/10.1002/uog.3979
https://doi.org/10.1002/uog.7578
https://doi.org/10.1002/pd.257
https://www.semanticscholar.org/author/A.-L%C3%B3pez/2107721437
https://doi.org/10.1002/uog.8952
https://doi.org/10.1002/uog.8853
https://doi.org/10.1002/jmri.22547
https://doi.org/10.3109/14767058.2015.1081892
https://doi.org/10.3109/14767058.2015.1081892
https://doi.org/10.1007/s00404-018-4795-4
https://doi.org/10.1007/s00404-018-4795-4
https://doi.org/10.1016/j.jogoh.2021.102281
https://doi.org/10.1515/jpm-2016-0400
https://doi.org/10.1515/jpm-2016-0400
https://doi.org/10.1080/14767058.2018.1517309
https://doi.org/10.1080/14767058.2018.1517309
https://doi.org/10.1111/jog.15229
https://doi.org/10.1097/OGX.0000000000000899
https://doi.org/10.1097/OGX.0000000000000899
https://doi.org/10.1002/jcu.22027
https://doi.org/10.7863/ultra.15.05039
https://doi.org/10.1038/s41586-020-03071-0


308

Rev Assoc Med Bras 2023;69(2):308-313

ORIGINAL ARTICLE https://doi.org/10.1590/1806-9282.20221093

Evaluation of functionality and socioeconomic status of patients 
with chronic pain
Michelle dos Santos Severino Costa1* , Renato Santiago Gomez1 , Gustavo Rodrigues Costa Lages2 , 
Ariel de Freitas Quintão Américo2 , Joao Marcelo Guimarães de Abreu3 , Fernanda Ribeiro Faria3 , 
Letícia Maia Azevedo3

INTRODUCTION
By definition, according to the International Association for 
the Study of Pain, pain is “an unpleasant sensory and emotional 
experience associated, or similar to that associated, with a real 
or potential tissue injury”1. It is recognized as chronic when 
it lasts or recurs for a period longer than 3 months, causing 
impairment in functionality, social and psychological well-be-
ing, and the financial life of patients.

Global data indicate that the prevalence of chronic pain 
is, on average, 28%2. In Brazil, there is great regional variabil-
ity in this rate: in Londrina, the prevalence was 51.44%; in 
Salvador, this rate was 41.4%3; in São Paulo, it was 28.7%4. 
Despite these findings, less is known about the epidemiologi-
cal aspects of patients with chronic pain in Brazil.

According to the World Health Organization (WHO), the 
definition of the term disability refers to the scope of the vari-
ous manifestations of a disease, resulting from the interaction 
between the organic or structural dysfunction presented by the 

individual, the limitation of their activities, and the restric-
tion in social participation, determining impairments in the 
functions of the body and difficulties in performing the tasks 
of daily living. When work becomes a burden for patients, 
there is greater use of the social benefits of sick leave and early 
retirement5, especially in developing countries, such as Brazil.

Socioeconomic status is a determinant of health that is directly 
associated with the experience of pain6,7. Among the indicators of 
this status that showed a relationship with chronic pain are edu-
cation, employment status, financial difficulties, and income7-9. 
Given the complexity of pain, studies capable of evaluating its 
impact are important for understanding the epidemiological sce-
nario of pain and allowing a broad view of the current scenario, 
providing support for the planning and direction of strategic 
preventive actions of health services. Therefore, the objective of 
this study was to examine the relationship between chronic pain 
and functionality and to evaluate the labor situation, income, 
and financial changes resulting from pain.
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SUMMARY
OBJECTIVE: This study aimed to evaluate the influence of chronic pain on functionality and its consequences on work and patient income.

METHODS: A total of 103 patients from the Multidisciplinary Pain Center of the Clinics Hospital of Universidade Federal de Minas Gerais were 

interviewed between January 2020 and June 2021, applying questionnaires on mobile devices. Socioeconomic data, multidimensional characterization 

of pain, and instruments for assessing pain functionality and intensity were analyzed. Pain intensity was categorized as mild, moderate, or intense for 

comparative analysis. Ordinal logistic regression was used to identify risk factors and variables that jointly influence the outcome of pain intensity.

RESULTS: The patients had a median age of 55 years, were predominantly female, married or in a stable relationship, white race, and completed high 

school. The median family income was R$2,200. Most patients were retired due to disability and pain-related causes. Functionality analysis showed 

severe disability directly associated with pain intensity. The financial impacts observed were correlated with the pain intensity of the patients. Age 

was a risk factor for pain intensity, while sex, family income, and duration of pain served as protective factors.

 CONCLUSION: Chronic pain was associated with severe disability, decreased productivity, and exit from the labor market, with a negative impact 

on financial condition. Age, sex, family income, and duration of pain were directly associated with pain intensity.

KEYWORDS: Chronic pain. Income. Disability evaluation. Retirement. Sick leave.
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METHODS
This is an observational, cross-sectional, noncontrolled, and 
descriptive study conducted at the Pain Center of the Clinics 
Hospital of the Universidade Federal de Minas Gerais. The study 
followed the ethical standards of Resolution no. 196/96 of the 
National Health Council and was approved by the Research 
Ethics Committee (no. 21291119.0.0000.5149). To participate 
in this study, participants signed an informed consent form.

Data were collected during an interview from 2020 to 
2021. Instruments were used to evaluate pain intensity (visual 
numerical scale – VNS) and functionality (The Pain Disability 
Questionnaire – PDQ). For the categorization of pain intensity 
(VNS), the patients who answered 0, 1, 2, or 3 were classified 
as mild pain; those who answered 4, 5, 6, or 7 were classified as 
moderate pain; and those who answered 8, 9, or 10 were clas-
sified as severe pain. The sample was defined by convenience 
and totaled 103 patients. 

A total of 103 patients were interviewed. Patients of both 
sexes, older than 18 years, and with cognitive deficits were 
excluded from the study.

For the statistical analysis, an exploratory analysis was ini-
tially performed using the Shapiro-Wilk test. The comparative 
analyses were performed using the Kruskal-Wallis test, followed 
by the Dunn post-test. The correlation analyses were performed 
using the Spearman’s test. Variables with a level of statistical 
significance (p≤0.05) remained in the final multivariate logis-
tic model. The strength of the association was determined by 
the odds ratio (OR), with a 95% confidence interval (CI). The 
likelihood ratio test was used to define and fit the final model.

Statistical analyses were performed using GraphPad Prism® 
software (GraphPad Software, version 8.0, La Jolla, CA, USA, 
www.graphpad.com) for Windows and Stata® software (version 
14.0, Stata Corp., College Station, TX, USA).

RESULTS
The sociodemographic characterization is evaluated in Table 1. 

Regarding the work situation, most patients (34.95%) were 
retired due to disability. In 63.89% of these patients, disabil-
ity was related to pain. The second most cited labor situation 
by patients was sick leave (22.33%), followed by unemployed 
(13.59%). Together, these three categories accounted for 
70.87% of the sample. There was no difference in relation to 
the labor situation when the different categories of pain were 
considered (p>0.05).

In the general population (n=103), the median pain time 
was 60 months. Considering the intensity of pain, patients in 
the intense pain group had a median time of pain higher than 

that presented by the patients in the moderate pain group. In 
the general population, most patients (29.13%) reported having 
this pain for 10 years or more. In patients with severe pain, this 
condition was observed in 41.30% of the sample. According 
to the EVN pain scale, the median score obtained by the gen-
eral population was six. Of the total number of patients ana-
lyzed, 44.66% (n=46) reported severe pain. There were no sig-
nificant differences between the groups in this study regarding 
frequency, location, and cause of pain (p>0.05).

The classification of the functionality of the patients, accord-
ing to the PDQ instrument, indicated a severe degree of dis-
ability in the general study population, with a mean total score 
of 96 points. In the group with moderate pain, the mean total 
score on the PDQ was 87 points (severe disability), and in 
patients with mild pain, it was 50 points (moderate disability). 
By stratifying patients according to pain intensity, it was possi-
ble to observe that the group of patients with mild pain showed 
better results in all items of this instrument (p<0.05) (Table 2).

Most participants (74.76%) reported that they suffered some 
financial impact due to pain. Regarding the type of financial 
difficulty, the patients reported increased spending on health 
(37.40%), retirement or sick leave (35.77%), unemployment 
(13.01%), and decreased income (13.82%). Again, there was 
no significant difference between the groups categorized by 
pain intensity (p>0.05). According to the results obtained, 
patients in the mild pain group showed a moderate negative 
correlation between the presence of financial difficulties and 
the location of pain (p=0.042 and r=-0.592). In the intense 
pain group, the financial changes were directly correlated with 
the cause of pain (p=0.028 and r=0.323). The other variables 
used to characterize the pain were not significantly correlated 
with the presence of financial changes (p>0.05).

According to the final result of multivariate analysis, the 
variable age (age groups 18–40 years and 61–80 years) was 
2.5 times more likely to be associated with pain intensity than 
patients aged 41–60 years. Conversely, males were 0.3 times 
less likely to have high levels of pain than females. Patients 
with family income above two minimum wages were 0.5 times 
less likely to have intense levels of pain compared to patients 
receiving up to one minimum wage. Time was also associated 
with pain intensity: patients with shorter pain duration were 
0.3 times less likely to have intense levels of pain compared to 
patients with long periods of pain (Table 3).

DISCUSSION
Pain is considered a serious public health problem worldwide10. 
Considering that prolonged pain compromises the health 
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Table 1. Sociodemographic characteristics of the study population, considering the general sample and pain intensity (mild, moderate, and severe).

Variable

Overall
(n=103)

Mild pain
(n=12)

Moderate pain 
(n=45)

Severe pain
(n=46) p-value

n % n % n % n %

Age (years)

Median (P25–P75) 55 (48–63) 56 (39.5-61) 56 (51–64) 54 (47–61)
0.224KW

Mín–Max 22–79 22–67 35–79 26–77

18–30 4 3.88 2 16.67 - - 2 4.35

0.064KW

31–40 5 4.85 1 8.33 2 4.44 2 4.35

41–50 24 23.30 2 16.67 8 17.78 14 30.43

51–60 35 33.98 4 33.33 15 33.33 16 34.78

61–70 25 24.27 2 16.67 14 31.11 9 19.57

71–80 10 9.71 1 8.33 6 13.33 3 6.52

Sex (n=103)

Female 75 72.82 8 66.67 31 68.89 36 78.26
0.534KW

Male 28 27.18 4 33.33 14 31.11 10 21.74

Marital status (n=103)

Married or stable relationship 59 57.28 4 33.33 32 71.11 23 50.00

0.041a KW
Single 24 23.30 5 41.67 6 13.33 13 28.26

Separate or divorced 13 12.62 2 16.67 4 8.89 7 15.22

Widowed 7 6.80 1 8.33 3 6.67 3 6.52

Race (n=103)

White 41 39.81 2 16.66 17 37.78 22 47.83

0.411 KWBrown 38 36.89 5 41.67 17 37.78 16 34.78

Black 23 22.33 5 41.67 10 22.22 8 17.39

Asian 1 0.97 - - 1 2.22 - -

Schooling (n=103)

Illiterate 3 2.91 - - 2 4.44 1 2.17

0.958KW

Complete elementary education 21 20.39 3 25.00 10 22.22 8 17.39

Incomplete elementary education 29 28.16 3 25.00 10 22.22 16 34.78

Complete high school 35 33.98 5 41.67 17 37.78 13 28.26

Incomplete high school  5 4.85 - - 3 6.67 2 4.35

Technical training 3 2.91 - - 1 2.22 2 4.35

Complete Higher Education 6 5.83 1 8.33 2 4.44 3 6.52

Incomplete Higher Education 1 0.97 - - - - 1 2.17

Income (R$)

Median (P25–P75)
R$ 2.200 

(R$ 1.100–2.200)
R$ 1.650 

(1.100–2.200)
R$ 2.200 

(1.100–3.300)
R$ 1.100 

(1.100–2.200) 0.065KW

Mín–Max R$ 275–16.500 R$ 275–4.400 R$ 275–16.500 R$ 275–5.500

Up to 1 minimum wage 46 44.66 6 50.00 16 35.56 24 52.17

0.196KW
1–2 minimum wages 32 31.07 4 33.34 13 28.89 15 32.61

2–3 minimum wages 17 16.50 1 8. .34 11 24.44 5 10.87

>4 minimum wages 8 7.77 1 8.34 5 11.11 2 4.35

aSignificant p-values. Differences were observed between mild and moderate pain. KWKruskal-Wallis test.
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condition and functional capacity, the present study evaluated 
this relationship, as well as the work situation, income, and 
financial changes resulting from the pain.

The analysis of sociodemographic characteristics revealed that 
most participants had a profile of severe or moderate pain, with 
a median age of 55 years, and were predominantly female. Most 
patients were white and had completed high school. Previous 
studies described that populations affected by chronic pain had 
characteristics similar to those observed in the present study11.

The number of female and male patients was not homoge-
neous in the present study, precluding a direct correlation anal-
ysis between the determining factors for pain and sex. However, 
the results obtained in the multivariate logistic regression anal-
ysis identified the male sex as a protective factor for severe pain 
compared to the female sex.

The results obtained in the multivariate analysis also indi-
cated that the age groups 18–40 and 61–80 years were more 
likely to be associated with pain intensity. This result can be 
explained by the fact that in older patients, chronic pain seems 
to be associated with diseases and conditions typical of older 
age, while in younger patients, the demands at work could 
determine more intense pain. Previous studies are inconclusive 
on the influence of age on pain intensity12. 

Among the work situations observed in the present study, 
retirement due to disability, sick leave, and unemployment were 
the classes most presented by the studied sample. The signifi-
cant number of patients receiving some type of social benefit 
presented in this study demonstrates the direct implications 
of pain for the economy. The unemployment rates presented 
in this study are higher than the unemployment rates of the 
Brazilian population according to the Continuous National 
Household Sample Survey in 201913. This relationship between 
chronic pain and unemployment is complex. There may also 
be underemployment, reduced working hours, loss of produc-
tivity, and frequent changes in employment. In women, unem-
ployment raises concerns about family stability, exacerbating 
pain while men show the opposite data9. It is important to note 
that, according to the Institute of Applied Economic Research 

(IPEA), in 2019, women commanded 45% of Brazilian house-
holds, being the main contributor to family income. In this 
study, the unemployed and retired population by contribution 
or age had a lower association with pain intensity. This could 
be explained by the demands of the professional function, 
with work activity leading to more severe pain. In this context, 
retirement or lack of employment would represent protective 
factors, as they ensure lower physical demand.

In the multivariate analysis, income above two minimum 
wages served as a protective factor for severe pain. This finding 
indicates that the higher the family income is, the less intense 
the patient’s pain tends to be. Several authors state that chronic 
pain is more common in less privileged segments of the popu-
lation and that low income is consistently related to increased 
pain9,14. Andersson et al. (1993) correlated chronic pain with 
low income; however, according to Gerdle et al. (2004), annual 
income should be seen as a consequence and not only as a pre-
dictor of pain6. Although the educational level in the present 
study was not significant, this parameter is often related to 
chronic pain. 

Socioeconomic indicators assess the status of the patient to 
obtain resources but fail to evaluate the financial needs, respon-
sibilities, and obligations. The presence of economic difficulties 

Table 2. Characterization of disability, according to Pain Disability Questionnaire instruments.

Instrument

Overall population
(n=103)

Mild pain
(n=12)

Moderate pain
(n=45)

Severe pain
(n=46) p-value

Median Median Median Median

PDQ

Psychosocial component 40.0c 23.0a,b,c 36.0b 40.0a 0.000*

Functional status 58.0c 27.0a,b,c 49.0b 58.0a <0.0001*

Total index 96.0c 50.0a,b,c 87.0b 96a <0.0001*

*Significant p-values. aSignificant differences were observed between the mild pain and severe pain groups. bSignificant differences were observed between 
the mild pain and moderate pain groups. cSignificant differences were observed between the mild and general pain groups.

Table 3. Ordinal logistic regression (factors associated with pain 
intensity–visual numerical scale): final model.

Ordinal logistics regression (variable answer=VNS) final model**

Explanatory variables Odds ratio 95%CI p-value

Age (categories) 2.5 1.0–6.2 0.053*

Sex 0.3 0.1–0.9 0.033*

Race/color 0.6 0.3–1.1 0.097

Family income 0.5 0.2–0.8 0.010*

Financial changes 1.4 0.9–2.3 0.153

Work status 0.6 0.3–1.0 0.069

Time of pain (categories) 0.3 0.1–1.0 0.046*

PDQ_total index 1.0 1.0–1.1 0.005*

*Significant p-values (p<0.05). **Likelihood log=-60.177/Observation 
number=90/Pseudo-R2=0.327.
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is closely linked to socioeconomic status, representing a personal 
perception, and an important determinant of disability and psy-
chological distress. In this study, most participants reported the 
occurrence of some negative impact on their financial life. Low 
income, therefore, behaves as a risk factor for the development 
of pain and, at the same time, can be negatively influenced by 
pain, which is a bidirectional variable6,9,14.

When analyzing income and the variables that characterize 
pain, in patients with mild pain, the financial changes were 
negatively correlated with the location of pain, suggesting 
that the greatest financial impacts occurred in patients with 
a particular location of pain. This fact can be explained by a 
relationship between the location of pain and the demands 
of professional practice. Thus, even though pain is consid-
ered mild, its occupational function could lead to significant 
impacts. In the severe pain group, the financial changes were 
directly correlated with the cause of pain, suggesting that 
some etiologies have a greater impact on the patients’ func-
tionality for work. The analysis of the duration of pain, in 
turn, revealed a median period of 60 months, and this result 
was also observed in previous studies15. In the multivariate 
analysis, pain time served as a protective variable for pain 
intensity because patients with shorter pain time had lower 
chances of severe pain. This finding corroborates the compar-
ative analysis, where the intense pain group exhibited signifi-
cantly longer pain time, suggesting an increase in intensity as 
the duration of pain increases.

The results showed a severe change in functionality. According 
to the data obtained in the comparative analysis between the 
groups, the degree of disability was related to the intensity of 
pain, suggesting that the higher the intensity, the greater the 

interference in the functionality of patients. Dorner et al. (2011) 
reported that the level of disability is a good way to measure 
the severity of pain. 

CONCLUSION
Chronic pain was associated with changes in the functional-
ity of patients, characterized by a severe degree of physical and 
psychosocial disability. A large portion of the patients analyzed 
was outside the labor market and received social security ben-
efits due to early retirement or sick leave. Chronic pain had a 
strong negative impact on the financial condition of patients, 
and among the variables analyzed, age, sex, family income, and 
duration of pain were directly associated with pain intensity.

Limitations
The study is cross sectional, and the sample was limited to a 
single study center, defined by convenience, and was not homo-
geneous in relation to gender. 
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Predicting mortality in neonates with gastroschisis in a 
Southeastern state of Brazil
Virginia Maria Muniz1,2 , Antônio Lima Netto2 , Katia Souza Carvalho3 , Claudia Saleme do Valle4 , 
Cleodice Alves Martins5 , Luciane Bresciani Salaroli1,5* , Eliana Zandonade1

INTRODUCTION
The advances in neonatal intensive care, improvement of par-
enteral nutrition solutions, and evolution of pediatric surgical 
strategies have contributed to reduce the mortality of gastro-
schisis rates to less than 10% in high-income countries (HICs). 
However, postsurgical complications and length of stay remain 
high. In these countries, efforts to improve outcomes in gastro-
schisis are centered on reducing morbidity and the burden on 
hospitals and healthcare systems1. Contrariwise, in low-middle 
income countries (LMICs), morbidity and mortality rates related 
to this congenital anomaly are still unacceptably high, conceivably 
due to limited financial resources and the fragility of the health-
care systems2,3. Among the risk factors associated with mortality 
in newborns with gastroschisis are low birth weight4, prematu-
rity4,5, complex gastroschisis (CG)5, sepsis4,6, no antenatal diag-
nosis, outborn babies, and poor clinical conditions at admission7.

Assuredly, the proper identification of risk factors for gas-
troschisis mortality may have a pivotal role in the definition of 
strategies by public health authorities and hospital managers 
to improve the survival rates of neonates with this birth defect. 
The aim of this study was to identify risk factors associated 
with gastroschisis mortality in three neonatal intensive care 
units located in the Metropolitan Region of Great Vitoria of 
Espírito Santo (GVMR-ES), Brazil. We present the following 
article in accordance with the STROBE reporting checklist8.

METHODS

Study population
A retrospective cohort study was conducted with all newborns 
admitted to three neonatal intensive care units (NICU) at 

1Universidade Federal do Espírito Santo, Postgraduate Program in Collective Health – Vitória (ES), Brazil.
2Hospital Estadual Infantil Nossa Senhora da Glória – Vitória (ES), Brazil.
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4Hospital Estadual Dr. Jayme Santos Neves – Serra (ES), Brazil. 
5Universidade Federal do Espírito Santo, Postgraduate Program in Nutrition and Health – Vitória (ES), Brazil.

*Corresponding author: lucianebresciani@gmail.com
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SUMMARY
OBJECTIVE: This study aimed to verify risk factors associated with gastroschisis mortality in three neonatal intensive care units located in the state 

of Espírito Santo, Brazil.

METHODS: A retrospective cohort study of neonates with gastroschisis was performed between 2000 and 2018. Prenatal, perinatal, and postsurgical 

variables of survival or nonsurvival groups were compared using chi-square statistical test, t-test, Mann-Whitney U test, and logistic regression. Tests 

with p<0.05 were considered statistically determined.

RESULTS: A total of 142 newborns were investigated. Mean maternal age, gestational age, and birth weight were lower in the group of nonsurvival 

(p<0.05). Poor clinical conditions during admission, complex gastroschisis, closure with silo placement, the use of blood products, surgical complications, 

and short bowel syndrome were more frequent in the nonsurvival group (p<0.05). Complex gastroschisis [adjusted odds ratio (OR) 3.74, 95% confidence 

interval (95%CI) 1.274–11.019] and short bowel syndrome (adjusted OR 7.55, 95%CI 2.177–26.225) increased the risk of death. Higher birth weight 

inversely reduced the risk for mortality (adjusted OR 0.99, 95%CI 0.997–1.000). 

CONCLUSION: Complex gastroschisis and short bowel syndrome increased the risk of death, with greater birth weight being inversely correlated 

with the risk of mortality. The findings of this research can contribute to the formulation of protocols to improve the quality and safety of care in order 

to reduce neonatal mortality associated with gastroschisis.
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GVMR-ES between January 2000 and December 2018, with 
the diagnosis of isolated gastroschisis, confirmed by a pediat-
ric surgeon. The data collection period varied according to the 
availability of medical records from each hospital: NICU A 
from January 1, 2000, to December 31, 2018; NICU B from 
February 23, 2013, to December 31, 2018; and NICU C from 
November 11, 2010, to December 31, 2018. Exclusion criteria 
were genetic syndromes or other major congenital malforma-
tions and newborns who were transferred to other hospitals.

Patients were treated by healthcare teams from each study 
site. NICU A is located in a pediatric hospital and only admits 
outborn babies. NICU B is attached to a maternity hospital and 
only admits inborn babies. NICU C is also attached to a mater-
nity hospital; however, it admits both inborn and outborn babies.

Patients were divided into two groups: survival and non-
survival. To determine the possible association of probable 
causes of mortality after birth, the study included data from 
prenatal, perinatal, and postsurgical care until the outcome of 
discharge or death.

Study variables
Variables of prenatal and perinatal periods were maternal age, 
prenatal diagnosis by ultrasound, number of prenatal con-
sultations, route of delivery, 1-min APGAR score and 5-min 
APGAR score9 bulletin 1 and 2, gestational age by somatic 
Capurro method, birth weight, gender, birthplace (inborn or 
outborn), time between birth and first repair surgery, and clin-
ical conditions at admission indicated by clinical pediatrician’s 
notes as poor conditions (dysthermia, hypoactivity, hydroelec-
trolytic or metabolic disorders, and infection) or good condi-
tions, since none of the three services have used a standard-
ized neonatal death prediction score. Variables of postoperative 
care were the type of gastroschisis according to the surgeon’s 
report by complex (atresias, strictures, volvulus, necrosis, and 
large gastroschisis) or simple10, time on mechanical ventilation 
(MV), total parenteral nutrition time (TPN), use of vasoac-
tive substances, use of antimicrobials, type of venous access 
(peripherally inserted central catheter [PICC], central intrave-
nous access catheter by puncture or dissection, and peripheral 
intravenous access), use of blood products, clinical neonatal 
sepsis diagnosed by attending physician or confirmed by blood 
culture, surgical complications (surgical reinterventions, com-
partment syndrome, and necrotizing enterocolitis [NEC] after 
closure), short bowel syndrome (SBS) defined as the need for 
TPN greater than 60 days after intestinal resection or intesti-
nal length less than 25% of expected for age11, and length of 
stay (LOS). Furthermore, only variables with complete data in 
the medical record were included in this study.

Statistical analysis
The statistical analysis was performed using Statistical Package 
for Social Sciences (SPSS) version 22.0 for Windows. Data were 
presented with absolute and relative frequencies for categorical 
variables. The chi-square test was used for categorical variables. 
For quantitative variables, normality tests were performed. 
In the case of normality, Student’s t-test was performed, and 
results were presented with means and standard deviations. 
In the case of non-normality, Mann-Whitney nonparametric 
test was utilized, and results were presented with median and 
interquartile range (IQR). The level of significance adopted 
was 5% (p<0.05).

Some variables were included in the logistic regression 
model when the p-value is less than 0.20 in bivariate anal-
ysis. For logistic regression, the entry of variables in blocks 
by the Enter method was used. Crude odds ratios (OR) and 
adjusted OR (aOR) were calculated with 95% confidence 
intervals (95%CI). The level of significance adopted was 
5% (p<0.05).

Ethical and legal aspects of research
This project was approved by Research Ethics Committee 
– Opinion nº 2671249/CEP – CIAS/Unimed-Vitória 
(CAAE 87878918.1.0000.5061). Terms of adherence to this 
research by hospitals were obtained through the Secretary 
of State for Health – ES.

RESULTS
The data from 144 newborns with gastroschisis were assessed, 
and the data from 2 newborns were excluded since they were 
transferred to another NICU not a participant in the current 
study, after being operated on.

NICU admissions by birthplace were: NICU A–74 (100% 
outborn), NICU B–29 (100% inborn), and NICU C–39 
(87% inborn/13% outborn). The total mortality rate was 33% 
(NICU A: 21/28%, NICU B: 10/35%, and NICU C: 17/43%, 
p=0.266). Sepsis was the most common cause of death (58%), 
followed by NEC (19%) and compartment syndrome (8%). 
Moreover, complications that led to SBS were multiple surgeries 
with bowel resection (13/42%), NEC (9/29%), dependency on 
parenteral nutrition over 60 days after surgery to repair intesti-
nal stenosis or atresias (8/26%), and compartment syndrome 
(1/3%). The total rate of CG was 44% (63/142). The SBS rate 
in patients with CG was 74% (23/31, p=0.000).

Table 1 shows the bivariate analysis regarding the char-
acteristics of the prenatal, perinatal, and postsurgical cares 
for neonates, according to groups of survival or nonsurvival. 
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Table 1. Bivariate analysis of sample characterization variables referring to prenatal, perinatal, and postsurgical care of patients with 
gastroschisis admitted to three neonatal care units at the Greater Vitória Metropolitan Region between 2000 and 2018, according to 
groups of survival or nonsurvival.

Variables Category

Survival 
 N=94

Nonsurvival 
N=48

Total
N=142 P-value

N (%)  N (%) Total

Admission hospital

NICU A 53 (56.4) 21 (43.8) 74 (52.1) 0.266†

NICU B 19 (20.2) 10 (20.8) 29 (20.4)

NICU C 22 (23.4) 17 (35.4) 39 (27.5)

Maternal age (years)
mean/SD

20 (±3.7) 18.5 (±4.0) 19.5 (±3.8) 0.040‡*

Antenatal
consultations

≥6 45 (47.9) 22 (45.8) 67 (47.2) 0.818†

Antenatal diagnosis Yes 50 (53.2) 32 (66.7) 82 (57.7) 0.124†

Route of birth Cesarean section 57 (60.6) 33 (68.7) 90 (63.4) 0.343†

Gender Male 47 (50) 31 (64.6) 78 (54.9) 0.099†

Gestational age
(weeks) mean±SD

37.2 (±1.8) 35.8 (±2.4) 36.7 (±2.1) 0.001‡**

Birth weight (g)
mean±SD

2.504 (±457) 2.188 (±467) 2.397 (±483) 0.000‡**

Apgar 1
mean±SD

7.4 (±1.4) 6.9 (±1.8) 7.2 (±1.5) 0.057‡

Apgar 2
mean±SD

8.5 (±0.9) 8.5 (±1.1) 8.5 (±0.9) 0.833‡

Birth-surgery time (h) 
median (IQR

3.0 (1–7) 2 (1–7) 3 (1–7) 0.455§

Birthplace Inborn 39 (41.5) 24 (50) 63 (44.4) 0.334†

Clinical conditions Poor 20 (21.3) 21 (43.8) 41 (28.8) 0.005 †**

Gastroschisis Complex 28 (29.8) 35 (72.9) 63 (44.3) 0.001†**

Wall closure Silo 17 (18.1) 23 (47.8)  40 (28.1) 0.001†**

Venous access PICC 48 (51) 19 (39.6) 67 (47.2) 0.378†

Vasoactive substances Yes 60 (63.8) 38 (79.2) 98 (69) 0.062†

Antibiotics ≥2 courses 71 (75.5) 36 (75) 107 (75.4) 0.945†

Time on MV
median (IQR)

6 (4–11) 8 (3–15) 6 (4–13) 0.456§

Time on TPN
median (IQR)

22 (16–30) 16 (0.5–35.5) 21 (13–32) 0.007§**

Sepsis Yes 61 (64.9) 37 (77.1) 98 (69) 0.137†

Blood products Yes 66 (70.2) 42 (87.5) 108 (76.1) 0.022†*

Surgical complications Yes 18 (19.1) 25 (52.1) 43 (30.2) 0.001†**

Short bowel syndrome Yes 7 (7.4) 24 (50) 31 (21.8) 0.001†**

LOS
median (IQR)

28.5 (19–44) 24 (2–52) 28 (18–44) 0.002§**

†Chi-square test; ‡Student’s t-test; §Mann-Whitney nonparametric test; *P-value <0.05; **P-value <0.01; SD: standard deviation; IQR: interquartile range; 
GS: gastroschisis; MV: mechanical ventilation, TPN: total parenteral nutrition; PICC: peripherally inserted central catheter; LOS: length of stay; poor clinical 
conditions: if the patient had one or more of following signs and symptoms: dysthermia, hypoactivity, hydroelectrolytic or metabolic disorders, and infection; 
good conditions: included cases that did not meet criteria for poor conditions; complex gastroschisis: according to surgeon’s report by gastrointestinal tract or 
abdominal wall complications: atresias, strictures, volvulus, necrosis, and large gastroschisis.
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Mean maternal age, gestational age at birth, and birth weight 
were lower in the nonsurviving group (p<0.05). Percentages 
of newborns with poor clinical conditions at the time of 
admission, CG, staged closure of abdominal wall with the 
placement of silo, shorter time of TPN, use of blood prod-
ucts, and surgical complications were higher in the group 
of nonsurvival (p<0.05). Among postsurgical complications, 
reinterventions were the most frequent ones (survival 13.8%/
nonsurvival 22.9%). SBS was more frequent in neonates who 
died (p<0.05). There were no statistical differences between 
the two groups, regarding NICU (A, B, and C) admission, 
number of prenatal consultations, diagnosis of gastroschi-
sis during pregnancy, route of birth, gender, Apgar 1 and 2, 
birthplace, birth-surgery time, type of venous access, use of 
vasoactive drugs, use of antibiotics, time on MV, and sep-
sis. Table 2 shows the results of logistic regression. CG (aOR 
3.74, 95%CI 1.274–11.019) and SBS (aOR 7.55, 95%CI 
2.177–26.225) increased the risk of death. An increase in 
birth weight reduced the risk for mortality (aOR 0.99, 
95%CI 0.997–1.000).

DISCUSSION
Very few studies on gastroschisis have been carried out in LMICs, 
where the mortality rates of this birth defect are the highest. 
Possibly, these unfavorable figures are related to the paucity 
of protocols for improving the quality of care to patients with 
gastroschisis in those countries12. Implementation of such pro-
tocols has been shown to improve outcomes and reduce deaths 
in gastroschisis cohorts from LMICs13.

There were no statistically significant differences among 
mortality rates in the three NICUs. A previous study evalu-
ated the influence of birthplace on outcomes of this cohort 
and concluded that this finding may reflect the fact that, once 
admitted to tertiary referral centers, the outborn patients can 
benefit over time from high technology used in neonatal care, 
which would reduce the differences faced in prehospital period14.

The mortality rate of 33% of this cohort was higher than 
the ones reported in other studies performed in the southeast-
ern region of Brazil, which found a variation between 4 and 
29%15, and lower than those reported by studies carried out 
in the country’s north and northeast regions, where mortality 

Table 2. Logistic regression with some variables of prenatal, newborns, and postsurgical care of patients with gastroschisis admitted to three 
neonatal care units at the Greater Vitória Metropolitan Region – Espírito Santo between 2000 and 2018, according to groups of survival or 
nonsurvival, for prediction of mortality as a proposed theoretical model.

*P<0.05; **P<0.01. OR: odds ratio; CI: confidence interval; aOR was obtained through logistic regression and adjusted by the input of block variables using 
the Enter method; poor clinical conditions: if the patient had one or more of the following signs and symptoms: dysthermia, hypoactivity, hydroelectrolytic or 
metabolic disorders, and infection; good clinical conditions (included cases that did not meet criteria for poor conditions); complex gastroschisis: according to 
surgeon’s report by gastrointestinal tract or abdominal wall complications: atresias, strictures, volvulus, necrosis, and large gastroschisis.

Variable Category
Crude OR  

(95%CI)
P-value

Adjusted odds ratio  
(aOR)† (95%CI)

P-value

Maternal age (years)   0.901 (0.815–0.997) 0.043* 0.924 (0.811–1.054) 0.240

Antenatal diagnosis
Yes
No 

1.760 (0.853–3.631)
1

0.126 1.197 (0.423–3.387) 0.734

Birth weight (g) 0.998 (0.998–0.999) 0.001** 0.998 (0.997–1.000) 0.027**

Gestational age (weeks)   0.746 (0.624–0.891) 0.001** 1.023 (0.745–1.330) 0.993

Gastroschisis
Complex

Simple
6.346 (2.924–13.775)

1
0.001** 3.747 (1.274–11.019) 0.016*

Wall closure
Silo

Primary
4.341 (1.997–9.436)

1
0.001** 2.656 (0.888–7.945) 0.080

Surgical complications
Yes
No

4.589 (2.136–9.859)
1

0.001** 2.489 (0.822–7.536) 0.107

Vasoactive substances
Yes
No

2.153 (0.954–4.859)
1

0.065 0.990 (0.299–3.281) 0.987

Sepsis
Yes
No

1.820 (0.822–4.031)
1

0.140 0.421 (0.111–1.604) 0.205

Blood products
Yes
No

2.970 (1.134–7.778)
1

0.027** 3.031 (0.578–15.875) 0.189

Short bowel syndrome
Yes
No

12.429 (4.780–32.315)
1

0.001** 7.556 (2.177–26.225) 0.001**

Clinical conditions
Poor
Good

2.878 (1.353–6.119)
1

0.006** 2.052 (0.727–5.791) 0.174
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rates were 51.2 and 51.6%, respectively4,7. In comparison to 
other countries, the mortality rate in our study was close to 
the 39% rate reported in China7. Although sepsis was not a 
risk factor associated with mortality in this cohort, it was the 
main cause of death. Sepsis is a common cause of mortality in 
studies performed in LMICs4,7.

CG increased the risk of death in our study. Another study 
also reported this association16. However, a large population 
study was carried out in an HIC, and CG was not a risk factor 
for death. This fact was attributed to the progress of neonatal 
surgical techniques and the manipulation of safer parenteral 
feeding solutions17.

In this cohort, SBS was a risk factor associated with mor-
tality, and its main cause was multiple surgeries with bowel 
resection. A study carried out in northern Brazil reported SBS 
in 25% of patients with gastroschisis. Most of those patients 
were outborn who had severe intestinal injuries on admission 
due to conditions that included inadequate neonatal transport4.

A significant number of neonates with gastroschisis are 
low birth weight18. In this study, the higher the birth weight, 
the lower the risk of death from gastroschisis. In Brazil, a ret-
rospective cohort conducted in the northern region showed 
that patients with birth weight less than 2,500 g had 2.4 times 
increased risk of death4.

Young maternal age is an important risk factor associated 
with gastroschisis, and its prevalence among adolescent moth-
ers is more than 7 times higher than those aged 25 years or 
older19. In this present study, the mean age of mothers in the 
group of nonsurvival was statistically lower than that of survival.

The mean gestational age at birth was lower in the group 
of individuals with gastroschisis who died. This fact may be 
related to low birth weight, which was one of the risk factors 
associated with mortality in this study. Prematurity may com-
plicate the postoperative period of patients with gastroschisis 
due to its comorbidities20. Two studies performed in an HIC 
found different results. In the first one, prematurity was asso-
ciated with worse outcomes in gastroschisis, including mor-
tality. In the second one, although prematurity is associated 
with greater morbidity, it was not a risk factor associated with 
gastroschisis mortality21.

Patients with poor clinical conditions on admission to the 
NICU were more frequent in the nonsurvival group. A study 
also carried out in Brazil observed that poor clinical conditions 
on admission to NICU increased the risk of death, which was 
higher among outborn patients7. Another study carried out in 
LICs found an increased risk of mortality in patients with CG 
and hypovolemia at admission, due to poor neonatal transport 
conditions. Furthermore, the use of blood products was more 

frequent in patients who died, and this fact may be related to 
coagulation disorders caused by sepsis3.

TPN time was shorter in the nonsurvivors group. This find-
ing may be explained by the fact that these patients presented 
clinical instability, a condition in which the use of TPN is not 
allowed.

Some limitations must be considered in this study. Since 
it is a retrospective and hospital-based study, it is subjected to 
information and selection bias. Moreover, the study period was 
long and uneven among the studied NICU. However, there was 
completeness of data, and the accuracy of gastroschisis diag-
nosis is ensured, as it was performed by pediatric surgeons, in 
contrast to what was found in studies using population data-
bases, which have flaws in filling in some variables and under-
reporting. Finally, future studies with prospective designs are 
expected to be carried out to better understand the effects of 
assistance on gastroschisis morbidity and mortality. To that 
end, a group of Brazilian surgeons, called Paedsurg Brazil, has 
been recently created to investigate the most prevalent con-
genital surgical anomalies in Brazil, including gastroschisis22.

CONCLUSION
In this gastroschisis cohort, the CG and short bowel syn-
drome increased the risk of death, with greater birth weight 
being inversely correlated with the risk of mortality. We hope 
that our findings could be used as a tool for professionals who 
routinely assist patients with gastroschisis in the elaboration 
of protocols for the improvement of quality of care to reduce 
mortality from birth defects preventable by surgical treatment, 
such as gastroschisis.
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Investigation of the effectiveness of the Quick Sequential 
Organ Failure Assessment-Troponin scores in non- ST-elevation 
myocardial infarction
Başar Cander1 , Bahadır Taşlıdere1* , Ertan Sönmez1

INTRODUCTION
Chest pain constitutes a significant portion of all emergency 
department (ED) admissions1. Approximately 5–20% of 
patients who enter the ED with chest pain (typical or atypi-
cal) are diagnosed with acute coronary syndrome (ACS)2. This 
syndrome is one of the leading causes of death3. Even in ACS 
patients with timely medical intervention, 1-year mortality is 
5%, and in-hospital mortality is 7.5%4. Approximately 70% 
of all ACS present as non-STEMI (ST-elevation myocardial 
infarction)5. The international cardiac guidelines recommend 
that patients presenting to the ED with chest pain should be 
evaluated using a risk score6. A frequently used and high-per-
forming tool for this purpose is the Global Registry of Acute 
Coronary Events (GRACE)7. The GRACE identifies risk factors 
that help independently predict in-hospital and 6-month mor-
tality rates. The score is calculated based on clinical parameters 
such as creatinine, troponin value, Killip class, and vital signs. 
The Quick Sequential Organ Failure Assessment (qSOFA) tool 
was developed to predict the prognosis and need for intensive 

care in sepsis patients. The qSOFA measurement is a sim-
ple score composed of three parameters, i.e., respiratory rate, 
Glasgow Coma Scale, and blood pressure8. Many studies have 
shown that the qSOFA score can be used to predict the need for 
intensive care and the probability of mortality9. Serum cardiac 
troponins are used to verify a diagnosis of ACS and predict its 
prognosis10. But a more reliable predictor is needed for ACS 
patients with high mortality risk. Therefore, we investigated 
the prognostic accuracy of the qSOFA score by adding cTnI 
concentration (as a fourth parameter). The aim of this study 
was to assess the effectiveness of the GRACE and qSOFA-T 
scores on in-hospital mortality rate in non-STEMI patients.

METHODS
This study was conducted retrospectively between January 1, 
2016, and December 31, 2018, on patients over the age of 18 
years who were admitted to the ED. All patients who presented 
to the ED with ACS were evaluated consecutively (symptoms 

1Bezmiâlem Vakıf Üniversitesi, Faculty of Medicine, Department of Emergency Medicine – İstanbul, Turkey.
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SUMMARY
OBJECTIVE: A reliable predictor is needed for non-ST-elevation myocardial infarction patients with high mortality risk. The aim of this study was 

to assess the effectiveness of the Global Registry of Acute Coronary Events and Quick Sequential Organ Failure Assessment-Troponin (qSOFA-T) 

scores on in-hospital mortality rate in non-ST-elevation myocardial infarction patients.

METHODS: This is an observational and retrospective study. Patients admitted to the emergency department with acute coronary syndrome were 

evaluated consecutively. A total of 914 patients with non-ST-elevation myocardial infarction who met inclusion criteria were included in the study. 

The Global Registry of Acute Coronary Events and qSOFA scores were calculated and investigated its contribution to prognostic accuracy by adding 

cardiac troponin I (cTnI) concentration to the qSOFA score. The threshold value of the investigated prognostic markers was calculated by receiver 

operating characteristic curve analysis.

RESULTS: We found the in-hospital mortality rate to be 3.4%. The area under the receiver operating characteristic curve for Global Registry of Acute 

Coronary Events and qSOFA-T is 0.840 and 0.826, respectively.

CONCLUSION: The qSOFA-T score, which can be calculated easily, quickly, and inexpensively and obtained by adding the cTnI level, had excellent 

discriminatory power for predicting in-hospital mortality. Difficulty in calculating the Global Registry of Acute Coronary Events score, which requires 

a computer, can be considered a limitation of this method. Thus, patients with a high qSOFA-T score are at an increased risk of short-term mortality.

KEYWORDS: Acute coronary syndrome. Troponin I. Mortality. Non-ST elevated myocardial infarction.
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determined by the American Heart Association). Patients diag-
nosed with non-STEMI were included in the study. Informed 
consent was waived (a retrospective study). This is an observa-
tional study, in accordance with the Declaration of Helsinki. 
The Ethics Committee’s approval was obtained. Patient infor-
mation was obtained using the International Classification of 
Diseases (ICD)-10. The study excluded patients with trauma, 
pregnant women, patients with missing data, patients whose 
scores could not be calculated, patients with STEMI, patients 
with unstable angina pectoris (USAP), and patients with a 
Charlson Comorbidity Index (CCI) score of 3 or higher. 
The CCI is a useful measure of comorbidity to standardize 
the evaluation of patients. Infectious pathologies affecting the 
qSOFA score were excluded. A total of 1,996 patients were 
evaluated. Of these, 126 were discharged from the ED. There 
were 641 patients with a CCI score of 3 or higher, 126 had 
chest pain due to other causes, 146 patients were hospitalized 
in non-cardiology departments, and 43 refused treatments.

Definitions and variables
All patients were managed as per the institutional protocol. 
The blood sample and scores were calculated in the first 6 h 
of observation in the ED. Documentation that was previously 
produced was used to record the collected variables, including 
demographic data, comorbidities, laboratory test results, vital 
parameters, and physical examination findings. The GRACE 
and qSOFA scores were calculated. We selected the GRACE 
score, which is recommended for long-term prognosis and 
mortality prediction, as the appropriate score for comparison. 
GRACE score parameters include age, heart rate, blood pres-
sure, Killip class, ST segment, creatinine, and troponin level. 
By definition, the qSOFA score consists of three parameters, 
namely, blood pressure, respiratory rate, and Glasgow Coma 
Scale9. We defined the qSOFA-T score by combining these 
characteristics with the troponin value. Anyone with a cTnI 
value greater than 40 ng/L received 1 point (the value where 
the corporate reference value is positive). The precision of the 
qSOFA-T score obtained by adding troponin to the qSOFA 
score has never been investigated in any previous study. Two 
emergency medicine physicians worked independently during 
the acquisition of the data. The serum high-sensitive cTnI levels 
were based on patients’ baseline values at admission (the nor-
mal reference range in our biochemistry laboratory was 0–40 
ng/L; Abbott Lab., Chicago, IL, USA). Receiver operating 
characteristic (ROC) curve analysis was used to determine the 
threshold value for the prognostic markers (GRACE score and 
qSOFA-T score) that were investigated in the study. All  patients 
with ACS who required cardiac follow-up constituted the study 

sample (medical or CABG in their follow-up). In a sample of 
size n=869, we had 80% power at an α value of 0.05 to find 
a difference of 1%.

Statistical analysis
Centralization and measures of variance, such as mean±stan-
dard deviation (SD), were used to express quantitative vari-
ables. Fisher’s exact test and the chi-square test were used to 
identify differences in the ratios and relationships between cat-
egorical variables. To determine the behavioral differences in 
the group averages, the Mann-Whitney U test was used when 
the assumptions of normality and equivalence were not met. 
The ROC analysis was used to determine the threshold values 
of the numerical parameters that were used to predict disease 
status and to evaluate the indicators’ accuracy. The statistical 
significance level was set at p=0.05 and below. For this pur-
pose, the IBM SPSS Statistics for Windows software package 
(Armonk, NY) was used. Distribution statistics for the categor-
ical demographic variables are shown as n (%), and distribution 
statistics for the numerical variables are shown as mean±SD//
median (min-max).

RESULTS
Of the 914 patients, 628 (68.7%) were male and 286 (31.3%) 
were female (p=0.478). The mean age was 52.95±13.73 years 
(p=0.003). The number of in-hospital deaths was 31 (3.4%). 
The most common chronic diseases in deceased patients were 
coronary artery disease, hypertension, and diabetes mellitus, 
and in living patients, they were hypertension, diabetes mellitus, 
and coronary artery disease. There was no statistically significant 
difference between the hemogram and routine biochemistry 
tests between the two groups. The mean GRACE score in the 
in-hospital deceased group was 149.77±29.31. In the survivor 
group, it was found to be 103.3±34.58 (p<0.001) (Table 1). 
The mean qSOFA-T score for the in-hospital deaths group 
was 2.03±1.09. It was calculated as 1.09±0.34 in the survi-
vor group (p<0.001) (Table 1). The GRACE score has already 
been a proven prognostic scoring system. In our study, the area 
under the ROC curve was 0.840 (95% confidence interval (CI): 
0.782–0.899) with a cutoff value of 139.5. The  ROC anal-
ysis was also performed to determine whether the qSOFA-T 

Table 1. Risk scores.

Deceased 
patients 

Living 
patients 

p

GRACE score 149.7±29.3 103.3±34.5 <0.001

qSOFA-T 2.03±1.09 1.09±0.34 <0.001

https://www.cureus.com/publish/articles/108695-investigation-of-the-effectiveness-of-the-grace-and-qsofa-t-scores-for-mortality-prediction-in-non-st-elevation-myocardial-infarction/preview#table-anchor-422107
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score had a diagnostic value for in-hospital mortality. The area 
under the ROC curve was 0.826 (95%CI 0.743–0.91) with 
a cutoff value of 1.5 (Table 2; Figure 1). Considering the area 
covered by the ROC curve, the GRACE score was 139.5 and 
the qSOFA-T score was 1.5.

DISCUSSION
When compared to participants in similar previous stud-
ies, our patients were younger, more often male, and had 
similar prevalence rates of diabetes and hypertension11. 
This study examined the predictive value of GRACE score, 
and qSOFA-T score in a large sample of patients who were 
diagnosed with non-STEMI. qSOFA is widely used to pre-
dict mortality in many diseases. For example, it has been 
demonstrated to have a significant correlation with mor-
tality from conditions such as acute decompensated heart 
failure and sepsis12. These successful results were due to the 
precise selection of the reviewed parameters. Systolic blood 
pressure is a combination of cardiac output and systemic 
peripheral resistance. A normal-to-high measurement may 
indicate better-preserved cardiac function. Another param-
eter, respiratory rate, was found to be a predictor of mor-
tality in patients with ACS in selected studies13, owing to 
changes in respiratory control due to cardiac dysfunction 
manifested themselves as an increase in respiratory rate. 
This suggests that respiratory rate should be included in 
risk assessment strategies for patients with ACS14. Many 
studies15 have shown that the third parameter, the Glasgow 
Coma Scale, has a predictive value for survival after hospi-
tal discharge. Despite these features, the effectiveness of the 
qSOFA score in determining prognosis in ACS (especially 
non-STEMI) patients at high risk of adverse events has not 
been adequately studied. To increase the logistic regression 
power of qSOFA, we added the cTnI level as a fourth param-
eter in the score. In doing so, we found that the AUC of the 
qSOFA-T score reached 0.826 (an excellent discriminatory 
power). As a result, the qSOFA-T score is appropriate for 
use in EDs since it is easy, quick, inexpensive, and effective. 
Studies have shown that the GRACE score has the highest 
predictive accuracy for mortality in patients with ACS16. 
In addition, the European Society of Cardiology guideline 

accepts GRACE as a method of risk scoring. GRACE score 
has been thoroughly validated for assessing prognosis in 
non-STEMI, based on registries and large trials16. Our study 
found that the AUC of the GRACE score was 0.840 (the 
qSOFA-T score was found to be 0.826). When the results 
obtained are found to be 0.8≤AUC<0.9, it indicates excel-
lent discriminating power17. In a similar study, GRACE score 
(AUC=0.80) for non-STEMI patients was found to have 
excellent discriminatory power18. The qSOFA-T score has 
never been studied before for predicting mortality in ACS 
patients. According to the study, both scores can be used to 
identify patients at high risk of coronary events in the con-
text of non-STEMI. In a study, it was shown that a GRACE 
score >133 is significant in terms of acute conditions19. In our 
study, the mean GRACE score in the in-hospital mortality 
group was 149.77 with a cutoff value of 139.5. According 
to GRACE’s guidelines, in-hospital mortality is above 3% 
when the score is above 140 points20. In our study, this rate 
was similarly found to be 3.4%. The mean value for qSO-
FA-T was 2.03 with a cutoff value of 1.5. For this reason, 
it is necessary to ensure that the qSOFA-T score is positive 
for at least two of the four parameters.

Table 2. Comparison of scores by receiver operating characteristic analysis. 

Variable AUC 95%CI Sensitivity Specificity Threshold

GRACE score 0.840 0.782–0.899 0.710 0.831 139.5

qSOFA-T score 0.826 0.743–0.91 0.710 0.928 1.5

Figure 1. Comparison of in-hospital mortality using Global Registry 
of Acute Coronary Events and qSOFA-T.
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Selvester score and myocardial performance index  
in acute anterior myocardial infarction
Mustafa Kaplangoray1 , Cihan Aydın2* , Kenan Toprak3 , Yusuf Cekici4

INTRODUCTION
The severity of myocardial damage in survivors of ST-elevation 
myocardial infarction (STEMI) has great prognostic impor-
tance1,2. In 12-lead electrocardiography (ECG), the Selvester 
QRS scoring system, developed by Selvester et al., calcu-
lates the infarct area (IS) based on QRS waveforms3. This 
system is easy to use, accessible, and inexpensive and pro-
vides important information about prognosis after acute MI. 
Many studies have been performed by comparing Selvester 
QRS scoring with radionuclide ventriculography, creatinine 
kinase peak level, and myocardial perfusion imaging by sin-
gle-photon emission computed tomography (SPECT) in 
determining IS and showed that Selvester QRS scoring pro-
vides comparable information with these methods4. Delayed 
enhancement magnetic resonance imaging (DE-MRI) is an 
important imaging tool that can provide accurate and direct 

measurement of IS5. Recent studies have also shown a good 
correlation between the Selvester QRS scoring system and 
DE-MRI in determining IS6.

Myocardial performance index (MPI) provides important 
information in the evaluation of left heart systolic and diastolic 
functions. The prognostic value of MPI in various cardiac dis-
eases such as MI has been proven in many studies. In the clas-
sical approach, MPI is obtained using a pulsed-wave Doppler. 
In recent years, tissue Doppler-derived MPI (tMPI) has been 
used instead of conventional MPI (cMPI). This is due to the 
fact that tMPI is not affected by preload and heart rate variabil-
ity7. To the best of our knowledge, there are no studies investi-
gating the relationship between Selvester QRS score and MPI 
in patients undergoing pPCI for acute anterior MI. Our aim 
was to examine the relationship between Selvester QRS score 
and both cMPI and tMPI.
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SUMMARY
BACKGROUND: The simplified Selvester QRS score is a parameter for estimating myocardial damage in ST-elevation myocardial infarction. ST-elevation 

myocardial infarction leads to varying degrees of impairment in left ventricular systolic and diastolic function. Myocardial performance index is a single 

parameter that can predict combined left ventricular systolic and diastolic performance.

OBJECTIVE: We investigated the relationship between Selvester score and myocardial performance index in patients undergoing primary percutaneous 

coronary intervention for acute anterior myocardial infarction.

 METHODS: The study included 58 patients who underwent primary percutaneous coronary intervention for acute anterior myocardial infarction. 

Selvester score of all patients was also calculated at 72 h. Patients were categorized into two groups according to the Selvester score. Those with a 

score <6 (low score) were considered group 1 and those with a score ≥6 (high score) were considered group 2.

RESULTS: When compared with group 1, patients in group 2 were older (p=0.01) and had lower left ventricular ejection fractions (50.3±4 vs. 

35.6±6.9, p=0.001), and conventional myocardial performance index (0.52±0.06 vs. 0.69±0.08, p=0.001), lateral tissue Doppler-derived myocardial 

performance index (0.57±0.08 vs. 0.72±0.08, p=0.001), and septal tissue Doppler-derived myocardial performance index (0.62±0.07 vs. 0.76±0.08, 

p=0.001) were higher. There was a high correlation between lateral tissue Doppler-derived myocardial performance index and conventional myocardial 

performance index and Selvester score (r=0.80, p<0.001; r=0.86, p<0.001, respectively) and a moderate correlation between septal tissue Doppler-

derived myocardial performance index and Selvester score (r=0.67, p<0.001).

CONCLUSIONS: The post-procedural Selvester score can predict lateral tissue Doppler-derived myocardial performance index and conventional 

myocardial performance index with high sensitivity and acceptable specificity in patients undergoing primary percutaneous coronary intervention 

for acute anterior myocardial infarction.
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METHODS

Study population
Between January 2021 and May 2022, 58 patients with ante-
rior STEMI who were admitted to our hospital within the first 
12 h of MI were included in the study. STEMI was diagnosed 
according to the European Society of Cardiology Guidelines7. 
Patients with left bundle branch block on ECG, >50% stenosis 
in vessels other than the vessel responsible for the lesion, pace-
maker rhythm, left fascicular block, evidence of left ventricular 
(LV) hypertrophy on ECG, atrial fibrillation, and patients with 
severe heart failure and cardiogenic shock were excluded. The 
study protocol was approved by the local ethics committee and 
informed written consent was obtained from all patients. The study 
was conducted in accordance with the Declaration of Helsinki. 
The definition of risk factors was explained in previous studies.

Percutaneous coronary intervention procedure
 Coronary angiography was performed using the Judkins technique 
via femoral or right radial artery access. Guideline-directed medical 
and interventional therapies were performed on all our patients.

Echocardiographic evaluation
Patients were evaluated in the lateral decubitus position with a 
Philips Envisor C echocardiograph (Philips Medical Systems, 
Andover, MA, USA) using a 3.5-MHz transducer, and ECG 
recording was performed simultaneously 72 h after the onset of 
MI. The interval between the end and beginning of the mitral 
inflow velocity was determined as “a.” Pulsed Doppler analysis 
of LV outflow was performed by placing the sample volume just 
below the aortic valve in all five cavity windows and the interval 
between the beginning and end of LV outflow was determined as 
“b.” The mean values of ‘’a’’ and ‘’b’’ were calculated as the aver-
age of the values obtained from three consecutive cardiac cycles, 
and the conventional MPI was calculated as (a–b)/b. Peak early 
(Em) and late (Am) diastolic velocities and peak systolic (Sm) 
annular velocity were recorded from these sites. MPI, based on 
TDI (tMPI), was calculated as follows: (IVCT + IVRT) / ET.

Electrocardiography interpretation and 
Selvester QRS score calculation
All patients underwent ECG on admission, after primary PCI, 
90 min after PCI, and daily thereafter during hospitalization. 
The height of ST elevation was measured 20 ms after the J 
point. Total ST elevation was measured as the sum (mm) of 
ST elevation in leads D1, aVL, and V1 to V6. Total ST eleva-
tion was determined as STE1 at admission and as STE2 at 90 
min. Modified Selvester QRS scoring was used in the study8.

Statistical analysis
The SPSS 22.0 statistical software (SPSS Inc., Chicago, IL, 
USA) was used for statistical analysis. Data conforming to 
normal distribution were expressed as mean±standard devia-
tion (SD) and the data not conforming to normal distribution 
were expressed as median (minimum-maximum). Categorical 
variables were expressed as percentages and compared using 
χ2 or Fischer’s exact test. Continuous data with normal dis-
tribution were compared with Student’s t-test. ROC anal-
ysis was performed to determine the optimum threshold 
value of septal tMPI, lateral tMPI, and cMPI for the pre-
diction of patients with high Selvester score. Univariate and 
multivariate logistic regression analyses were performed to 
identify independent predictors of high Selvester score. The 
Spearman’s correlation test was performed to determine the 
relationship between high Selvester score and septal tMPI, 
lateral tMPI, and cMPI. A p<0.05 was considered statisti-
cally significant.

RESULTS
A total of 64 patients with acute anterior MI were included 
in the study. Six patients were excluded from the study due 
to poor echocardiographic appearance. The mean age of the 
patients was 58.13±11.3 years and 20.7% of patients were 
female. Baseline demographic and laboratory characteristics are 
shown in Table 1. The patients were divided into two groups 
according to Selvester scores: group 1 with score <6 (low score) 
and group 2 with score ≥6 (high score).

Group 2 was older (56±12.6 vs. 60±9.8; p=0.01) and 
LVEFs were lower (50.3±4 vs. 35.6±6.9, p=0.001), and cMPI 
(0.52±0.06 vs. 0.69±0.08; p=0.001), lateral tMPI (0.57±0.08 
vs. 0.72±0.08, p=0.001), and septal tMPI (0.62±0.07 vs. 
0.76±0.08, p=0.001) were higher. Notably, 72 h QRS time 
and STE2 were lower in group 1 (Table 2). According to 
logistic regression analysis, septal tMPI, lateral tMPI, and 
cMPI were independent risk factors for high Selvester score 
(p<0.001) (Table 3). Correlation analysis was also performed 
to reveal the relationship between Selvester score and septal/
lateral tMPI, and cMPI. The Spearman’s correlation anal-
ysis showed a high correlation (r=0.80, p<0.001; r=0.86, 
p<0.001, respectively) between lateral tMPI and cMPI and 
Selvester score.

In our ROC curve analysis to identify patients with 
high Selvester scores, the findings were as follows: septal 
tMPI [(AUC=0.84, 95%CI 0.72–0.96, p<0.001)], lateral 
tMPI (AUC=0.90, 95%CI 0.82–0.98, p<0.001), and cMPI 
(AUC=0.88, 95%CI 0.78–0.97, p<0.001).



Kaplangoray, M. et al.

327

Rev Assoc Med Bras 2023;69(2):325-329

DISCUSSION
Myocardial performance index (MPI) provides important 
information about both systolic and diastolic functions of the 
heart as a single parameter and is used in many cardiac diseases 
including MI leading to myocardial dysfunction. Conventional 
MPI is the sum of IVCT and IVRT divided by the ejection 
time (ET). The intervals here are not intervals of the same 
cardiac cycle but are derived from consecutive cycle intervals. 
Therefore, many factors, especially heart rate variability, reduce 
the reliability of cMPI. However, tMPI can be obtained by the 
ratio of the relaxation and contraction intervals to the ET of 
the same cardiac cycle. Therefore, it also provides reliable mea-
surements in cases of heart rate fluctuation. To the best of our 
knowledge, there are no studies investigating the relationship 
between Selvester QRS score and LV MPI. In addition, previous 
studies have shown that the efficacy of the Selvester QRS score 
is more valuable in patients with anterior MI. Some studies have 
shown that there are differences between cMPI and tMPI, espe-
cially in patients with previous MI. In this study, both cMPI 
and tMPI values measured from the lateral and septal regions 
of all patients were higher than normal. When we categorized 
the patients into high Selvester score and low Selvester score, it 
was also revealed that both cMPI and septal and lateral tMPI 
were more impaired in patients with high Selvester score. The 
correlation analysis between MPI and Selvester score showed 
that there was a strong correlation between Selvester score and 
cMPI and lateral tMPI. This was interpreted that both cMPI 
and tMPI were globally affected by systolic and diastolic func-
tions of the heart. In patients with MI, changes in TDI-based 
intervals occur due to the intraventricular conduction sys-
tem, asynchrony, and the effects of relaxation and contraction 
times, resulting in an increase in MPI. Rojo et al.9, on a con-
trol group consisting of healthy individuals and patients who 
had a previous MI, revealed the incompatibility between tMPI 
and cMPI. They interpreted this difference as longer systolic 
intervals and shorter diastolic intervals in TDI-based measure-
ments. In our study, it was revealed that cMPI and septal/lat-
eral tMPI values were numerically different. This discordance 
in MPI values is also present in the measurements of healthy 
individuals, but this difference is even more prominent in MI 
survivors8. Therefore, this should be taken into account when 
using TDI-based MPI.

Kurisu et al.10 showed that there is a good correlation between 
total perfusion defect measured by SPECT and Selvester score 
in patients who underwent pPCI for anterior MI. Therefore, 
the Selvester score can be used in the prediction of IS in clin-
ics like ours where cardiovascular magnetic resonance (CMR) 
is not common and we used it in our study.

Table 1. Demographic and clinical characteristics.

BMI: body mass index; LVEF: left ventricular ejection fraction; IVRT: 
isovolumetric relaxation time; IVCT: isovolumetric contraction time; ET: 
ejection time; cMPI: conventional myocardial performance index; tMPI: tissue 
Doppler-derived myocardial performance index; Sm: mitral annular peak 
systolic; Em: mitral annular early diastolic velocity; Am: mitral annular late 
diastolic velocity; STE1: the sum of ST segment elevations at baseline; STE2: 
the sum of ST segment elevations at 90 min; ACE-I: angiotensin-converting 
enzyme inhibitors; AT-II: angiotensin-II.

Patients (n=58)

Gender (M/F), n (%) 46/12 (79.3%/20.7%)

Age (years), mean±SD 58.13±11.3

Weight (kg), mean±SD 80.2±9.8

Height (cm), mean±SD 173.13±6.6

BMI (kg/m²), mean±SD 26.7±3.5

Diabetes, n (%) 24 (41.4%)

Hypertension, n (%) 24 (41.4%)

Hyperlipidemia, n (%) 32 (55.2%)

Smoking, n (%) 28 (48.3%)

Family history of coronary artery disease (%) 14 (24.1%)

Echocardiographic measurements

LVEF (%) 42.76±9.3

Mitral E velocity (cm/s) 68.7±18.5

Mitral A velocity (cm/s) 76.4±17.6

Mitral E/A ratio 0.94±0.38

IVRT (ms) 95.6±11.4

IVCT (ms) 68.1±16.5

ET (ms) 266.6±15.2

cMPI 0.61±0.11

Lateral IVRT (ms) 92.8±11.4

Lateral IVCT (ms) 76.1±18.7

Lateral ET (ms) 257.6±15.5

Lateral tMPI 0.65±0.11

Septal IVRT (ms) 100.2±11.2

Septal IVCT (ms) 77.3±17.5

Septal ET (ms) 254.3±13.6

Septal tMPI 0.70±0.1

Electrocardiographic measurements

STE1 (mV) 11.5±4.9

STE2 (mV) 5.2±3.34

72 h Selvester score 6.1±2.4

Laboratory results

Glucose (mg/dl) 198.72±105.9

Creatinine (mg/dl) 1.08±0.42

Sodium (mmol/L) 140±8.5

Hemoglobin 16.3±5

Platelet count (×103/μl) 294.6±71.8

High-density lipoprotein (mg/dl) 36.5±5.6

Low density lipoprotein (mg/dl) 133.3±28.8

Total cholesterol (mg/dl) 216.2±39.9

Triglycerides (mg/dl) 178.3±22.5

Medication

Acetylsalicylic acid 30 (51.7%)

ACE-I /AT-II blocker 26 (44.8%)

Beta-blocker 14 (24.1%)

Statin 12 (20.7%)
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Turkish validity and reliability of the lifestyle  
questionnaire related to cancer
Neslihan Öner1* , Arda Borlu2 , Mevlüde Yasemin Akşehirli Seyfeli3 , Tuba Tekin4

INTRODUCTION
Cancer is the second most common cause of death worldwide. 
It is claimed that cancer will be a huge obstacle to increasing 
life expectancy. There are many factors implicated in the emer-
gence of cancer; extrinsic factors account for 70–90% of cancer 
development which can be reduced through lifestyle factors1,2. 
In developed countries, it is observed that the most common 
types of cancer differ from infection/poverty-related cancers3 
and are mostly associated with Westernization of lifestyle4,5.

In epidemiological studies, it has been shown that various 
lifestyle factors such as non-smoking, normal body weight, 
regular exercise, and a healthy diet could reduce the risk of 
cancer6-8. Healthy lifestyle behaviors, as a means of providing 
optimal metabolic health and reducing the overall burden of 
cancer, should be lifelong9. Momayyezi et al.10 constructed a 
questionnaire named “lifestyle questionnaire related to can-
cer” (LQ-RC) to examine various aspects of lifestyle related to 
cancer. The aim of this study was to evaluate the validity and 
reliability of the LQ-RC in the Turkish population.

METHODS

Study group and procedures
This is a methodological study aiming to evaluate the reli-
ability and validity of the LQ-RC. The sample size is rec-
ommended at least 5–10 times the total number of items 
in the scale when adapting a scale to another culture11. 
Considering that there may be deficiencies or errors in the 
data, it was planned to use a sample size that was 20 times 
the total number of items in the original scale. Therefore, 
the study sample was composed of 1,200 volunteers aged 
18–64 years who consulted at primary healthcare centers 
between February and June 2018. Current dieters, foreign-
ers, and participants who did not completely reply to all 
questions were excluded from the study. Four participants 
were removed because of missing data and wrong anthropo-
metric measurements. The study was completed with 1,196 
participants. Questionnaires were completed at primary 
healthcare centers via the face-to-face method.
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SUMMARY
OBJECTIVE: The aim of this study was to adapt the lifestyle questionnaire related to cancer in Turkish and investigate its validity and reliability. 

METHODS: This methodological study was conducted on 1,196 participants. Cronbach’s α was used to assess validity and reliability. The internal 

consistency was evaluated using item-total correlation.

RESULTS: The normed chi-square in this study was 5.87. The root mean square error of approximation was calculated as 0.051. The comparative fit 

index and the Tucker-Lewis Index were 0.83 and 0.81, respectively. The split-half method was used to test the reliability of the scale (Part 1 Cronbach’s 

α: 0.826, Part 2 Cronbach’s α: 0.812, and Adjusted Cronbach’s α: 0.881).

CONCLUSION: The Turkish version of lifestyle questionnaire related to cancer (8 subscales, 41 items) is a reliable and valid measure to evaluate 

lifestyle behaviors related to cancer in adults. 
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Language adaptation protocol
The language adaptation of the scale was achieved with the 
back-translation method12. The original version of the LQ-RC 
was translated into target language by the professional transla-
tor. Each translated text was administered to 10 participants. 
Thereafter, another translation from target language back to 
source language was carried out to compare with the original 
text. The back-translation comparison process was repeated 
until the translation and original versions were the same. A 
pilot study was performed on a small group of 50 participants 
who had not been included in the main study.

Study instruments
Sociodemographic information and anthropometric measure-
ments of the participants included in the study were recorded 
on the sociodemographic characteristic form. The original 
LQ-RC, which was a 4-point Likert-type scale, has 60 items 
divided into 8 subscales: “physical health, physical activity and 
exercise, balanced consumption of food, weight control and 
nutrition, mental health, reproductive health, drug and alco-
hol avoidance, and environmental pollutants and harmful sub-
stances.” Cronbach’s α of the original scale was 0.87. Items 21, 
31, 43, 44, 45, 47, 51, 59, and 60 were reverse scored. High 
score indicates that individual has healthier lifestyle behaviors 
that can reduce the risk of cancer.

Ethics statement
This study was performed in accordance with the Helsinki 
Declaration and has been approved by the Erciyes University 
Ethics Committee (2017/92). All participants’ written consents 
were obtained. Permission was obtained from the scale developer.

Statistical analysis
Data were analyzed using the IBM SPSS Statistics (Statistical 
Package for the Social Sciences, SPSS Inc., Chicago, IL, USA) 
22.0 statistical package program and TURCOSA statistical 
software (Turcosa Analytics Ltd. Co., Turkey). Descriptive 
statistics were presented as sample size, percentage, mean, and 
standard deviation. The data were tested with the Kolmogorov-
Smirnov test for normal distribution. Cronbach’s α was used 
to test the reliability. Sampling adequacy was tested at Kaiser-
Meyer-Olkin (KMO). Bartlett’s test was used for factorabil-
ity. The determination of factor structure was evaluated by 
principal component analyses. The factor analysis was con-
ducted using the Varimax rotation. Confirmatory factor anal-
ysis (CFA) was performed to assess construct validity. Model 
fit and degrees of freedom were evaluated with goodness-
of-fit indices such as the root mean square error (RMSEA), 

comparative fit index (CFI), and Tucker-Lewis Index (TLI). 
Cronbach’s α criterion was determined as 0.7013. The inter-
nal consistency was evaluated using item-total correlation. 
Statistical significance was set at p<0.05.

RESULTS
The mean age was 31.17±12.08 years. In total, 71.6% of the 
participants were female; 43.9% of the participants were high 
school graduates; 94.5% of the participants were living in 
urban areas; and nearly half of the participants were single. 
The mean LQ-RC score of the participants was 65.63±15.74. 
The sociodemographic characteristics of the study population 
are shown in Table 1.

Construct validity
To determine the measurement power of each item, all 
correlation coefficients were examined. A total of 19 items 
(i.e., 4, 9, 21, 24, 26, 27, 28, 29, 31, 32, 33, 38, 43, 44, 

Table 1. Sociodemographic characteristics of the participants.

Characteristics Values

Age (  ± SS) 31.17±12.08 years

Gender, n (%) 

Male 340 (28.4)

Female 856 (71.6)

Education, n (%)

Illiterate 28 (2.3)

Primary education 219 (18.3)

High school 525 (43.9)

Graduate 363 (30.4)

Postgraduate 61 (5.1)

Employment status, n (%)

Employed 361 (30.2)

Unemployed 834 (69.7)

Accommodation, n (%)

Urban 1,130 (94.5)

Rural 66 (5.5)

Marital status, n (%)

Married 546 (45.6)

Single 612 (51.2)

Divorced 15 (1.3)

Widow 23 (1.9)

LQ-RC score (  ± SS) 65.63±15.74
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45, 47, 49, 50, and 51) that did not meet this require-
ment were excluded from the scale. The split-half method 
was used to test the reliability of the scale consisting of 41 
questions and the LQ-RC (Part 1 Cronbach’s α: 0.826, 
Part 2 Cronbach’s α: 0.812, and adjusted Cronbach’s α: 
0.881). The model was found to be compatible (Hotelling 
T2 8940.38, p<0.001).

Confirmatory factor analysis
An eight-factorial structure was tested based on the original 
version for the confirmatory construct validity of the LQ-RC. 
The desired model fit was analyzed with the TURCOSA sta-
tistical software. The normed chi-square (NC) was 5.87 (χ2/
df=3909.482/666). RMSEA was calculated as 0.051. The CFI 
and TLI were 0.83 and 0.81, respectively.

Internal consistency reliability
The internal consistency of the LQ-RC and its subscales was 
evaluated by Cronbach’s α coefficient. The “stress manage-
ment” factor yielded 0.834, the “avoiding risky nutrition 
behaviors” factor yielded 0.716, the “use of preventive health 
services” factor yielded 0.734, the “physical health” factor 
yielded 0.712, the “physical activity and exercise” factor 
yielded 0.684, the “adequate and balanced nutrition” factor 
yielded 0.608, the “avoidance of hazardous substances” factor 
yielded 0.584, and the “risk mitigation applications” factor 
yielded 0.534. As a whole, the LQ-RC had 0.881 (Table 2). 
Bartlett’s test of sphericity was χ2/df=12951.9/703, p<0.001, 
while the KMO index was 0.881. The best resolution of the 
41 items of the LQ-RC was represented by eight factors cor-
responding to eight subscales.

The last subscale of the original version is “reproductive 
health” for women. Due to the fact that approximately half of 
the participants in this study were single and it is not suitable 
to question whether single women use birth control because of 
cultural issues, we excluded this subscale in consultation with 
the scale developers. Data analysis was carried out with eight 
factors explaining 51.89% of the variance among the scale items 
(Table 2). It is suggested that the total explanatory variance of 
the scale is above 50.0%14.

DISCUSSION
Cancer awareness and cancer prevention strategies have become 
popular topics15. The aim of this study was to adapt the LQ-RC 
in Turkish and evaluate its reliability and validity among this 
population. To the best of our knowledge, the LQ-RC is the 
first scale to provide information via lifestyle factors related to 

cancer in adults. This study showed that the Turkish version of 
the LQ-RC is a reliable and valid measurement tool.

The correlation coefficient of the item analysis is used 
in the reliability analysis16. When a high correlation coef-
ficient is obtained for each item, it is determined that the 
item is sufficient to measure the targeted item. The rec-
ommended item coefficient should be >0.20 or >0.2516. 
According to the correlation coefficient of the split-half 
method test scores, the LQ-RC scale and its subscales 
showed internal consistency. No previous culture adapta-
tion study of the LQ-RC has been performed. Therefore, 
it is not currently possible to compare Cronbach’s α val-
ues in other cultural adaptations.

The adequacy of the defined subscales to explain the origi-
nal structure of the scale is determined by CFA. Sampling ade-
quacy was evaluated with KMO sampling adequacy measure-
ment and Bartlett’s test. If the sample is sufficient to perform 
factor analysis, the KMO>0.517. In this study, the KMO value 
was calculated as 0.881. Regarding the RMSEA values used 
to determine the model fit, it has been suggested that value 
<0.05 is good, 0.05–0.08 is acceptable, 0.08–0.10 is marginal, 
and >0.10 is poor18. Finding the RMSEA value at 0.051 indi-
cates that there is an acceptable fit in this study. CFI should 
be ≥0.8019 and TLI ≥0.8520. The confirmatory analysis of this 
study revealed that the CFI value is 0.83 and the TLI value is 
0.81, so in this study, RMSEA, CFI, and TLI values indicated 
an adequate fit. Although item 24 in the Turkish version of 
the LQ-RC was statistically appropriate, it was excluded from 
the expert’s opinion as it was not appropriate to be under the 
same subscale as the other items. Internal consistency is satis-
factory, reflecting the intercorrelation of the items on the scale 
and the measured construct around it.

CONCLUSION
Although much is known about cancer by the day, there is 
still no well-established treatment for the many types of can-
cer. There are more clinical studies about cancer, but lifestyle 
behaviors are also important. Besides, it is much easier to make 
lifestyle changes. These results suggest that the Turkish version 
of the LQ-RC is reliable and valid. With a practical scale, the 
lifestyle behaviors of individuals could be quickly evaluated, 
and individuals could be encouraged to have healthier lifestyle 
behaviors. There are some limitations to this study. The origi-
nal version of the LQ-RC included reproductive health-related 
items only for women. Half of the participants in this study 
were single and probably did not use birth control methods. 
Future studies may address both genders.
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Table 2. Explanatory factor analysis of the lifestyle questionnaire related to cancer.

Bold indicates the items of the subscales.

Items F1 F2 F3 F4 F5 F6 F7 F8

1 0.185 0.164 0.300 0.581 0.121 -0.025 -0.015 0.090

2 0.089 0.074 0.726 0.108 0.148 0.087 -0.057 -0.009

3 0.047 0.075 0.742 0.089 0.027 0.143 0.101 -0.082

5 0.063 0.117 0.758 0.021 0.092 0.082 0.110 0.080

6 0.003 0.255 0.360 -0.024 -0.013 0.269 0.022 0.206

7 0.085 0.259 0.536 0.051 0.109 0.134 -0.126 0.361

8 0.193 0.158 0.255 0.683 0.062 0.024 0.067 -0.027

10 0.374 0.008 0.002 0.254 0.379 -0.135 0.155 0.104

11 0.056 0.113 0.110 0.086 0.756 0.107 -0.064 0.099

12 0.061 0.029 0.132 0.095 0.728 0.063 0.155 0.166

13 0.059 0.121 0.085 0.036 0.733 0.174 -0.102 -0.005

14 0.403 -0.090 -0.011 0.335 0.264 0.093 0.048 -0.254

15 0.387 -0.048 -0.054 0.484 0.172 0.063 0.222 -0.141

16 0.699 -0.078 0.140 0.157 -0.027 -0.050 0.115 0.283

17 0.708 0.013 0.004 0.241 0.005 0.067 0.023 0.001

18 0.722 0.136 0.051 -0.015 0.092 0.079 0.029 0.031

19 0.726 0.170 0.008 0.063 0.092 0.081 -0.167 -0.094

20 0.673 -0.023 0.017 0.081 0.039 0.078 0.125 -0.103

22 0.676 0.126 0.054 0.008 0.025 0.096 0.042 -0.066

24 0.363 -0.083 0.088 -0.017 0.021 -0.005 0.499 0.056

25 0.655 -0.087 0.132 0.093 -0.044 -0.059 0.174 0.321

30 0.172 0.464 -0.024 -0.043 0.012 0.169 0.151 -0.245

34 0.004 0.613 0.157 0.129 0.040 -0.013 0.021 0.263

35 0.017 0.698 0.153 0.046 0.096 0.085 0.086 0.117

36 0.033 0.703 0.108 0.092 0.102 0.114 0.141 0.028

37 0.031 0.604 0.094 0.232 0.048 0.023 0.144 0.109

39 0.058 0.375 0.136 0.090 0.168 0.295 0.089 0.451

40 0.036 0.338 0.036 0.126 -0.082 0.190 0.588 -0.025

41 0.040 0.197 0.018 0.098 0.029 0.072 0.684 -0.030

42 0.033 0.300 -0.014 0.036 0.025 0.115 0.513 0.255

46 0.065 0.030 -0.032 0.198 0.295 0.023 0.064 0.519

48 -0.036 0.309 0.122 -0.107 0.070 0.204 0.057 0.569

52 0.038 0.142 -0.097 0.645 0.039 0.219 0.059 0.191

53 0.127 0.206 0.017 0.551 0.102 0.478 0.046 0.029

54 -0.087 0.229 0.054 0.087 0.330 0.483 -0.236 0.117

55 0.136 0.072 0.114 0.106 0.099 0.642 0.206 -0.016

56 0.035 0.164 0.150 0.036 0.116 0.635 -0.007 0.173

57 0.140 -0.050 0.197 0.111 -0.004 0.574 0.244 0.012

Explained 
variance (%)

10.98 7.63 6.60 6.00 5.96 5.60 4.80 4.31

Total explained 
variance (%)

10.98 18.62 25.214 31.22 37.17 42.77 47.58 51.89

Cronbach’s α 0.834 0.716 0.734 0.712 0.684 0.608 0.584 0.534



Turkish version of the lifestyle questionnaire related to cancer

334

Rev Assoc Med Bras 2023;69(2):330-334

AUTHORS’ CONTRIBUTIONS
NÖ: Conceptualization, Data analysis, Methodology, 
Visualization, Writing – original draft, Writing – reviewing 

& editing. AB: Data analysis, Writing – reviewing & editing. 
MYAS: Data analysis, Methodology. TT: Conceptualization, 
Data collection, Methodology, Writing – original draft.

REFERENCES
1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global 

cancer statistics 2018: GLOBOCAN estimates of incidence and 
mortality worldwide for 36 cancers in 185 countries. CA Cancer 
J Clin. 2018;68(6):394-424. https://doi.org/10.3322/caac.21492 

2. Arem H, Loftfield E. Cancer epidemiology: a survey of modifiable 
risk factors for prevention and survivorship. Am J Lifestyle Med. 
2018;12(3):200-10. https://doi.org/10.1177/1559827617700600

3. Turke KC, Canonaco JS, Artioli T, Sarafyan AHM, Aoki ET, Muszkat 
D. Perception of risk factors for cancer in the ABC population. 
Rev Assoc Med Bras (1992). 2020;66(6):757-61. https://doi.
org/10.1590/1806-9282.66.6.757

4. Ugai T, Sasamoto N, Lee H-Y, Ando M, Song M, Tamimi RM, et al. Is 
early-onset cancer an emerging global epidemic? Current evidence 
and future implications. Nat Rev Clin Oncol. 2022;19:656-73. 
https://doi.org/10.1038/s41571-022-00672-8

5. Brennan P, Davey-Smith G. Identifying novel causes of cancers 
to enhance cancer prevention: new strategies are needed. J Natl 
Cancer Inst. 2022;114(3):353-60. https://doi.org/10.1093/
jnci/djab204

6. Elwood PC, Whitmarsh A, Gallacher J, Bayer A, Adams R, Heslop 
L, et al. Healthy living and cancer: evidence from UK Biobank. 
Ecancermedicalscience. 2018;12:792. https://doi:10.3332/
ecancer.2018.792 

7. Stevens C, Vrinten C, Smith CG, Waller J, Beeken RJ. Determinants 
of willingness to receive healthy lifestyle advice in the context of 
cancer screening. Br J Cancer. 2018;119(2):251-57. https://doi.
org/10.1038/s41416-018-0160-4 

8. Sasanfar B, Toorang F, Rostami S, Yeganeh MZ, Ghazi ML, 
Seyyedsalehi MS, et al. The effect of nutrition education for cancer 
prevention based on health belief model on nutrition knowledge, 
attitude, and practice of Iranian women. BMC Women’s Health. 
2022;22:213. https://doi.org/10.1186/s12905-022-01802-1 

9. Kerr J, Anderson C, Lippman SM. Physical activity, sedentary 
behavior, diet, and cancer: an update and emerging new evidence. 
Lancet Oncol. 2017;18(8):e457-71. https://doi.org/10.1016/
S1470-2045(17)30411-4 

10.  Momayyezi M, Fallahzadeh H, Momayyezi M. Construction and 
validation the lifestyle questionnaire related to cancer. Iran J Cancer 
Prev. 2015;8(5):e3965. https://doi.org/10.17795/ijcp-3965 

11. Sousa VD, Rojjanasrirat W. Translation, adaptation and validation of 
instruments or scales for use in cross-cultural health care research: a 
clear and user-friendly guideline. J Eval Clin Pract. 2011;17(2):268-
74. https://doi.org/10.1111/j.1365-2753.2010.01434.x 

12. Beaton DE, Bombardier C, Guillemin F, Ferraz MB. Guidelines 
for the process of cross-cultural adaptation of self-report 
measures. Spine (Phila Pa 1976). 2000;25(24):3186-91. https://
doi.org/10.1097/00007632-200012150-00014 

13. Baş M, Karaca KE, Saglam D, Arıtıcı G, Cengiz E, Köksal S, et al. 
Turkish version of the Intuitive Eating Scale-2: validity and reliability 
among university students. Appetite. 2017;114:391-97. http://
dx.doi.org/10.1016/j.appet.2017.04.017 

14. Arkan B, Bektas M, Özturk C, Özyazıcıoglu N, Vural P. A reliability 
and validity study of the Turkish version of the parenting scale. 
J Pediatr Res. 2019;6(1):56-63. https://doi.org/10.4274/jpr.
galenos.2018.23855 

15. Klein WMP, O’Connell ME, Bloch MH, Czajkowski SM, Green 
PA, Han PKJ, et al. Behavioral research in cancer prevention and 
control: emerging challenges and opportunities. J Natl Cancer 
Inst. 2022;114(2):179-86. https://doi.org/10.1093/jnci/djab139

16. Küçükgüçlü Ö, Mert H, Akpınar B. Reliability and validity of 
Turkish version of attitudes toward old people scale. J Clin Nurs. 
2011;20(21-22):3196-203. https://doi.org/10.1111/j.1365-
2702.2011.03764.x

17. Kara M, van der Bijl JJ, Shortridge-Baggett LM, Astı T, Ergüney 
S. Adaptation of the diabetes management self-efficacy scale 
for patients with type 2 diabetes mellitus: scale development. 
Int J Nurs. Stud. 2006;43(5):611-21. https://doi.org/10.1016/j.
ijnurstu.2005.07.008

18. Fabrigar LR, Wegener DT, MacCallum RC, Strahan EJ. Evaluating 
the use of exploratory factor analysis in psychological research. 
Psychol Methods. 1999;4(3):272-99. https://doi.org/10.1037/1082-
989X.4.3.272 

19. Byrne BM, Campbell TL. Cross-cultural comparisons and the 
presumption of equivalent measurement and theoretical structure: 
a look beneath the surface. J Cross Cult Psychol. 1999;30(5):557-
76. https://doi.org/10.1177/0022022199030005001

20. Shadfar M, Malekmohammadi I. Application of structural equation 
modeling (SEM) in restructuring state intervention strategies toward 
paddy production development. IJ-ARBSS. 2013;3(12):576-618. 
https://doi.org/10.6007/IJARBSS/v3-i12/472

https://doi.org/10.3322/caac.21492
https://www.ncbi.nlm.nih.gov/pmc/journals/3524/
https://doi.org/10.1177/1559827617700600
https://doi.org/10.1590/1806-9282.66.6.757
https://doi.org/10.1590/1806-9282.66.6.757
https://doi.org/10.1038/s41571-022-00672-8
https://doi.org/10.1093/jnci/djab204
https://doi.org/10.1093/jnci/djab204
https://doi:10.3332/ecancer.2018.792
https://doi:10.3332/ecancer.2018.792
https://doi.org/10.1038/s41416-018-0160-4
https://doi.org/10.1038/s41416-018-0160-4
https://bmcwomenshealth.biomedcentral.com/articles/10.1186/s12905-022-01802-1#auth-Maryam_Zarif-Yeganeh
https://bmcwomenshealth.biomedcentral.com/articles/10.1186/s12905-022-01802-1#auth-Monireh_Sadat-Seyyedsalehi
https://bmcwomenshealth.biomedcentral.com/articles/10.1186/s12905-022-01802-1#auth-Monireh_Sadat-Seyyedsalehi
https://doi.org/10.1186/s12905-022-01802-1
https://doi.org/10.1016/S1470-2045(17)30411-4
https://doi.org/10.1016/S1470-2045(17)30411-4
https://doi.org/10.17795/ijcp-3965
https://doi.org/10.1111/j.1365-2753.2010.01434.x
https://doi.org/10.1097/00007632-200012150-00014
https://doi.org/10.1097/00007632-200012150-00014
http://dx.doi.org/10.1016/j.appet.2017.04.017
http://dx.doi.org/10.1016/j.appet.2017.04.017
https://doi.org/10.4274/jpr.galenos.2018.23855
https://doi.org/10.4274/jpr.galenos.2018.23855
https://doi.org/10.1093/jnci/djab139
https://doi.org/10.1111/j.1365-2702.2011.03764.x
https://doi.org/10.1111/j.1365-2702.2011.03764.x
https://doi.org/10.1016/j.ijnurstu.2005.07.008
https://doi.org/10.1016/j.ijnurstu.2005.07.008
https://doi.org/10.1037/1082-989X.4.3.272
https://doi.org/10.1037/1082-989X.4.3.272
https://doi.org/10.1177/0022022199030005001
https://doi.org/10.6007/IJARBSS/v3-i12/472


335

Rev Assoc Med Bras 2023;69(2):335-340

ORIGINAL ARTICLE https://doi.org/10.1590/1806-9282.20221445

Hereditary thrombophilia and low -molecular -weight heparin in women: 
useful determinants, including thyroid dysfunction, incorporating 
the management of treatment and outcomes of the entity
Stefan Dugalic1 , Milica Petronijevic2 , Demet Sengul3 , Dzenana A. Detanac4 ,  
Ilker Sengul5,6 , Eduardo Carvalho de Arruda Veiga7 , Tamara Stanisavljevic2 ,  
Maja Macura1 , Jovana Todorovic8* , Miroslava Gojnic1,8

INTRODUCTION
Physiologic pregnancy is associated with increased clotting 
potential and decreased fibrinolysis and anticoagulant activ-
ity1,2, as well as venous stasis in the lower extremities, which 
are all factors that significantly augment the likelihood of 
venous thromboembolism (VTE) during pregnancy3. The 
aforementioned risks seem to be accentuated1, but the asso-
ciation between hereditary thrombophilias and adverse preg-
nancy outcomes (APO), including fetal loss, preeclampsia, fetal 
growth restriction, and placental abruption, is being examined 
among women with hereditary thrombophilias1,2,4,5. The dis-
orders of hemostasis, such as hereditary thrombophilias, have 
been identified as health conditions that can be associated with 

changes in the hemodynamics of the blood flow to the fetus6. 
Poor uteroplacental blood flow can further lead to thrombi in 
the placenta, while hereditary thrombophilias are associated 
with the placental microthrombi7-9, which leads to infarctions, 
decreased trophoblast invasion, hypoxia, and overall placen-
tal insufficiency associated with the APO like stillbirths and 
intrauterine growth restriction7,8,10. Adequacy of the blood flow 
can be examined using the Doppler ultrasound and resistance 
index of the umbilical artery (RiAu)9.

There is still a lack of evidence for the utility of routine 
testing for hereditary thrombophilias, although numerous 
clinicians are ordering it in the past decades11. Early identifi-
cation of hereditary thrombophilias and timely introduction 
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SUMMARY
OBJECTIVE: Our study purposed to examine the complex relationship between low-molecular-weight heparin therapy, multiple pregnancy determinants, 

and adverse pregnancy outcomes during the third trimester in women with inherited thrombophilia.

METHODS: Patients were selected from a prospective cohort of 358 pregnant patients recruited between 2016 and 2018 at the Clinic for Obstetrics 

and Gynecology, University Clinical Centre of Serbia, Belgrade.

RESULTS: Gestational age at delivery (β=-0.081, p=0.014), resistance index of the umbilical artery (β=0.601, p=0.039), and d-dimer (β=0.245, p<0.001) 

between 36th and 38th weeks of gestation presented the direct predictors for adverse pregnancy outcomes. The model fit was examined using the root 

mean square error of approximation 0.00 (95%CI 0.00–0.18), the goodness-of-fit index was 0.998, and the adjusted goodness-of-fit index was 0.966.

CONCLUSION: There is a need for the introduction of more precise protocols for the assessment of hereditary thrombophilias and the need for the 

introduction of low-molecular-weight heparin.
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of low-molecular-weight heparin (LMWH) prophylaxis may 
improve pregnancy outcomes5,11,12. As such, both aspirin and 
LMWH are proven to decrease the likelihood of APO among 
women with acquired thrombophilia, mainly antiphospho-
lipid syndrome, but the data are less clear in cases of hereditary 
thrombophilias13, and there is insufficient evidence to support 
the introduction of prophylactic anticoagulant treatment3. 
LMWH is the first choice anticoagulant for pregnant women 
as it is proven to have adequate bioavailability, predictable 
dose-response, and safety profile compared to unfractionated 
heparin14. Of note, the guidelines state that the introduction 
of anticoagulant therapy in pregnant women with hereditary 
thrombophilias should be based on individual risk assessment 
and focused on the personal and family history of VTE and 
risk factors for VTE, such as obesity, prolonged immobility, or 
cesarean delivery1,15, relatively frequent in the Balkan region5.

This study purposed to examine the complex relationship 
between LMWH therapy, multiple pregnancy determinants, and 
APO during the third trimester with inherited thrombophilia.

METHODS
In this study, patients had been incorporated from a prospective 
cohort of 358 pregnant recruited between 2016 and 2018 at 
the Clinic for Obstetrics and Gynecology, University Clinical 
Centre of Serbia, Belgrade, Serbia12. Briefly, the study endorsed 
all the referred women with inherited thrombophilia between 11 
and 15 weeks of gestation and followed up to the delivery. The 
examined parameters were laboratory parameters and Doppler 
flows of the umbilical artery at 28th to 30th, 32nd to 34th, and 
36th to 38th gestational weeks (gw), use of LMWH prophy-
laxis, and obstetric and perinatal outcomes. For this study, we 
incorporated the cases with the complete data on values of the 
RiAu between 36th and 38th weeks of gestation and values of 
d-dimer between 36th and 38th weeks of gestation.

The exclusion criteria were as follows:
(1) age >40 years;
(2) ovarian cell donation;
(3) concurrent hereditary and acquired thrombophilia;
(4) congenital anomalies of the uterus;
(5) multiple pregnancies;
(6) previous gynecological surgery;
(7) presence of perinatal infections (TORCH);
(8) type 1 diabetes, preexisting arterial hypertension;
(9) previous kidney transplantation;
(10) extreme obesity (BMI >40 kg/m2);
(11) use of LMWH due to any comorbid condition other 

than hereditary thrombophilia;

(12) abnormal findings in the first-trimester prenatal screen-
ing tests, fetal anomalies, central placenta previa, and 
pathological degree of placental nidation (suspect for 
placenta acreta, increate, or percreta); and

(13) therapeutic use of LMWH during pregnancy.

The data for the study were drawn from the patient records 
in the hospital database, including age, comorbid conditions 
(pulmonary embolism, insulin resistance, thyroid dysfunc-
tion), adverse health outcomes in the family history (arterial 
hypertension, HA; deep venous thrombosis, DVT; myocar-
dial infarction, MI; cerebrovascular insult, CVI; pulmonary 
embolism, PULME; thyroid dysfunction, THR) if thrombo-
philia was recognized prior to the current pregnancy, previous 
APO, type of mutation responsible for thrombophilia (plas-
minogen-activator inhibitor, PAI; factor V Leiden; MTHFR 
mutation; prothrombin G20210A; protein S deficiency; factors 
VII, IX, and XI; or anti-thrombin-related mutation), mode 
of delivery, APO in the current pregnancy (in our study, we 
recorded pregnancy losses in the third trimester—intrauterine 
fetal death—preterm birth, fetal growth restriction), values 
of resistance index of umbilical artery (RiAu) between 36th 
and 38th weeks of gestation, and values of d-dimer between 
36th and 38th weeks of gestation, the LMWH therapy in 
the current pregnancy, gestational age at delivery, and fetal 
sex. The characteristics of the participants from the original 
cohort are presented elsewhere12. From the cohort of 358 
pregnant patients, 203 had complete data on values of the 
RiAu between 36th and 38th weeks of gestation and values 
of d-dimer between 36th and 38th weeks of gestation and 
were selected for the analysis. These cases were classified into 
two groups according to the presence of APO in the current 
pregnancy: group with APO (33 cases, 16.3%) and group 
without APO (170 cases, 83.7%).

The statistical analyses were conducted using the methods 
of descriptive and analytical statistics. To this end, the means, 
standard deviations, skewness, and kurtosis were calculated 
for numerical data, and categorical variables were presented by 
absolute numbers with percentages. The differences between the 
groups with APO and without APO were analyzed using the 
chi-square (χ2) test for categorical variables and the Student’s 
t-test for numerical variables. The path analysis was conducted 
to examine the relationship between LMWH therapy, previous 
APO, gestational age at delivery, RiAu between 36th and 38th 
weeks of gestation, d-dimer value between 36th and 38th weeks 
of gestation, and APO. Multiple measures were used to assess 
the adequacy of model fit to the data: the chi-square test and the 
fit indices such as the comparative fit index (CFI), the normed 
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fit index (NFI), the adjusted goodness-of-fit index (AGFI), 
and the root mean square error of approximation (RMSEA). 
The model consistency was evaluated by the chi-square test, 
which indicates, when nonsignificant, that the data are con-
sistent. The acceptable model fitting values for fit indices were 
defined as follows: CFI ≥0.95, NFI≥0.95, AGFI ≥0.95, and 
RMSEA <0.05. In all the analyses, the significance level was 
set at 0.05, and the statistical analyses were performed using 
the Amos 21 (IBM SPSS Inc., Chicago, IL, USA) and IBM 
SPSS Statistics 25 software.

RESULTS
The groups with and without the APO in the current preg-
nancy differed significantly in the frequency of the previous 
APO (p=0.031). The patient history characteristics of the 
current study sample are presented in Table 1. The women 
with APO in current pregnancy had significantly higher RiAu 
between 36th and 38th weeks of gestation (0.69±0.08 vs. 

0.57±0.08, p<0.001), significantly higher d-dimer between 
36th and 38th weeks of gestation (2.74±1.06 vs. 0.68±0.48, 
p<0.001), and significantly higher frequency of gestational 
age at delivery between 36th and 37th weeks (42.4 vs. 2.9%, 
p<0.001) compared to the women without APO in the current 
pregnancy. A sum of 27 (13.3%) women had been detected 
as possessing thyroid dysfunction, and the cases with APO in 
the current pregnancy had no significance compared to the 
ones without APO in the current pregnancy. The character-
istics of the current pregnancy of patients in both groups are 
presented in Table 2.

We conducted a path analysis with APO as the target vari-
able. The absolute fit index (χ2=0.983, df=1, p=0.321) demon-
strated a good fit to the data. The values for fit indices NFI 
(0.998), AGFI (0.966), and CFI (1.000) were above the cutoff 
value of ≥0.95. The RMSEA value of 0.000 (0.000–0.185) was 
below the suggested value of ≤0.05. Of note, Figure 1 presents 
the results from the path analysis, and the path analysis exhib-
ited that the gestational age at delivery (β=-0.081, p=0.014), 

Table 1. Characteristics of patient history.

Variables
Total
n (%)

APO in current 
pregnancy

n (%)

No APO in current 
pregnancy

n (%)
p-value

Maternal age, years, mean±SD 31.57±5.74 33.68±4.29 33.67±3.96 0.993

Comorbidities, conditions, or previous adverse health events

Pulmonary embolism 1 (0.5) 0 (0) 1 (0.6) 0.659

Insulin resistance 22 (10.8) 4 (12.1) 18 (10.6) 0.795

Thyroid dysfunction 27 (13.3) 4 (12.1) 23 (13.5) 0.827

Adverse health outcomes in family history, n (%)

HA 32 (15.8) 2 (6.1) 30 (17.6) 0.095

DVT 4 (2.0) 0 (0) 4 (2.4) 0.373

MI 5 (2.5) 1 (3.0) 4 (2.4) 0.818

CVI 5 (2.5) 1 (3.0) 4 (2.4) 0.818

PULME 2 (1.0) 0 (0) 2 (1.2) 0.531

THR 5 (2.5) 0 (0) 5 (2.9) 0.318

Type of inherited thrombophilia

PAI-1 27 (23.5) 4 (25.0) 23 (23.2)

MTHFR 12 (10.4) 1 (6.3) 11 (11.1)

FVL 9 (7.8) 1 (6.3) 8 (8.1)

PT 7 (6.1) 0 (0) 7 (7.1)

Other 4 (3.5) 1 (6.3) 3 (3.0)

Combined thrombophilia 53 (46.1) 7 (43.8) 46 (46.5) 0.211

Previous APO (any)

Yes 90 (44.3) 9 (27.3) 81 (47.6)

No 113 (55.7) 24 (72.7) 89 (52.4) 0.031
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RiAu (β=0.601, p=0.039), and d-dimer (β=0.245, p<0.001) 
between 36th and 38th gw presented the main direct predic-
tors for APO. The important indirect effects on APO were 

recognized in LMWH therapy via the RiAu between 36th 
and 38th gw and for previous APO via the d-dimer between 
36th and 38th gw.

Table 2. Characteristics of the current pregnancy.

Bold values indicate statistical significance at the p<0.05 level.

Variables
Total
n (%)

APO in current 
pregnancy 

n (%)

No APO in current 
pregnancy 

n (%)
p-value

Ri 36-38 gw, mean±SD 0.59±0.09 0.69±0.08 0.57±0.08 <0.001

D-dimer 36–38 gw, mean±SD 1.02±0.97 2.74±1.06 0.68±0.48 <0.001

Delivery

Vaginal 39 (19.2) 8 (24.2) 31 (18.2)

Cesarean section 164 (80.8) 25 (75.8) 139 (81.8) 0.423

Gestational age at delivery

38–39 gw 184 (90.6) 19 (57.6) 165 (97.1)

36–37 gw 19 (9.4) 14 (42.4) 5 (2.9) <0.001

Fetal sex

Male 111 (54.7) 17 (51.5) 94 (55.3)

Female 92 (45.3) 16 (48.5) 76 (44.7) 0.690

LMWH therapy

Yes 128 (63.1) 17 (51.5) 111 (65.3)

No 75 (36.9) 16 (48.5) 59 (34.7) 0.133

Figure 1. A path model presenting the complex relationship between low-molecular-weight heparin therapy, multiple pregnancy determinants, 
and adverse pregnancy outcomes during the third trimester in cases with inherited thrombophilia.
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DISCUSSION
Some authors suggested that all pregnancies with hereditary 
thrombophilias should be considered high-risk pregnancies with 
a high likelihood of APO16. However, contradictions remain 
in the recommendations on their follow-up and prophylac-
tic administration of LMWH, as the routine administration 
of LMWH is still not recommended1,3. The LMWH therapy 
was, in this study, significantly negatively associated with the 
RiAu between 36th and 38th gw. The lower gestational age on 
delivery, higher d-dimer values, and higher RiAu values were 
associated with APO, and the LMWH therapy had an indi-
rect effect on APO via RiAu between 36th and 38th gw. These 
findings indicate that previous APO should also be included in 
the evaluation of the necessity for inclusion of LMWH therapy 
in order to achieve the attenuation of the occurrence of APO 
in the current pregnancy3,12.

There is a need for further randomized controlled trials, 
as the TIPPS and FRUIT trials, large randomized controlled 
trials on the use of LMWH, did not show significant benefits. 
Additionally, some data show that the pathogenic process might 
originate in the first trimester and that LMWH treatment can 
have benefits during implantation and placental development. 
This is why it may be important to evaluate the timing of the 
initiation of LMWH treatment, especially its introduction in 
the first trimester, which recommendation is also in accordance 
with our results as the participants were recruited in the late 
first or early in the second trimester17.

It is known that reproductive functions are affected by some 
conditions, the thyroid hormones, l-thyroxine (3,5,3’,5’-tetraiodo-
thyronine, T4), and l-triiodothyronine (3,5,3’-triiodothyronine, 
T3). These hormones are also known as vital parameters for the 
normal reproductive function of humans and animals employ-
ing regulation of the ovarian, uterine, and placental tissues and 
metabolism in thyroidology18. However, in this study, the cases 
with APO in the current pregnancy have not revealed any sig-
nificance compared to the ones without APO in the current 
pregnancy in terms of thyroid dysfunction.

The RiAu was associated with the LMWH treatment and 
with APO in the current pregnancy in our study. The higher 
RiAu was previously shown to be associated with low birth 
weight and lower fetal weight gain during the third trimester19. 
Of note, the pathophysiology of the low birth weight of the 
newborns of women with thrombophilias is based on an asso-
ciation of hereditary thrombophilias with placental infarction, 
abnormal trophoblast invasion, and chronic hypoxia, leading 
to increase in uterine artery resistance3. Attenuation in RiAu in 
the third trimester may enable the higher fetal growth potential, 
the higher potential for the adequate duration of the gestational 

period19, and decrease the likelihood for APO, as we also found 
a negative association between the gestational age at birth and 
APO. In addition, augmented d-dimer values were recognized 
in the second and third trimesters in most pregnant women19, 
but the higher d-dimer values with higher RiAu and a higher 
likelihood for APO were recognized in this study.

Limitations
The main limitation of our study is in the observational 

design as our participants were not randomized to the groups 
examined, and there could be bias in the classification of the 
participants to the examined groups. However, there were no 
significant differences in the characteristics of pregnant women 
from both groups in the age, BMI, and frequencies of most 
different thrombophilia types.

CONCLUSION
The lower gestational age on delivery, higher d-dimer values, 
and higher RiAu values during the third trimester were asso-
ciated with APO. As adequate blood flow allows adequate 
fetal development through the transition from a high to a low 
resistive blood flow, and clotting disorders can be considered 
as the factor associated with the interruption of this process, 
the adequate values of the RiAu throughout the pregnancy are 
important for the prevention of the APO. The LMWH ther-
apy had an indirect effect on APO via RiAu, yielding further 
research on the importance of its timely introduction among 
pregnant women with hereditary thrombophilias, which can 
allow for the prevention of APO, their consequences for preg-
nant women later life, and the consequences of a suboptimal 
uterine environment for the child’s development and future life. 
Neque ignorare medicum oportet quæ sit ægri natura.
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Self-efficacy in the practice of breastfeeding in  
adolescent puerperal women
Aline Morais Venancio de Alencar1* , Roseli Oselka Saccardo Sarni2,3 

INTRODUCTION
Breast milk is a complex and dynamic food with numerous 
advantages for the newborn and its mother1. The World Health 
Organization (WHO) and the Ministry of Health recommend 
breastfeeding for children under 6 months of age exclusively 
and as supplementation for children up to 2 years or more2.

The act of breastfeeding goes far beyond nourishing the 
child, and it involves interaction between mother and child, 
with an impact on adequate growth, protection against infec-
tions, cognitive and emotional development, and future pro-
tection against the development of chronic diseases that are 
common in adults3,4.

In Brazil, the National Study on Food and Nutrition 
(ENANI–in Portuguese) conducted in 2019 showed a preva-
lence of exclusive breastfeeding in infants under 6 months of 
age and continued breastfeeding in infants between 20 and 23 
months of 45.8 and 35.5%, respectively4.

Maternal age has been identified as an important factor in 
the early discontinuity of breastfeeding5. Several factors inter-
fere with the duration of breastfeeding practiced by adolescent 
mothers, such as lack of family support and/or information, 
absence of a partner, return to work or school, early introduc-
tion of other foods for the infant, and the use of pacifiers6.

Another relevant factor that influences a woman’s behavior 
during breastfeeding is the mother’s confidence in her ability to 
breastfeed7, also called breastfeeding self-efficacy. Several pieces 
of evidence have shown that the promotion of mothers’ self-ef-
ficacy in breastfeeding contributes to the prevention of early 
weaning by promoting holistic, humanized care, contributing 
to effective assistance, aiming at increasing the time of exclusive 
breastfeeding, and consequently reducing morbidity and children 
mortality8. Despite this, publications involving teenage moth-
ers, especially in our country, are still scarce in the literature.

Thus, the objective of the present study was to evalu-
ate the self-efficacy of adolescent mothers in their ability to 
breastfeed, as well as its reflection in practice and adherence 
to exclusive breastfeeding.

METHODS
The study was approved by the Research Ethics Committee of 
the Centro Universitário Doutor Leão Sampaio (UNILEÃO 
– In Portuguese), under opinion No. 3,277,812, following 
the ethical precepts of resolution 466/2012 of the National 
Research Ethics Commission. All participants signed the terms 
of consent to display their information.

Through a descriptive, cross-sectional study with a quan-
titative, non-probabilistic approach, 30 adolescent puerperal 
women in the immediate postpartum period (between the first 
and tenth postpartum day), followed up in the Family Health 
Strategies (ESF) of the urban area of Juazeiro do North, Ceara, 
Brazil. Women who were illiterate, with restrictions that made 
it impossible to understand the instrument, with premature 
births, or with neonates hospitalized in an intensive care unit 
for more than 10 days were excluded.

Initially, the researcher made a telephone contact with all 
nurses working in the FHS to obtain information about preg-
nant adolescents who were close to childbirth. Professionals 
were asked to schedule a visit to the postpartum woman’s res-
idence during the immediate postpartum period.

Data were collected from August 2019 to January 2020. 
In the period, 38 adolescent puerperal women attended by 
the ESF in the municipality and eligible for the study were 
identified, of which three moved to another municipality 
with their family members and five gave up the collection, 
resulting in a total of 30 participants (Figure 1).
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Data were collected using two instruments. The first instru-
ment was a questionnaire that included sociodemographic 
and obstetric variables.

The second instrument was the Breastfeeding Self-Efficacy 
Scale–Short-Form (BSES-SF), which consists of a structured, 
self-completed Likert scale containing 14 questions divided 
into two domains: technical and intrapersonal thinking. 
The  instrument allows for assessing the participants’ self-effi-
cacy in breastfeeding. Each question has five possible answers 
that range from 1 to 5, where 1 – totally disagree, 2 – disagree, 
3 – sometimes agree, 4 – agree, and 5 – totally agree. The total 
score of the scale varies from 14 to 70 points, being considered 
low effectiveness: from 14 to 32 points; medium effectiveness: 
from 33 to 51 points; and high effectiveness: from 52 to 70 
points. The scale was validated in Brazil by Dodt9 presenting 
Cronbach’s alpha of 0.74, indicating high internal consistency, 
ratified by the intraclass correlation coefficient that ranged from 
0.69 to 0.78, which confirms the reliability of the BSES-SF9.

Data were entered into an Excel® 2013 spreadsheet, and 
analyses were performed using the Statistical Package for Social 
Sciences (SPSS 25.0). Categorical variables were arranged as 
absolute numbers and percentages and compared using the chi-
square or Fisher’s exact test. The standard deviation for breast-
feeding self-efficacy was evaluated. A significance level of 5% 
was adopted to reject the null hypothesis.

RESULTS
Table 1 shows the general characterization of adolescent moth-
ers with a predominance of the following characteristics: ages 
between 17 and 19 years, completed high school, and single. 

Table 1. Association between the effectiveness rates of adolescents during 
the immediate postpartum period and social and obstetric variables. 

Juazeiro do Norte, CE, 2020 (n=30). Source: Direct Survey, 2019–2020. p 
significance level of the chi-square or Fisher’s exact test.

Self-efficiency
p

Moderate % High %

Age group

0.414–16 years 5 62.5 3 37.5

17–19 years 12 54.6 10 45.4

Education

0.27

Incomplete elementary 7 77.8 2 22.2

Complete elementary 4 66.7 2 33.3

Incomplete high school 4 33.3 8 66.7

Complete high school 2 66.7 1 33.3

Religion

0.28
Catholic 10 52.6 9 47.4

Evangelical 5 62.5 3 37.5

Does not defined 2 66.7 1 33.3

Marital status

0.33
Married 3 60 2 40

Stable union 6 66.7 3 33.3

Single 8 50 8 50

Number of people residing in the household

0.3
2 – 4 5 71.4 2 28.6

5 – 7 9 47.4 10 52.6

8-10 3 75 1 25

Planned pregnancy?

0.4Yes 6 50 6 50

No 11 61.1 7 38.9

Had prenatal care?

0.32Yes 15 53.6 13 46.4

No 2 100 0 0

How many appointments?

0.33
0 – 4 3 75 1 25

5 – 7 5 38.5 8 61.5

8 – 10 9 69.2 4 30.8

Received guidance and encouragement to breastfeed ?

0.32Yes 16 55.2 13 44.8

No 1 100 0 0

Who guided/encouraged

0.2

 Nurse 14 56 11 44

Doctor 5 55.6 4 44.4

Health agent 11 61.1 8 44.4

Mother 16 64 9 36

Grandmother 13 76.5 4 23.5

Sister 5 71.4 2 28.6

Partner 4 44.4 5 55.6

Type of delivery

0.37Cesarean 9 50 9 50

Vaginal 8 66,7 4 33,3

Placed the newborn on the chest immediately after delivery?

0.42Yes 3 50 3 50

 No 14 58.3 10 41.7

If not at what time did you breastfeed your child?

0.28After arriving in the room 9 56.2 7 43.8

The next day 5 83.3 1 16.7

Figure 1. Flow chart of participant selection for the study. Source: 
Prepared by the author.

Fluxogram
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Most women did not plan the pregnancy and underwent 5–10 
prenatal consultations. The results revealed that there was no 
statistically significant difference when comparing adolescent 
mothers with medium and high self-efficacy to breastfeed, con-
sidering social and obstetric variables.

The classification and average points based on the score 
obtained by the questionnaire revealed self-efficacy to breast-
feed: medium [17 adolescents (56.6%); 42.2+5.8 points] and 
high [13 adolescents (43.3%); 56.6+4.6 points]. No postpar-
tum woman showed low self-efficacy.

Table 2 shows the distribution of responses by adolescent 
mothers according to the technical domain of the BSES-SF 

questionnaire. In total, 16 (53.3%) of the participants felt that 
the baby was breastfeeding enough. In addition, 26 (86.7%) 
adolescents reported not using infant formula or cow’s milk as a 
supplement and practicing exclusive breastfeeding. With regard 
to latching during the entire feeding, 20 (66.7%) adolescents 
could not see if it was correct. Eighteen (60%) of the partic-
ipants reported that they could not control the organization 
of their routine.

Table 3 shows the distribution of the adolescent mothers’ 
responses according to the intrapersonal thoughts domain of 
the BSES-SF. In total, 20 (66.6%) of the participants reported 
dealing with breastfeeding successfully, in the same way that they 

Table 2. Distribution of the adolescents’ responses during the immediate postpartum period according to the technical domain of the Breastfeeding 
Self-Efficacy Scale–Short-Form questionnaire. 

Juazeiro do Norte, CE, 2019-2020 (n=30). Source: Direct Survey, 2019–2020.

Domain Technical
Disagree

Sometimes 
agree

Agree Totally agree
p

n % n % n % n %

1. I always feel when my baby is getting enough. 5 16.7 9 30 13 43.3 3 10 0.37

3. I always feed my baby without using formula milk as a supplement. 2 6.7 2 6.7 21 70 5 16.7 0.45

4. I always notice that my baby is holding the breast correctly 
throughout the feed.

3 10 17 56.7 7 23.3 3 10 0.35

6. I can always breastfeed even if my baby is crying. 9 30 6 20 13 43.3 2 6.7 0.37

11. I always breastfeed my baby on one breast and then switch to 
the other.

2 6.7 8 26.7 13 43.3 7 23.3 0.44

12. I always continue to breastfeed my baby with each feeding. (at 
each feeding).

0 0 5 16.7 17 56.7 8 26.7 0.47

13. I can always match my needs to the baby’s needs. (I organize my 
bathing, sleeping, feeding needs with the baby’s breastfeeding).

5 16.7 13 43.3 8 26.7 4 13.3 0.38

14. I always know when my baby is finished with a feed. 5 16.7 14 46.7 10 33.3 1 3.3 0.36

Table 3. Distribution of adolescents’ responses during the immediate postpartum period according to the intrapersonal thoughts domain of the 
Breastfeeding Self-Efficacy Scale–Short-Form questionnaire. 

Juazeiro do Norte, CE, 2019–2020 (n=30). Source: Direct Survey, 2019–2020.

Domain intrapersonal thoughts

Totally 
disagree

Disagree
Sometimes 

Agree
Agree

Totally 
agree p

n % n % n % n % n %

2. I always deal with breastfeeding successfully, just as I deal with other 
challenges. (Successfully overcome breastfeeding and other life situations).

0 0 3 10 7 23.3 16 53.3 4 13.3 0.42

5. I always handle breastfeeding in ways that satisfy me. 1 3.3 7 23.3 8 26.7 12 40 2 6.7 0.38

7. I always feel like continuing to breastfeed. 0 0 4 13.3 6 20 18 60 2 6.7 0.41

8. I can always breastfeed comfortably in front of my family. 0 0 7 23.3 7 23.3 13 43.3 3 10
 

0.39

9. I am always satisfied with my breastfeeding experience. 0 0 1 3.3 17 56.7 11 36.7 1 3.3 0.39

10. I can always deal with the fact that breastfeeding takes time. 
(Even consuming my time I want to breastfeed).

0 0 5 16.7 8 26.7 14 46.7 3 10 0.40
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dealt with other challenges and expressed a desire to continue 
breastfeeding. In total, 16 (53.3%) felt comfortable breastfeed-
ing in front of family members, but satisfaction with breast-
feeding was mentioned by only 12 (40%) of the participants.

DISCUSSION
The present study revealed that all the evaluated adolescent 
mothers had medium to high scores of self-efficacy to breast-
feed. The analysis of the domains of the scale made it possible to 
identify aspects that can make the breastfeeding process difficult 
and that are subject to intervention. The sociodemographic and 
obstetric variables did not differ in the comparison between the 
groups with medium and high efficacies to breastfeed.

The identification of confidence to breastfeed among ado-
lescents can contribute to the understanding of their situational 
context and to the removal of social and structural obstacles 
that may interfere with the woman’s ability to breastfeed in a 
confident and peaceful way. It is noteworthy the practicality 
of the BSES-SF instrument applied in the present study with 
scientific evidence of reliability and validity in all age groups10.

A Brazilian study carried out in the Northeast region with 
172 adolescent mothers using the same instrument used by 
us showed a predominance of high self-efficacy to breastfeed 
in 84% of the participants, higher than that observed by us11.

The absence of mothers with low breastfeeding self-efficacy 
in our study and in the one mentioned above can be attributed 
to the important role of the ESF in the dissemination of guide-
lines on breastfeeding during prenatal care. A previous study 
showed that the ESF was heavily involved in various activities 
in the community, with an emphasis on guidance provided 
during prenatal care for mothers living in the areas covered7.

It is known that the socioeconomic context in which the 
adolescent mothers are inserted has a strong relationship with 
the knowledge, attitudes, and practices of breastfeeding in low- 
and middle-income countries. Therefore, these factors must be 
considered in the work of health teams, especially in screening 
and monitoring, since the limits imposed by poverty, especially 
in the north and northeast regions of Brazil, imply access to 
information, care, and adherence to healthy behaviors12.

In the present study, 50% of the adolescents had completed 
or discontinued high school. Mothers with a higher level of 
education tend to be able to effectively breastfeed their babies, 
as they are able to analyze the external factors that influence 
this practice in a more conscious and coherent way, preventing 
them from interfering in the breastfeeding process13.

The survey revealed that most participants were single. 
Contrasting the data of the present research, some studies 

reveal that single mothers have greater difficulty in performing 
the practice of breastfeeding, due to the physical and emo-
tional exhaustion they face when they feel alone in this pro-
cess and are unable to maintain breastfeeding14. Teenagers’ 
mothers have the greatest influence on their breastfeeding 
experience, from making the decision to breastfeed or not, 
to maintaining to continuing15.

Identifying and recognizing the influences on a woman’s 
decision to breastfeed, in particular, the confidence to breast-
feed among adolescent mothers, makes it possible to optimize 
the support and encouragement of breastfeeding, contributing 
to the understanding of its social and structural contexts that 
may impair a woman’s ability to breastfeed16.

Regarding aspects of self-efficacy for breastfeeding, the results 
of the present study indicated that mothers showed greater adher-
ence to items related to the breastfeeding technique. On the 
contrary, there was lower adherence regarding the difficulty of 
breastfeeding the baby when he was crying, highlighting the 
need for professionals to work on these aspects related to toler-
ance and seeking to improve the adolescents’ self-confidence17.

The study limitations include the sample size, the fact that 
it was carried out in a single municipality in the interior of 
Ceará, and the cross-sectional design that makes it impossi-
ble to establish causal relationships, limiting the findings to 
the population. It is worth noting that the present work con-
tributed relevant information to the practical field of collec-
tive health, given the existence of incipient information on 
the self-efficacy of adolescent mothers monitored by the ESF 
for the management of breastfeeding. It also made it possi-
ble to identify in which aspects mothers need to be primar-
ily helped, using them in the planning of actions in primary 
health care and in the identification of groups with greater 
vulnerability to early weaning.

CONCLUSION
It was found that the adolescent mothers accompanied by the 
ESF during prenatal care presented medium and high self-ef-
ficacy in breastfeeding in the immediate postpartum period, 
evidencing new knowledge in relation to vulnerability to breast-
feeding for this specific public, which resides in a municipality 
in the interior of Ceará, in general.

Factors that interfere with maternal self-efficacy, when iden-
tified early and carefully addressed by the health professional 
with family support, are more easily resolved, encouraging the 
puerperal woman to maintain breastfeeding, increasing the 
duration of exclusive breastfeeding, and, consequently, reduc-
ing infant morbidity and mortality.
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It is suggested that further studies be carried out using 
the BSES-SF, as this instrument can help health profes-
sionals in prenatal and childcare consultations (longitudi-
nal studies) in order to help plan actions and decisions for 
qualified and effective care.
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Efficacy of invasive techniques in physical therapy for migraine 
treatment and prevention: a systematic review of randomized 
controlled trials
Giorgia Lonzar1 , Vanesa Abuín-Porras1 , Jose A Del-Blanco-Muñiz1 , Ángel González-de-la-Flor1 , 
Guillermo García-Pérez-de-Sevilla1 , Diego Domínguez-Balmaseda1,2*

INTRODUCTION
Approximately 14% of the world population suffers from 
migraine, a highly debilitating idiopathic primary headache1.

The classification and diagnosis of migraines are carried 
out according to the International Classification of Headache 
Disorders (ICHD-3), based primarily on monthly migraine 
frequency and the manifestation of aura. More than 15 attacks 
per month is considered chronic and ≤15 episodic2.

The etiology of this autonomic dysfunction is unclear, but a 
plausible hypothesis suggests peripheral and/or central sensitization. 
Generally, a migraine attack develops in three or four successive stages 
in which the onset of pain is determined by the trigeminal-vascular 
system. Parasympathetic activity increases in the intracranial arter-
ies and fires the first-order neurons of this structure, sending noci-
ceptive information from the durometer to the trigeminal ganglion. 
The information is then forwarded to the brainstem, in the spinal 
trigeminal nucleus (STN), via second-order trigeminal vascular 
neurons. The trigeminovascular neurons of the third-order STN 
are located in the thalamus, and from there, the nociceptive infor-
mation is finally sent to the somatic-sensory cortex3.

Migraine medication is known to induce moderate-to-severe 
adverse effects, and the prophylactic treatments’ effectiveness 
is only 50–60%, further decreasing in the chronic modality4,5. 
Nonpharmacological treatments for migraine prophylaxis include 
physical activity, relaxation, and physiotherapy. Physiotherapy, 
in particular, includes treatments such as neuromodulation, 
acupuncture, and myofascial release techniques.

Neuromodulation refers to any intervention (drug or phys-
ical agent) that can induce a stimulating or inhibiting effect on 
a neurological function6. 

Another treatment with neuromodulatory effects is acu-
puncture—a Traditional Chinese medicine therapy that obtains 

therapeutical benefits by stimulating specific points in the body (acu-
points)5. Acupoints usually correspond with nerve fibers and termi-
nals, which, when stimulated, modulate the information they emit7.

Myofascial treatment is another physiotherapy approach used 
for migraine prevention. This therapy, through techniques such 
as dry needling (DN), treats pain induced by myofascial trigger 
points (TrPs), and hyperirritable loci caused by dysfunctional 
motor endplates. When palpated or when the muscle harboring 
them gets activated or stretched, TrPs induce referred and/or local 
pain8. TrPs in the craniocervical area constantly emit nociceptive 
inputs to the STN, facilitating its sensitization and, therefore, 
predisposing both the onset and chronification of migraine1.

Despite being a recent systematic review on the subject, 
the articles included are not recent, which justifies an update 
on the subject.

OBJECTIVES
The main objective of this systematic review was to update sci-
entific knowledge regarding invasive physiotherapy techniques 
for migraine prophylaxis. Secondary objectives include identi-
fying which of the therapies has greater clinical relevance and 
implies the best risk-benefit assessment. A comparison among 
techniques, and, possibly, with drug therapies, will be made.

METHODS

Study design
This systematic review was performed according to the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) statements9.
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This systematic review has been registered in PROSPERO 
(International prospective register of systematic reviews) 
in November 2021, with registration number CRD42021287200.

Literature search strategy
Randomized controlled trials (RCTs) included in the review were 
selected from three different databases: Academic Search Ultimate, 
CINAHL with Full Text, and Medline Complete. Initially, PubMed, 
Cochrane, and Google Scholar were searched to identify the lat-
est systematic reviews on migraine prevention via invasive physio-
therapy techniques using key terms such as migraine prevention/
prophylaxis, invasive physiotherapy, dry needling, acupuncture, 
and percutaneous electrostimulation. References from included 
studies were also searched for any relevant study.

The utilized MESH terms for identifying RCTs were acu-
puncture OR electroacupuncture OR dry needling OR per-
cutaneous nerve stimulation AND migraine. 

Inclusion criteria
RCTs published in the last 5 years and available on Academic 
Search Ultimate, CINAHL with Full Text, and Medline 
Complete were identified. 

Inclusion criteria were the following:
1. RCTs including participants aged between 18 and 80 

years and diagnosed with episodic or chronic migraine 
with or without aura according to the ICHD-3.

2. PEDro score ≥6/10.
3. Main purpose of the study: to evaluate the preventive 

effects of invasive physiotherapy techniques compared 
with other treatments (placebo or pharmacology). 

4. Type of interventions: acupuncture, DN, and percuta-
neous electrostimulation.

5. Types of outcome measures: change in monthly migraine 
days (frequency, intensity, and duration), acute medi-
cation intake, adverse events, pain pressure threshold, 
cervical range of motion (ROM), or muscle thickness. 

Data extraction
Two researchers (GL, DDB) autonomously carried out the 
data selection and extraction. If disagreement occurred at any 
stage, a third author considered the available information, or 
if necessary, the study authors were contacted for clarification. 
When eligibility could not be determined in cases of disagree-
ment, both researchers discussed the study based on its rele-
vance to inclusion and exclusion criteria, interventions used, 
and outcomes measured to reach an accord. We obtained the 
aid of a third reviewer in instances when common ground 
could not be attained. 

Quality assessment
RCT quality was assessed based on the PEDro scale criteria. 
All studies scored ≤6/10 on PEDro. 

RESULTS

Study selection
A total of 1,465 articles were identified using the keywords 
and MESH terms; 190 articles were dismissed in the primary 
phase, and later 370 titles and abstracts were analyzed. Finally, 
nine articles satisfied eligibility criteria (Figure 1).

Study characteristics
This review included nine randomized controlled trials that 
comprehensively analyzed 1,054 participants. Acupuncture 
was compared with pharmacotherapy in three studies, com-
bined with pharmacotherapy in two, and compared with sham 
or no treatment in four studies. Overall results outlined acu-
puncture to be significantly effective in reducing migraine fre-
quency. Acupuncture’s effectiveness was significantly higher 
than sham or no treatment; compared to pharmacotherapy, it 
was at least as effective. 

Finally, both DN and percutaneous electrostimulation 
obtained similar results for decreasing migraine frequency com-
pared to sham treatment. Table 1 describes a detailed summary 
of this section, in which we can make a detailed comparison 
of the most relevant studies of invasive physiotherapy treat-
ment for migraine.

Figure 1. Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses flowchart. 
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Authors Study Participants Outcomes Interventions Results

Li and Xu17 RCT

n=62 Monthly 
migraine frequency 
≥2 Migraine history 

>3 months 
Age 18–70 years

Migraine days/month. 
Episodes/month RR 50% 

per month 
Headache days/month. Acute 

medication intake/month. 
Follow-up immediately 

post treatment.

12 weeks treatment. Group 1: PES 
30’/day, 5 days/week´12 weeks.
Group 2: placebo PES 30’/day, 5 

days/weeks´12 weeks.

PES: ↓ migraine 
frequency versus 

placebo and baseline.

Rezaeian 
et al.12 

RCT
n=40 Migraine of 
myofascial origin.

Monthly frequency, intensity, 
and migraine duration. Acute 

medication intake. Muscle 
thickness of SCM. Pain 

pressure threshold (PPT) in 
the SCM. Active cervical ROM.

Follow-up up to 1-month 
post treatment.

Group 1: 3 DN sessions in the 
sternocleidomastoid muscle (SCM) 
in 1 week. 48 h between sessions. 

8–10 functions/session.
Group 2: 3 sham DN sessions (no 

penetration). Same frequency 
as group 1.

Group 1: migraine 
frequency, intensity, 

duration ↓, PPT ↑, 
active cervical ROM ↑ 
and muscle thickness 
of SCM ↑ compared 

to baseline and to CG. 
Results persisted in the 

1-month follow-up.

Musil 
et al.19 RCT

n=86 Migraine history 
≥12 months

≥4 migraines in the 
last 4 weeks. Migraine 
with and without aura.

Migraine days/4 weeks. 
RR 50%. Acute medication 

intake/4 weeks. 
Quality of Life (MIDAS)

6 months post-
treatment follow-up.

*Preventive drugs allowed in both 
groups. 12 w of treatment.

Group 1: 14 sessions of 25’ semi-
standardized acupuncture. 2 

sessions/w in w 1–4, 1 session/w 
in w 5–8, 1 session/14 days in w 

9–12. 
Group 2: waiting list.

Group1: migraine 
frequency ↓, 

acute medication 
intake ↓, 50% RR 
↑ versus group 2 

and baseline.

Wang 
et al.20 RCT

n=50 Migraine history 
≥12 months 

≥5 migraine days/4 
weeks. Age of 18–80 

years.

Migraine days/4 weeks. 
Migraine duration. Migraine 

intensity. RR 50%. Acute 
medication intake. Quality 

of life (McGill questionnaire 
and MSQ). Pressure 

pain threshold.
1-year post-treatment follow-up.

20 w treatment. Preventive drugs 
allowed in both groups. 

Group 1: 16 25’ semi-standardized 
acupuncture reaching “de qi.” 2 

sessions/1 in w 1–4, 1 session/w in 
w 5–8, 1 session/2 w in w 9–12, 1 

session/ month in w 13–20. 
Group 2: same protocol of sham 

acupuncture (insertion and 
no insertion).

Group 1: migraine days 
↓, attack intensity ↓, 
50% RR ↑, pressure 

pain threshold ↑. 
Results persisted in 

the 3 months follow-up 
but not in the 1-year 

follow-up.

Zhao 
et al.5 

RCT
n=249  

2–8 migraines/month 
Age 18–65 years 

Change in migraine frequency 
from baseline to w 16. 

Migraine days/month. Average 
migraine intensity/month. 
Average acute medication 
intake/every 4 weeks for 
24 weeks. Anxiety (SAS) 

Depression (SDS) Quality of 
life (MSQ). 20 weeks post-

treatment follow-up.

4 w of treatment; no preventive 
drugs allowed

Group 1: 20 30’ semi standardized 
electro-acupuncture, reaching 

De qi. 5 session/w – 2 days’ 
rest´4 w. Frequency 2/100 Hz 

(alternating every 3 s) intensity 
0.1–1.0 mA.

Group 2: sham electro- 
acupuncture in not acupoints. 

Same parameters of 
electrostimulation as group 1, but 
without reaching de qi. Group 3: 

waiting list.

True acupuncture: 
migraine frequency 

↓ versus sham 
and baseline.

Xu et al.21 RCT

n=147 Migraine 
without aura, Age 

15–65 years. Migraine 
history >12 months. 

Onset <50 years. 2–8 
attacks/month.

Not being familiarized 
with acupuncture.

Change in number of migraine 
days/4 weeks cycles from 
baseline to week 20 after 

randomization. RR 50% in weeks 
17–20. Attack intensity. Quality 

of life (MSQ and MIDAS)
Sleep quality (PSQI) Anxiety 

(BAI) Depression (BDI-II) 
Change in acute medication 

intake from baseline to 
week 20. Expectations on 

acupuncture efficacy. 3 months 
post-treatment follow-up. 

8 w of treatment. Group 1: 20´30’ 
session of semi-standardized 

acupuncture. Frequency: 10 days 
alternating/9 days rest/10 days 

alternating + usual care.
Group 2: 20´30’ sham acupuncture 
without needle penetration. Usual 

care. Same protocol as group 1. 
Group 3: usual care.

Real acupuncture: 
quality of life ↑, 
migraine days ↓, 

migraine attacks ↓ 
versus baseline and 

other groups.

Table 1. Summary of invasive physiotherapy for migraine prevention.

Continue...



Lonzar, G. et al.

349

Rev Assoc Med Bras 2023;69(2):346-351

DISCUSSION
Despite having relatively low effectiveness and the common 
adverse effects it implies, pharmacological treatment is still 
the first-line therapy for migraine prophylaxis and acute man-
agement. The low tolerability of this therapy is the reason why 
researchers have been seeking for alternatives in the past years. 
In this regard, specific invasive physiotherapy techniques have 
been the subject of study for migraine prevention; these thera-
pies include neuromodulation via PES, acupuncture, and DN6-8.

TrPs are more preponderant and appear to be contributing 
notably to migraine10. Their treatment in muscles associated 
with the STN has demonstrated to be effective in improving 
conditions of migraine patients11. 

The study included in this review supports DN for migraine 
prophylaxis as it significantly reduced migraine frequency and 
was significantly superior to placebo. In addition, DN improved 
cervical ROM, muscle belly thickness, and reduced acute med-
ication intake12.

Considering migraine frequency and comparing DN 
with acupuncture and PES, DN obtained significant 
benefits with only three sessions performed in 1 week, 
which, in addition, persisted throughout the follow-up 
month. Considering the abovementioned techniques, DN 
appears to be the fastest to decrease migraine frequency 
and acute medication intake when compared to the other 
analyzed techniques.

PES is one of the most validated neuromodulation tech-
niques for migraine prevention6. The study included in this 
review13 used PES on the Taiyang EX-HN 5 acupoint, coin-
ciding with the zygomaticotemporal nerve derived from the 
zygomatic nerve (branch of CN V2). Most acupoints of 
the face and forehead correspond to cutaneous or terminal 
branches of the facial and trigeminal nerves, both anatomi-
cally related to migraine14. 

Analgesic electrostimulation applied in these locations 
stimulates the production of serotonin and substances 

Authors Study Participants Outcomes Interventions Results

Naderinabi 
et al.16 RCT

n=150 Chronic 
migraines. Ages 

20–60 years. No 
liver or coagulation 

dysfunctions.

Pain intensity. Migraine days/
month. Lost days (work, school, 
family) due to migraine. Acute 
medication intake. Associated 

symptoms. Follow-up 1-, 2-, 
and 3-months post-treatment.

127 days duration. Group 1 and 2 
without drug prevention. Group 

1: 60´30’ sessions of manual 
acupuncture. Reaching De qi. 2 

cycles of 30 sessions carried out in 
60 days. 1 w rest between cycles. 

Group 2: botulinum toxin in 31 
facial and pericraneal acupoints. 
Group 3: sodium valproate 500 

mg/day for 3 months.

Group 1: average pain 
intensity ↓, migraine 

days ↓ vs group 2 
and 3. *All 3 groups 

significantly benefitted 
versus baseline: group 
1 demonstrated more 
efficacy and less AEs.

Nie et al.23 RCT

n = 135 Migraine 
with or without aura. 
migraine history ≥12 

months. Frequency of 
≥2. ≤6 attacks/month. 

Onset <50 years of 
age. Age 18–65 years.

Monthly migraine frequency. 
Average migraine duration/

month. Migraine intensity. Acute 
medication intake. Associate 

symptoms. Quality of life (PRO). 
Clinical efficacy. Follow-up 
1-month post-treatment.

12 w duration. Group 1: 14´30’ 
semi-standardized acupuncture 

reaching de qi + 10’ Tuina massage 
therapy. 2 sessions/w in w 1–4, 

1 session/w in w 5–8 and 1 
session/14 days in w 9–12.

Group 2: only acupuncture, same 
protocol as group 1.

Group 3: drug prevention. 

All outcomes improved 
significantly in all 

groups. Groups 1 and 2 
improved significantly 

more than group 3. 
Group 1 improved 
significantly more 

than group 2. Tuina 
therapy improves 

acupuncture’s efficacy.

Giannini 
et al.18 RCT

n=135 Episodic 
migraines with or 
without aura. No 

previous preventive 
treatment in the 

last 3 months. 
Ages>18 years.

Headache frequency. Migraine 
frequency. Acute medication 
intake. Quality of life and of 
migraines (MIDAS y SF-36). 

Treatment satisfaction. 
RR 50%. Withdrawals from 

trial. Depression and anxiety 
(SDS y SAS). 

3 y 6-month follow-up.

4 months duration. Group 1: 12 
semi-standardized acupuncture 
sessions. 2 in the 1st week and 

then 1 session/w.  
Group 2: personalized preventive 

drugs 4 months.

Migraine and 
headache frequency 
↓ significantly in both 
groups, (↔ difference 

between groups).  
In the 3rd and 6th 
months follow-up 
benefits persisted 

significantly ↑ in the 
acupuncture group.  
No AEs in group 1.

RCT: randomized controlled trials; N: number of patients; AEs: adverse effects; PES: percutaneous electro-stimulation; RR 50%”: 50% responders’ rate; ROM: 
range of movement; SCM: sternocleidomastoid; MSQ: migraine-specific quality of life questionnaire; SAS: Zung self-rating anxiety scale; PSQUI: Pittsburg quality 
sleep index; BAI: Beck anxiety inventory; BDI-II: Beck depression inventory-II; SF-36: short form health survey 36 items; PRO: patient reported outcome (for 
quality of life); PPT: pressure pain threshold; CG: control group; MIDAS: migraine disability assessment score.

Table 1. Continuation.
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analogous to endogenous morphine, lacking in migraine 
patients and essential to improve their condition15. The ana-
lyzed study did not consider such a parameter, but it is likely 
that the reduction in migraine frequency was favored by it. 
This study had only a short-term follow-up and demon-
strated that PES significantly improved migraine frequency 
and 50% of the RR parameters. 

The main limitation is that the implemented protocol 
had an extremely high volume of sessions (60) carried out 
with a 5 days/week frequency for 12 weeks. Surprisingly, 
the abandon rate was only ≈11%. An acupuncture study16 
shared the total number of sessions, but diluted them in 4.5 
months, impacting less on daily life.

Acupuncture differs from conventional neuromodu-
lation due to its different clinical reasoning and founda-
tional theories. Among its various application modali-
ties are manual and electroacupuncture. The latter seems 
to achieve faster and longer-lasting analgesia17. In the 
analyzed study5, electroacupuncture induced significant 
preventive effects for migraine in only 4 weeks; these 
persisted up to 5 months post-treatment. Compared to 
manual acupuncture studies18-20, even though the total 
number of sessions (20) and its duration (25–30 min) 
were similar,  electroacupuncture prescribed a higher 
treatment frequency (5 days/week) during a shorter 
intervention period (4 weeks). Additionally, in con-
trast to other acupuncture protocols, which gradually 
diluted treatment frequency18-20, the intervention was 
interrupted abruptly.

Considering efficacy compared to placebo, manual acu-
puncture is significantly superior to sham acupuncture after 
12–13 weeks from baseline5,20,21; meanwhile, electroacu-
puncture is superior already after 4 weeks5. Concerning 
significant improvements from baseline, both manual22 
and electroacupuncture7 are effective after approximately 
4 weeks, but with different statistical values (p=0.026 and 
p<0.001, respectively). 

According to the reviewed acupuncture studies16,18-20,23, 
this therapy significantly decreased acute medication intake 
in all cases except one, in which baseline levels were already 
extremely low18. On the contrary, drug intake improved 
in the short term and during the 1-month follow-up in 
all analyzed studies. These results persisted in the long 
term, except for one study, in which the dropout rate in 
follow-up was particularly high20. As for DN12 and PES13, 
which also effectively improved this parameter, benefits 
were traceable only in the short term due to a lack of long-
term follow-up. 

Some of the acupuncture studies included in the cur-
rent review5,13,21 also analyzed parameters related to quality 
of life and migraine impact on life. In this regard, variables 
such as sleep quality and migraine-related missed workdays16 
were also included. 

Quality of  l i fe  was measured either with MSQ 
(Migraine- spec i f i c  qual i ty  o f  l i f e  ques t ionnaire)   or 
MIDAS  (migraine disability assessment scale). All ana-
lyzed acupuncture protocols recorded improvements of 
such parameters. 

PES and DN studies did not include quality of life or 
migraine impact on life as dependent variables12,13. 

LIMITATIONS
This review has a number of limitations. First, some stud-
ies only include patients whose migraine depended directly 
on the TrPs of the sternocleidomastoid. Second, the terms 
of the use of prophylactic drugs were not specified; a detail 
that could mainly distort the results.

CONCLUSION
According to the analyzed studies, all investigated tech-
niques are promising options for migraine prophy-
laxis, either in combination with or in substitution 
of pharmacotherapy. 

Since most of the studies assessed acupuncture, a rig-
orous comparison with the other considered therapies was 
not viable. 
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Endofibrosis as a cause of peripheral artery disease:  
a comprehensive review and proposal of two novel algorithms  
for diagnosis and treatment
Tereza Mazurová1,2* , Ilker Sengul3,4 , Daniel Toman2,5 , Anton Pelikán2,5,6 ,  
Demet Sengul7 , Miloslav Mazur1,2 , Petr Vávra2,5 , Václav Procházka8,9

INTRODUCTION
Endofibrosis is a rare condition affecting blood vessels, occur-
ring mainly among young healthy athletes. This condition arises 
as progressive stenosis of the iliac arteries, which attenuates 
the blood circulation of the limb, thus leading to pain during 
movement. Iliac artery compression was first described in 1984 
among professional cyclists1. Some authors have reported that 
up to 10–20% of top athletes are affected2,3. Endofibrosis is 
one of the rare causes of peripheral artery disease, in which the 
exact prevalence is unknown, possessing no any accurate data.

This comprehensive review is purposed to sum up the cur-
rent knowledge of endofibrosis and ensure concise information 
about its etiology, and diagnostic and treatment modalities. 
In addition, two cases including imagery are purposed to be 
presented to illustrate the perioperative findings.

METHODS
Input data for endofibrosis have been limited. Our search was 
carried out in Cochrane, PubMed, EMBASE, and UpToDate 
databases using keywords “endofibrosis,” “iliac artery com-
pression,” and “cyclists.” A total of 233 articles were selected. 
Of these, 183 articles had not been relevant for the study. Also, 
30 case or original studies with minimal groups of the patients 
were excluded from the study. The remaining 20 articles had 
been included in our review.

Epidemiology and etiology
Endofibrosis is characterized by iliac artery stenosis, with a pre-
dilection for the external iliac artery (EIA). It mostly affects 
athletes, of which 80% of the cases are performance cyclists, 
but runners, football players, cross-country skiers, and others 
can also be affected4. The disease occurs in men 8–10 times 
more often than in women.

Stenosis often occurs due to anatomic, mechanic, and postural 
causes5. Repeated hip hyperflexion causes trauma to the vessel 
wall and hypertrophy of the psoas muscle, leading to the psoas 
compression of the artery, thereby causing stenosis6. The affected 
vessel restricts the blood supply to the limb, and the leg becomes 
ischemic, which leads to pain during sports activities.

Symptoms
Patients with endofibrosis are often entirely asymptomatic 
during routine activities, with difficulties appearing only at 
the maximal limb stress. It can manifest as femoral claudica-
tion, limb weakness, numbness, or, less frequently, swelling7.

Diagnosis
Early diagnosis is the cornerstone of successful treatment. 
Although the top athletes have their own doctors, these physicians 
might have minimal experience with endofibrosis. In addition, 
the available literature data suggest that the vascular surgeon is 
the most relevant physician for this phenomenon. A detailed 
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personal history, signs and symptoms, low ankle-brachial index 
(ABI), and Doppler sonographic examination of the lower 
limb arteries are essential to determine the correct diagnosis 
of endofibrosis8. Lim et al.9 highlighted the importance of the 
ABI measurements before and within 1 min after an exercise 
activity. The authors described a significant attenuation in the 
blood pressure by 21–40 mmHg in patients with endofibro-
sis. Furthermore, the specific cycle ergometer-based protocols 
are more appropriate for the diagnosis of endofibrosis than a 
standard treadmill9.

Pathological ABI values appear in 85% of patients with 
endofibrosis after exercise, with the sensitivity being high10. 
If the ABI value drops by 0.5 within the first minute of the 
exercise, the sensitivity is 80–85% (but the specificity was 
not reported)11. If the drop of ABI is by 0.66 or more after 
1 min of physical exercise, the sensitivity increases to 90%, 
with a specificity of 87%12. At this end, the importance of 
abundance for pathological ABI data is an emerging knowl-
edge for physicians.

Color Doppler sonography is the method of choice in diag-
nosing endofibrosis, mostly due to its noninvasive nature and 
high sensitivity of up to 85%13. The results are relatively normal 
during rest examination; however, after provocative maneuvers, 
such as examination in hip flexion or immediately after exercise, 
the results become pathological. Peak systolic velocity (PSV) is 
significantly higher in the symptomatic limb, which supports 
the high sensitivity of this method in diagnosing endofibro-
sis4. Other available imaging modalities include digital subtrac-
tion angiography (DSA), computed tomography angiography 
(CTA), and magnetic resonance imaging (MRI)14. Our novel 
proposal for the diagnostic algorithm of this entity, according 
to the available literature, is depicted in Figure 1.

Our experience
To date, there are no official guidelines on how to treat a patient 
with endofibrosis. Based on our research and international evi-
dence-based medicine, our second proposal in this work, our 
novel proposal for the treatment algorithm of this phenom-
enon, is depicted in Figure 2. If the patient diagnosed with 
endofibrosis is a professional athlete, then he should undergo 
surgery. Even though the patient is not a professional athlete 
but very limited in life, he should also undergo surgery. In case 
with no significant limitation in life, the patient should stop the 
provocative activity and follow the rules for atherosclerosis risk 
reduction. Regarding surgery, endofibrosectomy and throm-
bectomy with a venous patch, in case of fibrotic stenosis, and 
with a venous bypass, in case of chronic obliteration of EIA, 
are the best options. In this surgical process, the iliac artery is 

usually attached to the surrounding structures, and surgeons 
need to release the artery so that they can operate.

Two cases of endofibrosis, both professional cyclists, had been 
managed in the Vitkovice Hospital. The first case, a 29-year-old 
woman, possessed the rapid and sudden onset of symptoms, 
including pain in the right leg, numbness, and paresthesia. She was 
originally diagnosed with embolism. Later, she was diagnosed 
with endofibrosis. During surgery, the EIA was released from 
the psoas muscle and then thrombectomy, endofibrosectomy, 
and patch reconstruction with a great saphenous vein (GSV) 
were performed. Histopathological examination of the excised 
artery revealed the preserved endothelium, in places with a fibrin 

 

Figure 1. Proposal for the diagnostic algorithm.
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thrombus. The media appeared to be normal and the patient 
returned to cycling within 2 months (Figure 3). The second 
case, a 31-year-old woman, presented with post-exercise pain in 
the left leg. Her ABI level was revealed at a normal range at rest 
(1.0) and dropped to 0.42 after exercise. The Doppler sonogra-
phy exhibited a normal triphasic waveform at rest, replaced with 
the pathological monophasic waveforms after an exercise activ-
ity. Her CTA confirmed the EIA stenosis, and the diagnosis of 
endofibrosis was established. The patient underwent a surgical 
procedure involving the release of EIA and endofibrosectomy 
with a GSV venous patch. The patient returned to cycling in 6 
weeks. The current follow-up is 48 and 29 months, respectively. 
The current primary patency is 100%, and both cases are still 
professional cyclists without limitations.

DISCUSSION
A protocol, describing the diagnosis and management of endo-
fibrosis of the iliac artery, was published in 2016. Experts have 
agreed that the recommended best medical treatment may not 
be sufficient in terms of the therapeutic approach for the entity. 
As a method of choice, surgical modalities should be recom-
mended for patients in whom endofibrosis leads to a reduced 
quality of life. They also agreed that endovascular therapy has 
not been placed in the treatment of endofibrosis8. Schep et al.4 
recommended that if the patient is not a professional athlete, 
they should give up sports; this change in lifestyle should be 
combined with conservative treatment. Although the etiology 
of endofibrosis is not related to atherosclerosis, it is recom-
mended that patients should follow the general rules for ath-
erosclerosis risk reduction15.

Only a short-term effect is described in patients undergo-
ing angioplasty. In most cases, the symptoms recurred within 
8 weeks16. Giannoukas et al., on the contrary, reported that 
angioplasty is less invasive, with faster recovery and less tissue 
damage than surgical treatment17. Arterial dissection and recur-
rence of symptoms are the most common complications, and 
stent implantation is not recommended because of the risk of 
migration or fracture7.

The outcomes of most studies favor surgical therapy. Of note, 
in case of diagnosed endofibrosis, some authors recommend 
endarterectomy (endofibrosectomy) with a venous patch18-20, 
whereas others prefer resection of the affected EIA and a venous 
iliofemoral bypass graft from the GSV13. It is not recommended 
to use a prosthetic patch due to the risk of infection and pseu-
doaneurysm formation. Feugier et al.21 included a total of 56 
women and 435 men treated between 1991 and 2013 with 
an absolute majority of cyclists (87%). Endofibrosectomy was 
performed in 322 limbs and venous iliofemoral bypass in 202. 
One case, aged 28 years, died of iliac artery rupture 3 weeks 
after the surgery due to a premature return to sport. A sum 
of 97% of the cases returned to the original sport on average 
after 3.2±1.5 months. Five years after the surgery, the symp-
toms improved in 96% of the patients. The primary patency of 
endofibrosectomy and iliofemoral bypass after 5 years was 94 
and 98%, respectively, and the secondary patency was 100% 
for both types of reconstruction.

We propose that, based on the outcomes of the literature 
review, iliac endofibrosis should always be considered a pos-
sibility in the case of claudication in athletes. Early diagno-
sis, per se, will attenuate unnecessary examinations, prevent 
disease progression, and offer early treatment. As such, the 
patient’s history, stress test, Doppler sonography, and, possi-
bly, other imaging modalities are essential tools instrumental 

 

Figure 2. Proposal for the treatment algorithm.

 

Figure 3. External iliac artery with a thrombus, endofibrotic tissue (left, 
center), and thrombus from external iliac artery (right).
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in the diagnosis of endofibrosis22. Reviewed publications sug-
gest that the cases who are not top athletes should start with a 
conservative approach and abstain from exercise causing diffi-
culty, thus reducing the risk factors of atherosclerosis. On the 
contrary, surgical treatment is a primary recommendation for 
professional athletes. In general, it is recommended to avoid 
endovascular procedures and the use of artificial materials in 
surgical treatment. However, specific recommendations and 
guidelines for the management of this phenomenon are still 
missing. Endofibrosis, per se, is described as a progressive dis-
ease, and the regeneration process remains controversial with 
the cases frequently suffering for an unnecessarily long period 
of time23,24. As such, professional athletes, in particular, cyclists, 
with this entity should be considered in an occupational dis-
ease condition25.

CONCLUSION
So far, there are no complete guidelines that we should follow 
up on, which leads to relatively late diagnosis. As endofibrosis 
is a progressive disease, patients often suffer for an unneces-
sarily long time23. It would be advantageous to create a regis-
try of cases treated for endofibrosis and to develop prospective 
studies with long-term follow-up. This could in effect lead to 
preparing international guidelines valid for the diagnosis and 
management of this disease. It is also worth considering that 

in the case of professional athletes or (in particular) cyclists, 
endofibrosis should be classified as an occupational disease24. 
In this article, we have also demonstrated the use of surgical 
procedures that agree with the up-to-date literature knowledge 
in two patients.
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